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Preface

This textbook, Physics for Secondary Schools, 1s written specifically for Form Three
students in the United Republic of Tanzania. It is written in accordance with the 2007
Physics Syllabus for Ordinary Secondary Education, Form [-IV, issued by the then
Ministry of Education and Vocational Training.

The book consists of nine chapters, namely Applications of vectors, Friction, Light,
Optical instruments, Thermal expansion, Transfer of thermal energy, Measurement
of thermal energy, Vapour and humidity and Current electricity. Each chapter
contains illustrations, exercises, activities and answers to numerical questions. You
are encouraged to do all the activities, projects, tasks and ex%;:ises as well as other
assignments that your teacher will provide. Doing so w-ﬂw e you to develop the

intended competencies. %
5 : zalﬁs&ntute of Education
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Chapter One

Applications of vectors

e

Lifting a bucket by hand to a certain height is much more difficult than lifting the
same bucket using a single fixed pulley. The fixed pulley does not increase the force
applied, so why does the lifting become easier? It is the direction of the force that has
made the lifting work easier. To correctly express the effect of force, it is necessary
to consider its direction. Physicists classify physical quantities that are described
by both magnitude and direction as vector quantities, while those described by
magnitude only as scalar quantities. The knowledge of vectors is fundamental in
various scientific and engineering works. For example, determining the influence
of wind on the motion of an airplane requires the knowledge of vectors. Designing
bridges requires knowing not only their length but also the forces acting on them;
this shows the importance of using vectors. Vectors are also applied in military and
sports activities. In this chapter, vou will learn about scalar and vector quantities,
relative motion and resolution of vectors. The competencies developed will enable
you to determine the shortest path between two points, estimate the influence of
wind on the direction of a moving body, and design different support structures
at your home. You will also be able to use relative motion in activities such as
shooting at a target and kicking a ball when playing football.

TV

Scalar and vector quantities

In the 19" century, scientists developed
a suitable way of describing physical
quantities. They divided quantities into
two categories: scalar quanfities and
vector quantities. A scalar quantity 1s

specified by its numerical value with an

appropriate unit, and it has no direction.
The number describing the quantity of a
particular scalar 1s known as magnitude.
Examples of scalar quantities are time,
mass, volume, density, temperature,

‘ I PHYSICS FORM liLindd 1

- energy, distance and speed. For instance, it

makes sense to say that an object’s length
1s 3 metres or its mass is 15 kilograms
when describing the distance and mass
of the object. Depending on their nature,
scalar quantities can be added, subtracted,
multiplied and divided using the usual
arithmetical laws.

- On the other hand, a quantity which

1s described by both magnitude and
direction 1s known as vector quantity

00/03/2022 181325 | ‘
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or simply a vector. A vector quantity is
expressed by its numerical value with the
unit in which 1t 1s being measured, and its
direction. Examples of vectors are force,
velocity, acceleration, displacement,
momentum, retardation, gravitational
force, electric and magnetic intensities.
For instance, in describing the velocity
of a moving car, one should say, “a car
1s travelling at a speed of 100 kilometres
per hour due North™. This implies that,
the speed of the car 1s 100 kilometres
per hour and the direction of motion is
North. However, if the intention was to
describe only the speed of the car and
not the direction, the statement could
simply be, “the car is travelling at the
speed of 100 kilometres per hour”.

- Therefore, a scalar quantity is defined as
~any physical quantity that has magnitude
~ only, whereas, a vector quantity 1s defined
~as any physical quantity that has both
- magnitude and direction.

- Differences between scalar and vector
~ quantities

- A scalar quantity differs from a vector
~quantity mainly because of direction.
~ That 1s, a scalar quantity does not have
- direction while a vector quantity has
 direction. A vecto

or quantity can therefore

be presented in 1-dimensions whereas

a scalar qua an only be presented
in one onTable 1.1 shows the
diﬂ?ﬂe“ @Scalar and vector

.....V

Table 1.1: Differences between scalar and vector quantlties

Category Scalar quantity Vector quantity

Definition A quantity having A quantity having both magnitude
magnitude only and direction

Direction Has no direction Has direction

Representation | Represented by the | Represented by magnitude, unit
magnitude and unit only | and direction

Variation Varies with changes in | Varies with changes in magnitude
magnitude and direction

Operation [ts operations apply Its operations apply a special set of
normal rules of algebra | rules known as vector algebra

Symbol Represented by a Represented by both quantity and
quantity symbol. For direction. For example, force is
example, density 1s denoted as F or F
presented by p

Examples Speed, temperature, Velocity, force, displacement,
energy, mass, volume, momentum, gravitational force and
density and distance magnetic intensities

‘ l PHYSICS FORM lllindd 2
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Vector representation

A vector quantity 1s represented by a

straightline segment with an arrow,

~ the vector a is equal to the vector b. That
18, they have the same magnitude and
- same direction.

say PQ or a single bold letter, say V

or non-bold letter accented by a right
arrow, for example V. A vector can also
be represented by an arrow drawn to
scale and facing a specific direction. The
arrow has a head and a tail. The length
of the arrow represents the magnitude of
the vector. The arrow head indicates the
direction of the vector. In Figure 1.1, the

vector starts at P and heads towards Q.

Q (Head)
A

P (Tail)
Figure 1.1: 4 vector repfesd ?;ﬂf

Assume the vector gu_r

a magnitude of 3 nting the
distance traveﬂg hwards.
If the vector is drawn a ale of lem

v\{o

//

Figure 1. Equa! vectors

~ If the vecto s the same magnitude
asthe v pposite in direction,
thenthe cto es a negative sign,
% lt 1s also correct to say

. Figure 1.3 shows two

QCIO% ing the same magnitude but
n

opposite directions.

Y4

representing 1km, the car’s actual

displacement northwards would be

3ecmx 1 km
l cm

description of the car’s displacement 1s 3
kilometres due North. Two vectors are

equal 1f their magnitudes and directions
are the same, regardless of their point of

origin. This means that, if vectors start at
different points, they are said to be equal
if they are parallel and their magnitudes

are the same. For example, in Figure 1.2,

=3 km. Asaresult, theentire |

- Figure 1.3: Two vectors with the same
magnitude but pointing in
opposite direction

- The direction of a vector can be described
using compass directions such as North,
~ East, South and West. Vectors can also be
- described using an angle of rotation from
- the horizontal axis. For example, one can

say, “a force acts at 30°to the horizontal

- plane or a car moves at 45° or 60°
~ North of East direction". The positive

‘ i PHYSICS FORM liLindd 3
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horizontal line or the east direction 18

?

having a direction of 60°, for example

1S a vector that has been rotated 60°
anticlockwise from the East direction
as shown 1n Figure 1.4 (a). Besides, the

vector in Figure 1.4 (b) is rotated 225°
anticlockwise from the East direction.

N
A

60°

(b)

Figure 1.4: Representation of vector
directions using angles

PHYSICS FORM lllindd 4
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Addition of vectors by graphical

therefore considered as 0°. A vector = method

~ The addition of vectors can conveniently
- be done with the help of vector diagrams.
- Twoormore vectors can be added to obtain
- a resultant vector. The resultant vector
15 equal to the net effect of the vectors
- under consideration. For example, if two
- forces are acting on a body from different
directions, the resultant force is the net
- effect of the two forces that are acting on
- the body. Vectcurs can be added only if they
- are alike. For ex
- can be add

 added t on. Vector addition
- can be u@od by performing
Ac@l L.

le two displacements
13placement cannot be

Aim: To add vectors
graphically

Materials: a ruler, protractor,
penctil, graph paper

Procedure

1. Consider two vectors A and B as
shown in Figure 1.5 (a).

Figure 1.5 (a)

09/03/2022 18:13:26 l ‘
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2. Select an appropriate scale.
e.g., | cm represents 5 units.

3. Draw vector A to scale and 1n

the proper direction.

4  Draw vector B to the same
scale with its tail at the head of
A and in the proper direction.

5. The resultant vector
R=A+B 1s the vector
drawn from the tail of vector
A to the head of vector B. See
Figure 1.5 (b).

Figure 1.5 (b)

6. Calculate the magnitude of the
resultant vector R using the
selected scale and measure its
direction using a protractor.

Note that, the same process
applies 1f you add more than two
vectors.

This method of adding vectors
graphically i1s also referred
to as the head-to-tail method,
analytical method or geometrical

method.

‘ [ PHYSICS FORM liLindd 5

An object is acted upon by two
horizontal forces F, and F,of
magnitudes 100N and 80N,

respectively. Use the graphical method
of vector addition to find the resultant
force in the following cases:

(a) The forces act in the same
direction to the right.

(b) The forces act in opposite
directions.

Solution

Use a scale, 1 cm represents 20 N.
The magnitudes of the two forces are
represented as: 100 N as 5 ¢cm and
80 N as 4 cm.

(a) For the forces acting in the same
direction, draw the forces as
shown 1n Figure 1.6 (a).

Scm 4em
F F

1

N
'b,‘

9 em
F

R

Figure 1.6 (a)

N

The resultant force 1s Fy =F, +F,,
towards the right. The magnitude of
the resultant force is

9cm x 20N

lcm

=180N

(b) Forthe forces acting in opposite
directions, draw the forces as
shown in Figure 1.6 (b).

09/03/2022 18:13:26 l ‘
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& . =

F
& 4:111 +l c:nﬂ

Figure 1.6 (b)

The resultant force is F, towards
the right. The magnitude of the
resultant force is

lem x 20N

lcm

= 20N

Consider Figure 1.7 with vectors a,
b and ¢ having magnitudes of 32 m,

16 m and 24 m, respectively. Use
graphical method of vector addition
to find resultant vector.

300°

210°

/Ql

180°

B ¢ ,/1[\

Figure 1.7

To add up the three vectors using
the graphical method of vector
addition, follow the steps outlined in
Activity 1.1.

1. Use a scale, 1 cm represents
8 m. The magnitudes of the three

vectors are represented as follows:

a=4cm, b=2cm, and ¢=3 cm.

e Y
| 2. Draw vector a to scale as shown
in Figure 1.8.
300°

L S

T DUPLICATE

Figure 1.8

3. Starting from the head of vector
a, draw vector b to scale in the
direction as shown in Figure 1.9.

300°

1N
D

210°

Figure 1.9

09/03/2022 13:13.'.2?-' ‘
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4. Repeat step 3 for vector ¢ as Scmx 8m )
shown in Figure 1.10. T——— 0 m
300°

7. Measure the direction of the
resultant  vector using  the
anficlockwise rotation from East.
The direction of the resultant vector
1s 240° as shown in Figure 1.11.

Therefore, the resultant vector 1s
40 m at an angle of 240°.

Note that, the resultant vector will
always have the same magnitude and
direction 1rrespective of the order
followed when adding up vectors.
Two laws of vector addition can guide
the graphical addition of vectors.
These laws are the triangle law and
parallelogram law of vector addition.

"Qll > law of vector addition
@x gle law of vector addition is

. pppropriate when adding two vectors.
¥ The law states that, “If two vectors
- are represented by the two sides of a
triangle in sequence, then the third
closing side of the triangle drawn from
the tail of the first vector to the head
of the second vector represents the
resultant of the two vectors in both
magnitude and direction”.

Figure 1.10

5. Draw the resultant vector from
the tail of vector a to the head of
vector ¢ as shown in Figure 1.11.

>,

240°

Consider two vectors, @ and b as shown

) in Figure 1.12.
Figure 1.11
6. Measure the length of the
resultant vector and convert it |
to the actual magnitude using | a
the scale chosen in step 1.| b

The resultant vector = 5 cm.
Therefore, the actual length is
given by

Figure 1.12: Two vectors

R -

‘ I PHYSICS FORM lllindd 7 09/03/2022 13:13.'.2?-| ‘
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Using the Tringle law, the two vectors

can be added up as shown in Figure 1.13.

Figure 1.13: Addi Qece‘ | @ g Iriangle
law ’ ;

In Figure 1.13, vector a is added to vector
b or vector b 1s added to vector a. In both
cases, the resultant vector ¢ that the same

magnitude and direction.

Thatis,a+b=b+a=c.

The vectors a and b are represented by
the two sides of a triangle as shown in
Figure 1.14. Also, vector ¢ is represented

by the third side of the triangle in both
| Figure 1.15.

magnitude and direction.

‘ | PHYSICS FORM liLindd 8
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Two forces, one with the magnitude of

8 N and the other 6 N, are acting on
a body. Given that the two forces are
perpendicular to each other, find the
magnitude of a third force, which will
just counter the two forces.

Solution
Let the resultant force be F.

For F to counter the two forces, it must
be equal in magnitude to the resultant
force of the two forces, but opposite
in direction. Therefore, we first find
the resultant of the two forces. Take a
scale of 1 ¢cm to represent 2 N. Thus,
6 N 1s represented by 3 cm and 8 N
is represented by 4 c¢cm as shown in

i

Student s Book Form Three
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4 cm

Figure 1.15

The length of F in the diagram is
5 cm. The magnitude of the actual
Scmx2 N _10N.

force 1s, therefore,

direction oppostte to F will be needed |/
to counter the two forces.

' D
Therefore, a force of 10 N acting in the |,

Figure 1.16: Addition of vectors using
Parallelogram law

Thus, the resultant vector ¢ 1s obtained by
adding vectors a and b which start from

the same point, Q\

Consider tw s F,and F, acting ata

poimnt O wn @gure LY.
« B

. L
v > A
< ’ O Fu

&

Like the Trangle Par m
law applies when ctpes, are to be
added. Let vecttﬁ d resented
by arrows drawn from Qmmon point
O to form two sides of a parallelogram
as shown m Figure 1.16. The vector
sum ¢=a+b is then represented by
the diagonal of a parallelogram formed
by the vectors a and b as shown in
Figure 1.16. Parallelogram law states
that, “If two vectors are represented by
two adjacent sides of a parallelogram,
then the diagonal of the parallelogram
through the common point of the two
vectors represents the sum of the two
vectors in magnitude and direction”.

Parallelogram law of vec

‘ i PHYSICS FORM liLindd 9

Figure 1.17: Two forces acting at point O

Line OA represents force F, while OB
representsF,. If a parallelogram 1s

constructed with OA and OB as adjacent
sides, then line OC 1s the diagonal
through the common point, O, as shown
in Figure 1.18.

Figure 1.18: Addition of forces using the
Parallelogram law

09/03/2022 13:13.'.2?-' ‘
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Line OC represents the sum of forces F,
and F, . It is the resultant force of the two
forces in both magnitude and direction.
Note that, the direction of the resultant
force relative to direction of F, is the
angle between the resultant and F,.

NI ——

Using the Parallelogram law, find the
resultant, K, of two forces, F, =20N

and F,=40N acting on an object
with an angle 45° between them.

Solution

Take a scale of 1 cm to represent 10 N.

Using the given scale, 20 N 1is
represented by 2 cm and 40 N 1is
represented by 4 cm.

You can draw the two forces as

adjacent sides of a parallelogram as
shown in Figure 1.19. Then complete
the other sides of the parallelogram
using dashed lines. The diagonal of the
parallelogram represents the resultant

40N
Figure 1.19

The diagonal has a length of 5.6 cm.
Using the chosen scale, | cm represents
10 N, the magnitude of the resultant
force 1s,

F

R

=56 N

_5.6cmx10N
I ecm

‘ l PHYSICS FORM lilindd 10
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The magnitude of the resultant force 1s
56 N. The angle 0 1s 14.6°. Therefore,
the resultant force is 56 N making an
angle of 14.6° with the vector F..

" J
Two forces, F,= 18 N and F, = 30 N,
are acting on a body that is at rest. If
F, acts at an angle of 25° and F, at

140°, find the resultant force using the
Parallelogram law.

Solution

To find the resultant force F proceed
as follows:

Using a scale 1 cm represents 6 N;
draw the two vectors to scale as
shown in Figure 1.20.

Figure 1.20

Then, complete the parallelogram
by drawing the other two sides as
shown 1n Figure 1.21.

Figure 1.21

00/03/2022 18:113:28 l ‘
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Finally, draw the diagonal of the
parallelogram starting from the
common point where forces F, and
F, meet as shown in Figure 1.22.

Figure 1.22

The resultant force F is represented
in both magnitude and direction by
the diagonal of the parallelogram
with the length of 4.6 em. Therefore,
the magnitude of the resultant force

. N
5 PORXON o exr

The direction of F is 104° from the
horizontal line. Thus, the magnitude
and direction of the resultant force
are 27.6 N and 104°, respectively.

\ < V v,

- Y y—

1. A footballer runs 2.0 km due east,
then 1.0 km at 45° north of east,

and finally 0.5 km due north.

Calculate the displacement of the
footballer.

2. A moving car covered 10 km 1n the
northern direction. After making
a 30° turn, 1t covered another

20 km. By drawing an accurate

‘ I PHYSICS FORM lilindd 11

N
V4
1 cm <

4.

vector diagram, determine the total
displacement of the car.

Find the resultant force when two
forces act as shown in Figure 1.23.

A

6 N

8N

Figure 1.23

Two forces of magnitudes 40 N
and 60 N are pulling a box on a
horizontal table. If the two forces
make an angle of 60° between
them, find the resultant force on
the box using the Parallelogram
law.

Two cables are used to support a

pole as shown inAFigure 1.24.

19m —»
Figure 1.24

If the tension 1n cables AB and AD

1s 500 N and 160 N respectively,

determine the magnitude and

direction of the resultant force

exerted by cables AB and AD at
point A using the Parallelogram law.

«— 2m > |

00/03/2022 18:13:29 | ‘

PEE—



= : Physics for Secondary Schools

6. Find the resultant force, F, when
two forces, 9 N and 15 N, act on an
object with an angle of 60° between
them.

7. Find the resultant force when two
forces, 8 N and 16 N, form the
following angles:

(a) 45°
(b) 60°
(c) 120°

Relative motion

The same physical principles that apply
when you are at rest on the earth, apply

motion of a bus follows a straight line at
a constant speed, you can toss and c
a coin on such a moving bus. The

of the coin may differ when viewdd*by #

an observer standing on
The difference in motion
be explained by mclu |

Relative moti
an object as se
another frame of reference. A passenger

in a moving car will see the trees on the
roadside moving in a direction opposite

to that of the car. However, the same trees

appear to be stationary when observed by described relative to the observer. The

~velocity of an object that is considered

a person standing at the roadside. Both

observers are correct because the motion
~ of reference is termed as relative velocity.

of an object under observation depends
on the frame of reference of the observer
relative to the frame of reference of the
observed object. A frame of reference is

position and velocity of an object.

s

‘ l PHYSICS FORM lllindd 12
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~ Relative velocity 1s
~ considering the object’s velocity as
‘ ~ well as the velocity of the medium. For
a set of coordinates used to calculate the  oxample

~ winds moving with respect to an observer

2] DUPLICATE

Relative velocity

-~ We come into situations when one or more
- objects move in a non-stationary frame in
- relation to an observer 1n a different frame
~ of reference. A boat, for example, may
- cross a rniver that 1s flowing at a certain
~ velocity with respect to an observer on
~ the ground. Similarly, while flying, an
- airplane may encounter wind which has
~a certain velocity with respect to the
- observer on the ground. In both examples,
- the magnitude of the velocity of a moving
~ object accordi
- ground is not the same as that observed by
- the obserxr% ¢ object. For example,
~an obse
also when you are in any reference frame

travelling at a constant velocity with
respect to the earth. For example, if the

0 an observer on the

t may perceive the
t§ be 20 m/s, yet, an

ound sees the same boat
m.g\ peed of 25 m/s.

an observer on a stationary
f reference observes a speed
rent from the one observed by an

server in a moving frame of reference.

- Hence, to describe the motion of an
- object n a moving medium, one must

1 e ment of
by bserver on

in the velocity of the object as observed

take into account the effect of the motion
of medium on the motion of the object.
This effect accounts for the differences
by the two observers. This means, motion

1s relative to the observer and therefore,
the velocity of the boat must always be

relative to an observer in a different frame

calculated by

arplanes usually encounter

00/03/2022 18:13:29 l ‘
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on the ground. The wind may approach
the plane from the front (headwind),
behind (tailwind), or sideways (sidewind)
as shown i Figure 1.25. A tailwind
increases the speed of the plane while a
headwind reduces it.

Figure 1.25: Relative velocity of mrﬁK

with respect to w m% (
urrent \/
El[l

On the other hand, a boat 1
along a water ¢
with respect to an
Considering a
the observer on

that the speed {%the boa¥ i1s increased
if 1t moves along the water current.
Conversely, the speed will decrease if the
boat moves against the direction of the
water current.

Figure 1.26: 4 boat moving amidst a water current | \_

‘ i PHYSICS FORM lll.indd 13
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Solution

100 km/h

observe

the ground.

ground?

W

If a plane 1s travelling along with a

tailwind at a speed of 100 km/h and
the wind speed is 25 km/h, what 1s
the speed of the plane relative to an
observer on the ground?

The resultant speed of the plane 1s
the vector sum of the speed of the
plane and the speed of the wind. The
resultant of these speeds is illustrated
in Figure 1.27.

25 km/h

Figure 1.27

The plane travels with a resultant speed
of 125 km/h relative to the observer on

Suppose the same plane 1s now
travelling at 100 km/h and encounters
a wind blowing directly against it
with a speed of 25 km/h. What will its
speed be relative to an observer on the

125 km/h

09/03/2022 18:13:29 | ‘
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The resultant speed 1s the vector

sum of the two speeds as shown In
Figure 1.28.

75 km/h. This is the speed of the plane
relative to an observer on the ground.

.

A plane travelling at a velocity of
100 km/h to the South encounters

a side wind blowing at 25 km/h to
the West. What 1s the velocity of the
plane as observed by an observer on
the ground?

Solution

The resultant velocity of the
plane 1s the resultant vector of the
two individual velocities. This is
illustrated in Figure 1.29.

‘ | PHYSICS FORM lllindd 14

+ T =
—25 km/h
Y
75 km/h
.' L |
100 km/h N
Figure 1.28 V

In this case, the resultant speed will be <

Yo DUPLICATE

25 km/h

v
100 km/h

Figure 1.29
Using Pythagoras theorem:

R =4/10625 km® / h?

R=103.1 km/h

This is the magnitude of the resultant

velocity.

The direction of the

resulting
velocity can be determined using a
trigonometrical function (Figure 1.30).

2
i

R*=(100 kn/h ) +(25 knv/h)

25 km/h
Figure 1.30
It follows that,
- PR _ e
100 km/h

g=tan '(0.25) = 14°

/1100 knvh 2?‘:\
\-

Y
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If the resultant velocity of the plane
makes an angle of 14° southward, then
the direction of the resultant velocity 1s
270° —14° = 256°. This is because the
resultant vector’s direction is measured
as an anticlockwise angle of rotation
from due East.

Relative velocity 1s also a measurement
of velocity between two moving objects.

Consider two objects, A and B, moving
in the same direction with velocities
v, and vy, respectively. The
velocity of object A relative to B is the
difference of the two velocities given
as v, = V, — Vi Where v,, means the
velocity of A relative to B. The velocity
of B relative to A is therefore,

Vea = Vg~ Va4

If the objects are moving in opposite
directions, then the second velocity
will take on a negative value to signify
opposite directions, that is,

Vaa=Va—(=Vy) =v,+vyo0r
Vaa =V —(=V,) =Va +V,

Therefore, if the two objects are
moving 1n opposite directions,

. J

W

Car A is moving with a speed of
20 m/s while car B is moving with a
speed of 30 m/s. Calculate the speed of
car B relative to car A 1if the cars are
moving in, (a) the same direction (b) the
opposite directions.

‘ I PHYSICS FORM lllindd 15

Solution
(@) v, =Vy—V,
=30 m/s—20 m/s
=10 m/s

Therefore, the velocity of car B relative
to car A, 1f they are moving in the same
direction, i1s 10 m/s .
(b) Vea = Vs —(=Vv4)
=30 m/s — (20 m/s)

=30 m/s+20 m/s

=50 m/s
Therefore, the speed of car B relative
to car A, if they are moving 1n the
opposite direction, is 50 m/s .

cations of relative motion

elative motion 1s used in navigation to
determine the actual velocities of vessels
In moving water or air.

Vectors on the Cartesian coordinate
system

The direction of a vector can be indicated
in several ways. In situations where the
vectors are one-dimensional, that is,
always horizontal or vertical, the direction
can be defined using the positive (+) or
negative (—) sign. Normally for horizontal
vectors, a (+) sign is assigned to the
right and (—) sign to the left motion. For
vertical vectors, the (+) sign 1s assigned
for upwards motion and (—) sign for
downward motion. Care must be taken not
to confuse the (+) and (—) signs indicating

09/03/2022 18:13:31 | ‘
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the direction of a vector with the signs representing addition and subtraction or giving
the magnitude of a number.

For two-dimensional vectors, there are several ways of defining direction. One of
these involves representing the vectors on a Cartesian coordinate system. A Cartesian
coordinate system consists of two perpendicular number lines called the axes. The
point where the axes intersect is called the origin. It is usually represented by zero for
cach axis. The horizontal axis 1s usually referred to as the x-axis and the vertical axis
1s the y-axis.

In practice, the axes represent measurements. The two axes form four regions called
quadrants as shown in Figure 1.31 (a). These regions are numbered in an anticlockwise
direction beginning with the upper right quadrant. The po tion of a point on the
coordinate system can be defined by its distance above or ow the x-axis and its
distance from the y-axis. The position (coordinates) o 1s written 1n brackets
separated by a comma. The x-coordinate 1s written fi %&W‘ y the y-coordinate,
1.e., (x, y) as shown in Figure 1.31 (b).

e

(— 3?)

7 \ 7

6 \\ 6

3 4 3 (5. 4)
Quadrant 2 43 Quadrant | X ;l i

2 C 2

| 1

6354321011 2345 6 7% 7654321 [1234567x

:’%_ 713 :i

Quadrant3 Quadrant 4 L 4 .
(7.-3)

__,5 —5 - o

-6 —6

= =i

| Y

(a) (b)

Figure 1.31: The Cartesian coordinate system

From Figure 1.31(b) it can be seen that:

(a) In quadrant 1, both the x-coordinate and y-coordinate are positive.
(b) In quadrant 2, the x-coordinate 1s negative while the y-coordinate is positive.
(c) In quadrant 3, the x-coordinate and y-coordinate are both negative.
(d) In quadrant 4, the x-coordinate 1s positive while the y-coordinate 1s negative.

To represent a vector on a Cartesian coordinate system, draw 1ts tail at the ornigin. The
coordinates of the head of the arrow define the vector (Figure 1.32).

09/03/2022 18:13:31 l ‘
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Figure 1.32:

Cartesian coordinate system

A man 1s walking inside a bus,

which is travelling at 56.2 km/h. If
the speed of the man relative to the
ground 1s 55.8 km/h, 1s he walking
towards the front or the back?
Explain.

A boat 1s moving at 8.9 km/h
relative to the water in a river.

Initially the boat at the bank aims
straight to the opposite bank of the
river which 1s 120.9 m wide. If the
speed of the water in the river is
29 km/h, how far downstream
will the boat be when it reaches the
opposite bank?

A boat moving at a speed of
9.8 km/h relative to the water n
a river wants to get to a fishing
camp that is 5.2 km upstream. If
the speed of the water 1n the river
is 6.0 km/h, how long will it take

the boat to reach the camp?

‘ I PHYSICS FORM lllindd 17

Representation of vectors on a
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< respectively. Car A passes point Q

4. A plane is flying at a velocity of
300 km/h relative to the ground
in the direction 300° from East.
The plane 1s flying amidst a wind
blowing at 85 km/h relative to the
ground in the direction 225° from
East. What 1s the velocity of the
plane relative to the air?

5. Two cars, A and B, are moving at
speeds of 60 km/h and 80 km/h,

respectively. What 1s the speed of
car A relative to car B if the two
cars are moving in:

(a) the same direction?

(b) the opposite directions?

6. Two motorcars, A and B are
approaching each other on a

highway (Figure 1.33). At time
N t=0, car A and B are 975 m apart
at point P and Q, with their speeds
being u, =30m/sandu, =17m/s,

after 40 seconds and car B passes
point P after 42 seconds.

- e

PK——975m —IQ
Figure 1.33

(a) Find their accelerations.

(b) After how long will the cars
pass each other.

(c) What 1s the speed of car B
relative to car A when they
pass each other?

Resolution of vectors

Suppose a ball has been released from
its rest position on a perfectly smooth
inclined plane in Figure 1.34 (a), what

——
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happens to the ball after being released?
The ball will roll down the plane,
accelerating as 1t does so. According to
Newton’s laws of motion, the acceleration
of the ball must be caused by a force
pointing down the plane. However, it is
understood that the only force acting on
the ball as it rolls down 1s its weight, W
(the force that arises from gravity acting
on the mass of the ball and acts vertically
downwards). Thus, one might question:
where does the force that causes the
acceleration come from?

\5%'&

T DUPLICATE

. Components of a vector

‘ In the previous sections, we have dealt
with vectors that are directed eastward,

- westward, northward or southward.
- For example, when an object had an
- acceleration, we described 1ts direction 1n
- one dimension. Now, 1n situations where
~vectors are directed at certain angles
to the customary axes of the x-y plane,
~we make use of some mathematical
procedure to transform the vector into
- two parts with edach part being directed
along the co cL.fl;Oe axis. For example,
directed northwest can
aving two parts: a
westward part. If a

f a
?h ject at an angle of 60°
the motion of the object

- a vector

' be thm@

0 QA il &wo parts: an upward motion

Q(b)

Figure 1.34: 4 ball on a smooth inclined plane

Vector addition gives a simple solution,
As 1llustrated in Figure 1.34 (b), the
weight Wof the ball 1s equal to the
sum of two forces F,and F,, expressed
as W=F +F, The acceleration is
therefore caused by force, F,, which is
parallel to the plane, whereas force F, ,
which 1s normal (i.e., at right angles) to
the plane, prevents the ball from leaving

the plane and accounts for the difference
between W and F, .

‘ l PHYSICS FORM lll.indd 18

e rightward motion.

ﬂnerally any two-dimensional vectors
can be considered to have an influence
- 1n two different directions. This means,

- such a vector has two parts and each
- part 1s known as a component of a
- vector. The components of a vector
- represent the influence of that vector in
~a given direction. Thus, the combined
~influence of the two components 1s
- equivalent to the influence of the single
_ two-dimensional vector. That is to say,
a single two-dimensional vector may be
- replaced by its two components.

- As an example of a two-dimensional
vector and its components, consider an
- airplane in Figure 1.35, which 1s to fly
- from Julius Nyerere International Airport,
‘ Dar es Salaam to Entebbe in Uganda.

00/03/2022 18:13:34 l ‘
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Figure 1.35: An airplane

Suppose the plane is to fly in such a way that its
resulting displacement vector will be some units
towards the northwest. This displacement of the
plane has two components: a component m

FOR ONLINE UJ

|

Pl

Magnitudes of vector
components

Whenavectorisdirected atacertain
angle to the vertical or horizontal
direction, 1ts components are
mutually perpendicular to each
other. One component 1s on the

x-axis (horizontal) and the other

on the y-axis (vertical) as shown
in Figure 1.37. Finding vector
components involves the use

of trigounhetrical functions to

relate wegmtude of the wvector
CO nts, to the magnitude
m: f a given vector

ensmnal coordinate
1S process i1s known as

northward direction and a component in sy
resolutmn In other words,

westward direction as shown in Figure .

segments whereby, one segme
influence of the men @ | displacement

The plane would have the same dis

egte e
north and the other-direct 'éﬁh{}wn
in Figure 1.36 (a). Thg.co
in the northweést du@)n as shown in
Figure 1.36 (b).

if it was to take the trip to En
ine
the two component bee lent to the
West

West

North

North Northwest

(a) (b)

Figure 1.36: Components of a displacement vector

‘ I PHYSICS FORM lllindd 19

ence of

\eﬂor resolution is the process

of splitting a given vector into its
constituent parts at right angles to
each other.

y-axis
A
Vertical component
A
Vector
0 ;
»Horizontal
component
2
>

X-axi1s

Figure 1.37: Vertical and horizontal
vector components

In our airplane example, the
displacement to the North and West
are perpendicular to each other.
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Therefore, a northwest displacement
of the plane can be resolved mto two
mutually perpendicular directions as
shown in Figure 1.38.

Figure 1.38: Components of vector p

p, and p are the components of a vector

P. These components form an angle
90° with each other and their magnitu
can be determined using trlgenon\

ratlos. <
ﬁ\/ & Solution
Considering the vertlc:O p

(y-component); g

Therefore,
p, = psind

Similarly, considering the horizontal
component (x-component);

P

cosf) = —
P
Hence,
p. = pcosé

Therefore, p=(pcosé, psind).

INE USE ONLY
O I-DUPLICATE

- Note that, @is the angle that p makes
- with the direction of the x-axis and p is

the magnitude of the vector p.

A nail drilled in the wall is being pulled
out using a string (Figure 1.39). The
string forms an angle of 30° with the
normal. If the pulling force is 10 N, part
of the force will tend to bend the nail
while the other part will pull it out from
the wall. Determine the magnitudes of
these two components of the force.

y nail

wall

Figure 1.39

This information can be presented in
vector form as shown by Figure 1.40.

- o e o O E E wm we m E E E  omm wm m - -

Figure 1.40

Student s Book Form Three
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Forces F, and F, are the components
of a 10 N force. F, tends to bend the
nail while F_ tends to pull it out of the | F, .
wall. Thus, | Iy
F, Z 250
a) ——=cos30°
@ Ton =" ) .
F,=c0s30°x 10 N Eigre 141
._ E
=0.866x10 N sin 25° =
; 1
=8.66 N F, = F,sin25°
| | =sin25° x 18 N
(b) F,=sin30°x10 N | TR
_05x10 N —0.4226 x 18 N
=76 N
=5 N | 4
: 250 =21
Therefore, the pulling force F, is 5 N \ CRSERTE ,
while the bendmg force F;, 1s 8.66 N. V | Fl.r _ F_; cos 25°
The nail 1s more likely to bend rather | s
than come out. < =208 =
1

.

U | =0.9063 x 1§ N
W ~1631 N

A body 1s being subjected to two forces: - | The components for F,.
F, =18 N acting at an angle of 25° and |
F, = 30N acting at 140° from the East
direction. Find the resultant force, F of

the two forces by separating the forces 2
into x and y components. |

Solution 2
First, resolve the forces into their x and Figure 1.42
y components, as illustrated by Figures | I
1.41 and 1.42. ; cos40° =?
2
The components for F,. F,, = F, cos 40°
% A \ o

R -

PEE—
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|
=cos40°x 30 N

=0.7660 x 30 N
=2298 N

]

sin40°=—
F,

F,, = F,sin40°
=sin40° x 30 N
=0.642 x 830 N

=19.28 N

Since the component F,_points to the
left, it is negative. Therefore,

K, =-22.98 N.
In order to get the resultant vector F,

x-axis and y-axis respectively.

Total component on the x-axis:

=16.31 N+(-22.98 N)
1631 N-22.98 N

=—6.67 N

Therefore, F, =—6.67 N.

Total component on the y-axis
F,=F, +F,
=7.6 N+19.28 N

=26.88 N
Therefore, F,=26.88 N.

calculate the sum of components on the V

-
< 6.67 N

F;:_ :F[.T+F3.r 1%

INE USE ONLY
Yo DUPLICATE

Applying the Pythagoras theorem, the
resultant force 1s given by:

2= Ef + F;_z
F? =(-6.67)" N° +26.88° N’

F=444.49 N* +722.53 N?
=27.70 N

[f this force was to be presented
graphically, it would appear as shown
in Figure 1.43.

26.88 N

Figure 1.43

To get the angle @, use the tangent
function:

26.88 N
tan @ =
6.67 N
0 = tan"' (4.03)
0 = 76°

Therefore, € =76°.

The angle @ of the resultant force from
East:

0 =180°-76°
=104°

Therefore, the resultant force is

27.70 N at an angle of 104° from East.
- /
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Application of vector resolution in
solving problems

Vector resolution can be used to solve
many problems 1nvolving physical
quantities such as force, velocity, work
and many others. Sometimes one may
be required to add up to 10 vectors. To
perform the operation using the graphical
method described earlier, one adds the
first two vectors’ head-to-tail, and then
adds the third vector to the sum of the first
and second vector, then the fourth to the
sum and so on. This may be difficult to
obtain the vector sum. An easier way of
adding vectors 1s to separate the vectors
into their x and y-components, then sum
up the respective components.

TN —

An airplane 1s flying east at 200 km/h,
its velocity relative to the air, while

a 100 km/h wind 1s blowing 45°
northeast. What 1s the velocity of the
airplane according to an observer on
the ground?

Solution

v, (wind velocity)
Figure 1.44

The x and y-components of the airplane
velocity are 200 km/h and 0 km/h,
respectively.

We can use trigonometrical ratios to
get the x and y-components of the wind
velocity:

' A

‘ l PHYSICS FORM lll.indd 23
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e Y
cos45° = Ve
100 km/h

v. =100 km/h x cos 45°
=70.71 km/h

v, =100 km/h x sin 45°

v, =70.71 km/h
Thus, the resultant velocity components
(v,,v,) are given by,
v, =200 km/h + 70.71 km/h
= 270.71 km/h

v, =0+70.71 km/h = 70.71 km/h
Using the Pythagoras theorem:

2 _ 2 1,2
LA A

2 > d
v= \/vx +V,

=/270.71* km?/h* +70.71% km?/h?
=280 km/h

The angle A between the resultant
velocity and the eastward directed
velocity 1s given by:

Ao 70.71 km/h
280 km/h

=0.2525
A =sin'(0.2525) =14.6°
The resultant velocity is 280 km/h at an

kangle of 14.6° from the east.

-~
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1.

Gwen the displacement vectors:
=15 m at 65°

B =22 mat 135°

C =8 mat 180°

D =12 mat 300°

Find the following vectors using
the component method:

(a)A+C (b)B+D

Given the components of some
vectors:

(@) V,=12m, V, =8 m
(b) R,

=—18 m, R_1,=12m
() $;,=20m, § =-14m

each component and determine the
magnitude and direction of their
resultant.

An airplane 1s moving at
200 km/h at an angle of 60°. The
plane experiences a wind blowing

at 120 km/h at an angle of 210°.
Find the resultant velocity of the
plane by resolving the velocities
into their components.

Scalars are the physical quantities
that have magnitude only while
vectors are physical quantities that
have both magnitude and direction.

Vectors can be added graphically
using the parallelogram law or
triangle law of vector addition.

P

Draw the vector represented by / S.

b :

l.

. Parallelogram law

INE USE ONLY
e DUPLICATE

3. The Triangle law of vector addition

states that: “If two vectors are
represented by the two sides of a
triangle in sequence, then the third
closing side of the triangle drawn

from the tail of the first vector

to the head of the second vector
represents the resultant of the two
vectors in both magnitude and
direction”.

of vector
addition states that: “If two vectors
are represented by two adjacent
sides of a parallelogram, then the
diagonal of the parallelogram
through the common point of the
two vectors represeits the sum of
the two vectors in magnitude and
direction .

A resultant vector is a vector whose
magnitude and direction represents
the net effect of all vectors starting
at a given point.

. Relative motion is the comparison

between the motions of an object as
perceived by observers in different
frames of reference.

. A frame of reference 1s a set of

coordinates that can be used to
determine the position and velocity
of objects.

. Relative velocity is the velocity of

an object that 1s considered relative
to an observer in a different frame
of reference.

. A two-dimensional vector 1s

composed of two parts, which are
perpendicular to each other. Each
part 1s called a vector component.

‘ l PHYSICS FORM lilindd 24

00/03/2022 181338 l ‘

PE—



R, ==

FOR ONLINE UJ
DO NOT DUPE
R

10. Resolving vectors refers to the
process of finding the components
of a given vector. Trigonometric
ratios are wuseful in vector

resolution.

1. Choose the correct answer for each
of the following questions.

(a) Two forces, 4 N and 6 N are
acting at an angle of 45° to one
another. Which of the following

1S the resultant force?
(1) 92N,8=27.5°
(1) 42N, 0=162.5°
(i11) 42 N, @ =45°
(iv) 042 N, €= 135°

3. Twoforces,5Nand 12 N are acting
on a body. Using the graphical
method, find the resultant force
of the two forces when the angle
between them is:

(a) 30°
(b) 45°
(c) 120°

4. A plane is flying due East with
a velocity of 100 m/s when it
encounters a wind blowing at
a velocity of 20 m/s. Find the
resultant velocity of the plane if
the direction of the wind 1s due:
(a) East

(b) West

(¢c) South

(b) Figure 1.45 shows a block N 5
being pulled along a track. If *
a force of 20 N 1s applied n ~ .

A box is being pulled on the floor
using a string. The string makes an
angle of 30° with the box as shown

direction A at an angle of 60°,
what is the resolved part of the
force in direction B?

.
;?Q
&
SHL60°
Direction B |
Figure 1.45
(1) 17N
(11) 20 N
(m) 12 N
(1v) IO N

2. (a) Give two examples of vector

and scalar quantities.
(b) What 1s relative velocity?

‘ I PHYSICS FORM lll.indd 25

( in Figure 1.46.

L3

Box

Figure 1.46

If the force applied at the string is
200 N, find the force which tends to:
(a) lift the box

(b) pull the box forward

6. An airplane 1s taking off at a
velocity of 20 m/s. Find the

components of the plane’s velocity
if the take-off angle is,

(a) 70°

(b) 45°

(c) 60°

(d) 85°

09/03/2022 181339 | ‘
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car A is 8 m/s when the two cars
are moving in the same direction
and 28 m/s when the two cars are
moving 1n opposite directions.
Determine the speed of each car.

. A river 1s flowing at a velocity of

2 m/s due South. A person in a boat

wants to move across the river at

10 m/s due East.

(a) At what angle should the
person move?

(b) At what velocity should the
person move the boat?

. Two forces, P and Q, are applied

on a small boat stuck in a shallow
stream as shown 1 Figure 1.47.

P=200N

Q=400 N

Figure 1.47

Using the Parallelogram law,
determine the magnitude and
direction of the resultant of the two
forces.
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7. The speed of car B relative to

A mass 3 kg hangs at the end of
a string. Find the horizontal force
needed to pull the mass sideways
until the string 1s at 30° to the
vertical. Find also the tension in the
string at the final position.

(a) Explain, with examples, the
terms relative velocity and
resultant velocity.

(b) Two cars A and B are moving
along a straight road in the same
direction with speeds of 25 km/h
and 40 km/h, respectively. Find
the speed of car B relative to
car A.

How long will a passenger sitting
near the window of an SGR train
travelling at 360 km/h see a local
train passing by in the opposite
direction with a speed of 100 km
/h? The length of the local train 1s
315 m.

A swimmer’s speed in the direction
of the flow of a river is 18 km/h.
Against the direction of flow of
the river the swimmer’s speed is
8 km /h. Calculate the swimmer’s
speed in still water and the speed
of the river flow.

09/03/2022 181339 l ‘

PEE—



Chapter Two

Friction

fire by rubbing sticks.

.

Concept of friction

Pulling a block of wom@gng &
along t

or
istancg. Rhat felt
t1 a@s a force
in the opposite the applied

force. It occurs when a solid object moves
over another solid object as well as when

table or pushing the

an object moves through a fluid (liquid

and gas). Friction can also occur within
the fluid itself. Friction 1s caused by the

molecular attraction between the parts |
of two surfaces in contact. The surfaces

are microscopically irregular. When two
objects are in contact, particles (atoms or

molecules) of one object are very close

to those of the other object. The particles

of the two materials tend to attract each |

‘ I PHYSICS FORM lllindd 27

Friction plays an important role in evervday processes. Friction has positive and
negative effects depending on the situation. For instance, friction gives shoes and
tvres grip on the ground. You can move from one point to another due to friction.
On the other hand, the same friction can cause wear and tear to your shoes. In
this chapter, you will learn about the concept of friction, tvpes of friction and laws
of friction. The competencies developed from this chapter will enable you to use
lubricants or ball-bearing between moving parts of machines. You will also be
able to apply friction in generating heat by rubbing your hands as well as making

N AV

her by molecular and electrostatic
forces. These attractive forces existing
between different surfaces are known
as adhesive forces. Figure 2.1 shows
two objects in contact, with the arrows
showing adhesive forces acting on them.

- Any relative motion between the two

surfaces must overcome the adhesive
forces.

Figure 2.1: Adhesive forces acting between
two surfaces

|

i

1]
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All objects that appear very smooth can |

show some degree of roughness at the
microscopic level. There are significant
number of ridges and grooves on rough
surfaces, as shown in Figure 2.2. Rough
elements tend to lock one another as
they slide or tend to slide past each
other. In moving any surfaces in contact,
we must apply a force to overcome the
interlocking. The ridges of one surface
can lock into the grooves of the other,
effectively creating a type of mechanical
bond. A large amount of force 1s therefore
needed to slide the objects in contact.
The friction between solids and fluids
or between different fluids is known as :
VISCOsIty.

Figure 2.2: Surface roughne
[friction be

—— =
use O

zufa:‘é

Advantages of ctmno |

You have come across different examples
all around where frictional force is acting.
It 1s required mn accomplishing many
daily activities. The following are some
advantages of frictional force.

1. Friction aids in walking; we can not
walk 1f there 1s no friction between
the soles of our shoes or feet and the
ground. The friction between your
feet and the ground makes it possible |
for you to walk. Without friction, your

- 2.

3.

y —
W ‘ Q

-\.

1|

" DUPLICATE

feet would slip backward as you try to
walk forward.

Friction helps cars to move on the
road. This is possible due to the
friction between car tyres and the
road’s surface. If there is no friction,
the tyres will keep on slipping at one
point without making the car to move.

Moving objects are brought to a stop
by the application of friction. Braking
systems in moving machines such as
vehicles, rcycles and bicycles
make u f friction. For example,

wn when brake pads
Ze ds clamp onto the
ed to wear out unnecessary

la e during the sharpening and
@ng of metal parts. Figure 2.3

hows a knife sharpener

Figure 2.3: Sharpening a knife

In lighting matches, friction between
the matchstick and matchbox produces
heat which ignites the matchstick.

Friction enables setting of fire by rubbing
sticks. Figure 2.4 shows an example of
fire making by rubbing sticks.

Student s Book Form Three
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Figure 2.4: Makmg fire bv rubbmg sticks

7. 1t 1s friction that enables a nail to

remain tightly held in a solid material.

You cannot fix a nail in a wood or wall o
- 4. Friction ma

if there 1s no friction.

8. It i1s friction that enables us to write

on paper or on the board.

9. Friction prevents asteroids or
falling satellites from reaching the
earth’s surface. Asteroids burn in
the atmosphere before reaching
earth due to the friction betwee
surface and air molecules. \

Disadvantages of friction e &

Even though fricti
advantages in our

has some disachg as WS:
1. Friction proditxces

instance,

not properly lubricated and cooled,

friction may cause overheating of
and hence lowers the
efficiency of the engine. This explains
why the efficiency of the actual

the engine,

machines 1s always less than 100%.
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. 2. Friction slows down the motion of

.i

al
1v1t1&$alsn
t@:essary heat

and noise in moving machinery parts
leading to the wastage of energy in
the form of heat and sound. For
the friction between
pistons and cylinders of an engine
accounts for major energy loss. If
the piston-cylinder systems are

moving parts as it always acts in
the opposite direction of the motion,
hence more energy 1s needed to
overcome it.

. 3. Friction causes materials to wear and

tear out. Examples of such matenals
include; soles of shoes, car tyres, and
machinery moving parts. As a result
of this, the worn out materials must
be replaced or properly disposed as
unwanted matenals.

use fire in a forest or
bush. Thi$ys,caused by the friction

betw tree branches in high
@osit'

éﬁmon ?ents machinery parts
£

freely. If there 1s no
fri ES& the machinery parts could

@ freely.

2.1

3 Activity

Aim:

To demonstrate that high
friction results in increased
wear and tear

Materials: four new identical erasers.
A4 white paper, A4 ruled
paper, wooden block, a
piece of glass

Procedure

1. Rub the erasers on different
surfaces of the given matenal. Each
material surface is to be rubbed by
a separate eraser, and the number

of rubbing striker should be the
same, for Example 20.

00/03/2022 181341 | ‘
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2. Note the extent of wear and tear on
each eraser.

Question

How does the nature of the surface
affect the wear and tear of the
erasers?

On a rough surface, there is more wear
and tear than on a smooth surface.
Thus, rough surfaces increase friction
resulting in increased wear and tear.
A common disadvantage of friction
1s that it wears out the soles of your
shoes. A worn shoe sole 1s shown in
Figure 2.5.

I*

Figure 2.5: A shoe sole worn out due

to friction
. J

~ o~
Methods of increasing @iun

In 1nstances

between surfaces can be increased:

1. Pressing together harder the surfaces
under consideration. This increases

the normal force between surfaces.

For most front-wheel-drive cars, the
engine is placed over the driven wheels
as shown in Figure 2.6 to increase the

normal force on the wheel.

‘ l PHYSICS FORM lilindd 30

S

where friction is an
advantage, it 1s necessary to increase the
magnitude of the friction. The following
are some ways mn which friction force

2] DUPLICATE

Driven wheel

Figure 2.6: A car engine located over
the driven wheels

2. Changing the roughness of

surfaces. Fpr example, increasing
treads ' res increases the

frlc een the tyre and the

hy it 1s important to

m bicycle tyre when

| are worn off. Spikes
0% @ Il shoes and groves on
ormal shoes increase friction

bétween the shoes and the ground.

Adding grit to sandpaper improves
its scrubbing ability.

3. Use of materials with a high
coefficient of friction. Car tyres
are made of rubber which has a
high coefficient of friction. This
increases the frictional force
between the tyres and the road.
Wrapping sticky tape on the handle
of an oar also increases grip on the
oar. Sticky materials have a very
high coefficient of friction.

4. Scrubbing steel wool is made
rough to increase friction.
Similarly, a rough cloth will have
better cleaning qualities due to
large friction than a relatively
slippery one. Figure 2.7 shows a
scrubbing steel wool in use for
cleaning cooking utensil.

00/03/2022 18:.13:41 l ‘



Figure 2.7: Scrubbing a cooking utensil with

a steel wool

Methods of reducing friction

FOR ONLINE U gisnieinim

Figure 2.8: Lubricant (Engine oil)

: 4. The use of special materials, which

As we have already discussed, friction has
a disadvantage in some situations. In such

cases, the friction should be minimized.
The following are some of the procedures

for reducing the frictional force between

surfaces:
1. Devices such as ball bearings or rolle
can change shiding friction into
smaller rolling friction by r
the points of contact on

Ball bearings or rollers E

C[lO

by %lmad

sliding surfaces decrea

One technique Qﬂv

engineers 1s ate g
free movem of Q
transmits 1ts motion

._- ount of

static frictional force out over time.

reduces the coefficient of friction.

Acoustic lubrication uses sound as

a lubricant.

at before 1t
% an adjoining
coupled car. This allows the train to
pull forward and only take on the static
friction of one car at a time, instead
of all cars at once, thus spreading the

A common way to reduce friction
i1s by using a lubricant, such as oil
or water between the two surfaces
(Figure 2.8). This often dramatically

s,

Peli
9%%51"0?&&1{:6 friction can be

i L

W

have a low c%ciem of friction such
as Teflon, to Goat cooking utensils,
reduce@fgn and thus slides easily.
Q %fze usually reduces

d

\\;Jody moving in a fluid, for
ample airplanes 1n air and ships in
ater the shape 1s designed so as to

reduce friction between the body and
fluid.

Aim: To investigate the
advantages of rollers in

moving objects

Materials: seven cylindrical ball
pens, 100 g load, wooden
block, spring balance,
hook screws, a laboratory

bench

Procedure

1. Attach a hook screw on a wooden

block, fix a spring balance and put
it on a bench.

— 0
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2. Puta 100 g weight on the wooden block as shown n Figure 2.9 and apply a
small pull on the spring until the block just starts moving.

Wooden block

—— Bench

Figure 2.9

L2

Record the reading of the force used to pull the wooden block.

4. Take five cylindrical ball pens and place them parallel to each other on the
bench.

5. Put the wooden block of the same weight on top of the cylindrical ball pens,
and put 100 g weight as shown in Figure 2.10.

6. Apply a small pull on the spring and record the reading of the force used to

pull the wooden block as it just starts moving.

Spring balance

Wooden block

Ball pen

——Bench

Figure 2.10
Questions
(a) What did you observe when pulling the wooden block when in direct

contact with the bench surface?

(b) What did you observe when pulling the block resting on different number
of ball pens?

(c) What is the advantage of using ball pens?

With the introduction of several ball pens under the object, moving the object
became much easier compared to when the ball pens were absent. Therefore, ball
pens reduce friction, such that, object can be easily moved from one position to
another using a slightly lower force.
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Normal force and friction

Suppose an object 1s laying on a fable as
- F, is proportional to the magnitude of the
object downwards. According to Newton’s
third law of motion, the table reacts by

shown in Figure 2.11. The earth pulls the

exerting an equal and opposite force on
the object. This force i1s perpendicular to
the surface of the object, thus, it 1s called
the normal force. Since the object remains
in contact with the table, normal force 1s a
contact force. Normal force 1s, therefore,

together. Its direction 1s perpendicular
to the surfaces, as shown in Figure 2.11,

and 1s abbreviated as F,, or R, or N. For

an object resting on a horizontal surface,

the force due to the weight of the object
and normal force are the only two forces _

acting on the object. The two forces
equal but opposite in direction.

Thus, in magnitude,

R=W
where m 1s the mass of ﬂklﬂct a@

the acceleration due to/Bravity. %
Norma¥Tore —

|
L4

|
D |
Il !

W =mg

Figure 2.11:
resting on a horizontal plane

From the preceding section, you learnt
that friction can be altered by either
increasing the contact force or changing
the surface roughness. This means that
the magnitude of the frictional force
depends on the nature of the surface

N S

e
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Forces acting on an object

-~ and the magnitude of the normal force.
Thus the magnitude of frictional force,

normal force. That is,
F, < R

- However, under constant normal force,
- two different surfaces are expected to
- give different frictional forces.
- the nature of the surface determines the
- proportionality constant factor, called the
coefficient of friction. Thus,

the net force pressing two parallel surfaces

_ Jr:
- But, we kno a

Thus,

UR
=mg, 1t follows:

7S Hmg
that the frictional
he materials in which

a es are made of and not
canta ca. Note again that, frictional

forpeydets along the two surfaces in
ontact, thus, 1t 1s a contact force.

\gx

) e
To explore the effect of
normal force on frictional
force

wooden blocks, assorted
masses, string, hook screws,
pulley, a light pan, weighing
scale

Materials:

Procedure

1. Measure and record the mass of
the wooden block m, and that of
the pan m,.

2. Attach the wooden block to the
pan using a string passing over a
frictionless pulley on the edge of
the bench as shown in Figure 2.12.

——
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Wooden block

- Pulley
String
& Pan with
Figure 2.12 THASSES

3. Place a known mass m, on the wooden block and record the total weight of the
wooden block and mass m, as, w, =(m, +m;) x g.

4. Add known masses to the pan until the block starts moving. Ensure that it slides
without accelerating.

5. Record the mass m, that causes the block to slide without accelerating. Then,

record the total weight w, = (m, +m,) x g that causes the block to slide without
accelerating.

6. Repeat steps 3, 4 and 5 using three different masses.
7. Record your results in a table similar to the one shown in Table 2.1.

Table 2.1

i L -'F . 1. ':. i'.l'- I:'L'J.-f-.-i-ﬂ
. bidaTatal=tol &l Tad “as Y.
I [ 11 A .j LY ' _'-..:i_-a':_! .I I_L"._.‘.:. IL.r_F'.JII_‘:'-_-:"I_-"-.I:--'":i | :[- Jl.'i_J—-

L]
[ %

il

Questions

1. Plot the graph of w, against w,.

2. From your graph, explain the relationship between normal force, R, and frictional
force, F 5

The force exerted by weights and pan w;, will cause the block to slide when it
overcomes frictional force. Therefore, w, is equal to frictional force whereasw; is
equal to the total normal reaction on the block. Increasing w; results in an increase
mn w,.

Student s Book Form Three
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l. What does it mean by the term
friction?

2. Explain any four importance of
friction in daily life.

3. In which instances do you think

friction is not useful? Give four

reasons.

Briefly explain any three methods

used to increase the frictional effect.

S. Suggest any four ways which can be

used to reduce the frictional effect.

Why 1s 1t easy to slip when there 1s

soap water on the floor?

7. When walking on a low friction
surface, one should take short
steps. Why?

8. You try to move a table across the
floor, but it doesn’t move. What is |, -

9.  When is the applied force said to
be less than frictional force?

10. When a person walks on a surface, »
the frictional force exerted by the
surface on the person is opposite to
the direction of motion. Is this true
or false? Explain your answer.

Large bags are normally fitted with
rollers at their bases, explain the
importance of the rollers as far as

friction 1s concerned. |

11.

Tvpes of friction

Suppose you apply a small force m
pushing a cupboard, it will not move.
Have you asked yourself why? This is
because the applied force to the cupboard
1s balanced by the frictional force. On
the other hand, when more force is
apphied to push the same cupboard, it

the other force acting on the table? //

| Apphid force

Physics for Secondary Schools - =

will move. However, the cupboard will
still experience frictional force while

- 1n motion. This means that, there are
~ two types of frictional forces existing in
- nature. The frictional force that keeps an
~ object stationary in a given position, is
~ called static frictional force. The frictional
- force experienced by a moving object 1s
- called kinetic or dynamic frictional force.

. Static friction
- From the previous section, you have learnt

- that, mtermolecular force and surface
~ interlocking are thg main cause of friction.

intermolecular force

- This means t}%

- and surfac% cking are also the main

- cause o fi

- bec
L

e concl thé\
| Iaognin ?&eative motion between
$ bj c@ ontact with one another.
n

rl al force. Thus, 1t can

d i¢tional force opposes

iC» Iriction, the frictional force
force applied to an object at rest,
it remains at rest until the force of
atic friction 1s overcome. Static friction

L

- occurs when two objects are not moving
- relative to each other. The 1nitial force to
~ get an object moving 1s applied mainly to
~ overcome this static friction. For instance,
~1f you are walking up the hill, there 1s
- static friction between your shoes and the
- trail each time you step on the ground.
- Without this static friction, your feet

would slip, making 1t difficult to walk.

Normal force

Static friction
— >
- —]

|
' Wimg ’

Figure 2.13: A book resting on a table
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Static frictional force always occurs
at the contact region, that 1s, between
the two objects in contact, as shown
in Figure 2.13. The coefficient of static
friction 1s denoted as g . The static
frictional force 1s given by,

Fo=uR
Dynamic or Kinetic friction

Intermolecular forces and surface
interlocking are responsible for static
friction. This means that for an object
to start moving,
must overcome the
forces and surface interlocking. Once
the intermolecular forces and surface
interlocking are broken, the surfaces
of the two objects can slide against
each other. However, they will still 4
experience resistance force, termed
a kinetic or dynamic frictional

the applied force
intermolecular

Since friction 1s conti

in a direction that oppos 0 :
dynamic friction a does%ative z

work. The coeffigi ¢ friction
is denoted by nd 1 1s less Lhan |
ion #, .

the coefficient of statlc |
dynamic frictional force £ of a S{}lld
interface is given by, i

F,=u R

The coefficient of friction depends on
the nature of the surfaces. Generally,

it requires less force to keep an object
moving at a constant velocity than to start
it moving. To set the object in motion, we
must overcome the force of static friction.
To keep it moving, we must overcome
the force of kinetic friction. Once an

INE USE ONLY
Yo DUPLICATE

object 1s 1n motion, the kinetic friction
remains constant and 1s independent of

- the object’s velocity as long as 1t does not

become very large.

~ Limiting friction

- Limiting friction is the maximum possible
- value of static friction. It is the frictional
- force that object must overcome for it to

start moving. If the applied force 1s more

- than this lmit, a body will move relative
i t-:) the other. Limiting friction F, is given

% = R
~ where l@t € 1ient of limiting
ﬁ‘lc@; 15'%

normal force.

To determine the limiting
friction

Materials: spring balance, wooden

block, assorted masses,
a piece of plywood,
masking tape

Procedure

1. Measure and record the mass of
the wooden block.

2. Fix the plywood on the bench
using the masking tape.

3. Place the wooden block on the
plywood and attach a spring
balance, as shown in Figure 2.14.

Note: The spring balance should be
parallel to the bench.

. o

s
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Wooden block Spring balance

Plywood -}—\M Itﬂ >—> Force applied

4. Pull the wooden block using the spring balance. Increase the pulling force
gradually until the block 1s just about to start moving. Take the reading on the
spring balance. This is the value of the force applied on the block.

Physics for Secondary Schools i . ;

Figure 2.14

5. Repeat step 4 with different masses placed on top of the wooden block. Record
your results as shown in Table 2.2.

Table 2.2

ass of the wooden block +

masses) * g (N)

Questions

(a) How does the weight I of the wooden block compare with the force required to
set it in motion in each case?

(b) Calculate the coefficient of limiting friction in each case.

When the force applied to wooden block 1s increased, the frictional force also
increases. This happens until the frictional force reaches a value equal to the miting
frictional force. When the applied force 1s increased beyond the limiting frictional
force, the block begins to move. The limiting frictional force is independent of
the applied force but depends on the nature of surfaces and the normal force. The
coefficient of limiting friction, g, is given by,

F,

—_L
JuLR

The coefficient of limiting friction will be the same for all the masses. This is because
the coefficient of limiting friction is independent of the normal force.

PE—
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An aluminium block of mass 2.1 kg
rests on a steel platform. A horizontal
force of 15 N is applied to the block.

(a) Given that the coefficient of
limiting friction between the two
surfaces 1s 0.61, will the block
move?

(b) If the block moves, what will be
its acceleration if the coefficient of
kinetic friction is 0.47?

Solution

(a) The maximum possible value
of the static friction can be
determined from,

F__—=uR

= U mg
=0.61 x 2.1kg x 10 N /kg
=12.81N

The block will move since the applied

force (15 N) exceeds the limiting
friction (12.81 N).

(b) Since the block will move, there is
a force of kinetic friction opposing
the motion, and acceleration can
be computed as follows:

Fy = wR
=W, x mg
=047 x2.1kg x 10 N/kg
=9.87 N

‘ | PHYSICS FORM lll.indd 38
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by =ma
a=
_ m
1 _ 513N
N - 2.1kg

4

< Therefore, the acceleration of the block
| will be 2.44 m/s?.
e
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The net force (F,,,) is the difference
between the applied and kinetic friction
because they are in opposite directions.

P;uzl = "F:'.l'ppﬁfd il F.'l
=15 N-987 N
=313N

This 1s the force that will contribute
to the acceleration of the block. Using
Newton’s second law of motion:

=2.44 N/kg or 2.44 m/s’

>

A box of mass 5 kg 1s at rest on a
wooden floor. If the coefficient of
static friction between the box and the
floor 1s 0.6, what minimum external
force 1s required to set the box sliding?

Solution

The maximum possible value of the
static friction can be determined using
the equation:

= u R

S Mdax

But, R=mg: hence,

09/03/2022 18:13:49 l ‘

PEE—



Therefore, a force shightly greater
than 30 N will set the box sliding.

DO NOT DUPE

F i =8MZ
=0.6 x 5 kg x 10 N/kg

=30N

Sy— -

Define the following terms:
(a) Limiting friction
(b) Normal reaction

As the normal reaction force
increases, what happens to the
frictional force?

How does friction keep a nail m

place in a block of wood? If you ?

Th Ing are some important laws
L X ing frictional force.

direction does the frictional force _

try to pull out the nail, in which

act?

From our experience, it 1S more
difficult to push or pull an object
to get 1t moving than it 1s to keep 1t
moving. Explain why?

A box of 12 kg is being pulled
across a horizontal floor by a force
of 60 N. If the acceleration of the
box is 2 m/s’, what is the force of

friction acting between the box and
the floor?

An object of 0.5 kg i1s given an
initial velocity of 4 m/s, after
which 1t shdes a distance of
10 m across a level Hoor. What 1s
the coefficient of kinetic friction
between the object and the floor?

‘ i PHYSICS FORM lllindd 39
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. Ifabody loses half ofits velocity on

. A refrigeration unit on a work

e ——
7. Abrick of 2 kg 1s resting on a table.

It requires a force of 8 N to set the
brick sliding. A 1 kg mass is placed
on top of the brick. What force will
be required to make the block start
shding?

penetrating a 4 cm wooden block,
how much more will it penetrate
before coming to rest?

site must be slid into place. If a
frictional force of 900 N opposes
the motion and two workers apply
a total force of 1750 N to the unit,

what 1s the net force on the unit?

sn\@,n

Frictional force F, between the
two surfaces in contact 1s directly
proportional to the normal force,
R . That is, friction depends on the
normal force, R, and is expressed
as:

F, xR
F = UR
where u 1s the coefficient of friction

which depends on the type of materials
in contact.

. Frictional force 1s independent of the

contact surface area as long as the
normal force 1s the same.

Coeflicient of static friction 1s larger
than the coefficient of kinetic friction.
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4. Carefully pull the spring balance

Physics for Secondary Schools

Frictional force is independent of the

velocity once an object has been set

1n motion.

Frictional force depends on the nature
of the surfaces in contact. That is,
rough surface exerts a large amount
of friction compared to a smooth one.

Activity 2.5

Aim: To investigate the effect
of surface area on friction
force

Materials: block of wood
approximately
20 cm x 10 cm x 5 cm,
a piece of plywood
approximately
100 cm x 40 cm, spring
balance, hooked screws

Procedure

1. Measure and record the weight and
dimensions of the wooden block.

2. Place the wooden block such that
its broadest face 1s in contact with
the plywood.

3. Insert a hook screw into one side of
the block at position, 2 as shown
in Figure 2.15 and attach a spring
balance to the hook.

until the wooden block 1s just
about to start moving. Record the
reading of the force, £ on the
spring balance. Use a table similar
to Table 2.3.

Yo DUPLICATE

Force applied
Figure 2.15

5. Repeat steps 3 and 4 for the cases
when the hook screw is at positions
P, and P, as illustrated in Figure
2.16. Record the corresponding
spring balance readings as F, and
F, for P, and Prespectively.

6. Repeat the procedure when other

faces of the block are in contact
with the plywood.

F | K=
B | B=
Narrowest B E =
E | K=
F | F=
Medium P H.=
E | B-=
E | K=

Student s Book Form Three
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Questions

(a) Do you observe any difference in
the readings of the spring balance
in the three cases?

(b) What conclusion can you make

from the experiment?

From the experimental results, you
will note that, frictional force 1is
independent of the contact area. The
amount of force required to make the
block start moving will be the same
regardless of the size of the contact
surfaces of the moving object.

. -

Coefficient of friction

The coefficient of friction, x., measures
the amount of friction existing between = 4

two surfaces in contact. It is a scal
value that describes the ratio of the fi
of friction between two bodles
force pressing them togeth h ,
does not have any unit. If t %& of.

coefficient of friction 15

the coeﬁiment IC
force 1s required to make a

that, a mmimum forc@ﬂq

a body shde. Ho & value of
friction, x, respectively, are given by:
static friction (F, )

normal reaction (R)

_ kinetic friction (F, )

" normal reaction (R)

JL!'_;' =

The coefficient of friction depends on the
materials used. For example, an ice on

a metal has a low coefficient of friction
(they slide over each other easily). In |
contrast, a rubber on the pavement has
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- not slide over each other easily). The
- coefficient of friction is a function of
- neither mass nor volume, it only depends
~on the nature of the material. For example,
~a large aluminium block will have the
same coefficient of friction as a small
aluminium block. Rough surfaces tend to
~ have high values of coefficient of friction
- compared to smooth ones. Most dry
materials i combination give coefficient

of friction value
- 0.6. A value of

¢, a large
dy slide. The
coefficient of static friction g, and kinetic

a high coefficient of friction (they do

ranging from 0.3 to
would mean there 1s
, whlch cannot occur

- no friction
- in reali contact with other
- surfages iction coefficients

coefficient of friction
measurement, that is, it
h casured experimentally. The
coefficient of friction depend on
1eNproperties of the surfaces in contact.

{ t02

it "P fle 2.4 shows the coefficient of friction

or some matenals.

Table 2.4: Values of coefficient of friction

for some solid-solid interfaces

Contacting | Coefficient Coefficient

surfaces ~  of static | of kinetic
friction, 4, | friction, #

Steel on 0.74 057

steel

Aluminium 0.61 047

on steel

Rubber on 1.00 0.80

concrete

Wood on 0.25-0.50 0.20

wood

Glass on 0.94 0.40

glass

[ce on 1ce 0.10 0.03

PEE—
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Aim: To determine coefficients
of static and kinetic
friction

Materials: wooden block
(4 cm x 4 cm x 8 cm) with
a hook screw, assorted

masses, piece of plywood
(20 em x 40 cm), glass

plate, spring balance

Procedure
1. Measure the weight of the wooden
block using the spring balance.

2. Place the piece of plywood on the
bench and the wooden block on
it. Attach the spring balance to
the hook on the wooden block as
shown in Figure 2.17.

Wooden block Spring balance

Force

Plywood
{ - % hplied

Figure 2.17

3. Gradually pull the spring balance
by increasing the force until the
block starts to move. Read the
maximum force, F,, measured by
the spring balance, just before the
block starts moving.

4. Record the force, F,, measured by
the spring balance when the block
moves on the surface without
accelerating (the reading after the
block starts to move).

5. Repeat steps 3 and 4 when various

known masses are placed on the
wooden block.

‘ l PHYSICS FORM lilindd 42
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6. Record your results as shown in Table
225

7. Repeat the entire experiment with
the wooden block placed on the glass

plate.
Table 2.5
block | foree, | fction, 4= 4=

Questions

(a) Compare the values of x and u, for
each surface.

(b) Compare the values of . for
different surfaces.

(c) Compare the values of 4, for
different surfaces.

(d) What is the relationship between
and g,? Is 1t what you expected?
Explain.

From the above experimental results, you
will notice that x_will be larger than g,

for both the plywood and glass plates. The
coefficients of static and dynamic friction
will be different for different surfaces. It is
also possible to determine the coefficients
by plotting graphs of F, against R and F,

against R. The gradients of the graphs will
give the values of x _and 4, respectively.

Note: x and g, have no units since they
are the ratios of the quantities with the
same unit.

09/03/2022 1813:53 l ‘
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Consider two blocks of the same mass,

one being placed on the horizontal

surface while the other on a tilted surface  djrection to the normal force is mgcosé.

such as an inclined plane. The block in - The magnitude of frictional force is given

. -~ as,
a higher normal force than that on the
inclined plane. This is because a small

component of the force of gravity is ~ Figure 2.19 shows components of the

- forces parallel and perpendicular to the

- plane. The component of the object’s

force or weight is divided into two  weight that is parallel to the incline is

components: one is the perpendicular given by mgsing. This is the component

component of weight that 1s equal in
magnitude to the normal force. The

other component of force 1s acting

parallel to the plane, and 1t 1s equal to the weight P icular to the

frictional force 1f an object is stationary in (normal

the inclined plane. Therefore, the normal

the horizontal plane will experience

perpendicular to the face of the plane.
From Figure 2.18, the gravitational

force and ultimately the frictional force are

determined by vector analysis. Suppose an

object with a mass, m, rests on an inch
plane as shown in Figure 2.18.
forces acting on the object are: \

(a) the gravitational force m'
straight down;

(b) the normal force,
object by the i
(¢) the friction

e
e; nd

3

F gparalle]
to the incline® mce@:bject would
tend to slide down the incline, the
frictional force will be acting up the frictional force £ 1s given by:

incline.

R

Figure 2.18: Forces acting on an object at rest
on an inclined plane

‘ l PHYSICS FORM lllindd 43
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- From Figure 2.18, the component of
the force of gravity acting in opposite

F,=puR=pumgcost

that tends to pull the object down the
incline. The compenent of the object’s
incline

@1 by mgcos®.

F:gure 2.19: Forces acting on an object al rest

on an incline

When the block 1s at rest. the static

F. = u R = pmgcos6

~ For the object to begin sliding down
~ the incline, the component of its weight
- parallel to the incline, mgsinf, must be
~ larger than or equal to the static friction

F..That is; mgsin@ > u.mgcos@ .

If the angle of inclination, @, is slowly
~ increased,

mgsin increases while

00/03/2022 18:13:55 | ‘
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u.mgecosf decreases. But, at certain W

angle of inclination 6,; A block of mass 270 kg 1s pulled along
a horizontal surface. If the coefficient
of kinetic friction between the block
Beyond this point, the object will and the surface is 0.4, what is the force

begin to slide. This angle can be used acting on the block as it slides?
to determine the coefficient of static

mgsinG, = u_mgcoso,

friction as follows: Solution
mgsin®, = u mgcoso, U, = s
" R
sin6, = u coso
[ H_&i 1 _F; = ﬂ‘{R
sint,
U, = = tano,
cos0, = Hmg
Once the object begins to slide, there =0.4x270 kg x 10 N/kg
will be kinetic friction between the
object and the incline. The net force will =1080 N

be given by: b_v J
F,, =mgsind — ,mgcoso ((/ T —

Since the coefficient of kinetic fr <
u,, is usually less than the ¢ b@ﬂl\gﬂ . | Abox of mass 2 kg rests on a horizontal
of static friction, 4, the e v\u« surface. A force of 4.4 N is required just
be larger than zero, and t bjef:®1 to start the box moving. What is the
accelerate down the “@W % coefficient of static friction between

If the angle of chine@educed, the block and the surface?
the net force wi ecreEventuaUy,

a certain angle, 6,, will be reached at Solution
which the net force will be zero and the F F
object will slide at a constant velocity. By = RS =.mfg
This angle can be used to determine the
coefficient of kinetic friction as follows, __44N
4, = tanb, 2 kg x 10 N/kg
=10.22
In summary, if €<6,, the object will _ _ o
not slide. Suppose 6, <0<6, the The coefficient of static friction

object will slide provided that a slight between the block and the surface 1s
push is given. When 0> 6,, the object = | 0%%
begins sliding without being pushed. L |

PEE—
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What does the term coefficient of
friction mean?

Both types of coefficient of friction
are dimensionless. Why 1s this
true?

Explain the laws of friction.

Can the coefficient of friction be
greater than 1?7 Explan.

Explain why the coefficient of
static friction 1s larger than the
coefficient of kinetic friction?

Briefly, explain the factors that
determine the frictional force.

A box weighing 2 kg is at rest on
a wooden floor. The coefficient
of static friction 18 0.6 and the

coefficient of kinetic friction is 0.35. / 4.

(a) What mimmum force 18
required to start the box shding?

(b) What minimum force is
required to keep it sliding at a
constant velocity?

. A block of mass m slides down a

plane inclined at an angle of 60 to
the horizontal with an acceleration
equal to half of the acceleration due
to gravity. Show that the coetficient

of kinetic friction, z, =~/3 1.

Starting from rest, the time taken
by a body to slide down a 45°
inclined plane with friction, is
twice the time taken to slide down
the same distance in the absence of
friction. Determine the coefficient

of friction between the body and
the inclined plane.

1.

\

L

13

Physics for Secondary Schools

10. A 24 kg box 1s released on a

30° inclined plane and accelerates at
0.25 m/s* down the plane. Find the

frictional force impeding its motion. |

Frictional force is the force that
opposes relative motion or the
tendency of motion between two
surfaces in contact.

Friction 1s caused by molecular
adhesion, surface roughness and
deformations.

The frictional force 1s directly
proportional to the normal force
between two surfaces.

The frictional force also depends
on the nature of the surfaces in
contact.

The frictional force 1s independent
of the area of contact and the speed
of the object once it 1s set in motion.

There are two main types of
frictional force, namely; static
friction and dynamic friction.

Static friction occurs between two
solid objects that are not moving
relative to each other.

Dynamic friction occurs when two
objects are moving relative to each
other.

Limiting frictional force is the
maximum possible value of static
friction.

IR .=
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11.

12.

13.

14

15.

The coefhicient of friction 1s a
dimensionless quantity that 1s

defined as the ratio between
frictional force and normal force.

Normally, for a given pair of
surfaces, coefficient of static
friction, s, is larger than coefficient
of kinetic friction, 4, .

Frictional force can be increased by
increasing normal force, changing
the roughness of surfaces and using
materials with a high coefficient of
friction.

Frictional force can be reduced
using special rolling elements
such as ball bearings and rollers,
lubricants and special matenals.

Some of the advantages of friction;

4

\

enables us to walk, slowdown
moving cars, enables lighting of = .
a matchstick, used mn cleaning ¢

cooking utensils and in sharpening
v

different tools.

Disadvantages of frictional force
include wear and tear in machine
parts, loss of energy in the form of
sound and heat and the burning of
forest or bush.

.
2.

State the laws of friction.
Give three examples of static
friction.

Explain why most vehicles have
their engines directly over the
drive wheels.

Explamn four methods of reducing
friction.

5.

8.

10.

oI DUPLICATE

-
10.

Give five advantages and five
disadvantages of friction.

Two students are niding their
bikes on the same concrete road.
One student's bike had new tyres
whereas the other had used tyres.
Which of them 1s most likely to
skid while moving through a road
which has lubricating oil spilled
over it? Explain your answer.

A horizontal force of 15 N 1s
applied to a 5 kg box placed on a
horizontal table. Will the box move
if the coefficient of friction i1s 0.4?

Truck A and truck B having a
maximum carrying capacity of
1 tone each, were loaded with
300 kg and 600 kg of maize,
respectively. After a 3000 km
drive, truck B tyres were more
worn out than truck A. Explain
why truck B tyres were more worn
out than A 1f both trucks had new
tyres from the same company?

On a wet road, the coefficient of
kinetic friction between the road
surface and the tyre 1s 0.1. Two
similar cars, A and B, are travelling
at speeds of 15 m/s and 30 m/s,
respectively. Brakes are suddenly
applied to each of the cars. How far
will each of the cars travel before
coming to a stop?

A rectangular box of mass
10 kg rests on an inchne. Let the
coefficient of static friction be 0.55
and that of kinetic friction be 0.25.
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(a) At what angle will the box
begin to slide?

(b) If the incline is kept at that
angle after the box begins to
slide, what will be the box’s
acceleration?

A 10 kg mass 1s at rest on a
horizontal surface with no forces
other than gravity and the normal
force acting on it.
(a) Given that

the coefficients

of static and kinetic friction
between the surface and the mass

are 0.5 and 0.2, respectively:

(1) What s the force of static
friction between the
object and the surface?

(11) What 1s the minimum ,

horizontal force required /

to start the object sliding?
(b) If the force in (a) (ii) above

continues to act on the object ,

after it starts sliding, what will
be the object’s acceleration?

A 6 kg mass 1s resting on a
horizontal surface. It 1s determined
that, a force of 20 N will start the
object sliding and keep it shding
with an acceleration of 0.83 m/s*.
What are the coefficients of static
and kinetic friction between the
mass and the surface?

The coefficient of kinetic friction
between the tyres of a car and the
road 1s 0.7. The car brakes are
applied and it travels a distance of
120 m before stopping. What was
the car’s velocity just before the

Physics for Secondary Schools

brakes were applied?

14. A box of mass 5 kg is at rest on

a wooden floor. The coefficient
of static friction i1s 0.42 and the
coefficient of kinetic friction 18
0.15. Find its acceleration if a
force of:

(a) 15 N 1s applied to the box.

(b) 25 N is applied to the box.

15. A 42 kg refrigerator is placed

on the back of a stationary pick-
up as shown in Figure 2.20.
The coefficient of static friction
between the refrigerator and the
pick-up bed 1s 0.44. At what rate
can the pick-up accelerate without
the refrigerator sliding off back?

Figure 2.20

- 16. Amarble isreleased on a 30° inclined

plane. Once at the foot of the plane,
it moves in turn on three different

horizontal surfaces that are covered
with:

(a) a silk cloth;
(b) a layer of sand; and
(c) a glass sheet.

On which surface will the marble
move the shortest distance? Give
reasons for your answer.

IR .=

‘ l PHYSICS FORM lllindd 47

00/03/2022 181356 l ‘

PE—



Physics for Secondary Schools

" DUPLICATE

- Chapter Three

Light

I Your body seen through a mirror, the view of the moon through a telescope and a

car rear seen by the driver on a rear-view mirror, are examples of images. In each
case, the object that you are looking appears to be at a position different from
its actual position. Your image appears to be on the other side of the mirror, the
moon appears to be much closer when seen through a telescope, and a rear car
appears further and smaller than it is. All these are examples of applications of
mirrors in daily life. In Form One, you learnt about formation of images by light
reflected from plane mirrors. In this chapter, you will learn about reflection of light
and image formation by curved mirrors, and refraction of light by rectangular
and triangular prisms. You will also learn colours of light and refraction of light
by lenses. Competencies developed will enable you to make proper use of curved
mirrors and lenses. You will also create your own binoculars and use curved
reflectors to design a model of a parabolic solar cooker:

.

.

mirrors |

Reflection of lig - cu

Have you ever &sewe@t a car side
mirror makes objects look smaller than
their real size? Why is this happening? A
mirror is a thin glass with one side coated
with a reflecting material so that it forms
images by reflecting light. Mirrors are
made by coating a piece of glass by a thin

layer of silver nitrate or aluminium. This

makes the glass reflective on the uncoated
side and non-reflective on the coated side.
The piece of glass may be plane or curved.
If the piece of glass is flat, the mirror 1s
called a plane mirror, whereas, if the glass

1s curved, the mirror 1s called a curved
mirror or spherical mirror. Plane mirrors

- form images whose sizes are the same as

those of their respective objects because

- the reflected rays travel parallel to each

other. On the other hand, curved mirrors

- cause light rays to diverge or converge,

thus, a diminished or enlarged image may
be formed.

Curved mirrors

A mirror with a curved reflecting surface

- 1s called a curved mirror. It 1s formed by
. silvering a piece of curved glass. If the

Student s Book Form Three
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glass 1s thought of as a portion of a hollow | 1s called the centre of curvature and 1s
sphere, then the resulting mirror 1s called a | normally denoted by the letter C.
spherical mirror. The type of a curved mirror
depends on which side of the curved glass
1s silvered. This means curved mirrors can
be classified as concave mirror or convex
mirror. If the outer side of the curved
glass 1s silvered such that the inner
side becomes reflective, the mirror 1s
called a concave mirror (Figure 3.1(a)).
Conversely, if the inner side of the curved
glass 1s silvered so that the outer surface +
becomes reflective, the mirror is called a Incident mjf.{

N\

The line passing through the centre
of the sphere and touching the exact
. centre of the arc forming the curved
mirror 1S known as the principal axis.
The principal axis meets the mirror at
. a point known as the pole (or vertex)
of the mirror and 1s denoted by the
letter P.

convex mirror (Figure 3.1(b)).

- - e —— - —— - Y

e fﬂ;‘iﬂﬂé’ focus (1
(W f i

Figure 3.1: Concavesemd convex Qs (6} CanGavs tuizor

Q‘ é Reflected rays
Terminologies %@m scal mirrors Incident rays N~
Understanding spherica ors demands
that, one 1s knowledgeable with some | - '
terminologies that are periodically used. | principal axis
The knowledge on terms such as principal FE C
axis, focal point, mirror vertex, focal length
and centre of curvature is important for g :
understanding the reflection of light by _ i —
curved mirrors. These terms are described 5 N
in Figure 3.2 for both concave and convex :
MirTors. A
| (b) Convex mirror

[f a curved mirror is thought of as being a Figure 3.2: The geometry of curved
slice of a sphere, then the centre of the sphere mirrors

R, ==

——
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The pole 1s the geometrical centre of
the mirror. Midway between the pole
and the centre of curvature 1s a point
known as the principal focus or focal
point. For concave mirrors, focal
point 1s a point in space at which the
incident light rays travelling parallel
to the principal axis will converge
after reflection. For convex mirrors,
the principal focus is a point from
which light rays appear to diverge
after reflection. The focal point is
usually denoted by the letter F. The
distance from the pole to the centre
of curvature 1s known as the radius
of curvature, represented by R. The
radius of curvature 1s the radius of
the sphere from which the mirror was
made.

In practice, the part of the sphere
forming the mirror is smalh@

compared to its radius of curv
so that all incident rays p

the principal axis will ver
at a common poin ally

distance from the to
point 1s known gth
represented by /. Sl ce th al point

is the midpoint of the line segment

joining the mirror pole and the centre

of curvature, the focal length is one-

half the radius of curvature. That 1s,
R

f:?

An image formed at a point from
where light rays appear to come
from is called a virtual image. Virtual
images are apparent and cannot be
focused onto a screen. On the other
hand, an 1mage formed at a point

s
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 where real light rays intersect 1s called a real
~ 1mage. Such mmages can be focused onto a
~ Screen.

- The distance from the image point to the pole
- 1s known as the image distance and 1s denoted
by the letter v. Further, the distance from the
~ object to the pole is called the object distance
~ and is denoted by the letter #. Magnification,
~ m refers to the ratio of the image height, A
~ to the object height, 4 . Magnification is also
- given by the ratio of image distance, v to the

- object distance, u.
\{yl’\'{*d mirrors

| light from the object
0 lew 1t along a line

- to th %z . Sitnilarty, we see an image of
~an ‘ﬁ\ be€ausd light from the object is
uirror and travels to our eyes.

ere ¢ image location is the point in
where light appears to diverge

spa? g
S our eyes, as seen in Figure 3.3.

Object

Images formed

T |||I|

|

Image location

i

Figure 3.3: The path of light from an object to a
concave mirror to an eye

- Determining the image location for curved
- mirrors is an important task when using mirrors
- for various purposes. Method for locating
- 1mages formed by curved mirrors include the
~ geometrical method and the mirror formula.

00/03/2022 181358 l ‘
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The geometrical method involves = Considering Figure 3.3, five incident rays are
the use of ray diagrams, which are  drawn along with their corresponding reflected
a valuable tool for determining the ~ rays. Each reflected ray converges at the
path taken by light from the object =~ 1mage location and then diverges to the eye
to the mirror and to our eyes. In ~ of an observer. Every observer can observe
this sub-section, the method of = the same image location and every light ray

drawing ray diagrams for objects = follows the laws of reflection. However, only
placed at various locations in front = two of these rays are needed to determine the
of a curved mirror are described.  1mage location since it only requires two rays

~ to find the intersection point. Note that, of
~ the five incident rays in Figure 3.3, two rays

To locate an image formed by  correspond to the incigent rays described by

a concave mirror. the rules of -~ our rules of reflection™or concave mirrors.
reflection for concave mirrors are ~ Since these ra e easiest pair of rays

Images formed by concave mirrors

used. These rules are as follows: = t0 draw, the@ usw locate the image
- formed nc rror. However, any

1. An incident ray that travels two r @'&mr rays described by
parallel to the principal axis of reﬂ for concave mirrors can
the mirror is reflected through used te the position of the image.
the focal point. £€ shows the rays which are used to

ages formed by concave mirrors.

2. An incident ray that pa
through the focal |

reflected parallel to the ip
axis. -
3. An 'mciden<<a @ses
through the centre of cwature,

is reflected back along its own
path.

- Figure 3.4: Rays used to locate images formed by
4. An ncident ray not parallel to concave mirrors

the principal axis, but strikes
the pole of the mirror, 1s
reflected back making the same
angle with the principal axis.
That 1s, the angle of incidence
equals the angle of reflection.

- In drawing ray diagrams, when the light rays
~ diverge, they are extended backwards to locate
- the 1mage. In such cases, the image formed is
- virtual because 1t 1s formed by virtual rays of
~ hght, which are represented by dotted lines.
The image 1s real when 1t 1s formed by the
intersection of real rays of light.

R, ==

——
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In a ray diagram, sometimes curved
MITTors —are

Physics for Secondary Schools

the line as shown in Figure 3.5.

) C

(a) Concave

(b) Convex

Figure 3.5: Diagrammatic representation of

curved mirrors

Aim:

To determine the locations
and characteristics of
images formed by concave
mirrors for various object
positions

Materials: a graph paper, a sharp

pencil, a ruler

Procedure

1.

Choose an appropriate scale so that
the ray diagram fits on the available
space.

Draw a concave mirror at the centre
of the graph paper.

Draw a horizontal line passing
through the centre of the concave
mirror. This is the principal axis.

Locate the centre of curvature and

the focal point on the principal axis.
Choose the centre of curvature
such that there is a considerable
distance between the pole of the

mirror and the centre of curvature.

represented by straight
line segments and identified by using
appropriate symbols at the upper end of

Ly

]

— A

¥ 9
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Using the chosen scale, draw
an upright arrow at a point far
beyond C. The arrow represents
an object.

Draw a ray diagram from a tip of
the arrow parallel to the principal
axis. This ray will be reflected
through the focal point.

From the same point on the
object, draw another ray through
the focal pomt. This ray 1s
reflected parallel to the principal
axis. You may also choose to
draw a ray that strikes at the pole
and reflected with same angles of
incidence and reflection.

Locate the point at which the
reflected rays intersect and draw
an arrow from the principal axis
to the point of intersection. This
represents the image and its
location.

Measure the object distance, the
image distance, the object size
and the image size. Calculate the
magnification using a formula:

Imagesize
Object size

Magnification (m) =

Repeat steps 5 to 9 for different
positions of the object. That 1s,
object at the centre of curvature,
C, object between C and F, object
at F, object between F and P.

10. Record your results as shown

Table 3.1.
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Table 3.1
u (cm) v(em)  h (cm)  h(cm)  Natureofimage = Magnification
Beyond C | | I |
AtC

Between F
and C
AtF
Between F
and P

Questions

(a) What are the positions (image distance) of the images formed for different
object positions?

(b) Describe the nature of the images formed. That is, whether the images for
various object positions are real or virtual.

(c) Are the images for objects at different positions enlarged, same or diminished?

The activity focused on the reflection of light by a concave mirror and on the
formation of images. It is observed that, depending on the object position, an image
formed by a concave mirror can be virtual or real, enlarged or diminished, upright
or inverted. The amount by which the size of the object is enlarged or diminished is
called magnification and is given by:

_ Imagesize _ Imagedistance

B Object size - Object distance |

An object 20 ¢cm high is placed 40 cm | )
in front of a concave mirror of focal |
length 15 cm. Determine the position,

nature, size and magnification of the
image formed using a ray diagram.

m

F
&

I
| 3cm

Solution

Figure 3.6

1. Choose a scale of 1 cm to represent _ o _
3. Draw the object position. Using

5 cm. _ :
the chosen scale, the object will
2. Draw the principal axis of the | be 4 cm high at a distance of 8
mirror and mark the focal point as | cm from the mirror as shown in
shown Figure 3.6. 1 Figure 3.7.

R e —
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A
4 cm

3P ™

O

8 cm

Figure 3.7

4. Locate the position of the image
by drawing rays from the object to
the mirror and the reflected rays as
follows:

(a) From the head of the object, draw
ray | parallel to the principal axis.
This ray will be reflected through the
focal point.

(b) From the head of the object, draw
ray 2 of light through the focal point.
This ray will be reflected parallel to
the principal axis.

(c) At the point of intersection of the two
reflected rays, construct the image as
shown in Figure 3.8.

)

I\ -
o
[ F,
9 h
%
|- v &=
Figure 3.8

5. Using the chosen scale, the nature,
size and position of the image can be
determined. Thus,

(a) The measured height of the image,
h,= 24 cm, which corresponds to

‘ l PHYSICS FORM lllindd 54
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the actual height of 12 cm.
(1 cm represents 5 cm).

(b) The measured 1mage distance,
v = 4.8 cm, which corresponds

to the actual image distance of
24 c¢m from the mirror.

(c) The point of intersection is
formed by true rays so the image
1s real.

(d) Image 1s mnverted.

(e) Magnification, m = 12 cm =0.6;
20 cm
the image 1s diminished. )

7 N AV

D' Use a ray diagram to observe

what happens when the object is
located very far beyond the centre
of curvature of a concave mirror.
Discuss with your classmates
about your observations.

- Images formed by convex mirrors

- A convex mirror is the one in which
~ the outside of the curve reflects light.
~ In this case, the centre of that original
- sphere (the centre of curvature, C) and
. the focal point, F are located on the side
~ of the mirror opposite to the reflecting
- side. They are said to be located behind
~ the mirror. Since the focal point i1s
located behind the mirror, a convex
' mirror has a negative focal length.

- A convex mirror 1s sometimes referred
- to as a diverging mirror since incident
light rays originating from the same

09/03/2022 18:14:00 l ‘
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point diverge upon reflection off the
mirror surface. Consequently, the
reflected light rays will never intersect
on the object side (front side) of the
mirror, rather, they appear to intersect
behind the mirror when extended
backwards. For this reason, convex
mirrors produce virtual images that are
located somewhere behind the mirror.
To determine the image location, only
a pair of incident and reflected rays
needs to be drawn. It 1s customary to
select a pair of rays that 1s easy to draw.
These rays are the same as those used
in concave mirror ray diagrams except
that, for the current case, the rays
appear to diverge from a point behind
the convex mirror. This 1s the point at

which the extended reflected rays tend ,

divergence point can be dete
using the laws of reflection for

1. Any incident ray tr eI
to the principa x
mirror will ectQ such
a manner the cted rays
extended backwards ses through
the focal point of the mirror.

2. Any incident ray travelling towards

a convex mirror such that its
extension passes through the focal
point, will be reflected and travel
parallel to the principal axis.

3. An incident ray, not parallel to the
principal axis, that strikes the pole
of the convex mirror 1s reflected
such that the angle of incidence
equals the angle of reflection.

‘ l PHYSICS FORM lll.indd 55
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4. Any mcident ray travelling towards a
convex murror such that its extension
passes through the centre of curvature
will be reflected 1n i1ts own path.

Note: The image of an object can be
located by drawing any two of the stated

rays.
A —
aA
ons
B' \\
&\ Image
Figure 3.9: sed lpcate the image formed

ca&

Aim: To determine the locations
and characteristics of images
formed by a convex mirror for

Materials: a graph paper, a sharp pencil,
a ruler

Procedure

1. Choose an appropriate scale so that
the ray diagram fits on the available
space and draw a convex mirror at the
centre of the graph paper.

2. Drawahorizontal line passing through
the centre of the convex mirror. This
is the principal axis. Locate the centre
of curvature, C and the focal point, F
on the principal axis such that there
1s a considerable distance between C
and P.

09/03/2022 18:14:01 l ‘
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A
3.

Using the chosen scale, draw an
upright arrow at a point far from
the mirror. The arrow represents
an object at a position far from
the mirror.

Draw a ray from a tip point of
the arrow towards the focal point
which is on the opposite side of
the mirror. This ray will strike the
mirror before reaching the focal
point; stop the ray at the point of
incidence with the mirror.

Draw the second ray such that
it travels exactly parallel to the
principal axis. Remember to
place arrowheads upon the rays
to indicate their direction.

Once the incident rays strike
the mirror, they are reflected
according to the rules of reflection
for convex mirrors. For example,
the ray that travels towards the
focal point will be reflected and
travel parallel to the principal
axis. The incident ray that
travels parallel to the principal
axis 1s reflected and travel in a
direction such that the reflected
ray extended backwards passes
through the focal point. These
two rays should be diverging
upon reflection.

Using dashed lines, extend the
reflected rays behind the mirror
until they intersect. The point of
intersection 1s the image point of
the top of the object.

‘ l PHYSICS FORM lll.indd 56
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9. Measure the image distance v, the

| Questions

| (2) What are the characteristics of the

8. Use an arrow to draw the image
by joining the point of intersection
of extended rays and the principal
axis.

object distance u, the image height,
h and the object height, & . Note
that, distances measured behind
the miurror are considered to be
negative.

10. Repeat steps 3 to 9 for different
positions of the object.

[1. Summarize the results in tabular
form.

images formed by a convex mirror?

(b) Do the characteristics of the image
formed by a convex mirror change
with the change of object position?

From the activity, we observe that,
the image of an object in front of a
convex mirror will be located at a
position behind the convex mirror.
Furthermore, the image will be
upright, reduced in size (smaller than
the object), and virtual.

"

An object 5 em long is placed on and
perpendicular to the principal axis of
a convex mirror of radius of curvature
20 cm. Using a scaled drawing, find
the position, size and nature of the
image when the object 1s 10 cm from
the pole of the mirror.

09/03/2022 18:14:01 l ‘
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Solution | 7. Since the scale is; | cm represents
Height of object is 5 cm, object distance | 5 cm, it follows that:
1s 10 em, radius of curvature is 20 cm | (a) Image distance

and focal length is —10 cm. _lem x5cm

—1 =
Scale: 1 cm represents 5 cm. 5 o I cm > em
Ffffm the 503_133 (b) Height of image, A = 0.5 cm
Height of object =1 cm, | 0.5 ¢ % S &

= =2.5 cm

object distance =2 c¢m and
focal length =-2 em.

1 cm

8. The point of intersection is

1. Draw a convex mirror with the pole P. formed by virtual rays so the

2. Locate the focal pomnt and object image 1s virtual.
position by using the provided values. 9. The image is upright and
3. Draw any two of the rays stated in | diminished.

laws of reflection for convex mirror.

The sketch s as shown in Figure 3.10. X
S BHCERIGY SROWEL AL SUER @rvﬂ@ﬂ‘rnr formula

ams provide useful information
termining the approximate location
and size of the image. However, they
~do not provide the accurate numerical
: information about image distance
Tom s ;and image size. This is because of
Figure 3.10 ~several errors that can originate from
different sources when drawing the ray

b der Aect £ ~diagrams. Therefore, to obtain more
y considering retiection of the 1ays | ;.. rate numerical information, one

OA and ON. The ray OA appears to | ,;ght to use the mirror equation and
diverge from the principal focus F | the magnification equation. The mirror
after reflections while the ray ON is | equation expresses the quantitative
reflected back along its original path, | relationship between the object distance
hence appearing to come from C. (u), the image distance (v), and the focal

5. The image of the object top is formed length (f). The equation is derived using
at the point of intersection of lines AF | either the concave or convex mirror

4. The image of the object 1s constructed

and NC. - geometry.
6. Measure the image distance, v and Consider an object in front of a concave
height of the image, 4, . -mirror with 1ts 1mage as shown in
. / Figure 3.11.

_— B

——
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|--l u =~

Figure 3.11: Image formed by a concave mirror

From Figure 3.11, the angles ¢ and ¢’
are alternate interior angles, thus they
have the same magnitude. However, they
differ in sign if we measure angles from
the optical axis. Therefore, ¢ =—¢'. On
the other hand, an analogous scenario
holds for the angles € and @'which
have equal magnitudes following the
laws of reflection by concave mirrors.
However, if measured from the Optl%
axis, @ =—6'. Now, considerin

trigonometric identity;

tan —9

we find that; :\_
tan & «& b

tan 211219 =L
o hﬂ h .
This implies that, — =——, which also
u v

can be rearranged to obtain;

h v

]

—=——=m
h 1

This 1s the image magnification equation
for spherical mirrors. Note that, 4, i1, u, v
and m are respectively, the object height,
the image height, the object distance, the
image distance and magnification.

PHYSICS FORM lil.indd 58
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Therefore,

 image height (h, )
object height (h. )

distance of image from the mirror (v)

distance of object from the mirror (u)

Note that, magnification 1s a ratio and,
therefore, has no units. When the value
of m1s negative, the image 1s mnverted.
The image formed by a curved mirror
can be larger, s er or the same size as
the object en t e ratio, m 1S greater
than one 1s enlarged, when 1t

is less tl@m age 1s diminished,
n 1t to 1, the image and

equal Similarly, from
@e observe that:

and

Since tan(¢)=—tan(¢'), then,
h h

2 = i

u—R _HR-—-v

This implies that;

_u—R
R—v

h, u

el S—

Y

i

Further algebraic manipulation yields;

uv—vR =uR —uv

2uv=uR + vR=R(u + v)
2 u+v 1 1

— :.—.-f-.._.
R uy U v

Student s Book Form Three
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Generally, the sign conventions for the

Since, R =2 f, 1t follows that; - . . .
given quantities in the mirror equation and

s _ 1.1 magnification equations are as follows;
f u v (a) [ is positive if the mirror is a
This expression 1s known as the mirror concave mirror.
equation, where u, v and fare respectively (b) f is negative if the mirror is a
object distance, i1mage distance and convex mirror.

focal length. This equation 1s useful in
determining the position and nature of
the image formed by either concave or
convex mirror.

(¢) v 1s positive if the image 1s real
and located on the same side of
the mirror as the object.

i ) . _ (d) v isnegative if the image is virtual

Sign convention for the mirror equation and located behind the mirror.

Recall that, the characteristics of 1mages @) h i d?&/

formed by spherical mirrors depend

on whether the mirror i1s a concave or

convex. The size, position and nature of
the 1mage also depend on the position
of the object in front of the mirror. To

determine the image properties, there 1s a

need to indicate the signs of values su

as image distance, image height and 1‘%

length. Two sign conventions n&

new Cartesian convention a

tiye if the image is an
wrage and therefore, also

ﬁ%ﬂfe if the image is

d therefore, real.

A 4.0 cm tall light bulb 1s placed at a
gLy < distance of 8.3 c¢m from a concave

. _ / mirror having a focal length of 15.2 cm.
positive conventions are COMMOTHY Uﬂ Determine the image distance and the

The two S1gn conventions @ @ H]I]]@ image Size_

in Table 3.2. Q_~ %
Solution

Table 3.2: Sign oo ticgt@ _
New Cartesian | Real is positive Salutiiiin
convention u=2%83cm
All distances are | All distances are
measured from the | measured from the =152 cm
MIITOr as orl MIITOT as origl _
: o _ 5" Using the formula
Distances Distances of real
measured in the | objects and images 1 1 1
oppﬂsite direction | are pgsi‘[jve 7 N ;-'_;’
of the incident
light are negative e Ju
Distances Distances of virtual U—
measured along objects and 1mages
the direction of | are negative e 152ecm x83cm 1898 em
the IHCl_dfi’Dt llght 23 cem—15.2 cm .
are positive & J

PEE—
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- —(—18.28 cm) x 4 cm

; =8.81 cm
: 8.3 cm

Therefore, the image 1s formed at a
distance of 18.28 cm from the mirror
with a size of 8.81 cm. The negative
sign of the image distance indicates
that the image is formed behind the
MmITTOL.

. A

w

A 4.0 cm tall light bulb is placed
at a distance of 35.5 cm from

length of 12.2 cm. Determine the
mmage distance and the image size.

By new cartesian sign conversion;
u =-35.5 cm (Measured against

incident), f=+122 cm

from l=l+l,;,
u v

l_i 1 e uf

v f u u—f

_ —355cmx12.2 cm

V= =9.08 cm
—355ecm—-12.2 cm
_=v —9.08 Qm 026
u —355cm

h =mh =026 x4 cm =1.04 cm

a convex mirror having a focal Lf

Yo DUPLICATE

Alternatively, by real is positive
sign convention; #=355cm,
f=-12.2 em (It1s behind the mirror)

(T I |
from —=—+4—;
[ u v
1 1.1 -9
v f u  u-f
e 35.5cm x (=12.2 cm) —_9.08 em
35.5em—(-12.2 cm)
[t 1s virtual image.
_—v_ (908 cm) _ 0.26

u 35.5cm

h =mh =0.26x4 cm =1.04 cm

Therefore, the image size is 1.04 cm
and 1mage distance 1s 9.08 cm behind

Solution "

‘ | PHYSICS FORM lll.indd &0
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the mirror. J

Example 3.5

An electric room heater uses a concave
mirror to reflect infrared (IR ) radiation
from a hot coil. Note that IR follows the
same law of reflection as visible light.
Given that, the mirror has a radius of
curvature of 50 ¢cm and produces an
image of the coil 3 m away from the
mirror, where 1s the coil located?

Solution
Using new Cartesian convention,

f:§:—25 em, v=-300 cm

1 1 1

00/03/2022 181405 l ‘
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. W _ 300 cm x (25 em) ';':ie 1l;f:igfht of tha;_: image 1s less than ’Fhe
v=7 =300 cm~(=25 ez} eight of t'he onect and hgs a negative
sign. This implies that the image 1s real,
==27.27cm diminished and inverted.
Therefore, the coil 1s 27.27 ¢m in front . 4

of the mirror. ) (0 —
m Aim: To investigate the

An object 3 c¢cm high 1s placed at a R e
, | _ characteristics of images
point 30 cm from the pole of a concave : :
formed 1n curved mirrors

mirror whose focal length 1s 12 cm. ALt
Using the mirror formula, find the ,

position, the height and the nature of S
the image formed. Materials: concave and convex
mirrors (f =15.0 cm),
candle, metre rule, white
screen, a V-stand or

Solution
f=12cm, u=30cm, 2 =3 cm

1 w ;
i 1.2 \ mirror holder
fovou s | Procedure
1 1 1 1 1. Mount the concave mirror on a
v 7 u < V-stand or mirror holder
1 1 | 2. Attach the white screen to a
12 om 30 cm movable stand.
3. Light the candle and set up the
= 5._ 2 = 3 apparatus as shown in Figure 3.12.
60 cm 60 cm Start by placing the lit candle at a
point 40 cm from the mirror pole,
60 cm o Lo
V= =20 cm such that, the object is beyond the

. 5 _- ; - centre of curvature, C.
Since the image distance 1S positive,

the image 1s real. To find the height of
the image, we apply the magnification

Screen

Concave mirror

formula:
v h _ Candle
m=——=—
u h ‘
h B 20 ¢cm ”
3cm 30 cm
\ h,=-2 cm 110 Figure 3.12 |

——

PEE—
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A
Note: The flame of the lit candle should be at the same level as the centre of the
mirror and the screen.

4. Adjust the position of the screen until a clear image of the candle flame is

formed on the screen. Observe the nature of the image formed. Note whether it
is enlarged, diminished, upright or inverted and record your obseryation.

5. Measure the distance between the screen and the mirror. This corresponds to the
image distance, v. Verify the measured image distance by calculating v using the
mirror equation.

6. Move the candle a point 35 cm from the mirror pole and repeat steps 4 and 5.

7. Repeat step 6 for the candle placed at 30 cm, 25 ¢cm, 15 cm, 10 cm and 5 ¢cm
from the pole of the mirror. Note that, in some cases, you may have to look on
the mirror to see the image. Record your data in the form of Table 3.3.

8. Replace the concave mirror with a convex mirror of focal length 15 cm and
repeat steps 4 to 7.

Table 3.3

s
f(cm!

! L e R
e L4

Questions

(a) Describe the characteristics of the images for all object positions, using:
(1) a concave mirror
(11) a convex mirror

(b) How do the measured image positions differ from the calculated image positions?
Give brief explanation for any discrepancies.

The activity has revealed the characteristics of various images formed by concave
and convex mirrors. Although measurements of image and object distances are
affected by some errors, the values can be correctly approximated by using the
mirror equation. Other image characteristics can also be predicted using the mirror
equation. This verifies the mirror equation.

Student s Book Form Three
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Focal length of a concave mirror

In the previous sub-sections, you have seen
that, the focal length of a concave mirror is
the distance between the pole of a mirror
and a principal focus. The focal length
1s related to the distance of the object
and the distance of the image from the
mirror through the mirror equation. Using
this concept, 1t 1s possible to conduct an
experiment to determine the focal length
of a given concave mirror. Activity 3.4 1s
an 1llustration of such an experiment.

F T,

Aim:

To estimate the focal
length of a concave mirror

using an illuminated object

Materials: concave mirror, metre rule,
cross wires, lamp-box,

bench, a source of light

Procedure

l. Fix the V-stand on a bench and
mount the concave mirror on
the stand such that the reflecting
surface of the mirror faces a distant
object. Ensure the image of the
distant object 1s seen.

2. Place the white screen on the bench.
Move the screen until a sharp image
of the distant object 1s focused on
the screen.

3. Measure the distance between the
mirror and the screen. This 1s the
image distance, v. It corresponds
approximately to the value of the
focal length of the mirror.

L |

N

f‘ 9. Change the object distance and

white screen, a V-stand. <

N J

Physics for Secondary Schools

4. Make a small round hole on one
side of the lamp box and attach the
crosswire such that the crossing
point coincides with the centre of
the hole.

5. Place the box on the bench at a
point outside the approximate focal
length of the mirror.

6. Switch on the lamp in the box so

that the cross wire is 1lluminated
through the hole of the box.

7. Move the screen until a clear
inverted image of the crosswire 1s
formed on the screen.

8. Measure the 1mage distance, v
from the screen to the mirror and
the object distance, ¥ from the
crosswire to the mirror.

measure the corresponding image
distances. Obtain at least 5 sets of
i and v.

10. For each u, calculate the focal

length of the mirror using the mirror

equation, Pt + 1 Determine the

u v
average focal length of the mirror.

Question

Why have you got different values of f
for different sets of u and v?

This activity has revealed that, the
unknown focal length of a concave
mirror can be determined by conducting
an experiment using an illuminated
object. Although the experiment can
be affected by measurement errors, the
method can successfully estimate the
focal length of a given concave mirror.

PE—
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Materials: concave
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To determine the focal

length of a concave mirror
using a pin at the centre of

curvature by non-parallax
method

mirror, bench,
optical pins, screen, metre
rule, corks

Procedure:
1.

Mount the concave mirror on a
bench.

Fix an optical pin on a cork, then
fix them on a screen.

Move the pin (object) until an
inverted (real) image of it is seen

in front of the mirror as shown in
Figure 3.13.

C

Metre rule
| Object

Figure 3.13

Adjust the position of the object pin
until there 1s no parallax between
it and its image.

Measure the distance between the
mirror and the image formed at this
point.

Image '
—Screen

‘ l PHYSICS FORM lllindd 64
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Questions
What is the significance of the distance
between the mirror and the image?

From this activity, the position of the
image pin i1s the centre of curvature.
The focal length of the mirror can be
obtained from,

=

Uses nrcu@\{irmrs in daily life

Curved @mwl&ﬁ ous applications

in @dail life. Depending on the
o

applications make use of
concave rs while others make use of

£
2

of convex mirrors

cO TOrIS.
4 @W

Qonvex mirrors provide a very wide field

of view compared to other mirrors, and
they form diminished images. Therefore,
they are used when a wide field of view
is preferred over the size of the image.

The following are some applications of
convex mirrors;

Convex mirvors are used as side mirrors
of cars: This enables the driver to have
a wide view of a rear car, as shown in
Figure 3.14. However, these mirrors have
a disadvantage of making objects appear
farther away than they actually are. This
is because the image 1s always formed
around the focal point of the mirror,

irrespective of the distance of the object.

09/03/2022 13:14:&?-' ‘
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Figure 3.14: A side mirror of a car

Reflecting light in streetlights: A convex sqn/er

Because of the wide view provided by | ide Convex THIrfors
the diverging mirror, light from the lamp | 4pe eillance in business
diverges over a larger area. Figure 3.15 Sh and security installations.
shows light diverging from the streetlights. em@of a convex mirror used

* security purposes is shown in

mirror is used as a reflector in street lamps. Security rveillance: Due to their
<6
for_s

ol

wd  l

Figure 3.15: Divergence of light from a
streetlight

Seeing around corners: Convex mirrors are
also placed at road junctions and corners of
places like parking lots and supermarkets,
allowing people to see around the corners to
avoid collision of vehicles or supermarket Uses of concave mirrors

trolleys. Figure 3_l§showsacam_fex m_jf“}r Concave mirrors are useful because of
used as a safety mirror at a road junction. | their ability to produce enlarged images,
~ focus faint light and produce a parallel

—e 0

Figure 3.17: A security convex mirror in a
shop

PE—
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beam of light. The following are some
applications of concave mirrors:

Headlights in a car: A powerful source of
light 1s kept at the focal point of a concave
mirror in a smaller space at the back of a
headlight. Any light striking the mirror
from the focus will get reflected parallel

to the axis of the concave mirror forming

an intense beam of light directed in front
of the car as shown in Figure 3.18.

INE USE ONLY
Yo | DUPLICATE

the principal focus and the pole. Thus,
concave mirrors are used as shaving
mirrors, producing an enlarged image
of the face when the face 1s held within
the focus of the mirror. A concave mirror
shown in Figure 3.20 1s an example of a
- shaving mirror.

@éi@;ﬂ: A shaving mirror

Q e 'rb\relescopes: A concave mirror

4L mirror) is used to form images

Figure 3.18: Car headlights \ _
stant stars at the focal point. A plane
Dentist’s mirror: A concave M psirmr (secondary mirror) 1s then used
t

examined inside the mou 1gur
shows a dentist mirr se t ne

a tooth. O

1
the dentist to focus light on dﬁ(
: N

Figure 3.19: 4 dentist mirror in use

Shaving mirrors: A concave mirror
produces a magnified and erect image
of the object when the object 1s between

“to project the rays to the side where the
~ image can be viewed through a lens as
shown in Figure 3.21.

Telescope

Evepiece
tube yep

Secondary mirror

Figure 3.21: Reflecting telescope

In some cases, the idea of reflection of
- light upon falling on concave surfaces
~is used for other applications apart from
- light and 1mage formation. Satellite
dishes and parabolic solar cookers are

~ the vivid examples of the use of concave

shaped reflectors.

Student s Book Form Three

pe | |
Primary mirror |
Light
from
distant
object
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Satellite dishes: This 1s one of the most s
-__/Q

important uses of concave shaped
reflectors. Dishes are used to receive and
amplify signals from the communication L.
satellites. The signals strike the concave
reflector in parallel rays before being
reflected and concentrated at the focus of
the reflector. This enables satellite dishes
to gather weaker signals coming from
large areas and concentrate them at one 2
point. Figure 3.22 shows a satellite dish.

parabolically arrang

Figure 3.23 shov@

cooker.

Figure 3.23: A parabolic solar cooker

Physics for Secondary Schools

 Exercise 3.1

An object 5.0 cm high is placed
35 ecm away from a concave
mirror of focal length 15 cm. By
drawing a ray diagram, determine
the position, size and nature of the
formed image.

An object, 5 cm high, 1s placed
10 cm away from a convex mirror
of focal length 15 cm. By drawing
a suitable ray diagram, determine:

(a) the position, size and nature of
the image formed.

(b) the magnification of the image.

An object 25 cm high 1s placed
60 cm away from a convex mirror
of focal length 30 cm.
(a) Determine the characteristics
of the image formed by:
(1) drawing a suitable ray
diagram.
(11) using the mirror formula.

(b) Compare the results obtained
using the two methods.

An object of 4 cm height is placed
at 6 cm 1n front of a concave mirror
of radius of curvature 24 cm. Find
the position, height, magnification
and nature of the image.

An object 1s placed in front of a
concave mirror of focal length
20 cm. The 1image formed 1is
three times the size of the object.
Calculate two possible distances of
the object from the mirror.

— B
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6. An object is placed at a certain
distance from a convex mirror
of focal length 20 ¢m. Find the
distance of the object if the image
obtained is magnified 4 times.

7. A rod of length 10 cm lies along
the principal axis of a concave
mirror of focal length 10 cm n
such a way that its end closer to

the pole 1s 20 cm away from the
mirror. What 1s the length of the
image?

Refraction of light

In the previous sections, 1t was learnt
that, as light travels through a given
medium, 1t travels in a straight lin
However, when light passes from o
medium into a second medium, the

beam tends to bend. Bendi :
1s referred as reftactlon
direction of a ray of

passes obliquely fr into
another.

Refraction occurs be& different
media have different optical densities. If
the speed of light in one medium is lower
than that in the other medium, the first
medium 1s said to have a higher optical
density than the second medium. Thus,
the optical density of a medium can be
determined by using the speed of light
in that medium. Refraction occurs only
at a boundary. Once the light has crossed
the boundary between the two media, 1t
continues to travel in a straight line.

2] DUPLICATE

Aim: To mvestigate the
refraction of light rays
as they pass from air to
water

Materials: coin, bucket, water

Procedure

1. Obtain a wide opaque container,
such as a bucket.

2. Place acoininside but at the bottom

of the bucket.

3. In a straight line, slowly move
away from the bucket to a point
where the coin is just outside your
line of view. That is, the coin 1s not
visible. Mark this point as M.

4. Pour gently clear water into the

bucket and try to view the coin
while standing at point M.

5. Continue adding more water until
the coin can be seen when viewed
from point M.

~ ~

Refracted — Bucket
image of
a coin
Real coin 2 Eﬁg
Figure 3.24
Questions

(a) Why does the coin become visible
from point M after filling the
bucket with water?

s
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(b) Does the coin appear raised?
Explain.

The coin appears raised due to the
change of direction of rays of light at
the boundary between water and air as

shown in Figure 3.24.
\ J

————————————

Aim: To investigate the
refraction of light as 1t
passes from air to glass

Materials: transparent glass block,
white piece of paper, a ray
box

Procedure

1. Place a transparent glass block on
a white piece of paper. Ensure that
the block is fixed so that it does not
MOVe.

b2

Place the ray box in such a way
that, a ray of light falls on the side
of the block at a small angle to the
normal as shown in Figure 3.25.
Draw a line tracing the beam of
light and mark the point at which
light enters the glass block as M.

3. Mark the point at which the ray of
light emerges from the other side
of the glass block as N and draw
a line tracing the ray of light as it
lives the glass block.

4. Remove the glass block and draw
a line joming points M and N.
Observe the direction of the line
MN as compared to the line drawn

in step 2.

e TS

k J L]
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A —
Ray box

———Normal line

Glass block

— —

Figure 3.25
Question

[s there any change in the direction
of the ray of light as it emerges from

the other side of the glass block?
Explain.

There 1s a change in the direction of
light when 1t passes from air to glass
(first boundary) and when it passes
from glass to air (second boundary).
This i1s because light is passing
through different materials with

different optical densities.
e o

Angle of incidence and angle of
refraction

When light passes from a medium such as
air to another medium such as glass, which
1s optically denser than the first medium,
its velocity decreases. Conversely, when
light passes from an optically denser
medium such as glass to a medium that
is optically less dense like air, 1ts velocity
increases. The line that 1s perpendicular
to the boundary between the two media

TR .=
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through which light travels is called the
normal line. The ray of light in the first
medium 1s called the incident ray and
the ray of light in the second medium
1s called the refracted ray. The angle
between the incident ray and the normal
line 1s known as the angle of incidence
and 1s denoted by a letter i. On the other
hand, the angle between the refracted ray
and the normal line 1s called the angle
of refraction, denoted by r. Figure 3.26
shows the normal line, incident ray, the
refracted ray, the angle of incidence (i)
and the angle of refraction (r).

I
L Notnal finé

Incident ray

Air Medium 1
Glass  Medium 2

fra
Figure 3.26: Light trqpelNéng Trom al

Aim: To 1nvestigate the path
of light from air to glass
and measure the angles of
incidence and refraction

Materials: plain paper, soft board,
drawing pins, transparent
glass block, protractor

Procedure

1. Place a plain paper on a soft board.
Fix the paper firmly on the board
using drawing pins.

‘ l PHYSICS FORM lll.indd 70
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2. Place a rectangular glass block
on the paper and trace its outline.
Draw a line perpendicular to the
outline of the glass block. This is
the normal line.

3. Draw a light ray that meets the

side of a glass block such that
it makes a small angle with the
normal line. This is the angle of
incidence (7). Mark the meeting
point as M.

4. Stick two pins, P, and P, along the
light ray drawn 1n step 3.

5. Observe the pins through the
block from the opposite side.

Ly

6. Stick two other pins, P, and P,

so that they appear in line with P,
and P

7. Draw a line joining the points of
the two pins and the edge of the
glass block at point N as shown in
Figure 3.27.

8. Remove the glass block and draw
a line, MN, joining point M and
point N.

9. Draw a line perpendicular to the
outline of the glass block at point
N. This 1s also a normal line.

10. Measure the angle between the
normal line and the refracted ray.
This is the angle of refraction (7).

Note: Both the angle of incidence and
the angle of refraction are measured

from the normal line,
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bends away from the normal. Following
various experimental observations, two
laws govern the behaviour of a light ray
as 1t strikes the interface between two

media of different optical densities. These
Gl laws are known as the laws of refraction
———Glass block _
of light.
C ’ W
A Aim: To deduce the laws of
Eye : :
_ refraction and determine
Figure 3.27 .
the refractive index
Question Materials: a rectangular glass block,
Describe the path taken by a light ray four optical pins, a white
travelling from air into the glass block sheet of paper, a piece
and the air again. of soft board, pencil,
The lines P,P,, MN and PP, show | | 4 PIOLACIOL, paperpins

the path that a light ray follows from | %) Procedure
air, through the glass block and to 1. Place the glass block on the sheet
air again. Light rays are refracted as of paper and trace its outline using

-\‘

they pass from air to glass (at the ﬁrst a pencil.

boundary) and again as they pass fr{)m 5. Bemoveithe Block.

glass to air (at the second boundary). 3. At & point, E, on fthe glass block

Q- outline, draw a normal to the

Laws of refractio outline. Point E should be near to
When a beam G%ht pa’ ough two the centre of the !onger edge {_}f
different media via an inte¥ace, it bends. ﬂ%e glass block outline as shown in
The amount of bending depends on the Figure 3.28.

optical densities of the two media and
the angle of incidence of the light beam.
Note that, the angle of incidence and the
angle of refraction differ in proportion to
the difference in the optical densities of
the two media. If a light ray passes from
the optically less dense medium to the
optically denser medium, it1s bent towards
the normal. However, if the ray travels
from a medium of higher optical density
to a medium of lower optical density, it |

PE—
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4.

10.

11.

Draw a line at an angle to the
outline, for example 30°, to meet
the outline at E.

Place the paper on the soft board
and hold it in position with the help
of paper pins.

Stick two optical pins, A and B
on the line you drew. Replace the
glass block back on the outline.

By viewing through the block from
the opposite side, set two pins C
and D on the opposite side of pins
A and B n such a way that all the
four pins appear to lie on a straight
line. Ensure that the pins appear
to lie on a straight line even when
viewed from the side with pins A

and B.

Remove the block and draw a
line through the marks made by
pins C and D. Mark the point of
intersection of the line through C
and D and the glass block outline
as F.

Join points F and E with a straight
line and then draw a normal line to
the glass block outline at E and F
as shown in Figure 3.28.

Measure the angle of incidence
and the angle of refraction at the
first boundary.

Repeat the experiment for different
values of i and record the results in
the format shown in Table 3 .4.

‘ l PHYSICS FORM lll.indd 72

r

I*

T DUPLICATE

Table 3.4: Results of nbser'fations

- = e
- —
. Eﬂ il U _v!ﬁ -ﬁmgr e n g : ] "-
".—_h.-l . Pﬁﬁll n_-. 2 o i ) :_ L al _-: ML m

]

Questions

sin(i)
sin(r)
pair of angles and record your
result in the table.

(a) Calculate the ratio for each

(b) What conclusion can you draw
i) for the

sin(r)
different angles of incidence i ?

from the values of

@ver &CUGHS can be made from

s of the above experiment.

% whenever the pins are set in line

viewed from one side, they appear

to be 1n line. This 1s also the case when

pins are viewed from the other side. This

illustrates the principle of reversibility of

light, which states that; light will follow

exactly the same path 1if its direction of
travel 1s reversed.

The implication of the law of reversibility
of light in a rectangular glass prism 1s
that, 1f 7 1s the angle of incidence from air
to glass and r 1s the angle of refraction,
then, » becomes the angle of incidence
for glass to air and i becomes the angle
of refraction.

The second observation to note 1s that,
as a ray of light travels from air to glass
(from an optically less dense medium to

- a denser medium), it is bent towards the

09/03/2022 18:14:13 l ‘
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normal at the boundary between the two
media. Conversely, when a ray of light
travels from glass to air (from an optically
denser medium to a less dense medium),
it 1s bent away from the normal.

The third observation 1s that, the ratio
sin(i) .

1s the same (constant) for the
sin(r)

different angles of incidence.

The fourth observation to note 1s that
at points E and F, the normal line, the
incident ray and the refracted ray lie on
the same plane. This may not have been
obvious. However, you can observe this 1f
you lift one edge of the glass block above
the other edge of the block after setting
the pins 1n a line. You will immediately
notice that, the linearity of pins A, B,
and D disappears.

These important observations ea}}\

to

two 1mportant conclusion K

essentially the laws of refigthom of L

These laws state that;

1. At the point of ncw gcident
ray, the non@ e refracted
ray all lie on tlfe sam ne.

2. For a particular material, the ratio
sin(i)

sin(r)
referred to as Snell’s law of refraction.

1s constant. This law 1s also

Refractive index of a material

In Activity 3.9, you observed that, for
a given material or medium, the ratio

sin(i) .

sin(r)

1s constant regardless of the size

of the angle of incidence. This constant is

‘ I PHYSICS FORM lll.indd 73

known as the refractive index of material
(medium). It 1s a dimensionless (it has no
unit) constant denoted by the Greek letter
17 . The refractive index of a material 1s a
measure of the influence of the material on
the speed of light as it passes through it.
Therefore, refractive index of a maternial 1s
also obtained from the ratio of the speed of
light in vacuum, ¢, to the speed of light in
the matenial, v . That 1s,
¢

Y

1:'
- . c
To be specific, mkratlo n=-—

V

as the abs \he/refracn've index of a
material ¢ ratje 1s obtained from the
%ne material, to the

speed o
hg m the other material,

1s known

ﬁ r;\ . In this case, the ratio 1s
V5

che relative refractive index.

ally, the speed of light in air 1s
nsidered as the speed of light n
vacuum, c¢. Therefore, if light travels
from air to water and from air to glass,
it will have different speeds in water
and in glass because air, water and glass
have different optical densities. Letting
the speed of light in water be v, and its
speed 1n glass be v,, one can calculate the
absolute refractive indices of water and
glass as follows;

Absolute refractive index of water;

C
h=—"
Vl

This implies that, ¢ =n,v,.

Absolute refractive index of glass;

This implies that, ¢=n,v,.

Theretfore,

C=1mnv, =1V,

00/03/2022 18:14:13 | ‘
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Hence,
% =1hYs
This expression can be rearranged to read;
m_
h WV

The ratio  ; is the relative refractive
Ly

index of glass to water. This ratio can
also be related to the ratio of the sines of
the angle of incidence and the angle of
refraction as follows.

n, sin(i)

n,  sin(r)

Therefore,
n,sin(i) = n,sin(r)

Applying the law of reversibility of light
L

shows that 7, =——, where 7, a@

travelling from air to glass au@u{gx
to air, respectively. O O
There are wvario meth?

JJ

LR

.11, are the refractive indices fomhght .
5
of

determining the 1@ 1VE 4 of a
given material. method
IS carrying out an*expe t described

in Activity 3.9. Another method of
estimating the refractive index of liquids

is based on a concave mirror method
described through Activity 3.10.

Aim: To determine the refractive

index of water using a
concave mirror method

Materials: concave mirrors of different
focal lengths (10 cm,15 cm,

‘ l PHYSICS FORM lllindd 74

1. Place a concave mirror on a bench.

2. Clamp an optical pin on the retort

3. Position one eye vertically above
4. Adjust the position of the optical

\

5. Measure and record the height, A

6. Fill the concave mirror with enough

T DUPLICATE

20 cm and 25 cm), water,
retort stand, optical pin,
clamp, meter rule

Procedure

stand above the concave mirror.

the pin and look in the concave
mirror for the real inverted image
of the pin.

pin by moving it up or down until
the pin image coincides with the
real pin as shown in Figure 3.29.
Ensure that there is no parallax.

of the head of the optical pin from
the pole of the mirror.

Vertical clamp

m _stand
|~

- ——
- o=

Centre of
curvature

Principal axis

concaveé mirror P

Figure 3.29

water to overcome the curvature of
the concayve mirror and the water
surface tension. Wait for some time
until the water 1s still.

09/03/2022 18:14:14 l ‘
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7. Repeat steps 3 and 4.

8. Measure and record the new height, 4’
of the optical pin from the pole of the
MIITOT.

9. Repeat the experiment using other

concave mirrors of different focal
lengths.

10. Record your results in a table similar
to Table 3.5 and calculate the average
refractive index of water.

Table 3.5

10
15
20
25

Questions

(a) Which mirror gives the most accurate
value of the refractive index of water?

(b) What are the possible sources of
uncertainties in  determining the
refractive index of water using the
concave mirror method?

In this activity, the refractive index of
water has been measured using a concave
mirror method. As the known refractive
index of water is 1.33, this method gives
a good estimate of the refractive index of
water. Therefore, the method can be useful
in determining the refractive indices of
different liquids.

4 i’ S i
< §iF N

Sq of refraction (r)=22° ="
N

P& the medium 1s 1.33.

Use the apparent depth method to
determine the refractive index of
water. How accurate is your value
of refractive index?

Find the index of refraction for a
certain medium, assuming light
in air enters the medium at an
incident angle of 30° and the angle
of refraction 1s 22°.

Solution

Given, incident angle (i) = 30°; angle

. sin(i) _sin30°
“sin(r)  sin22°

Therefore, the refractive index of

1.33

o’

~ Total internal reflection of light

It has been established that, when
~ light travels from a lighter medium to
- a denser one (1, <7,), the refracted
- light ray bends towards the normal.
Conversely, when light travels from
~ a denser medium to a lighter one
- (m,>n,), the refracted light ray
~ bends away from the normal. It is
- also known that the angle of refraction
- and hence the amount by which light
- bends away from the normal depends
~on the angle of incidence. Therefore,
- the larger the angle of cidence,
~ the more the light bends away from
normal. Yet, one could ask, when

‘ l PHYSICS FORM lllindd 75
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less dense medium, how much away

from normal 1s it possible for the hight

to bend?

The answer to this question is that, the

bending Ofllght can Qn]y get as faras 90°

without leaving the medium. Therefore,

there 1s an angle of incidence of light

for which the angle of refraction 1s 90°.

This angle of incidence i1s known as the
critical angle and 1s normally denoted by
a letter c. When the angle of incidence

- Figure 3.30: w‘:} of the total internal
on

becomes greater than the critical angle,
light 1s not refracted anymore; instead,

light 15 reflected back into the same
medium where it 1s coming from. This

phenomenon is known as total internal
reflection.

To understand the total mtem

reflection phenomenon, let us sup
that a laser beam 1s submerged in d

of water (don’t do this at nd
pointed upwards towards %er—

boundary. If the angle a thebg

1s directed upwards Q&ewly %&d,
starting from sm les idence,
we would obsetwt bot

refraction at the water- interface.
However, the intensity of the reflected

angle of icidence changes. At angle
of incidence close to 0°, most of the

light energy is transmitted across the
- refraction exceeds 90°. When the angle of
- incidence equals the critical angle, the angle
- of refraction 1s 90° (Figure 3.31 (a)). Also,
~ when the angle of incidence 1s greater than
- the critical angle, all the light undergoes

boundary and very little of it is reflected.
As the angle of incidence 1s increased,
the angle of refraction would eventually
reach a 90°. If the angle of incidence
1s increased further, the refracted ray
disappears and only the reflected ray
1s observed as shown in Figure 3.30.

ion and _ -
- the more optically dense medium towards

INE USE ONLY =
Yo | DUPLICATE

light travels from denser medium to

- Therefore, total internal reflection 1s a
physical phenomenon in which all the light
travelling in an optically denser medium 1s

- reflected back upon striking the interface
~ with an optically less dense medium.

A

Total )ﬂn on (TIR) is the
@1 volves the reflection
t light off the boundary. It

l
el 1d
ta]ges e when both of the following

ons are met:

t travels from an optically denser

Q medium towards a less dense medium.

, 2. The angle of incidence is greater than

the critical angle.

- Total internal reflection will not take place

unless the incident light 1s travelling within

the less optically dense medium. TIR will

and refracted rays changes as the happen for light travelling from water

towards air, but it will not happen for light

- travelling from air towards water. On the

other hand, TIR occurs only if the angle of

total 1nternal reflection as shown In

' Figure 3.31 (b).

‘ l PHYSICS FORM lll.indd 76

PE—

00/03/2022 18:14:15 l ‘



FOR ONLINE U}
DO NOT DUPL

~ presumed that, the media in which
- light travels are uniform media. This
 means that, the optical density of
- each medium 1s uniform everywhere
~ within the medium. Nevertheless,
- not every medium is uniform and
- even air can sometimes form a
- non-uniform medium. When the
- medium 1s optically non-uniform,
~ light refraction can occur as the light
- travels within the medium. This leads

~ to an interesting phenomenon; the
- formation o%ag&s. A mirage is an

~ optical phenothenon that produces
- illusiong s due to the refraction of
' hgh @umform medium.

ges Gmmonly be observed
%he walk down a tarmac

Al ~8i=90° Air !

, '] F

(a) (b)
Figure 3.31: Critical angle and total internal

reflection

What must be the angle of incidence for
total internal reflection to occur when a ray

travels from glass to water? Use 77, =1.52
and 7, =1.33.

Solution

For total internal reflection, (r)=90°

From

ji= Sfﬂ_l it sm(QO )
7,

— ool =61.04°
1.52

Therefore, the critical angle 1s 61.04°.

For total internal reflection to occur the
angle of incidence must be greater than the
critical angle. That is, i > 61.04°.

Mirages
In the previous discussion, 1t has been

established that, light tends to bend when
it strikes an interface between two media
that have different refractive indices. After
light continues to

travel in a straight line within the new
- just above the roadway are optically

passing the boundary,

medium. However, the discussion has clearly

‘ I PHYSICS FORM lllindd 77
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n,sin(i) = n,sin(r) y on a sunny day. As you walk
_ : the roadway, there appears to be

sin(i) = n, sin(r
1gS() = 11,Sin(r) 2 puddle of water on the road several
- metres (about 100 m) ahead of you.

- Yet, when you arrive at the perceived
- location of the puddle, you recognize
- that the puddle is not there. Instead,
- the puddle of water appears to be
- another one-hundred metre in front of
- you. The appearance of the puddle of
- water 1s simply an illusion because of
. mirage.

Mirages occur on sunny days because

- the sun heats the roadway to high
~ temperatures. The heated roadway in

turn heats the surrounding air, keeping
the air just above the roadway at a
higher temperature than the air above.
Hot air tends to be optically less dense
than cooler air. Thus, the layers of air
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less dense than the air further above the
roadway. This creates a non-uniform

cooler air layers towards the hot air layers.

This means, light travels from an optically

denser medium to a less dense medium.

Thus, light will be refracted upon striking
the boundary between the two layers of
air. Therefore, light bends upwards. As
the light continues to traverse different air
layers, it is bent more upwards to an extent
that 1t reaches your eyes mstead of hitting
the road. Your brain traces the light straight
back along the direction from which 1t

comes to your eyes. Therefore, you see the

image of the sky that appears as a puddle of

water just above the roadway as shown by |
Figure 3.32. Also, the mirage phenomeno \ 3. A stone is lying at the bottom of

can occur on the waterbodies such as

lakes, and ponds, and in the desert.

Figure 3.32: Road mirage

eTask 3.3 i

Organize a walk with your friends
down the roadway (1f any) on a sunny
day and try to observe the occurrence
of mirage. Discuss the condition
necessary for the occurrence of
mirage.

<
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optical media. Consequently, as hght
travels from the sun, it passes through the

1. A coin is at the bottom of a trough
containing  three  immiscible
liquids of refractive indices 1.3,
1.4 and 1.5, poured one above the
other at the heights 30 cm, 16 cm,
and 20 cm respectively. What is
the apparent depth at which the
coin appears to be when observed
from air medium outside? In which
medium will the coin be seen?

2. Light 1s mcident on an air-water
interface at an angle of 40°. Given
that, the refractive index of water
is 1.33, determine the angle of

) refraction of the light in the water.

a pool of water 3 m deep. What
would be the stone’s dept as seen

by an observer standing new the
pool? Use 7, =1.30.

4. The speed of lhght in water
and in air is 2.8 x10° m/s and
3.0 x 10° m/s, respectively.

(a) Determine the refractive index
from air to water.

(b) A ray of light travelling from
air to water 1s incident at the
surface of water at an angle
of 30°. Calculate the angle of
refraction in the water.

5. A swimming pool appears to be
1.5 m deep. If the refractive index
of water 1s 1.3, determine the real
depth of the pool.
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6. Diamond has a refractive index
of 2.42. Given that, the speed of
light in vacuum is 3.0 x 10" m/s,
determine:

(a) the speed of light in diamond.
(b) the critical angle for diamond.

7. The critical angle for a beam of
light travelling between water and
air 15 49°.

(a) A beam strikes a water or air
boundary and undergoes total
internal reflection. Will the
beam stay in the air or in the
water?

(b) Explain what happens when
a beam of light from the air
strikes the surface of a calm
lake at an angle of 50° from the

Refraction of light by a glass

A prism 1s made up of a g

two 1ncident face&?w mu

passes through a hose dent

faces are not pa t 1s devited from
its original pa&

and @rsed into a
coloured spectrum. When"light enters a
prism with parallel faces, 1t 1s refracted at
the entrance boundary and then continues
to travel in a straight line. The refraction
of light by a prism, and the measurement
of the refractive index of its material can
be achieved by the passage of a ray of
light as shown in (Figure 3.33).

Refraction of light by a rectangular
glass prism

Activity 3.8 mtroduced you to the
refraction of light by a rectangular glass

‘ I PHYSICS FORM lll.indd 79

normal. J/

block, which 1s geometrically the same
as a rectangular glass prism. Through
this activity, you learnt how to trace the
passage of a light ray as it travels from
air to a glass prism. It was generally
observed that, when light enters a glass
block (rectangular glass prism) it is
refracted at the entrance boundary and
then continues to travel in a straight line.
[t 1s important to note that, light emerges
on the other side of the rectangular prism

and continues to travel in air following the
same direction %t had before entering
|

the rectangulagg{ s prism as shown in
Figure 3.3 is possible because the
sides o ec ar glass prism are

el to eac . Therefore, there 1s
fatign fp/the path of light.

Figure 3.33: Light refraction by a rectangular

glass block

What happens to the path of a light ray
when the two opposite sides of a prism
are not parallel? To answer this question,
one needs to observe the path of light
through a triangular glass prism.

Refraction of light by a triangular glass
prism

A triangular glass prism is a transparent
object having two triangular and three
rectangular faces. The refraction of light

- by a tnangular glass prism 1s different

09/03/2022 18:14:1
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from the refraction by a rectangular glass
prism. For triangular glass prism, the
emergent ray of light 1s not parallel to
the incident ray of light. This is because,
when a ray of light enters the glass prism,
it gets deviated two times. First, light 1s
refracted when it enters the glass prism
and then refracted for the second time
when it comes out of the prism as shown
in Figure 3.34. This 1s possible because
the refracting surfaces of the prism are
not parallel to each other, therefore when
the ray of light passes through the prism
it bends towards the normal which 1s
towards its base. The amount by which
light bends 1s dependent on the angle
of incidence, wavelength of the light,
and refractive indices of the materials at
which hght travels through.

Angle of deviation $

The angle of deviation is a mea
much the incident ray has
from its original direc 'on

Consider a ray of ligh rdent O @
prism as shown | Q 1 gur@

Incident
ray

Figure 3.34: Deduction of the angle of deviation

where BAC = angle of prism or apex
angle

i = angle of incidence

‘ | PHYSICS FORM lil.indd 80
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r = Angle of refraction at the
first surface

i,= Angle of incident at the
second surface

e = Angle of emergence from
the prism

D = Angle of deviation. This

i1s the angle between the

mnitial incident direction
and the final emergent
direction.

Consider tﬁangliﬁBC in Figure 3.34.
1 abangles i1s 180°

90@+A ,=180°

The sum of
ABC .&1 ééB ~180°

1, =180°

N \§1der triangle MBC
BC + MCB + BMC =180°
i—r+e—i, + 180°—~D=180°

i—Fte—iy=D ..oeeeeeee. (ii)

r and e can be calculated by Snell’s law.
Consider the first surface, by Snell’s law

sini

sin 7
In order to determine the angle of
deviation D, we must consider very small
angles, that is, sini =/ and sinr=r.

sini i
NOW _—:—:?]
smr r
Then, F=mr o (1)

Consider the second surface, by Snell’s
law

sin e

N=——
sin i,

Student s Book Form Three
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This implies that,

e _ oo
n=— and e=ni,......... (1v)
IE

Substitute equation (iii) and (iv) in
equation (1) we have,

nr—r+mni—i,=D

r(n-1)+i(M—-1)=D

Simplifying this equation we have,
D=(r+i)x((n-1

Combining equation (1) and (v) we

finally have, D=4 x (5-1).

Therefore, the angle of deviation 1s |
given by D=4 x (n—1). ‘

e ——

W§

Aim: To trace the path of the N
rays of light througha |

triangular glass prism §

Materials: a white sheet of paper,
soft board, thumb
pins, triangular prism,
pencil, protractor,
drawing board

Procedure

1. Fix a white sheet of paper on
a drawing board using drawing
pins. ‘

2. Place the triangular prism
resting on its triangular base on
the paper. Using a pencil, draw
the outline of the prism.

3. Draw a line  NEN
perpendicular to the face of

‘ [ PHYSICS FORM lilindd 81
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| Angle of

the prism AB (Figure 3.35). This is
the normal at point E.

4. Draw a line PE such that it makes an
angle between 30° and 60° with the
normal NEN'. This is an incident light
ray.

5. On the line PE, fix two pins at a
distance of 5 ¢cm from each other and
mark these as points P and Q. Replace
the prism back on the outline.

incidence

Emergent

Incident bearn

beam

B

\
Angle of refraction
Figure 3.35

6. Look for the images of the pins at P and
Q through the AC face of the prism.

7. Fix two pins at R and S such that they
appear as a straight line as that of the P
and Q when it 1s viewed from the AC
face of the prism.

8. Remove the pins and the prism.

9. Join and produce a line joining points
R and S, let this line meet the prism at
point F.

10. Extend the direction of the incident ray
PQE till it meets the face AC. Also,
extend (backwards) the emergent ray
SRF so that these two lines meet at a
point D.

09/03/2022 18:14:18 l ‘
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11. Mark the angle of incidence (i), the
angle of refraction (r), the angle
of emergence (e) and the angle of
deviation (D).

(a) What happens to the incident
ray when enters the prism?

(b) What are the factors on which
the angle of deviation through
a prism depends”?

The incident ray bends towards the
normal when it enters the prism and

bends away from the normal when it
exits the prism. Moreover, the angle of

deviation decreases with the increase
in the angle of incidence.

The value of angle of deviation D de
on the angle of incidence, i. As th
of incidence increases, th

deviation decreases to a whum yalu

in Figure 3.36.
a 457
!
k.
=
.; 40_
L
e
"-'..ga
2 DI’I'I :
%n 35T |
= |
1 I I I I I' I I T I B 4 I | I T I [h"

20 25 30 35 40 45 50 55 60 65

Angle of incidence, /

Figure 3.36: Jariation of angle of deviation
with the angle of incidence
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- the angle of incidence and the angle of
 emergence are equal. That is, i = e. At
~ the angle of minimum deviation, the
- refracted ray from the first surface travels
- through the prism perpendicular to the
bisector of the apex angle A as shown in
 the Figure 3.37.

At the angle of minimum deviation,

F .

N<e Emergent beam

C

DM‘& he angle of minimum

on

Angle of minimum deviation of a prism Q}nmd h@gle AEF,

F'

AF+ EFA =180°
—r+A+90°—i; =180° ............. (Vi)

But we know that at minimum angle of
~ deviation, i, =r, then equation (vi) can be

called angle of minimys deviati A
and then starts to mﬁﬁgamﬁxown

written as
90°—r+ A+90°—r=180°

A=r+r=2r implying that » =§

~ Now consider triangle GEF,
 GEF + GFE+ EGF =180°

i—r+e—r+180°-D_=180°
But, i=e
By simplifying we have,
D =i—pr+i—r=2i-2r,

This becomes D_=2i-A4, as r = g

Student s Book Form Three
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Therefore:

Aim: To determine the angle of
minimum deviation of an

equilateral triangular glass

a drawing board, an
equilateral

pins, a metre rule, pencil,
office pins, graph paper,
protractor

Procedure

1. Place the white sheet of paper on
the drawing board and fix it with
the help of drawing pins.

2. Place an equilateral glass prism on
top of the paper and trace its outline.

3. Remove the prism and label the
outline as ABC.

4. Onthe side AC just above the centre

of the outline, draw a perpendicular
line NQ.

\_ J

‘ l PHYSICS FORM lll.indd 83

prism \
Materials: a white sheet of paper, f/
_1 8. Extend line RQ and line TS with

triangular <
glass prism, drawing |

5. Measure the angle of incidence of
25° at the point of the perpendicular
line and draw a line RQ.

6. Insert two pins P, and P, on the
line RQ and replace the glass prism.

7. On the other side of a prism, trace
the pins P; and P, which appear to
be in line with P, and P, , and draw
line TS as shown in Figure 3.38.

Figure 3.38

dotted lines to meet at a point M.

9. Measure the angle D.

10. Repeat steps 5 to 8 for other angles
of incidence of 30°, 35°, 40°, 45°,
50°, 55° and 60°.

11. Record your results in a table similar
to Table 3.6.

12. Plot a graph of the angle of deviation
(y-axis) against the angle of
incidence (x-axis) and use the graph
to deduce the angle of minimum
deviation, D . This corresponds to
the lowest point on the graph.

00/03/2022 18:14:21 l ‘
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Questions

(a) When light passes through a
triangular glass prism, what

happens to the angle of deviation [/

when the angle of incidence
changes?

(b) Does the angle of minimum
deviation (D ) change when a
different prism 1s used?

The angle of deviation first decreases
to attain the minimum value of D and
then increases as the angle of incidence
increases. The angle of minimum
deviation is important for calculating
the refractive index of the glass, using
the equation:

e
=g

L 14

"

<

b

" o DUPLICATE
o grr—

Define the angle of minimum
deviation produced by a tniangular
glass prism. How is the angle of
minimum deviation related to the
angle of incidence and angle of
prism?

There 1s no dispersion of light by a
rectangular glass block. Why?

Lighttravelling through transparent
oil enters into glass of refractive
index 1.5. If the refractive index of
glass with respect to the oil 1s 1.25,

what is the refractive index of the
o1l?

The refractive index of the material
of a prism with 60° angle for
yellow light is +/2 . At the position
of mmimum deviation, calculate
the angle of:

(a) minimum deviation;

(b) incidence; and

(c) refraction.

A monochromatic light 1s incident
on an equilateral glass prism at
an angle of 30° and emerges at an
angle of 75°. What is the angle of
deviation produced by the prism?

A light ray falls at normal incidence
on the first face of an equilateral
prism such that, the angle of
incidence 1s 45°, and emerges from
the second face by making the same
angle with the normal. What is the
refractive index of the material of
the prism?

Student s Book Form Three
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7. The angle of minimum deviation
for a prism is 37°. If the angle of
the prism 1s 60°, find the refractive
index of the material of the prism.

8. A rectangular glass block of
thickness 10 cm and refractive
index 1.5 1s placed over a small
coin. A beaker filled with water of

refraction index 4/3 to the height of
10 cm 1s placed over the block.

(a) Find the apparent position of the
coin when viewed normally.

(b) If the eye is slowly moved away
from the normal, then at a certain
position the object is found to
disappear due to total internal
reflection. At what surface does it

happen and why?
E li

Colours of light

The sun 1s the major so

the earth. What 1s the £dlour of@(;l
Sometimes we se m bow
urs.

- white light to its components to form a

consisting ot
addition, durmg set
appears orange or red. Can we conclude

from these observations that sunlight is
~ shown in Figure 3.39. Each component

~has a
~ falls well within the visible part of the

e Tioht 3 : ~ electromagnetic spectrum.
White light is known to consist of seven st p

colours. If a beam of white light 1s passed
through a triangular glass prism, 1t splits = [ight dispersion can also occur when light
~ passes through some other transparent
shows a band of colours formed when
white light passes through a triangular

glass prism. This band is known as the |

made of different colours?

Dispersion of white light

into a band of seven colours. Figure 3.39
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 White light S

Figure 3.39: Dr‘spc?}hﬁ of white light by a

7
Dlspers Of

p -

/b

Se the sky
~ upper part of the spectrum and violet

- spectrum of the white light. Colours that

form the spectrum of white light are red
(R), orange (O), yellow (Y), green (G),
- blue (B), indigo (I) and violet (V). For the
~ sake of remembering the arrangement of
~ these colours, an abbreviation ROYGBIV
- is commonly used.

—
= - ———— — "
— \

[
X
!

—
i 7]
[
= ]
= 1
.
L

tar gias:f prism

's a phenomenon
hght splits 1nto 1ts
0 ponents upon passing
gh \@angular glass prism. This
epdbn happens because when a
of white light enters a transparent
edium, each colour component is
fracted at a different angle of refraction,
“resulting in different angles of deviation
for each colour. For example, red colour

deviates least while violet colour deviates
most. The result 1s the splitting of the

spectrum with red colour being at the
colour is at the bottom of the spectrum as

different wavelength, which

The rainbow

materials such as water droplet and soap
bubbles. One of the consequences of
light dispersion by water droplets in the

PEE—
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atmosphere 1s the formation of rainbow. | Spraying water in the direction of sunlight

Rainbow is a natural phenomenon of  produces water drops that can result to

dispersion of white light. It is caused by = the formation of a rainbow.
refraction and reflection of white light by

falling water droplets. (7 .
Formation of rainbow @Iﬁi ;JW

The rainbow phenomenon can be | Aim: To observe the formation
observed when there are water droplets of a rainbow by spraying
in the atmosphere as the sun shines from water in air

behind the observer at low altitude.

The rainbow’s appearance is caused by Materials: water, a hose that can
dispersion of sunlight as it is refracted by spray water, a sprinkler or
nearly circular rain drops. The white light a fountain

from the sun i1s first refracted as it enters

' Procedure
the surface of the rain drops. rocedure

| 1. Bring the water hose to an open
When light travels from less denser space.

medium to light denser medium bends |
towards the normal. However, not all |
colour bend equally. As in glass prism, red \
light bends the least while violet bends | 3. Stand near the spray of water drops

most. At the back of the rain drops, with your back directed towards
of dispersed light is reflected back ayer a < the sun.
N 4

2. Open the water tap so that the hose
sprays water into the air.

. Move around until you locate your

as it leaves the rain drop. shadow.

the violet light leaves the
angle of 40°relativ éﬂk |
whereas the re @ eayesYat 42°as _ _
shown in Figm&ﬁm (a Tresult. the Note that, if you do not see a rainbow,
observer sees an image ofvell-arranged | try the following steps: look for the
coloured bands in the atmosphere called = | shadow of your head. Hold both arms
rainbow as shown in Figure 3.40 (b). | straight out in front of you. Spread
| your hands as wide as they will

stretch with your thumbs touching,
head-to-head. Place the head of one
little finger so that its shadow falls in
the centre of the shadow of your head.
Keeping that finger in place, look at the

5. Look for a rainbow in the spray of
water.

Whjre hgh[’

violer.
mdigo.

hlu.:\;&-;-i__.
green—_
yellow i

orange- ;:; —
red —

(a) (b) | sunlit drops that line up with your other
| little finger. You should see rainbow
Figure 3.40: Formation of a rainbow right there.

Student s Book Form Three
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Questions

(a) Why does the sunlight shining
through water drops make a
rainbow?

(b) Why do you have to stand with
your back directed towards the sun
to see a rainbow?

(¢c) Can a person standing beside you
also see the rainbow?

When you look at a rainbow, you see
seven colours. They are always in
the same order. That i1s red, orange,
yellow, green blue, indigo, and violet.
An easy way to remember the colours
and the order 1s to think of the name
ROYGBIV, spelled from the first letter

of each colour.

5

Recombining colours of white light
We have seen that upon fallin a |

transparent medium such as %quul
glass prism or water drop te 11g
splits into 1ts colour compo -'

in Figure 3.39. Whaéwe ns él
components of

through a secon
the first prism?

If the second prism is arranged similarly

to the first prism, no further splitting of

white light can be observed. But, if the
second prism 1s inverted with respect

to the first prism, a beam of white light

1s observed to emerge from the other three °

side of the second prism. This means - Figure 3.42. This colour wheel is famously

the dispersed colours of white -~ known as the Newton colour wheel or

light can be recombined to form white - disc. When the disc is rotated about its axis

light, as illustrated by Figure 3.41. This

phenomenon is known as the white colour ~ a white colour. However, as the disc slows

. down, individual colours are seen again.

that,

recombination.
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. using pris

that wh rom the red, green,
and ue™fegi the spectrum are

p Q Second prism R
| Racnmbmatmn -

thte llghl
R. -:;%'Whjte light
Dmpersmn h

Q; First pnsm R P Screen

- Figure 3.41: Dispersion and recombination of

white light

~ The experiment of recombination of
~ the spectrum of light can be extended
- to observe the recombination of two or
~ more individual‘k)lours
- the first time done®by Sir Isaac Newton

This was for

mirrors. He discovered

regenerate white light.

n also observed that, when any
of the primary colours are combined,
ther colours are formed. For example,

- when blue and green lights are combined,

h cyan light 1s formed. Furthermore, green
- - and red lights combine to give yellow light

Q® l-qe passed ~ while red and blue lights combine to form
rism entical to .

'@ ~ magenta light. Newton named the colours
- that resulted from the recombination of

two primary colours as secondary colours.
Secondary colours include yellow, cyan
and magenta. He finally organized his
findings in a colour wheel showing the
three “primary colours™ separated by the
‘secondary colours” as shown iIn

at high speed, all the colours blend to form

PEE—
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GREEN Exva

Yellow BLUE

RED Magenta

Figure 3.42: 4 Newton s colour wheel

spectrum, its origin posed a mystery.

(red, blue and green) can stimulate o
one type of a receptor. Moreover, the
perceives all of the vanations in
by internally combining the s1
these receptors. Therefore,

and green light enter t
1s seen. However, w

seen and when blue and green light enter J '

the eye, a cyan light 1s seen.

e Task 3.4 bk

Use a white board to make a
Newton’s colour wheel and observe
the colours as the wheel spins at
different speeds.

‘ | PHYSICS FORM lil.indd &8
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| Appearance of objects under white light
- When one looks at an object, the object is
- seen when it reflects light into the eye of
- the observer. Objects may absorb certain
- colours of the light falling on them and
~ reflect other colours.
~ colour appearance of objects depends
- on the colour of the light that the object
- reflects or absorbs and the colour of the
- light falling on the object. The selective
~ absorption or reflection of light by an
- object gives the object its characteristic

Since magenta was not a part of the light ~ colour as perceiw.kby an observer.

This mystery was resolved by Hermann Coloured @é under white light
von Helmholtz, who established that the
human eye consists of three types of colour
receptors. One of the primary colours

Therefore, the

When I lls on an object
object’ réflects the entire colour
m cs%‘light, the object appears

rsely, the object appears
sorbs all colours of the white
falling on it. If the object reflects
of the colours and absorbs the
ers, the object appears coloured. For

example, some flowers in Figure 3.43

eyes whit t
rec%blue
i
O

light but no gre t e the eye,
magenta is seeneven @ the light lowe | _
is not magenta. Similarly, when red and of white light except their respective

green light enters the eye, yellow light 1s

appear yellow because they absorb all
other colours except the yellow colour,
which 1s reflected into the observer’s eyes.
Other flowers also absorb all the colours

colours, as seen in the Figure 3.43.

Student s Book Form Three
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White objects under coloured light

An object 1s seen white because it reflects
all colours of the white light falling on it.
Therefore, when a white object is viewed
under the coloured light, it will reflect
the coloured light and hence appear to
have the colour of the light. For example,
when a white object is viewed under the
blue light, it appears as a blue object.
Similarly, an object will appear red or
green when viwed under red or green

light respectively.

Aim: To investigate the colours
of a white object under
coloured hights

Materials: colour filters (red, yellow,
green and blue), a white
object

Procedure

1. Take filters of different colours
(red, yellow, green and blue).

2. Let the light fall on the white object
through a colour filter.

3. View the white object under the
filtered light.

4. Observe the appearance of the
white object under the filtered light
and record your observation.

Questions

(a) Describe the appearance of the
white object as seen through each
light filter.

‘ l PHYSICS FORM lll.indd 89
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(b) What happens when light from the
blue filter is passed through a green
filter?

When white light is transmitted through

a colour filter, the filter allows only a
specific light colour to pass through it.
Therefore, the filtered light will have
a colour depending on the colour of
the filter. For example, the light will
be yellow, green, blue or red if the
filter used is respectivelly yellow,
green, blue or red. Consequently, if
light from one filter is passed through
another filter of different colour, the
light is absorbed by the second filter.
Now, when the light through a filter
of a given colour falls on the white
object, the object reflects that light

into the observer’s sight. Therefore,

the object appears to have the colour
of the filtered light. Figure 3.44 shows
the appearance of a white object under

different coloured lights.
White White
object object
Red filter Yellow filter

(a) Object appears red  (b) Object appears yellow

White White
object object

Green filter Blue filter

(¢) Object appears green  (d) Object appears blue

Figure 3.44: Appearance of a white object
under coloured lights

00/03/2022 181424 ] ‘
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Primary,
complementary colours of light

secondary and

What happens when a

screen?

colours of the light spectrum can be
described in terms of the combination

of other light colours. For example,

when light from one end of the light

spectrum is combined with light from the On the oth

middle region of the spectrum in various - someti

proportions, all colours in the half of

the spectrum can be obtained. Similarly, -
when lights from the opposite ends of the _

light spectrum are combined with hg

them can be generated.

White light can also
combining only

and green (G) as shown in Figure 3.45.

Moreover, mixing together of two orall of -
these three primary colours of light with
varying degrees of intensity can produce
a wide range of other light colours. Many
television sets and computer monitors
produce a wide range of colours on the
monitor by using red, green and blue

light-emitting phosphors.

s
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physicist

simultaneously casts the blue, green and

red light beams on a spot on a white - Light colours that are formed by the

- combination of the primary colours are
- referred to as secondary colours. These

~include cyan, magenta and yellow as

Experiments with beams of different  ¢hownin Figure 3.46.

coloured lights have shown that, most

e y |

stme%lours
of light, provid e widely
separated on th&risibl&pmtmm.

Any three colours of light"that produce
white light when combined with the

correct intensity are called primary |
colours. These include red (R), blue (B)

Figure 3.45: Primary light colours

Yellow

Magenta

Figure 3.46: %ndary light colours

nd, white light can
by mixing any two
colo ectrum. Therefore,
@ co that mix in definite
@ white light are termed as

mp emdptary colours. Examples of
ntary colours are blue and
red and cyan as well as green and

To investigate the mixing
of primary colours of light

Materials: three torches, hght colour
filters, a white screen, dark
room

Procedure

1. Cover the opening of the first torch
with a green filter, the second with
a blue filter and the third with red
filter.

2. Switch on the torches and ensure
that the first torch gives green light,
the second gives blue light and the

I J

third gives red light.

PEE—
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3. Direct the torches to the white
screen such that circles of green,
blue and red light can be seen on
the screen.

4. Slowly move the torches such that
the blue and red circle intersect by
half of their size and observe the
image on the screen. Record your
observation.

5. Repeat step 4 for different
combinations of light circles on the
screen.

6. Now, combine all the three circles
such that there is a region of
intersection for all three circles.

Observe the image on the screen.

Questions

each case?

(b) What is the colour at the region
of intersection when all the three
colour circles are combined?

(c) What do your observations mean?

Different combinations of primary
colours of light produce different
secondary colours. For example, green
and blue lights combine to produce
cyan, which is the complement of
red. Green and red lights combine
to produce yellow, which 1s the
complement of blue, while blue and
red combine to produce magenta,
which 1s the complement of green.
Thus, two primary colours combine to
produce the complement of the third

\ Figure 3.47: Mixing primary colours

(a) What is the resulting colour in / -

- -

Physics for Secondary Schools

primary colour, whereas the three
primary colours combine to produce
white light. One can easily remember
the combinations of primary colours
of light by observing the circles in
Figure 3.47.

Green

Cyan

Magenta

ion and subtraction of light colours

n you look at an object and perceive
distinct colour, you are not necessarily

» seeing a single colour of light rather
~a combination of different colours.
- Consider for instance, that you are
~ looking at a shirt that appears yellow.
~ There may be several colours of light
~ with varying intensity that strike your
~ eye after being reflected by the shirt.
- Yet your eye-brain system interprets the
- colours that strike your eye and the shirt
18 perceived to be yellow. Understanding
- how different colours are perceived
- requires the knowledge of adding and
~ subtracting light colours.

~ Addition of light colours

- The production of various colours of light
by the mixing of the three primary colours
- of light is known as colour addition. The

colour addition principles can be used to

—_—
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make predictions of the colours that would |

result when different coloured lights are " The principles of colour addition govern

mixed. For example, red (R) light and the perceived colour resulting from

green (G) light add together to produce ' e mixing of different colours of light.

yellow (Y) light. Red light and blue However
light add together to produce magenta
(M) light. Green light and blue (B) light  an understanding of the principles of
~ colour
Finally, red light, green light and blue

- capable of selectively absorbing one

add together to produce cyan (C) light.

light add together to produce white light.

Moreover, addition of complementary

colours of light produces white light. The if a beam of WhT light falls on such a

addition of light colours can be described =~ Material, some H

-~ and some
~eye. Thi

by the following equations;

R+G=Y
R+B=M
G+B=C

R+C=R+(G+B)=W

\$

B+Y=B+(G+R)=

G+M=G+(R+ % &

Note that, the diagr
can conveniently
addition equaﬂ

Figure 3.48: Addition of light colours

olour
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Subtraction of light colours

understanding the colour
perceptions cannot be complete without

subtraction. Some materials
contain atoms and molecules that are
or more colours of hght. Therefore,

colours are absorbed
cted to the observer’s

sis of subtraction of
49 1llustrates light

~ light go
:@u tr * Yellow filter absorbs
' nta filter absorbs green
\Jight, an

'WR—r W

n filter absorbs red light.

W=-B-G W-B-G-R

-I i

Yellow filter
Figure 3.49: Subtraction of light colours

Magenta filter ~ Cyan filter

The process of colour subtraction

~ Consider a piece of cloth that is made of
- materials capable of absorbing blue light.
- Such a cloth will absorb blue light and
- reflect the other colours. What appearance
- will such a cloth have if illuminated with
white light and how can we account for
its appearance?

Suppose that a beam of white light made

s
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of blue, green and red colours falls on |
a shirt. If the shirt absorbs blue light, it = in the light that shines upon the object
and that ultimately becomes reflected to
our eyes. Hence, a cloth appears yellow
light will strike the observer’s eye. Since
R+G=Y, the shirt will appear to be
yellow in colour. This example illustrates
the process of colour subtraction. In this
process, the ultimate colour appearance
of an object is determined by beginning
with a single colour or mixture of colours -
and 1dentifying which colour or colours
of light are subtracted from the original

set. The process can be depicted visually

will then reflect only red and green light.
Therefore, a combination of red and green

by the diagram in Figure 3.50.

R G B R G

Figure 3.50: Process of war@ﬁ

colours

The colour subtract;
by Figure3.50 ¢ deplcted
using the colou subtr n equation:

W-B=(R+G+B)-B=R+G=Y.

Suppose that the same piece of cloth 1s
~ Yellow subtracts

- blue
consists of blue and green light, and .
| C+Y=GREENN]
subtracted. This means that the cloth will
appear to be green in colour. This process

illummated by a cyan light. Since cyan

the cloth i1s blue, then a blue light is

1s represented by the following equation:
C-B=(G+B)-B=G

This observation emphasizes the fact that,

the colour of an object does not reside

‘ l PHYSICS FORM lll.indd 93
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Figure 3.51:

in the object itself. Rather, the colour is

because it reflects green and red lights,
which must be present in the incident
beam. Generally, the rules of subtraction
of light colour are:

1. Red colour absorbs green and blue,
and reflects red colour.

2. Blue colour gbsorbs green and red,
and reﬂectsﬂile colour.

3. Gree \ff absorbs blue and red
wh. ’gb een colour.
@1 sorbs red and reflects
%yan olour (blue + green).

\nta colour absorbs green and
flects magenta colour (red + blue).

“ Yellow colour absorbs blue and
reflects yellow colour (red + green).

Q These rulesare very important concepts for

- understanding combinations of coloured

- pigments. Figure 3.51 summarizes the
- colour subtraction rules.

M+ Y=RED

Magenta
subtracts green

Pl M + C =BLUE

Cyan subtracts
red

C+M+Y=BLACK

Light colour subtraction using
idealized primary filter

PEE—
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Additive and subtractive mixing of
colours

Following our discussion in the addition

and subtraction of light colours, you

may have realized that objects can Subtractive colour mixing

have difterent colours depending on the
- creating a new colour by the removal of

combinations of light that strike our eyes.

This 1dea 1s very useful in the synthesis of
- Subtractive colour mixing occurs when

colours, which we refer as colour mixing,

Since colour-mixing uses the concepts of
~ pigments are mixed, both paints still
~absorb all of thﬂ{ colours as they did

addition and subtraction of light colours,

there are two main types of colour
mixing. These are additive colour mixing

- before being rq';xs :
~ with 1s @ colours that both paints

- reflect.

sub@ g of colours because
: (. l%ents mix, colours are
Additive colour mixing 1s the process lot Ty T
pai e&fﬂem will absorb some colours

set of colours to another set of col%s.
Additive colour mixing happ \d en ¢

and subtractive colour mixing,
Additive colour mixing

of creating a new colour by adding

lights of different colours

When we add all of the d‘nt c'
1]

of colour mixin
mixing because all of the

colours. Normally, primary colours used
in additive colour mixing are red, blue

of all of these colours yields white light,
which means all colours are reflected.
Additive colour mixing is commonly
used to generate colours on televisions

s
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~ known as RGB (red, green and blue)
- system. Activity 3.15 demonstrates the

process of additive mixing of colours.

Subtractive colour mixing is a process of
some colours from a broad light spectrum.

we mix paint pigments. When colour

thus what we are left

is therefore called

e other paint pigment reflects. This
aves a lesser number of colours that

- reach the observer’s eye. Since we only
- see light that is reflected by the paints,

of sunlight, we see w@ht r?
many individual c@ this type

ve colour yellow while secondary colours are red,

elengths still blue, and green. Even addition of primary

TOHOR Our yes bal Rueongerved eoloys - colours gives black colour, which simply

depends on the combinations of different meansall colourshiave bestiabyorbed anid

- no light 1s reflected. Subtractive colour

- mixing 1s commonly used i coloured

and green and secondary colours are ~printers and production of different

cyan, magenta and yellow. Even addition paints using a system known CMY (cyan,

- magenta and yellow) system.

the primary colours in the subtractive
colour mixing are cyan, magenta and

It 1s important to note that, each primary
- colour of paint pigment absorbs one
and computer monitors using a system

primary colour of light. The colour

PEE—
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absorbed by a primary colour paint |
pigment is the complementary colour of |

that paint pigment. That 1s,
(a) Magenta paint absorbs green light.
(b) Cyan absorbs red light.

(c) Yellow absorbs blue light.

On the other hand, each secondary colour
paint pigment absorbs two secondary

colours of light. That 1s,

(a) Blue pamnt absorbs

magenta.

(b) Green pamt absorbs yellow and

cyan.

(¢c) Red paint absorbs magenta and

yellow.

_L\“u

To explore the subtractive

Aim:
colour mixing

Materials: three colours of pamt
(blue, red and yellow),
plain white papers, a stick,
a dropper

Procedure

1. Puta few drops of blue paint on the
white paper.

2. Using a clean dropper put a similar
number of yellow paint drops on
the same paper. This makes an
even mixing ratio.

3. Gently mix the paints and observe
the resulting colour. Record this
observation.

‘ l PHYSICS FORM lll.indd 95

cyan and é

-9

< colour mixing are of paramount

b

s J

Differences

A —
4. Repeat the procedure for different

paints, different number of paint
and different mixing ratios.

Question

Explain how new colours have been
generated by mixing different paints.

When different paints are mixed, each
paint reflects the same light colours
that 1t was reflecting before being
mixed. However, in the mixture, each
paint absorbs some of the colours
that are reflected by the other paint.
Consequently, only the remaining
colours of light strike the observer’s
eye giving the mixture of paints a
different colour appearance.

1 Note that, both additive and subtractive

importance for understanding our
perception of different colours.

between additive and

subtractive colour mixing

The easy way to remember the difference
between additive and subtractive colour
mixing is that, additive colour mixing
1s what happens when we mix lights of
different colours whereas subtractive
colour mixing occurs when we mix paints
- or other coloured material. Table 3.7
- summarizes the differences between the
two-colour mixing processes.

09/03/2022 13:14:2?-' ‘
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Table 3.7: Comparison between additive and subtractive colour mixing

Additive mixing

Subtractive mixing

Definition

A process of creating a

new colour by adding
one set of colours to
another set of colours

A process of creating a new colour
by the removal of some colours
from a broad light spectrum

Primary colours

red, green and blue

cyan, magenta and yellow

Secondary colours

cyan, magenta and
yellow

red, blue and green

Colour combination

green +red = yellow

blue + red = magenta
blue + green = cyan

red + blue + green = white

white —red = cyan
white — green = magenta
white — blue = yellow

white —red — green — blue = black

Application system

RGB

CMY

Applications

Used in colour
televisions and computer
monitors

Used in colour printers, paint
pigments

of objects
conditions:

. Determine the colour appearances
in the following

(a) Yellow light falling on a shirt
that can absorb blue colour.
(b) Yellow light falling on a sheet

of paper that can absorb cyan
colour.

. Suppose that light from a magenta

spotlight and light from a yellow
spotlight are mixed together, will
white light be produced? Explain.

. What 1s dispersion?
. How are rainbows formed?

. Why do clouds appear white?

- &_Wb

. Explain why an object which
appears yellow in day light, appears
red when illuminated with red light
and black when illuminated with a
blue light?

. What 1s the difference between

secondary colour and complementary
colour in light?

. Explain the appearance of a red tie

with blue spots when observed in
(a) red Light.
(b) green light.

. Brniefly explain the two ways

of combining the colours of the
spectrum into white.

s
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~ Aconvex lens 1s a lens that converges rays

A piece of glass or other transparent of light that pass through it. Converging

material may be shaped in such a way lenses are relatively thick across their

that, parallel incident light rays passing middle and thin at their edges as shown

through it would either converge to a in Figure 3.53. At least one side of a

point or appear to diverge from a point, ~ converging lens curves outwards, but
A piece of glass that has such a shape 1s
referred to as a lens. In other words, a lens
is a transparent or a translucent medium
that alters the direction of light passing
through it. Though most lenses are made = plano-convex
of glass, it 1s possible to make lenses from  meniscus lens. These types of convex

: _ _ ~ lenses are shown ih Figure 3.53.
times, the use of plastic for making lenses

has been increasing. A lens 1s therefore
a carefully molded piece of transparent
material that refracts light rays in such a
way that an image 1s formed. Lenses can
be thought of as a series of tiny refracting

Refraction of light by lenses

various transparent materials. In recent

prisms, each of which refracts light to
produce their own image. When th

prisms act together, they produce a %

image focused at a point as @ in g

Figure 3.52.

Converging lens

Figure 3.52: A set of prisms packed to
converge or diverge light rays

Convex and concave lenses

diverging (concave) lenses.

‘ [ PHYSICS FORM lllindd 97

the common name 1s convex lenses.
Convex lenses can be further categorized
depending on their specific shapes. Types
of convex lenses include b1 convex lenses,
lenses and converging

>

/1

v

Q:nnvglanﬂ-cmwux converging meniscus

re 3.53: Tipe of convex lenses

E'
.‘ll |"\.

Arrange a convex lens and sheet
of paper on a sunny day such that
the sunlight is directed through the
convex lens and converged at specific
point on the sheet of paper. Hold the
lens at the same position for some
minutes. Observe what happens.
Discuss with your classmates on your
observation.

- Caution: Avoid looking at the Sun

~ directly or even into a refracted sunlight.
Lenses differ from one another in terms of
their shape and the materials from which
they are made. Based on their shapes, g _ ,
there are two major types of lenses. These = through it. Diverging lenses are relatively
are the converging (convex) lenses and

~ edges. At least one side of a diverging

On the other hand, a concave lens 1s a
lens that diverges rays of light that pass

thin across their middle and thick at their

00/03/2022 18:14:28 | ‘
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concave lenses.

Biconcave Plano-concave Diverging meniscus

Figure 3.54: Tipe of diverging lenses

Terminologies related to lenses

and the formation of images by lenses
requires the use of a variety of terms.

principal axis, vertical axis, focal poi
focal length, optical centre, ra(K
curvature and centre of curvature\/

If one face of a lens is thon@g asﬁ’}
a portion of a sphericalssurface, e |

- lens and virtual for a concave lens.

ough the centre
xaité&e of the

imaginary line passj
of the sphere a
lens 1s called th& prin

called the optical centre of the lens.

s
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. Note
~ allow light to
- Therefore, a

The discussion of refraction of light rays

also En

These terms describe the various parts
of a lens and include words such as the

axis of the

lens. A lens also has an imaginary vertical - object distance, ¥ and magnification, m.

line that bisects it symmetrically into two = Al these terms take the same meaning

halves. This line is the vertical axis of the = *° they were defined in the case of image

lens. The point of intersection between

the vertical axis and the principal axis is ~ illustrates the terms used in discussing

 lenses.

ol DUPLICATE
lens curves inwards, but the common |
name is concave lenses. Types of
concave lenses include biconcave lens,
plano-concave lens and the diverging
meniscus. Figure 3.54 shows the types of
- of intersection 1s known as the focal point
or principal focus of a diverging lens. In
- both cases, the focal point is denoted by
- the letter, F. The distance between the
- focal point and the optical centre is the
- focal length, denoted by the letter, /.

1s known as the focal point or principal
focus of the converging lens. On the other
hand, if the Light rays diverge, then the
diverging rays can be traced backwards
until they intersect at a point. This point

that, unlike mirrors, lenses
through either face.

has two focal points-
ide of the lens. A lens has
agi)q&gﬁnint called centre
1s the centre of the

\6h a given surface of a lens
S 1s the point on the principal
se distance from the optical
1s twice the focal length. The lens
two centres of curvatures, on each
ide of the lens. Note that, the principal
focus (focal point), F is real for a convex

onc on

[

Other common terms used in are; real
image, virtual image, image distance, v,

formation by curved mirrors. Figure 3.55

- It 1s important to note that, for thin lenses,

Light rays incident towards the face . pole and the optical centre merely

of a lens and travelling parallel to the = . ... Moreover, the plane through the

51_’111(:113::111 ;X[:S l\_mll either cnnvergt:h or principal focus, which is perpendicular
Iverge. It the ight rays CONVELSE, HIEN o the principal axis, is called the focal
they will converge to a point. This point plane

Student s Book Form Three
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Optical
centre

Vertical axis

B

Principal axis

Figure 3.55: Features of thin lenses

Images formed by lenses

Image formation by lenses 1s a result of the
refraction of light at each boundary of the lens.
As a ray of light enters a lens, it is refracted;
and as the same ray of light exits the lens, it is
refracted again. The net effect of the refraction .
of light at these two boundaries is the chfgﬁ |

in direction of the ray of light. Because
special geometric shape of a lens,
rays are refracted such that they 1

certain point, thus, forming an ymag

ages

Construction of ray diag

The way m which len f

of objects can be by s of ray
diagrams. In lagrdnty, sometimes
lenses are repr&nted &Cal lines with
an appropriate indication/to show whether
1t 1s a converging lens or a diverging lens.
Figure 3.56 shows the representation of
converging lens and diverging lenses in ray

diagrams.

Diverging lens

7

Converging lens

L

7 23
(a) (b)
Figure 3.56: Representation of converging and
diverging lenses in ray diagrams
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Some rules age to be followed when
one consmfe;qay diagrams for both
convex oncave lenses. These

rul from the principles

lgina

ctip{m ght. When a ray of
t stri e first face of a lens,
avghling from a less dense to a
edium, thus 1t bends towards

tis

de of the lens, the ray of light is now
travelling from the denser medium to
a less dense medium. Therefore, the
ray bends away from the normal as
it exits the lens. It is because of the
change 1n directions of the light rays
by a lens. Three important rules are
useful in constructing ray diagrams.
The rules are:

1. Convex lens: A ray of light
travelling  parallel to the
principal axis of a convex lens
(Figure 3.57(a)) 1s converged to
the principal focus.

£
t Q ormal. Upon exiting on the other
O

Concave lens: A ray of light
travelling parallel to the
principal axis of a concave lens
(Figure 3.57(b)) 1s diverged in
such a way that it appears to be
coming from the principal focus.
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(a)

(b)

Figure 3.57: Refraction of incident light rays that

are parallel to the principal axis

2. A ray of light travelling through the

optical centre continues to trav
along the same path for

convex and concave lenses a\
in Figure 3.58.

Concave lens

through the optical centre

PHYSICS FORM lilindd 100
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3. Convex lens: An incident ray of light

travelling through the principal focus of
a converging lens is refracted parallel
to the principal axis of the convex lens
as shown in Figure 3.59 (a).

Concave lens: An incident ray of
light that appears to travel through
the principal focus of a diverging lens
1s refracted parallel to the principal
axis. Figure 3.59 (b) shows the path
of a ray throuygh the principal focus
for concave‘l'xs

CS.

(b)

~ Figure 3.59: Refraction of light rays incident

through the principal focus

Like in the case of spherical mirrors,
any two of the light rays are enough to
- locate the image formed by a lens. The
- refraction of light produced by a lens is
~ treated as occurring at a plane through the
~optical centre, that 1s, perpendicular to the
- principal axis of the lens. Whenever rays
~ diverge after passing through the lens,

Figure 3.58: Refraction of light rays incident
° ¥ f light ray - they are extended backwards to locate the

~ virtual images.
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The location and characteristics of ::
images formed by a convex lens vary |
depending on the position of the object

Images formed by convex lens

relative to the optical centre of the lens.

One can determine the characteristics of
images formed by a convex lens when
the object is placed at various locations
relative to the optical centre of the lens by

performing Activity 3.17.

Note: The image of an object can be
obtained by drawing any two of the ray

diagrams.

-

Aim: To determine the locations
and characteristics of

convex lens for various
object positions

Materials: graph paper, sharp pencil,
ruler
Procedure

1. Choose an appropriate scale so
that the ray diagrams fits on the
available space on the graph paper.

2. Draw a convex lens at the centre of
the graph paper.

3. Draw a horizontal line passing
through the optical centre of the
lens. This 1s the principal axis.

4. Locate the points F,2E,F,
and 2F, on the principal axis as
shown 1n Figure 3.60. Choose the
focal point such that there is a
considerable distance between the

optical centre, O and the point 2F,.

‘ l PHYSICS FORM liLindd 101

images formed by a|

4
L
< axis to the point of intersection.
A
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5. Using the chosen scale, draw an
upright arrow at a point beyond
2F, point.

6. Choose a point at the head of the
object arrow and draw a light
ray from this point parallel to the
principal axis. Refract this ray
according to the rules of refraction.

7. From the same point, draw another
ray that passes un-deflected through
the optical centre. You may also
choose to draw a ray through the
focal point and refract it according
to the refraction rules.

8. Locate the point at which the
refracted rays intersect and draw
an arrow from the principal

Figure 3.60 shows the mage
formation by a convex lens for an
object beyond point 2F, .

9. Measure the object distance, the
image distance, the object size
and the 1mage size. Calculate

magnification.

10. Repeat steps 5 to 9 for different
positions of the object. That 1s,
object at point 2F,, object between
2F, and F, object at F and object
between E and O.

11. Summarise your results using a
table as one shown in Table 3.8.
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4

Questions

(a) What are the positions (image distance) of the images formed for different

object positions?

(b) Describe the nature of the images formed. That 1s, are the images for various

object positions real or virtual?

(¢) Are the images for objects at different positions enlarged, the same or

diminished?

Table 3.8

Figure 3.60

Object Image | Object
position (cm) | position | height
em | (em)

(cm)

Nature of the
image (real or

Beyond C

AtC

Between F
and C

At F

Between F
and O

The activity focused on the refraction of light and the formation of images by
convex lens. It has been observed that, depending on the object position, an image
formed by a convex lens can be virtual or real, upright or inverted and magnified

or dimmished.

A

e Task 3.6

Use a ray diagram to observe what happens when the object is located very far
away from the 2F point of a convex lens. Discuss your observations with your

classmates.

s
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S. Draw the second ray such that

Images formed by concave lens

To characterize the images formed by a
concave lens, perform Activity 3.18.

Aim: To determine the locations
and characteristics of

images formed by a
concave lens for various
object positions

Materials: graph paper, sharp pencil,

ruler

Procedure
1. Choose an appropriate scale so that

the ray diagram fits on the available
space and draw a concave lens at
the centre of the graph paper.

. Draw a horizontal line passing

through the centre of the concave
lens. This 1s the principal axis.
Locate the pomnts F, 2F, E, and
2F, on principal axis as shown
in Figure 3.61 such that there is
a considerable distance between
poimnt 2F and the optical centre, O.

. Using the chosen scale, draw

an upright arrow at a point just
beyond 2F . The arrow represents
an object.

. Choose a point at the head of the

object arrow and draw a ray from
this point towards the focal point
on the opposite side of the lens.
This ray will strike the lens before
reaching the focal point; stop the
ray at the point of incidence with
the lens.
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it travels exactly parallel to the
principal axis. Remember to
place arrowheads upon the rays to
indicate their direction of travel.
Draw the third ray to the exact
centre of the lens.

. Once these incident rays strike the

lens, refract them according to the
three rules of refraction for the
double concave lenses. That is, the
ray that travels towards the focal
point will be refracted through
the lens and travel parallel to the
principal axis. The ray that travels
parallel to the principal axis on the
way to the lens will be refracted
and travel n a direction such that
its extension passes through the
focal point on the object’s side of
the lens. The ray that travels to
the exact centre of the lens will
continue to travel in the same
direction.

. Using dashed lines, extend the

refracted rays on the opposite side
of the lens until they intersect. The
point of intersection is the image
point of the top of the object. Note
that, any two rays are enough to
locate the position of an object.

. Now, choose a point at the bottom

of the object and repeat steps 4
to 7. This way you can locate the
image of the bottom of the object.
Use an arrow to draw the image
by joining the top and bottom
points of intersection as shown in
Figure 3.61.

v
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9. Measure the image distance v, the object distance u, the image height, &
and the object height, /i . Note that, distances measured behind the lens are
considered to be negative.

10. Repeat steps 3 to 9 for different positions of the object.

I
Object v
- = |
S L : -
B Q
o u -
A i)
——
I
Figure 3.61

Questions
(a) What are the characteristics of the images formed by a concave lens?

(b) Do the characteristics of the images formed by a concave lens vary with the
change of object position?

This activity illustrates that the image positions for an object in front of a concave lens
will be located at different positions between F, and optical centre, O. Furthermore,
in case of the diverging lens, always erect, diminished and virtual images are formed.

S -

Example 3.9

, : . focal length i 2 cm.
An obiect Scmiin lengihiisplaced 5 cm and focal length is represented by 2 cm

at a distance of 25 cm away . Drawing the ray diagram for the
from converging lens of focal | provided information appears as shown
length 10 cm. Use a ray diagram | in Figure 3.62.

to determine the position, size
and nature of the formed image.

Solution
Choose a suitable scale for your [«— 5 cm ——>{«-3.3 cm—>|

ray diagram. Take a scale that,
1 cm represents 5 cm.

Therefore, the height of the

Figure 3.62

2. Thus, measuring distance of image, it
1s 3.3 cm on the opposite side of lens (real

object is represented by 1 cm, image) and height of image is 0.7 em
object distance is represented by inverted.

. s P J

s
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A, | the principal focus of a concave lens is

3. Converting using the scale we have] virtual, concave lenses have negative

(a) Distance of image values of focal length.

_3.3em x5 em —16.5 cm Activity 3.19

l cm

(b) Height of image Aim: To verify the lens equation

Materials: an  illuminated object,

_0.7ecmxSem 15 screen, metre rule, a

- | cm SR convex lens of a known
) =l focal length, lens holder
Thin Lens formula Procedure

If we represent the object distance by letter L. Set up the apparatus as shown in
u, the image distance by letter v, and the the Figure 3.63.
focal length by letter /, then the general | Illuminated

formula relating the three quantities is, | ©Piectposition  Lens
' i
i:l l Ray '
f U v box

I

Thi tion 1s called the thi '
IS equation 1s calle € 1; /I‘*”— >} v —»

formula or lens equation. It 1 fgf( Metre rule
Eﬂ§ -ﬁ

both c_ﬂnvff:rgmg and diverg@r es. Figure 3.63

equation 18 a simpler and e @le |

alternative for locati imagérrned | 2. Place the object and the screen at
by either conve onc ens. The | reasonable distance apart so that a
formula can be gﬁed @'Jmentally as real image is formed on the screen.
demonstrated in Activity 3719.

3. Adjust the position of the lens

Real-is-positive convention along the metre rule until a sharp

_ ¢ image 1s formed on the screen.
To determine the values of w and v using s

the formula, a sign convention 1s adopted. 4.
The convention is referred to as the real-
is-positive convention. When using this
convention, all distances are measured from

the optical centre. Distances of real objects corresponding values of v. Record

and real i_mages are tr_eated as_ positive your results in a table as the one
whereas distances of virtual objects and shown in Table 3.9.

images are taken to be negative. Because

Measure the object and the image
distances from the lens. By
changing the position of the object,
obtain several values of u and the

4 J

R, ==
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Questions
(a) Determine the average value of - H: :
u+v
(b) Compare the value obtained in (a) above with the focal length of the lens.
| |
(c) Plota graph of — against —-
v u

(d) Explain how you can obtain the value of the focal length from the graph.
1s the focal length of the lens.

The average value obtained from the formula
u+v
This is in agreement with the lens formula. Note that, from the formula,

1 1 1 v+u

—
—

— —
—

f u v Uy

Therefore,
uv

f=

V+Uu

: | = - T |
Alternatively, the value of f may be obtained by plotting a graph of — against—.
| V u

The graph 1s a straight line with an intercept on both axes, as shown in Figure 3.64.

1 1 1 : :
From the graph, we may use the formula, —=—+— to realize that, at y-intercept,

u v
1 : ST
—=10. So, 1.1 or f =v.The focal length may therefore be obtained by using the

u f v
y-intercept of the graph and finding its reciprocal.

Lem™) 4
v

0 —> e
u

1 1
Figure 3.64: 4 graph of — against—
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Focal length of a convex lens

The focal length of a converging lens
can be determined experimentally using

various methods. Activity 3.20 describes

one of the methods.

rg—? .
Aim: Estimating the focal length
of a converging lens by
focusing a distant object

on a screen

Materials: a converging lens, lens
holder, metre rule, plamn
paper (screen)

Procedure

1. Fix the lens on the holder and the
screen on a stand.

2. Place the screen and the lens on a
table in such a way that the light
from a distant object passes through
the lens as shown in Figure 3.65.

3. Move the screen closer or away
from the lens until a sharp image
of the distant object is focused on

the screen.
Len:
S Scree
Rays from
distant object _

Figure 3.65

4 Measure the distance between the
screen and the lens.

Question

What is the distance between the screen
k-and the lens?

‘ l PHYSICS FORM lilindd 107
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The 1mage of a distant object is formed
at the focal point of a convex lens.
Therefore, the distance between the
screen and the lens 1s the focal length
of the lens. Note that, this 1s not a very
accurate method but 1t 1s a quick way of
estimating the focal length of a convex

lens.
_ J

W

An object 1s placed 12 cm from a
convex lens of focal length 18 cm.
Using the lens formula, find the position
of the image.

Solution

For a convex lens, the wvalue of
focal length 1s positive. Therefore,
f=+18cmand u=+12 cm.

1_1.1
f u v
1_1 1
v [ u
1 B 1
18cm 12 cm
2cm—3 cm
36 cm’
~ =1
36 cm
v=-36 cm

Because the value of v is negative, the
image 1s virtual (on the same side as
the object) and 1s 36 cm from the lens.
Because the 1image 1s virtual, it 1s also
erect.

09/03/2022 18:14:36 l ‘
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An object 1s placed 10 cm from a
concave lens of focal length 15 cm.
Using the lens formula, determine the
nature and the position of the image.

Solution
u=+10 cm W
f=—i5cm | An object 2 cm high is placed 24 cm
| from a converging lens. An erect
111 - | image, which is 6 cm high, is formed.
f gL Determine the focal length of the lens.
1 1 Solution
15 106 ¥ Using the lens formula:
1 1 hy=2cm, h=6cm, u=24 cm
v 15cm 10cm 8 &
q m=——=-—
1 _-2cm-3cm _ -Scm N\ u 24 cm
v 30 cm’ 30 cm’ V Ales. e h
v=—6cm ] h,
A virtual image is formed 6 cm from < _oom 3
the lens, on the same side as the ObEcJtJ 2 cm
- | | V
Magnification by : % Thos, m== 24 cm 3
Magnification 1 ur extent to v=—72 em

which an optical

image size 1s bigger than the object size,

then the image is said to be enlarged. On
the other hand, when the image size is
smaller than the object size, the image is
said to be diminished. Magnification 1s

usually denoted by the letter m. Thus,
image height (h, )
object height (h,)

m =

‘ | PHYSICS FORM lilindd 108

stem ges the size
of an image in relation to the object. The
linear or lateral magnification produced
by a lens 1s the ratio of the height of the
image to the height of the object. If the
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Linear magnification 1s also given by the
negative of the ratio of the distance of the
image from the lens, v to the distance of
the object from the lens, # . Hence,

Vv
m=-——

i

Because the image is erect, it must be
virtual. Using the lens formula:

I 1 1
_=_+_
f u v
11 |

= +
f 24cm -72 cm

I 3em—-1lcm 2cm

f T2em’ 72 cm®

£=36cm

Therefore, the focal length of the lens
_is 36 cm.

09/03/2022 13:14:3?-' ‘
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A vertical object, 10 cm high, is placed
30 cm 1n front of a diverging lens. An
1mage of the object is formed 7.5 cm in
front of the lens. Determine the focal
length and the magnification of the
lens.

Solution

u=30cm,v=7.5cm, h, =10 cm

_l_
S ou v
= wv 30 emx (=7.5 cm) _
u+v 30 cm+(—7.5 cm)

—10 cm

S =-10cm (Negative sign indicates

that f 1s measured against the incident

ray)
eV _ —(=7.5 cm)
1 30 cm

m=0.25

=10:25

The positive value of magnification
indicates that the image 1s erect or
upright. Therefore, the focal length, f
is 10 cmand the magnification, m is

| 0.25.

V

Uses of lenses in life

Lenses have different applications m
our daily life. Convex or concave lenses
are used in medical eyeglasses for
correcting long sightedness and short
sightedness respectively. Convex lenses
are also used in binoculars, cameras,
other
optical instruments. On the other hand,
concave lenses are used in flashlights to
magnify the light produced by a bulb.
These lenses are also used in pinhole

telescopes, microscopes and

‘ l PHYSICS FORM lllindd 109

J 3

cameras of house doors to provide a view
of people or objects outside the door.
Generally, lenses are useful in designing
and constructing optical instruments;
these will be discussed in detail in the

succeeding chapter.
- T —
1. (@) Draw ray diagrams to show the
nature and position of images
formed by convex lens with a

focal length of 30 cm for the
following object distances:

(1) 15 cm (11) 30 cm (111) 45 em.

(b) Use the lens formula to
determine the nature and

position of the image formed
by the objects in (a).

2. A vertical object 10 cm high, 1s
placed 30 cm in front of a diverging
lens. An 1mmage of an object 1s
formed 7.5 cm in front of the lens.
Determine the focal length of the
lens by using a ray diagram.

3. Anobject 2 cm high is placed 9 cm
from a convex lens of focal length
6 cm. Determine the magnification,
position and nature of the formed
image.

4 A converging lens forms an
upright image that is four times the
size of the object. Given that the
focal length of the lens is 20 ¢m,
determine the object distance.

5. An object is placed 36 cm from
a converging lens of focal length
24 cm. If a real image which is
4 c¢cm high is formed, calculate the

height of the object.

09/03/2022 13:14:3?-' ‘
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A lens of focal length 15 cm forms
an upright image four times the
size of the object. Calculate the
distance of the image from the lens.

An object 1s placed at a distance of
25 cm from a convex lens of focal
length 20 cm. Find magnification
of the image formed.

Chapter summary

. The 1mages formed by curved

mirrors can be real or virtual, erect

or inverted, and enlarged or reduced
(diminished).

A convex mirror always produces a

L4

virtual, erect and diminished image. \

: O 0%
When light encounters the /

<

boundary between two different

optical media, a portion of the ™
light 1s reflected and the remainder |

i1s transmitted into the second
medium. The transmitted light
undergoes a change in speed that
causes a change in its direction. This
phenomenon is called refraction.

The change in speed and direction
of light depends on the refractive
indices of the two media.

Light travelling from a medium of
low refractive index to a medium of
high refractive index 1s bent toward
the normal.

When light passes through a
medium of high refractive index to
one of lower refractive index, total

10.

12,

13.

14.

15.

16.

INE USE ONLY
Yo | DUPLICATE

.~
6. |

internal reflection occurs if the
angle of incidence 1s greater than
the critical angle.

The use of prisms in binoculars
relies on their ability to totally
reflect the incident light internally.

Refraction of light through a glass
prism obeys Snell’s law.

The angle formed by the intersection
of the incident ray and the emergent
ray directions 1s called the angle of
deviation.

The minimum angle of deviation
by a triangular prism occurs when
the angle of incidence produces a
refracted ray that travels parallel to
the base of the prism.

Dispersion of light is the splitting
of white light into its component
colours. The split light forms a
spectrum of colours.

The spectrum colours of white light
are red, orange, yellow, green, blue,
indigo and violet.

A rainbow 1s formed as a result
of refraction and reflection of the
colours of light in rain-drops.

Colours of objects result from
reflection and absorption of certain
colours by objects.

Mixing of pigments is called
subtractive mixing of colours.
Subftractive complementary colours
combine to produce black.

Mixing of coloured lights is called
additive mixing of colours.

Student s Book Form Three
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17. Thin lenses form 1mages by

18.

19.

20.

21.

- Revision exercise 3

l.

refracting light.

There are two main types of thin
lenses. These are convex lenses and
concave lenses. A concave lens 1s
thicker at its edges than its centre,
while a convex lens is thicker at 1ts
centre than at its edges.

A convex lens converges light rays
while a concave lens diverges the
incident light rays.

A concave lens always produces a
virtual, erect and reduced image.

Ray diagrams can be used to
determine the nature and position
of an image formed by lenses.

Choose the letter of the correct

answer from the given alternatives:
(1) Which of the following

statements 1s TRUE about

the images formed by curved

mirrors?

A All real images are
reduced.

B All virtual images are
iverted.

¢ All inverted images are
enlarged.

D All real images are
inverted.

(1) A concave mirror has a focal
length of 32 em. When an
object i1s placed in front of
the muirror, a real, inverted
and half way diminished

‘ [ PHYSICS FORM liLindd 111
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v

(iii)

(1v)

image 1S formed. Which of
the following 1s likely to be
the distance of the object
from the mirror?

A 16cm

B 35cm

C 64cm

D 96 cm

A pin at the bottom of a
basin full of water appears
to be 6 cm from the surface.
Given that the refractive
index of the water is 4/3,
what 1s the actual distance
of the pin from the surface?
A 133 cm

B 485cm

C 733 cm

D 8.0cm

Figure 3.66 shows a ray of
light travelling from air to
water.

I
I
1
i
[
1
|
I
I
I

I._.|

i
1
I
1
I
I
I
I

Figure 3.66

Given that the refractive
index of water 1s 4/3, what 1s
the angle of refraction of the
ray of light?

A sin™ (f;-sm@o**)J
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5cm
10 cm

I5¢cm
20 cm

O 0O ®»

(vit) A ray of light travelling in
a transparent medium of
refractive index 77, falls
on a surface separating the
medium from air at an angle
of incidents of 45°. The ray
can undergo total internal
reflection for the following:

(v)  The Figure 3.67 shows a ray
of light travelling through
three different media.

A 11 =1.25
B 177 =133
C n=14
D =15
R = » (viii) An air bubble in glass slab
of refractive index 1.5 (near
B < normal incidence) is 5 cm
Figure 3.67 deep when viewed from one
Given that the three media ® | surface and 3 em deep when
are air, glass and water (not viewed from the opposite
in order), which medium is | face. The thickness of the
represented by letters P, Q slab is,
and R, respectively? A Sem
A Air, glass, water. C 12cm
B Air, water, glass. D 16&m
C Glass, air, water. |
D Glass, water, air. - 2. Using aray diagram, show that if an

object is placed at the focal point of

(vi) The radius of curvature a concave mirror, the image will be

of curved surface; {Erf a thin fornaed at infinity

plano-convex lens 1s 10 cm

and the refractive index = 3. Copy and complete the diagrams in
is 1.5. If the plane surface Figure 3.68 and show the images
is silvered, then the focal formed.

length will be: 4

PEE—
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Figure 3.68

Parallel light rays from a distant
star are incident on a concave
mirror with a radius of curvature of
120 cm. How far from the mirror
will the star’s image be formed?

. An object 1s placed 18 cm from

a concave mirror. An image that
1s twice the size of the object 1s
formed. Determine the image
distance and the focal length of the
MITTOT.

. A convex mirror produces an ,
image that is 22 cm behind the // 11.

4

mirror when an object 1s placed
34 c¢m in front of the mirror. What ~

is the focal length of the mirror?

A concave mirror has a focal

length of 40 cm. How far from the
mirror must an object be placed to
produce an image that 1s:

(a) twice the size of the object?
(b) half the size of the object?

(c) 40 times the size of the object?

. Two objects A and B when placed in

turn in front of a concave mirror of
focal length 7.5 cm gives images of
equal size. If the size of the object
A 1s three times the size of B and 1s
placed 30 cm from the mirror, find
the distance of object B from the
MIITOT.

9.

10.

12.

13.

14.

Physics for Secondary Schools

A motor car 1s fitted with a convex
driving side mirror of focal length
20 cm. A second motor car 2 m
wide and 1.6 m high is 6 m away
from the first car. Calculate the
position and size of the image as
seen in the mirror of the first car.

An object 1s placed 21 cm in front
of a concave mirror of radius of
curvature 10 cm. A glass slab
of thickness 3 c¢cm and refractive
index 1.5 1s then placed close to
the mirror in the space between
the object and the mirror. Find the
position of the final image formed
(you may take the distance of the
near surface of the slab from the
mirror to be 1 cm).

What happens to the image formed
by a convex mirror when the object
distance 1s decreased?

Show that, to obtain an i1mage
with a magnification of m using a
concave mirror with a focal length
£, the object distance, u, 1s given by

(m+1)f
U=
m

A rectangular glass block 5 cm
thick 1s placed on top of the page
of a book. If the refractive index
of the glass block is 1.53, calculate
apparent depth of the letters on the
book.

A ray of light is incident at an
angle of 60° on a block of glass of
refractive index 1.5. Determine the
angle of refraction of the ray.

TR .=
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15. A small coin was placed at the

bottom of a tall glass containing /A

some water and viewed from T
above. The real and apparent 2F F F oF
depths of the coin were then VA

measured. By varying the depth of

_ i _ b
the water in the jar, the following 22
readings were obtained: A\
81 [12.0]160[200] i
159 (90 | 120 15.1 FF P
By plotting an appropriate graph (©)
from the results, determine the A
refractive index of the water. T T
16. State whether it is possible or not oF : F F

to obtain a critical angle when N\

light travels from: y

(a) air to glass. / , (d)

(b) water to air. < Figure 3.69

(c) glass to air.

(d) air to water. By construction, find the nature

17. The refractive index of water and position of the image formed
is 1.33 and that of glass is 1.5. by each object.
Calculate the critical angle for: 19
(a) a glass—air interface.
(b) a water—air interface.
(c) a glass—water interface

.An object 5 ecm high 1s placed
25 cm from a convex lens with
a focal length of 20 cm. Using
the lens formula, determine the
position, size and nature of the
formed 1mage.

18. Figure 3.69 shows some objects
placed in front of or behind lenses.

% ~20. When an object is placed 30 cm

T from a lens, a virtual and erect
35 = > o lmgge ?W‘hl(:h is half the size of the
7 | object 1s formed.
(a) Explain whether the lens 1s a
(a)

concave or a convex lens.

PEE—
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(b) What is the focal length
of the lens?

When an object 1s placed
25 c¢cm from a convex lens,
an nverted image which 1s
twice as large as the object,
1s formed. How far from
the lens must the object be
placed to obtain an image
four times the size of the
object?

A beam of light consisting of

red, green and blue 1s incident
on a right-angled prism as

shown in Figure 3.70. The
refractive indices of the
material of the prism for
red, green and blue colours
are 1.39, 1.44 and 1.47
respectively. Which colour
suffers total internal reflection?
Explain.

QO\OO N\
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Blue 5
Green >
Red =

90° 45°

Figure 3.70

23. Rays of light from luminous object
are brought to a focus at point Q. A
convex lens of 24 cm focal length
is then placed 12 cm from Q so as
to intercept the rays before they
meet at Q. If now they meet at P,
find the distance QP.

24

A glass block whose refractive index
is 1.564 for sodium light is to be
used to construct a prism such that
the angle of minimum deviation for
such light shall be equal to the angle
of the prism. What is the angle of

the prism?
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Chapter Four

Optical instruments

F .
I In the modern era, one can view the stars that are billions of kilometres away

from the earth’s surface and cannot be seen by naked eves. Biologists can see
micro-organisms such as bacteria, which are normally invisible by the naked eye.
But how are these activities possible? The abilities of the human eye can be greatly
improved when the eye is aided by optical instruments. These devices are used to
help the human eye to see small or distant objects clearly. Optical instruments are
designed to use light to form images. They use various combinations of lenses,
mirrors and prisms to produce enhanced images of objects. Common optical
instruments include microscopes (simple and compound microscopes), telescopes,
binoculars, cameras and projectors. The human eye itself is the principal and
natural optical device. In this chapter, you will learn the principles of action of
different optical instruments. The competencies developed will enable you to
make correct decisions on the choice of the right optical instruments for various
purposes, properly use various optical instruments and construct your own simple

optical instruments.

i’

Simple micrus@u O
The size of an object as ;ewed by the
eye 1s determined by the size of its image
formed on the retina. The size of the
image depends on the distance from the

object to the observer’s eye and the angle

subtended by the object at the eye, called

angular size (60). If you want to look

closely at a small object such as an insect,

you bring the object close to your eye. By
doing so, you increase the angular size
and hence make the image on the retina

as large as possible. However, your eyes
cannot focus sharply on objects that are

closer than a point at about 25 cm from

- the eye. This point is known as the near

point of the eye. Moving an object closer

- to the near point of the eye, increases the

size of image on your retina. But if you
still move the object closer than the near
point, the image will be fuzzy or blurred
because the lens of the eye will no longer
focus an 1mage on the retina. Therefore,
the closest comfortable distance for

~ viewing an image is when an object 1s

at this point. Thus, an object cannot be
brought closer to the eye beyond the
near point. To overcome this limitation, a

Student s Book Form Three
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converging lens can be used to enlarge the
~ simply put it over the object to be viewed.
~ Forthe comfortability of the observer’s eye,
- the position of the magnifying glass with
- respect to the object 1s adjusted so that the
- object 1s at the focal point of the lens. This
produces a virtual, upright and magnified

A simple microscope is made of a biconvex = image of the object. Note that, the largest

lens normally held by a round-shaped frame |

with a handle. It can therefore be hand-held eye when the object is at the near point

(D = 25 cm). Therefore, for the clear and

A simple microscope is sometimes called oo o0 eie image to be formed on

~ the retina, the ma

image of an object. The object can then be
moved even closer to the eye, resulting 1n
a large 1image formed on the retina. A lens
used 1n this way forms a device known as
a simple microscope.

Structure of a simple microscope

and moved according to the user’s needs.

a magnifying glass or simply a magnifier.
Figure 4.1 shows a simple microscope.

Figure 4.1: 4 simple microscope

Mode of action of a simple m:cu@

Angle subtended
by the object (6

hji'.‘l:[

When using a simple microscope, you can

image can be formed on the retina of a naked

ifier must have a focal

length of appr ely 25 em. The image
1s formed {y when the position of
the ma the object itself 1s

tha({l* ject 1s at the focal
ying glass. In this way,
gmﬁed image such that

all f es can be observed. Figure 4.2
Qt e action of a simple microscope.

hﬁ I‘f B o !_—"‘_—rl —

Image formed
on the retina

Object at the near point

Angle subtended
by the image (@,,,...)

Image formed

e Viaenifi |
}J NGRS ~ﬁ ——__ 6{ Magnifier ‘ on the retina
by GENAL e 4 o

Image not at
the near point

|« Vv =

o L

Yy v
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Magnification

A simple microscope magnifies an
object by increasing its angular size. The
magnification produced by the simple
microscope depends on the focal length of
the lens. Lenses of short focal length give
larger magnification than those with long
focal length. In Figure 4.2(a), the object
1s at the near point, where 1t subtends an
angle @, to the eye. On the other hand,
in Figure 4.2(b), the magnifier in front
of the eye forms an image far away from
the lens; the image subtends an angle
nge at the magnifier. The usefulness of
the magnifier is given by the ratio of the
angle subtended by the image (6,,,.)

to the angle subtended by the object
(@pjec ). This ratio is called the angular

magnification, A, and 1s given by,

9:1“3;__::

\/
The angular magmﬁcall 0
be confused with Géteral
magnification, sun@ns which
1s the ratio of th ag to the

object height, /2 , given by,

ﬂb;ecl

h

I

m=—i
hy

Linear magnification 1s also given by

the ratio of the image distance, v, to the

object distance, u. That 1s:

V
m=—
U
It follows that, L i and thus v = uh ‘
U ko hﬂ

To find the value of angular magnification,

‘ | PHYSICS FORM lilindd 118
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- let the angles subtended by the object

and the image be very small such that,

SIH gubjccl = tan gubj gubj acl
smé, . =tand, ~0 . Supposethe

object in Figure 4.2, has a height 4 , and 1t 1s

placed at the focal pont, f = D =25 cm,

where it subtends an angle ¢ If the

object *

angle 6., 1s very small, then,
h
tan@ =6  =-—*%

object object D

The virtual ml%k formed by the lens

subtends a @ungle image SUch that,

2@@

.’

vy e B B, _h, D _D
Opew 4 D u h u
Hence, angular magnification,
M==

u
Using the lens formula,

1 1 1

— e e

f u v

The angular magnification 1s maximum
when the image 1s at the near point of the
eye.

Theﬂ} i = l + L
f u 25
- & 3 : < 1 1 1
Using real 1s positive, —=———
f u 25
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This implies that, u = 23
25+ f
Since M =2,and D=v,
u
25
then, M = 23 =]4+—
25f /
254 f
M=1+2
id

This 1s the expression for the angular

magnification of the simple microscope.

The eye 1s most relaxed when the image

1s at infinity. In this case, the object has

to be at the focal point of the lens. Thus,
P h, _h

nbject 5

mlage

minimum, given by,

M _ 9ﬂhjtcl — -
O, i 25
Angular DJEig‘ﬂJflCﬂtl{)Il lS
ope
simple

the magnifying powe
large as

The angular ma

microscope m{b

possible by decredsing it8fécal length f.
However, decreasing the focal length is
limited by the imperfection of the lens.
The limitation of the simple microscope
can be overcome by using a compound

MICTOSCOpE.

A smmple microscope with a focal
length of 5 cm is used to read the
division of scale 1.5 mm in size. How
large will the size of the divisions be as
seen through the simple microscope?

(R
Solution
f=5cm, h,=1.5 mm
W= e T g
f 5cm
M=
hﬂ
h =hM
h=1.5mmx 6=9 mm or 0.9 cm
Each division will appear to have a
size of 9 mm when viewed through the
simple microscope.

2 f &ad
Here the magnification is said to % re J

\. g i

;: J
Congtruction d&%ﬂlple microscope

?ﬁct a simple microscope
ple uses. Maternals that

ant 1n constructing a simple

scope include, a biconvex lens and
d box.

e Task 4.1

Construct a simple microscope

e Task 4.2

1. Fill a transparent plastic bottle with
water and seal 1t.

2. Place the bottle filled with water
on a page with texts. Observe what
happens to the letters on the page.

Uses of a simple microscope

A simple microscope has a range of
applications. The following are some of
the uses of a simple microscope:

PEE—

‘ I PHYSICS FORM llLindd 119 09/03/2022 13:14:42| ‘



= . Physics for Secondary Schools

1. It is used to view specimen in a
laboratory.

2. It 1s used by watchmakers to view
small components of a watch.

3. It 1s used to read small prints.

4. 1t is used to concentrate light rays.

-p

1. A small object is placed 3 cm from
the lens of a simple microscope.
The focal length of the lens 1s 5 cm.

(a) Find the linear magnification
produced by the simple
MICroScope.

(b) How far from the lens should
you place the object to obtain
maximum magnification of the ,

5 ecm 1s used to magnify a small
object held 4 cm from the optical
centre of the lens. Determine the
position and magnification of the
formed image.

3. The magnifying power of a simple
microscope 1s 8. What will be the
focal length?

4. A student with a near-normal point
(25 cm) reads a story book with
small fonts using a thin convex
lens of focal length 5 cm.

(a) What 1s the closest and the
farthest distance the student
can read when viewing through
the magnifying glass?

s
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(b) What are the maximum
and minimum  angular
magnification (magnifying
power) possible using the
above simple microscope?

Compound microscope

The magnification of a simple

microscope is limited to M <9 for
realistic focal lengths. This means
that, the object {\will appear 9 times
larger when, viewed using a simple

MICrosco ximum magnification.
For ex r@ ect whose size is
0 be 9 mm when

thro a magnifier. However,
@slze :of jbacteria, for example, i1s
uc than 1 mm. Thus, to see

, @ magnification larger than

Image? / quired To achieve this, a new
2. A magnifying glass of focal length [Croscope that uses two lenses in

such a way that one lens compounds
the effect of the other lens, 1s normally
used. Such a microscope 1s called a
compound microscope.

Structure of a compound microscope

A compound microscope 1S composed
of a lens system, a lighting system and
a focusing system. The lens system 1s
made up of two convex lenses. A lens
that 1s placed nearer the object 1s called
the objective lens. This lens forms a
real, inverted and magnified image of
the object. The image formed by the
objective lens serves as the object for
the second lens, which 1s known as the
eyeplece. The eyepiece functions as a
simple microscope to produce the final

00/03/2022 18:14:42 l ‘
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image, which 1s enlarged and virtual. A
compound microscope has a revolving
nose piece that allows the user to change
the objective lens according to needs.

The compound microscope consists also
of the lighting system, which may be
called the illumination system. It consists
of a light source, which can be an electric
bulb, a light-emitting diode (LED) or
sometimes natural sunlight. There 1s also
a mirror and a condenser which help
to transmit hght through an object for
viewing.

On the other hand, the compound

microscope has a focusing system. !

Coarse adjustment knobe

Fine adjustment knobe

Incljnatinnj& £

This system is made of coarse and fine
adjustment knobs, which are essential for

moving the objective lens away or towards

- the object in searching for a clear image.

The system also has the inclination joint,
which helps in tilting the microscope for
a comfortable view.

. Other parts of a compound microscope

include the body tube, which separates
the objective and the eyepiece and assures
continuous alignment of the optics. A stage
1s used for holdingthe object to be viewed
and the base suppogts the whole structure
of the mic ¢. Figure 4.3 shows
import of a€gmpound microscope.

&

v@w

)

Body tube

Revolving nose piece

Objective
Specimen stage
Condenser

Mirror
Base

Figure 4.3: A compound microscope

Mode of action of a compound microscope

A compound microscope works by using the principle that, an image formed by one
optical element can serve as the object for the second optical element. That is, an image
formed by the objective lens is used as the object for the eyepiece. The object to be
viewed is placed just beyond the first focal point £, of the objective lens, which forms
a real and enlarged image /, as illustrated by Figure 4.4.
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In a properly designed compound microscope, the image formed by the objective lens
lies just inside the focal point F, of the eyepiece. The eyepiece (or ocular) acts as a
simple magnifier and forms a final virtual image /,. The position of /, may be anywhere

between the near and far points of the eye.

-

o]
|

£\
e\

Figure 4.4: Image forma m;

Magnification of a compound
microscope

As for a simple magnifier, \g Lx |
when viewing through a%

the angular magmﬁca he

microscope is t cl 0 factors

m, ofthe objective lens, which determines

e

angular size of the virtual image seen
through the eyepiece to the angular size
that the real image I, would have if you

view it without the eyepiece.

PHYSICS FORM lilindd 122

m% microscope

and the objective lens. According
gure 4.4, the lateral magnification is,

v
m, =—
U

o

angular magnificat) ound - The object is normally placed at a point
~ very close to the focal point F, of the

Ql - objective lens, that is,
The first factor is the laterfl#hagnification  the Jateral magnification of the objective
~ lens 1s approximately taken as,

the linear size of the real image /,. The
second factor is the angular magnification
M, of the eyepiece, which relates the

u, = f . Therefore,

m, = but v=L—f.

v
-
_L-J
R 4

m

' Thereal image /, , formed by the objective

- _ ~lens is close to the focal point £, of the
The first factor 1s given by the ratio of

distance of the image formed by the |

objective lens to the distance between the = & formed by the eyepiece appears at

eyepiece, that is, u, = f_. As a result, the

00/03/2022 18:14:44 l ‘
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infinity. Although the eye can focus on an | | )
image formed anywhere between the near Task 4.3

point and infinity, it is most relaxed when = Observe the image formed by a
the image is at infinity. From the relation, =~ compound microscope, then state the
D ~ nature of the formed image.
M €=u_ then, angular magnification
1S, ) : W
D : _
M, =—, | A compound microscope consists of the
Je | objective lens and the eyepiece lens of
where _/; 1s the focal length of the | focal leng-th 12cmand 4 cim, respeCtiVEIy.
eyepiece. - | The two lenses are separated by a distance

of 30 cm. The microscope is focused
| so that the image is formed at infinity.
M = 25 cm | Determine the position of the object.

ff Solution

The overall ﬂﬂglﬂﬂf magﬂiﬁcation M Of The final in:lage is at mﬁmty and two
a compound microscope 1s the product

of the two magnifications; the lateral o

Since D 1s approximately 25 cm, then,

lenses are separated by 30 cm distance
as shown in Figure 4.5.

magnification of the objective lens ap€l,
the angular magnification of the eye i ' - 40 .om .
That 1s; \/ < ._26cm b dem
_ Objective lens Eyepiece lens
M=mM, e =4 cm

f=12 cm

M =mM, = 2% =
ov: ‘§@ '

To produce lar&tn f. and

f, must be very small c pared to L.

Final image at infinity
Therefore, L— f, = L . :

| Figure 4.5
M=mnME=L><zscm g
fo ) |From v=L-f,
Hence, | v=30cm—-4 cm=26 cm
25L .
M = ﬁ - | Using lens formula
R EE i : l_ l l 1 1 1
Note that; f, f and L are measuredin | 7 4 " v E_;+%
centimetres (cm). This expression is used 1 1 1 6 o=l i

—

- - - — - l
to determine the r_nagmﬁcatmn produced W e een a 12 e
by a compound microscope. i y
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1 14
u 312 cm
u=22.3 cm

Therefore, the object distance 1s

22.3 cm from the objective lens.
. A

Uses of a compound microscope

Compound microscopes have a wide
range of applications 1n different aspects

of lhife. Some of the applications of
compound microscopes include:

(a) Viewing laboratory small samples |
such as tissues and body fluids
to check for infections caused by

mICro-0rganisms;

(b) Studying micro-organisms and cells
\ different diameters such that the

in Biology experiments; and

(¢c) Observing the Brownian motu}n%

fluid particles. %

Figure 4.6 shows a student observing

something using a compound q& |
F .

Figure 4.6: Using a compound microscope

Construction of a simple compound
microscope

One can easily construct a simple optical

compound microscope. Activity 4.1

P Sy

< approximately 3 cm long.
2
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~ simple compound microscope using local

tllustrates the steps for constructing a

materials.

Aim: To construct a simple
compound microscope

Materials: two convex lenses, hard
mantla sheets (coloured
black), scissors, cutter,
rubber disc, drill, a film
canister or a small plastic
container, plywood, a
wooden stick

Procedure

1. Use the black manilla sheets to
construct two tubes with slightly

smaller tube can shide mto the
larger tube. Each tube should be

Fix a lens to one end of each tube.

3. Slide the small tube inside the
larger tube such that you have one
tube with a lens on both sides of
the tube.

4. Cover each side of the tube with a
rubber disc to buffer the lenses.

5. Drill a hole at the bottom of a
canister.

6. Insert the smaller tube into the open
end of the canister to about half the
length of the canister. Ensure that
the lens coincides with the hole
drilled on the canister.

7. Use a square piece of plywood or
plastic to set your base. The square
should have 10 cm sides. Attach

Student s Book Form Three
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a white sheet at the middle of the
base to act as the stage.

8. Use a wooden stick to create a
vertical stand. Make the stand
2 cm tall.

9. Attach your microscope to the
stand and try to observe different
small objects using your own
MICTOSCOpE.

Question

What is the nature of images of
different objects when viewed through
your microscope?

The intermediate image formed by a
compound microscope 1s real, inverted
and magnified.

diagram showing the formation |
of a final image by a campound
microscope at the least distance
of distinct vision.

(b) A compound microscope has an
objective lens of focal length
2 cm and eye piece of focal
length 6 cm. An object is placed
2.4 ¢cm from the objective lens.
If the distance between the
objective lens and eyepiece 1s

17 cm, find the distance of the
final image from the eye piece.

2. The total magnification produced
by a compound microscope 1s 20.
The magnification produced by the

‘ I PHYSICS FORM lilindd 125

A

\ why should

- T ——

1. (a) Draw a labelled ray<,

eyepiece i1s 5. The microscope is
focused on a certain object. The
distance between the objective
and eyepiece is 14 cm. If the least
distance of distinct vision 1s 20 cm,
calculate the focal length of the
objective and the eyepiece.

3. Suppose you have lenses A and
B having focal lengths 100 cm
and 4 cm, respectively. If asked to
choose one as an eyepiece, which
one would you opt for, and why?

4. (a) Draw a labelled ray diagram
of a compound microscope.
Explain briefly its working
principle.

(b) In a compound microscope,
the objective
lens form an image at a point
around the focal poimnt of the
eyepiece?

- Astronomical telescope

- The human eye has limitations when
- viewing objects that are very far from
- the observer. When the object 1s at a
~ distance far from the point 2F of the eye
- lens, 1ts image is formed at the focal point
- of the eye lens. However, this image is
~ extremely small and sometimes cannot
~ be decoded by the brain. How can this
~ limitation be overcome? Astronomers
-~ use a device named an astronomical
~ telescope to observe the universe and
~1ts components, which are extremely far
- from our eyes.

. Structure of an astronomical telescope

- Just like the compound microscope, an
- astronomical telescope uses two convex

09/03/2022 13:14:4?'-' ‘
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lenses: the objective lens and the eyepiece.

microscope, the objective
telescope has a large focal length while the
eyepiece has a much shorter focal length.

Since the astronomical telescope uses a
lens as its objective glass, it 1s also called
a refracting telescope. Figure 4.7 shows
- to be supported by their edges. Further, 1t
- 1s rather difficult H_ﬁd expensive to make

- such large-mgﬁ nses that may form
~ images th ree from any kind of

distortiofis’)

some parts of the astronomical telescope.

Eyeplece

Mode of action of an astronomic?

telescope \/

A telescope 1s used to p
magnification of dist
from a distant obje
lens and a real1
at the second fo

objective lens falls at the focal point of

the eyepiece. The image of the eyepiece = Tpe magnifying power

- astronomical telescope 1s given by the
- ratio of the angle g subtended by the

1s inverted and magnified as illustrated in
Figure 4.8.

Note that, the main considerations
- subtended by the object at the objective
light-gathering power and its resolution
or resolving power. The light-gathering
power depends on the area of the objective

with an astronomical telescope are its

‘ | PHYSICS FORM lilindd 126

INE USE ONLY
Yo DUPLICATE

B [E

’_______________

~ lens. However, the larger the diameter of
It also consists of a focusing system for
adjusting the sharpness and clarity of the
image. However, unlike the compound
lens of a
~ the objective lens. So the desire is to make
- astronomical telescopes with an objective

the objective lens, the fainter the image
observed. The resolving power, which 1s
the ability to observe two close objects
distinctly, also depends on the diameter of

lens of larger diameter. Nevertheless,
lenses with big diameters tend to be very
heavy and therefore, difficult to make and

AN

»| Eyepiece
ariig

lens _',’__.-’

A"

Pl . Figure4.8: Image formation by an astronomical
lens. This image becomes'the object for = ge )

the eyepiece. The position of the eyepiece
lens 1s adjusted until the image from the

telescope

- Magnification of an astronomical
. telescope

m, of the

final image at the eye and the angle &

lens. That 1s:

m=—
o

00/03/2022 18:14:48 l ‘
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Assuming that the angles are very small,
we have,

lana = & and tan S ~ S

objective lens. Thus,

h
tanag ~a =—-

o

Similarly, the angle subtended by the

angle that a ray coming from the head of
first image and travelling parallel to the
principal axis makes with the principal

i N y
The angle subtended by the object at _ ‘
the objective lens is the same as the Uses of an astronomical telescope

angle subtended by the first image at the A telescope is used to view distant objects

- such as stars and planets. It is one of the
- primary tools in the fields of astronomy
- and astrophysics

100 cm
2 cm

=

- Construction of a simple astronomical

. ; . telescope
final image at the eye is the same as the ‘

- One can easny\construct a simple

- astronomica \descope using locally
~ availabl %

axis after it passes through the lens. Then, ‘ &
) | Task 4.4

tan f= f=—

Thus,

m =

Therefore, the ma ation
by an astronomica cope_Is e ratlo |

the tlm tive lens

of the focal len
to that of the gplece©s
the distance between the two lenses,

L=jf %7 .

Find the magnification of a telescope
with an objective lens whose focal
length 1s 100 cm and an eyepiece lens
whose focal length 1s 2 cm.

Solution

‘ I PHYSICS FORM lilindd 127

Note that

7 \ Construct a simple astronomical

telescope using materials that are
locally available in your surroundings.

-&

1. An astronomical telescope In
normal adjustment has a total
length of 78 cm and produces an
angular magnification of 15. What
is the focal length of the objective
and eyepiece lens?

2. An astronomical telescope has its
two lenses 78.0 cm apart. If the
objective lens of the telescope has
a focal length of 75.5 cm, what 1s
the magnification produced by the
telescope?

3. A homemade telescope has an
objective lens of focal length
140 ¢cm and an eyepiece of

00/03/2022 18:14:4
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A
focal length 4 cm. What 1s
the magnifying power of this
telescope? Determine the

separation distance between the
objective lens and the eyepiece.

4. How would the magnification
of an astronomical telescope be
affected 1f the focal length of the
eyepiece and the objective lens are
increased.

5. An observatory telescope has
an objective lens of focal length
14 m. Suppose an eyepiece of
focal length 2 cm is used,

(a) What 1s angular magnification
of the telescope?

(b) If this telescope 1s used to ,
view the moon, what 1s the /
diameter of the moon's image
formed by the objective lens?
The diameter of the moon 15 »
3.48 x 10°m andthe radiusof
the lunar orbit is 3.8 x 10°m

0

When you visita national park, you cannot
get very close to dangerous animals, such
as lions and leopards, for safety reasons.
To closely watch such animals, one needs
to use a device that can help the eye to
see distant objects closely. An optical
device used in such a situation is called
binoculars.

Binoculars

Structure of binoculars

Binoculars can be considered as having
two telescopes that are exactly the

INE USE ONLY
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same and placed beside each other such

- that they accurately point in the same
- direction. This allows the observer to use
- both eyes when looking at distant objects.
- The main components of binoculars
~ are the eyepiece, the objective lens and
- prisms. The objective lens focuses a
~ distant object to a point near the focal
- pomnt of the eyepiece, which magnifies
that 1image. A pair of prisms mnverts the
- image so that it can be seen properly
upright by the eygs. Other parts are the
- focusing system

~ to be moyv
- shows s

ich allows the lenses

and forth. Figure 4.9

arts Q/mc-culars

ucus knob

Objective lens

Figure 4.9: Parts of a pair of binoculars

- Mode of action of binoculars

Two objective lenses are situated at
the ends of both telescopes making the

- binoculars. The purpose of the objective
- lens 1s to collect light from the object that
- the user 1s looking at and form the image

of the object at or near the focal point of
the eyepiece. The eyepiece can be thought

- of as a magnifying glass. It picks up the
- small image formed by the objective lens
~ and magnifies 1t so that the observer can
- clearly see the object.

‘ l PHYSICS FORM liLindd 128
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However, when light is refracted through
the objective, the hight rays cross over,

resulting in an upside-down mmage. The
eyepiece simply magnifies this image so

that the viewer sees the object upside-
down. This problem can be solved by

deploying a pair of prisms. These prisms

are essentially used to rotate and reflect
the image using the principle of total

and porro prisms. Figure 4.10 shows how

image inversion is achieved in binoculars.

e

Since binoculars are made
refracting telescopes, the magnifying

as 1 the case of the astronomical
telescope. That 1s;

objective lens and f, is the focal length

of the eyepiece.

Thequality ofimages formedbybinoculars
1s determined by the magnification power -

‘ I PHYSICS FORM lllindd 129
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internal reflection. To rotate the image
180 degrees, prisms are arranged in a way
that each prism effectively rotates the
image 90 degrees. Normally two types of
prisms are used in binoculars: roof prisms

and the size of the objective lens. While
the magnifying power affects the size of
the image, the size of the objective lens
affects the clarity or details of the image.
Commercial binoculars are normally

~ imprinted with information about the

objective lens size and the magnification
POWET.

A binoculars, acting as a telescope,
produces an angular magnification of

7.5. What 1s the eyepiece’s focal length
if the binoculars have an objective lens

of a focal length 75.0 cm?

Solution

<

- that require the observer to view distant

Figure 4.10: Ima@*ﬁan by N\'sms |
Magnification Q} L‘l@
two 1dentical

S 0f binoculars

eing able to focus on distant objects,
binoculars are used in various activities

objects in detail. For example, binoculars

- are commonly used by tourists to view
~animals. Also, soldiers use binoculars to
~ view the enemy camp from a far point.

_ ~ Likewise, surveyors use binoculars to
power of the binoculars can be calculated

survey and observe the landscape and

- other features.

Construction of a simple binocular
A simple binocular can be constructed

- using locally available materials.
where, f, is the focal length of the |

Use the locally available materials

to design and construct a simple

09/03/2022 18:14:50 | ‘
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binocular and use it to view various
distant objects. Discuss with your
class members, factors which may
aftect the performance of your
binoculars.

Projection lantern

In modern era, you may see that, lesson
notes are projected on a white screen so
that everybody 1n a class can see them.
Similarly, in movie theatres, movies are
cast onto big screens for better view and
enjoyment. The projection of lesson
notes and movies 1s made possible by a
device commonly known as a projector.
Although recent projectors use different
technologies, old projectors used
incandescent light sources, a conc:
mirror and a set of convex len
project large images on a dist
Such projectors are ther
projection lanterns.

Structure of a pl@l
A projection la ns iny of a
concave mirror, a palr 0 D{i) -convex
lenses, a biconvex lens anda light source.
Figure 4.11 shows some important
parts of a projection lantern. The lamp
produces light which 1s concentrated by
the concave mirror, called the reflector.
The fan helps to cool the lamp as 1t
would otherwise get very hot. The
condenser, which 1s made of a couple
refracts the

light so that a whole slide 1s 1lluminated

of plano-convex lenses,

with parallel light rays. The projection
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lens forms the image of the slide on the
screen while the focusing knob allows the
- adjustment of the focusing lens position.

Bulb Condenser lens

: Focusing knob
KN L

: | 4

Reflector 1 tk::hEE‘:

f A @ )q _i\ *Projection
- Exhaust L\ lens
 fan ﬁ% | Film slide

[ = (! ) L .
oy ~—11 “~_Levelling
Switches el

Figure 4.11: Pa f a projection lantern

of A projection lantern
Qﬂ ced at the centre

' Mode of f&é
e concave miuror. The

{éim
\3 he light back through the
The condenser 1s made up of
: Q} erging lenses which refract the
| % such that, all parts of the slide are
\ Wluminated with parallel rays. Note that,
- the image must be real so that it can be
- projected on the screen. The slide (object)
- must be placed between F and 2F of the
- projection lens so as to produce a real,
~ enlarged and inverted image on the screen.
- This is done by adjusting the projection
~lens in or out to change the distance of
 the lens from the slide. Because the image
is inverted, the slide must be placed
- upside down and laterally inverted so
- that we the upright image can be seen
~on the screen. Figure 4.12 illustrates the
~ working principle of a projection lantern.
- Note that, the size of the image formed on
- the screen is influenced by the size of the
~ slide as well as the size of the screen on
- which the slide’s image is projected.
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Projection lens

Object

Image

Figure 4.12: Image formation by a projection lantern

Magnification of a projection lantern

The magnification produced by a

of the image height to the object height.

- Uses of projection lantern

Lantern proj ecta,ﬁtue used for many
projection lantern is given by the ratio |

That ; %d diagrams during
at 1s,
h, _
m =h_ 1ctures m art and
0 t halls.
The magnification can also be given b Q
the ratio of the image distance to l@ aided with ~ some [HOTe
essories, movies can be projected

object distance. That 1s,

o
mzi e\/

A projection lantern gives the image
on the screen 24 times as large as the
slide. If the screen is 7.2 m from the
projecting lens, what is the position of

the slide from the lens?
Solution

2
m=—
u

24 = 7.2 m

u
u=03m

Therefore, the slide is at a distance of
0.3 m from the lens.
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a large screen.

Projection lanterns are coupled with
microscopes to project images of very
small objects.

- Construction of a simple projection
. lantern

- A simple projection lantern can be
- constructed at home using some locally
~ available materials. Some of the materials
are boxes, bulbs, lenses from unused
~ cameras and shaving mirrors.

0 Task 4.6

Use locally available materials in
your environment to construct a
simple projection lantern.
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Visit a nearby institution which
uses projectors for teaching or
other purposes. Observe how the
projection 1s done.

(a) Point out the differences and
similarities between current
projectors and lantern projectors.

(b) Discuss with your teacher and
fellow students the advantages
of current projectors over the
lantern projectors.

1. A projector is to be used to focus
the image of an object 35 mm
high onto a screen measuring 2 m /'
by 2 m. If the distance from the
projector to the screen i1s 10 m,
determine the focal length of the
projection lens that should be used
so that the image fits exactly on the
screen.

’.

2. A shide projector has a projection

lens of focal length 15 cm. The
projector 1s to be used to project
an 1mage of a shide measuring
S5cm X Scm  onto a screen
measuring | m X 1 m. How far
from the projection lens should
the screen be placed?

The lens camera

The camera

- enclosure™
- of a camera 1s the light-tight enclosure
~or box. A camera 1s made up of different
~ components contained inside the light-
- tight box. Depending on the components,
- cameras may take many forms including
- film cameras, digital cameras and video
- cameras. In this section, we discuss the
~ simplest form of a camera, which is
~ known as a lens camera.

- diaphragms
~ base. Fi

- ST
K
\re lease™

Qllm o y — .l_‘: /

>

| (a) Normal

1s one of the optical |
instruments that have been used since
the discovery of lenses. The word camera

T DUPLICATE

1s a Latin word that means, “a room or
. Thus, the primary component

Structure of a lens camera

utter and a mounting

- Major (:01:1:11:)4&}::1&;]&e of a lens camera
include a@zv X lens, a film, a
|

. s some parts of a
Ieu@era
‘Shutter O
button '

[,
Focusing ring

Lens

Figure 4.13: Parts of a lens camera

 The lens is the image-forming device
~in a camera. The focal length of a lens
- determines the size of the image that will

be formed on the film. Therefore,
- basic categories of lenses exist. These are:

four

lens which allows the
viewing field of approximately
S0 degrees, giving a picture that
1s normal in size relative to the
background and which looks natural
to the viewer.

s
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(b) Wide angle lens which enables
a view of 90 degrees and 1s used
when smaller objects are to be
photographed.

(c) Telephoto lens or long-focus lens
which has a wider field of view than
the normal lens. It shows enlarged
detail of the image over the same
film area. The telephoto lens has a
long reach, allowing you to capture
an object that 1s far away. You
have probably seen a photograph
where an object 1s in focus but the
background is blurred; this 1s often
done with a telephoto lens.

(d) Interchangeable lens which offers
the photographer opportunity to

0
select a focal length that is best fﬂ@ﬁ c

a given situation. In recent ye
variable focal length or “z

lenses have become very @g‘ar«

- 1is then developed to produce a photograph

The diaphragm determjn@e am

of light that passes ﬂ@gb the@ y
changing the s re. The
aperture 1s an Oé

1s adjustable. The 51ze

Iameter

measured in f~number; the larger the

number the smaller the aperture. Most

cameras use an iris-type diaphragm,

which consists of a number of very

thin metal blades. They are mounted so

that the size of the lens opening can be

changed by a rotating ring or moving
lever.

The shutter is a mechanical device that

acts as a gate, controlling the duration

R, ==
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aperture 1S

~ of time that light is allowed to pass through

the lens and fall on the film.

- A film is a light-sensitive surface of the

camera. It is normally rolled to the back

- of the camera. In most cameras, the film is

wound up on a spool with an interleaving
light-tight backing paper. However, in
a digital camera, an electronic detector
called a charge-coupled device (CCD)
array 1s used instead of a film. The digital
information 1s stored on a memory chip for

~ play back on the sc!een of the camera.

\j/a lens camera

Mode of actic

a nobject, the image

~of c mu arply focused on the
fil 5 1 &by adjusting the distance
le

the film. After focusmg

time, the shutter release button is
. The shutter opens to allow li ght to

of the object being photographed. The film

of the object. Figure 4.14 illustrates the
image formation by a lens camera.

©)—Fim
_Shutter

Lens

it Real

%& || image

Aperture

]
@:

Figure 4.14: Image formation by a lens camera
Magnification of a lens camera

The magnification produced by a lens

- camera 1S given as;

image height (4, ) B
object height (/,)

image distance (u)

”i = - "
object distance (u)
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Recalling the lens formula, 1 = 1 e 1 :
- u v

one can write;
1 1 1 u |
—=———and so, V= y , then,
v f u u—f

u u—f u u—f
Hence, m = J

Therefore, magnification produced by the

lens camera depends on the focal length

f of the convex lens used and the object
distance u.

Construction of a simple lens camera

A simple lens camera can easily be

constructed using some local materials

including the lens from unused optical

instruments. Perform the following
activity to construct your own lens camera.

W/\
A lens camera of focal length 10 cm is ‘
used to take the picture of a girl 1.5 m
tall. Determine the magnification of
the image if the girl is 11 m from the }
camera. |
Solution
f=10cm=0.1m u=11m
but m= /

u—f

0.1 m
m=
Ilm—-0.1m
=0.009 |

\

Materials: a convex lens, box,

Procedure
1.

Yo DUPLICATE

Aim: To construct a simple lens

camera

a cardboard tube, a
translucent piece of paper,
a black or opaque paper,
glue and optical pins,
pencil, ruler and scissors

Make a round hole on one side of
the box and use tape to cover the
hole with a translucent piece of
paper as shown in Figure 4.15. The
translucent paper works as a screen
for the camera.

Figure 4.15

Hold the cardboard tube on the side
of the box opposite the opening.
Draw a circle on the box by tracing
the cardboard tube.

Carefully cut the circle from the
box by following the circle drawn
in step 2. See Figure 4.16.

2
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. Cover the hole with a black sheet

. Inadarkroom, observe the image [

. Drill a few more pinholes around

. Now, tape the lens firmly to one

Figure 4.16

of paper and drill a pinhole at the
centre of the black paper. This is a
pinhole camera.

formed on the camera screen.

An inverted image should be <

formed on the screen, as shown
in Figure 4.17.

I*

-
-
-
-
-

Figure 4.17

the first pinhole and observe the
images on the screen.

open end of the cardboard tube as
shown in Figure 4.18.

‘ i PHYSICS FORM lilindd 135

Figure 4.18

8. Remove the black sheet that covers
the hole drilled in step 4 and slide
the cardboard tube into it. Make
sure that the end of the tube with
the lens is pointing outwards as
shown in Figure 4.19. You have
now made a lens camera. Use your
camera to view images of bright
objects on the camera screen.

Figure 4.19
Questions
(a) What was the nature of the image

formed on the screen of the pinhole
camera’

[ ,

I

|

[ —

1]

PEE—



Physics for Secondary Schools

(b) What happened when the number
of pinholes was increased?

(c) What factors affect the image
formed by a pinhole camera?

(d) What is the role of the lens in a lens
camera’

(e) How is a lens camera advantageous
over a pinhole camera?

A pinhole camera forms an inverted
image on the screen as light passes
through the pinhole. However, the
image 1S blurred when more pinholes
are drilled around the central pinhole.
When a lens is in place, it receives
more light and converges all the rays
from a given point of an object. This
allows a clear image to be formed on |
the screen of the camera.

Uses of cameras

The mamn function of a

take photographs %er S
cameras have 0 t1

as follows:

1sed
unctions

(a) Video cameras are used to take
motion pictures. Figure 4.20 shows

a video camera.

Figure 4.20: A video camera

T DUPLICATE

(b) Closed-circuit television (CCTV)
cameras are used for surveillance
in  high-security installations,

banks, shopping malls, offices and
residences. Figure 4.21 shows an
example of a CCTV security camera.

: Closed-circuit television

@I}mmem
() Q are used to

ture es that can be fed into

0% utdrs. An example of digital
a 1s shown in Figure 4.22.

Figure 4.22: A digital camera

;-&w

1. Aphotographer used a camera fitted
with a lens having a focal length
of 50 mm to take a photograph of
a flower that is 5 cm in diameter.
Suppose the flower 1s placed 20 cm
in front of the camera lens.

(a) At what distance from the film
should the lens be adjusted to
obtain a sharp image?

(b) What would be the diameter of
the image of the flower on the
film?

s
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(c) What 1s the nature of the lens of
this camera?

b2

You are standing at a pomnt 1.2 m
in front of a plane mirror while
holding a camera. If you wish to
take a picture of your own image,
at what distance should you focus
your camera’

3. A pin-hole camera 1s used to
photograph a person who 1s 2.8 m
tall and standing 2.7 m in front of
the camera. If the film is placed
10 cm behind the pinhole, calculate

the height of the produced ima_ge.

The human eye

The human eye 1s a natural optic
instrument that 1s exceptionally impo
for human life. It belongs to a

group of eyes found in nat led
camera-type eyes sinc opts

behaviour of the eye 1s sin@tn a
lens camera. The hu e ca%oud -

to arange of hght nmﬂw uman
r

eye looks whi wit al black
spot as seen 1n Figure 4.2

Figure 4.23: The human eye
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Structure of the human eye

The eye 1s nearly spherical and 1s about

- 2.5 cm in diameter. The front portion 1s
somehow more sharply curved and 1s
- covered by a tough, transparent membrane
~ called the cornea. The region behind the
- cornea contains a liquid called aqueous
~ humour. Next to the aqueous humour,
- there 1s a crystalline lens, which is a
- capsule containing a fibrous jelly, hard at
- the centre and progressively softer at the

- outer portlons
~ The cryst ns is held in place by
- ligame 1t to the ciliary

the lens. In front

| oﬁl n is an aperture with a
le @l ter known as the pupil.

size is controlled by the iris,
1S attached to the ciliary muscles.

1r1s 1s responsible for the colour of
e eye. It acts as the diaphragm 1n a lens

~ camera. Behind the lens, the eye 1s filled

with a thin watery jelly called the vitreous

- humour. This jelly helps to focus the rays
- of light and also maintains the shape of
- the eye.

@ After the vitreous humor, there is a
'i'.; - lining 1n the rear inner surface of the eye
- called the retina. The retina hosts some
| photosensitive cells known as cones and
| rods which respond to the light falling on
- them. Cones and rods are connected to
- millions of nerves which are later joined
- together to form the optic nerve. The
~ eye 1s protected by a tough whitish skin
~ known as the sclera. Figure 4.24 shows
~ parts of the human eye.
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Lens

Sclera
Retina

Optic
nerve

Vitreous
humour

Suspensory ligamt;fﬁ

Figure 4.24: Parts of a human eye
Images formed by the human eye

When light strikes the eye, it passes

through the comea. As the cornea 1s
shaped like a dome, it bends the light to
help the eye focus. The light through the
cornea and the aqueous humour enters the
eye through the pupil. The iris controls the *

lens works together with

focus light correctly on thg rgtina. @n
l?ugh th?&ous |

@l a. image 18

size of the pupil, which in turn determ
the amount of light that enters
Next, light passes through the

from the lens travels
humor towards
formed on theSgétina

Figure 4.25. When light h#§ the retina to

form the image, the photoreceptors on the

retina turn the light into electrical signals,

which travel to the brain through the optic

nerve.

The indices of refraction of both the

aqueous humour and the vitreous humour

are about 1.336, which is nearly equal to

that of water. The crystalline lens, while

not homogeneous, has an average index

of refraction of 1.437. This 1s not very
different from the indices of the aqueous

‘ | PHYSICS FORM lilindd 138

trated in
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and vitreous humour. As a result, most
- of the refraction of light entering the eye
~occurs at the outer surface of the cornea.

Image
formed on
0\ the retina

Light bent by
the cornea

Lens

| Comnea
% )
Object

Light bent by lens

~ Figure 4.25: !mag!l(armmfon by the human

Accom Emn@
S

bjecl t

human eye

For

en sharply, the image
xactly at the location of

@e eye adjusts to different
?\mces u by changing the focal
of its lens. This i1s because the
s~to-retina  distance, corresponding
0 v, does not change. However, this
is different from the lens camera in
which the focal length 1s fixed and the
lens-to-sensor distance 1s changed. For
~ the normal eye, an object at infinity is
sharply focused when the ciliary muscle
15 relaxed. This causes the curvature of
the lens to decrease, thereby increasing
~1ts focal length (Figure 4.26(a)). To focus

- sharply on a closer object, the tension in
the ciliary muscle increases causing the
~ cthiary muscle to contract. This causes
~ the lens to bulge, resulting into the
~increase of its curvature and decrease
of its focal length (Figure 4.26(b)). The
process by which the eye focuses on
objects at different distances by varying
the focal length of the lens is called
- accommodation.
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Relaxed muscles

Distant —
focusing

Near
focusing

(b)

Figure 4.26: Focusing distant and near objects

The extremes of the range over which
distinct vision 1s possible are known
as the far point and the near point
the eye. The far point of a norma
is the maximum distance at which the
light from the object can still b se
onto the retina. The ne nt 1
shortest distance from
the light from the ob b@sed
onto the retina. ‘ ten be blind
when the objeém cl’ the eye
than the near point. The pésition of the
near point depends on the amount by
which the ciliary muscle can increase or
decrease the curvature of the crystalline
lens. The range of accommodation
gradually diminishes with age because
the crystalline lens grows throughout
a person’s life and the ciliary muscles
become less capable of distorting a
larger lens. For this reason, the near
point gradually recedes as one grows
older. The recession of the near point is a
condition called presbyopia.
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4 6. Now move to about 4 m from the
N\ wall and repeat the process.

< all your observations.

To determine far and near
point of the eye
Materials: manilla paper, sellotape
Procedure

1. Draw a vertical line about 50 c¢cm
long on a sheet of manila paper.

2. Stick the paper on the wall.

3. Stand about 2 m from the wall and
cover one of your eyes with your
hand.

4. Cover the line by bringing the
index finger of your other hand
close to your face.

5. Without moving your finger switch
to the other eye.

7. Move as far as possible from the
wall and repeat steps 3-5. Record

Question
Explain the appearance of the line at
keﬂch of the distances.

o

. Defects of the human eye

For an object to be seen by the human eye,

~ light from the object must be focused on the

retina. However, there are cases when light

- from the object cannot be focused on the
~ retina. This arises mainly from mcorrect

distance relationships in the eye. A normal

~ eye can form an 1image on the retina for an
~ object at infinity when the ciliary muscles
~ are relaxed, and for a nearby object when
~ the cihary muscles are contracted as

illustrated in Figure 4.27. In some cases,

- the size of the eyeball 1s defective leading

to conditions known as short-sightedness

~ (myopia) and far-sightedness (hyperopia).
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retina. The most distant object for which
an image can be formed on the retina is
then nearer than infinity. Therefore, a
person suffering from short-sightedness
can see nearby objects clearly but not
distant objects. Figure 4.28 illustrates

Focal point

Relaxed muscles

myopic eye.

Lens

Retina

Thin eye lens
Contracted muscles

gy(% Myopia

Figure 4.27: Focusing of a distant and close
1 npla
opia rays of light from a

Thick eye lens

orr
W ct should be diverged before

@ e g the eye. Therefore, correcting
yopic eye involves the use of a

ncave (diverging) lens which forms the

near-sightedness) eye, the ey too
‘ image of a distant object close to the eye
lens. The image formed by the glass lens

long from front to back

with the radius of curva @ ,

(or the cornea 1s too s@ky is then focused onto the retina by the eye
n object  lens. Figure 4.29 illustrates the correction

causes the ray
nt of the | of a myopic eye.

at infinity to b ocuse
Image formed
before the retina

object by a normal eye

Short-sightedness (myopia)
In the myopic (short-sightedn

Distant object

Myopic eye
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Virtual image created by the
diverging lens now acting
as an object
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Image formed
on the retina

Diverging lens

Myopic eye

Figure 4.29: Correcting a myopic eye

Note that, lenses used for wvision
correction are usually described 1n
terms of the lens power, £ which 1s
given by the reciprocal of the focal

length expressed in metres. Hence,

p=_

f

The unit of lens power 1s the dloptre
D. Thus, a lens with f=0.5

has a power of 2.0 D, f= %
corresponds to 4.0 D, and

numbers used for the pr@ tio
the glass lenses are

expressed 1n dlopt
(hvp Q

In the hyperopic (long sightedness
or far-sightedness) eye, the eyeball is
too short or the comea 1s not curved
enough. This causes the rays of light
from a near object to be focused behind
the retina. A person suffering from long-
sightedness can see distant objects
clearly but cannot see nearby objects
clearly. The near point of the eye may
be more than a metre away making
ordinary reading difficult. Figure 4.30
illustrates the hyperopic eyes.

Long-sightedne

‘ i PHYSICS FORM liLindd 141

Cornea

Focal point

Lens

0\< Figure 4.30: Hyperopia

ote that, the myopic eye produces too
much convergence of light rays from
a distant object while a hyperopic eye
produces nsufficient convergence of rays
of light from the near object.

Presbyopia

Presbyopia is the gradual loss of the eye’s
ability to focus on nearby objects because
of old age. The term “presbyopia” comes
from a Greek word that means “old eye.”
This defect 1s normally observed after
the age of 40 years. Presbyopia is caused
by loss of eye lens’ flexibility which is
necessary to change its focal length in order
to focus objects. This results in insufficient
accommodation leading to image formation
behind the retina as shown in Figure 4.31.
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Contracted

Image formed
muscles

behind the retina

Insufficient
accomodation

Figure 4.31: Presbyopic eye
Correction of hyperopia and presbyopia

In the case of either a presbyopic or a hyperopic eye,
the near point i1s farther from the eye than norma
Therefore, to see clearly an object at a normal rcad
distance, which 1s about 25 c¢m, a conve

required to form a virtual image at or beyo %near
point. The lens converges the rays of I
object to form the image at or beyo
The eye lens then focuses the imaK
onto the retina. Figure 4.32 sw
hyperopic or presbyopic eh f\&

n of the

Image
formed

beyond
the retina

Near object

Hyperopic eye Image
Virtual image created formed
by the converging lens un_the

beyond the eye's near

‘}( |
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| Astigmatism

Astigmatism 1s the
imperfection in the curvature
of the eye that causes the
formation of blurred images
on the retina. It occurs when
either the cornea or the lens
has mismatched curves. That
is, instead of having a curve
like a round ball, the surface
1s egg-shaped. This causes the
lens¢to have different focal

when looking at the

éﬂi& object. Consequently,
ays light from the object

ed at different points
g to 1image formation
different positions on the
retina. The result 1s blurred
vision. Figure 4.33 illustrates
astigmatism. Astigmatism
is often present at birth and
may occur in combination
with near-sightedness or
far-sightedness.

Normal eye

Astigmatic eye

Figure 4.33: Astigmatism

Astigmatism can be corrected

by either using corrective
lenses or performing eye

| surgery.
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The far point of a myopic eye person is
50 c¢m in front of the eye. What is the

objects at infinity appear at the far

DO NOT DUF’-

nature and power of the lens required to | 1.1
correct the problem? |
Solution |
The concave lens should make the | Therefore,

J:"'-—

‘For object at infinity, ¥ = oo, far point of |
the defected eye, v=-50 cm

By lens formula:

4+—=
—50ecm oo =50 cm

+—=
f v u
f==50cm=-05m

power = -2.0D

:—0.5 m

Comparison between the lens camera and the human ey

\1:% e. Table 4.1 shows the

fe?m human eye.

The lens camera has many similarities with the hu
differences and similarities between lens camera and

Table 4.1: Similarities and differences betwee

.

Lens Uses convex lens Uses convex lens

Image ' The image is real, reduced and | The image is real, reduced and
mverted inverted

Light The amount of light entering | The amount of light entering the

control the camera is controlled by the | eye is controlled by the pupil
diaphragm

Image The 1image 1s formed on the special | The image is formed on the retina

point film

Focusing | Focusing is done by altering the | Focusing is done by altering the
distance between the lens and the | shape of the lens which alters its
film focal length

Image The image 1s processed chemically | The image 1s converted to electrical

processing | in a process called “Developing” | signals that travel through the optic

nerve to the brain for processing

- (g py—

1. The distance from the cornea to the
retina of someone’s eye is 2.1 cm.
Determine the effective focal

length of this eye if an objectis | | |

(a) at infinity.
(b) located 1 m away.
(c) located 25 cm away.

‘ i PHYSICS FORM lilindd 143

00/03/2022 18:14:59 | ‘

PEE—



Physics for Secondary Schools

objects beyond 100 cm. What are
the focal length and power of the
contact lens needed to correct this
problem?

A near-sighted eye can only focus
on objects closer than 50.0 cm.
What sort of contact lens will
correct this problem? Determine

its power.

(a) Differentiate between magnifying
power and magnification of a
lens.

(b) A near point of a long-sighted
patient 1s 90 cm. Determine:

(1) the focal length of a lens that

patient see clearly an object
which 1s at a distance of 25 cm

from the patient’s eye
(1) the power of the patient’s eye
(111) the magnification of the
patient’s eye lens

Optical istruments use refraction
or reflection of light to form
different types of images.

Microscopes make it possible to see
very small objects by producing an
enlarged image of an object.

A
2. Afar-sighted eye canonly focuson = 3.

\7

/
can be used to enable the '<

o8

1.

10.

INE USE ONLY
Yo | DUPLICATE

Telescopes and binoculars allow us
to see objects that are far away.

Cameras provide us with a recorded
image of an object. The 1mage can
be a still image or a moving image
(video).

Projection lanterns produce enlarged
images of objects so that they can
be projected onto a screen to allow
a large audience to see the image.

The human eye can discern colour,
judge distance and see great detail
from both near and far positions by
adjusting the focal length of its lens.

Myopia is a condition in which close
objects appear clearly, but far ones
do not. This 1s because the image 1s
formed in front of the retina.

Hyperopia 1s a condition in which
images of nearby objects are blurry,
whereby the image is formed behind
the retina.

Presbyopic is the gradual loss of
the eye’s ability to focus on nearby
objects, and it occurs because of old
age.

Astigmation is the imperfection in
the curvature of the eye that causes
the formation of blurred images. It
occurs when either the cornea or lens
has mismatched curves.

Student s Book Form Three
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sion exercise 4 |

1. Choose the correct answer from the given

alternatives.
(1) The part of the human eye that
corresponds to the film in a camera

1s the

A
B

C
D

Ir1S

pupil
retina
cornea

(ii) In the astronomical telescope, Jfo
is the focal length of the objective
lens and f 1s the focal length
of the eyepiece lens. For greater
magnification, f, shouldbe .

A
B

C
D

much larger than f
equal to f,

slightly smaller than £,
much smaller than f]

(111) Which of the following statements

18

not the reason on why a

microscope has an objective lens
of short focal length?

A

B

D

It allows more light to be
collected.
It keeps the distance between
the objective lens and the
eyepiece lens small.
It gives the microscope more
magnifying power.
It makes the image formed to
be inverted.

(1v) Which of the following combinations
of lenses can be used on a compound
microscope?
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A | Long-focus | Short-focus
converging | converging
lens lens |

B | Long-focus | Short-focus
converging | diverging
lens lens

C | Long-focus | Long-focus
converging | converging
lens lens

D | Short-focus | Long-focus
converging | converging
lens lens

. What 1s the

. When using a magnifying glass,

the image distance should be
approximately 25 ecm from the
eye for the object to be viewed
clearly. Explain.

maximum
magnification of a magnifying
glass whose focal length 1s
2 cm?

. An astronomer wants to order

a large concave mirror for a
telescope that 1s to produce high-
quality images. With explanation,
advise whether the astronomer

should order a spherical mirror
or a parabolic mirror?

. An astronomical telescope 1s

used to view an object at infinity

and has an objective lens with a
focal length of 15.0 cm. Where

must the eyepiece of focal length
0.5cm be placed to form an
image at infinity? What 1s the
total angular magnification?

——
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6. Ina particular compound microscope, (b) What could be the total

. Explain the meaning of the

10. The objective and eyepiece of a

the objective lens and eyepiece lens

are 15 cm apart. The focal length of

the objective lens is 2.0 cm, while that

of the eyepiece lens is 6.25 cm.

(a) How far from the objective lens

should an object be placed in

order to obtain the final image

of a distant vision?

(b) What 1s the total magnifying |

power of the microscope?

following terms as used in optical
instruments.

(a) Magnifying power

(b) Accommodation

over traditional ones?

9. (a) Explain how the image of an

object is formed n the human
eye.

(b) Give two defects of the human ‘
eye and explain how they can
be corrected.

(c) Describe two ways in which
a lens camera and the human
eye are similar.

(d) Describe two ways in which
a lens camera and the human
eye are different.

. Why are prism binoculars preferred \
/
|

compound microscope are 24 cm
apart. Suppose the focal lengths of
the objective and the eyepiece are
3 cm and 9 cm respectively.

(a) Where must a specimen be

located to produce a final
virtual image at mfinity?

magnification of this
microscope? (Assume a
microscope 1s used by a person
whose nearest distance for a
distinct vision 1s 25 cm).

1. A far point of a certain myopic
eye 15 50 cm in front of the eye.
An eyeglass lens 1s to be worn
to correct this myopic eye. If the
glass lens is worn 2 cm in front of
the eye, find:

(a) The focal length of the lens
that will help the wearer to
clearly see an object at infinity.

(b) The power of the lens.

12. A 1.8 m tall student 1s standing
2.5 m in front of a digital camera
that uses a converging lens whose
focal length 1s 0.05 m.

(a) Find the image distance and
state whether the image 1s real
or virtual.

(b) Determine the magnification
and height of the image.

13. Two students complain that they
cannot see objects that are closer
than 1 m from their eyes.

(a) What problem do they have?
Describe 1t using a neat
diagram.

(b) How can their problem be
solved?

(c) Determine the power of the
device that can be used to solve
their problem.

s
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Thermal expansion

|* R B
In daily life, we have experienced medical doctors measuring human body
temperature using a thermometer, and welders joining pieces of metals together:
We have also seen bridges in which metals are separated by gaps so that they
have room to expand on hot days. For the same purpose, concrete roads are built
with some gaps. All these are possible due to the application of thermal expansion
which occurs as a result of temperature change. This signifies that, thermal
expansion is important in human development. In this chapter, you will learn about
thermal energy, thermal expansion of solids, liquids and gases. The competencies

developed will enable you to use thermostats in different home appliances such as
electric irons, heaters and refrigerators, and design fire alarms.

e >

AV
O ' When an object is heated, its temperature
Me@of may rise or 1its state may change at
cle@;«e inetic

constant temperature. The object may
energy and are €Aty fion. The | also expand. Change of state and rise
movement of these partfelés inside the

in temperature can be noticed easily.

. - However, the increase in dimensions of
matter results mto thermal energy. The
thermal energy that can be transferred

 a heated solid, volume of heated liquids
from one place to another 1s termed as

and gases can be observed when heat 1s

o ~applied. For example, the diameter of
heat. If you touch a cup of boiling water,
you feel hot and when you touch cold

unheated solid metal ball i1s smaller than
object, you feel cold. Since the degree of

Thermal energy

All sohds, liquids and gz
small particles. @

the diameter of the same solid metal ball
when heated. Also. if water i1s warmed in
coldness or hotness at a particular time ! a glass flask fitted with a capillary tube
defines an object’s temperature, then heat  dipped in the water and passing through
1s a function of temperature. The energy = 4 cork, the water is seen to rise more as

possessed by a body due to 1ts temperature
is called the thermal energy or the heat

content of the body.

heating continues. Similarly, an inflated
balloon with a small amount of air

- shows an increase in volume 1f exposed

e——— y —

—

T

—_—— —
= B R - - ———
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outside in sunlight on a sunny day. These
phenomena reveal that thermal expansion
occurs when material expands due to an
Increase In its temperature.

There are three types of thermal
expansion, namely; linear expansion,
areal expansion and volume expansion.
These types of expansion depend on
the dimensions that undergo change. In
linear expansion, the length of the object
changes when the temperature increases.
It mostly takes place in solids. The areal
expansion occurs when the surface area
of a heated object is altered. It is also
called superficial expansion. On the
other hand, when heating causes a change
of volume of an object, it 1s termed as
volume expansion. Volume expansion
occurs in solids, liquids as well as gases

Sources of thermal energy

An object which produces heat\%
source of thermal energy. Ex
sources of heat are the Sun
reactors, geothermal and e

The Sun

Every day, the gy 1n the
form of heat and qurroundmg
The Sun’s heat comes within the Sun
itself. Since the Sun is a star, it is made
up of hydrogen and helium atoms. At
high pressure and temperature in the
Sun’s core, hydrogen atoms fuse to form
helium. During the fusion process, a large
amount of energy is released. This energy
reaches the earth in form of radiation
(Figure 5.1). On absorption, this energy
can be converted to heat.

The energy from the Sun can be used in
various ways. For example, passively, it

‘ | PHYSICS FORM lilindd 148
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- remains 1s called fossil fuels.

- ' DUPL|CATE

1s used 1n heating the windows, walls and
floor of our homes. In passive heating, the
heat from the Sun 1s absorbed by building
materials during the day and released when
the Sun 1s absent. Also, the solar heaters
frequently used in our daily lives absorb
Sun's energy and convert it to thermal
energy. The energy from the sun can also
generate electricity through concentrating
solar power (CSP). In CSP, the energy
from the sun is concentrated using mirrors

so as to generate high temperature. The
high temperaturﬂ produces heat in a

heat exchanggr which produces steam.
The steam&{ a turbine to produce
electrici ;3 is
=il q_ 'H
by 1001

Figure 5.1:

The Sun as a source of thermal
energy
Fuels

When materials such as wood, oil, coal
and gas are burnt, heat, light or power i1s
generated. For example, when wood 1s
burnt, the energy produced 1s used for
cooking food and heating water in homes
(Figure 5.2(a)). Cars use the mechanical
energy (Figure 5.2(b)) produced from
gasoline to travel from one place to
another, and natural gas 1s used in cooking
stoves in our daily life. Oil, gas and coal
are formed from the remains of organisms
called fossils. The fuel derived from these
However,

Student s Book Form Three
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fossil fuels emit carbon dioxide to the
atmosphere, polluting the environment
(Figure 5.2(b)).

(b)

Figure 5.2: The use of fossil fuel to produce (a)
heat energy, and (b) mechanical
energy

Nuclear reaction

Nuclear energy is generated from nuclear
reactions. In nuclear reactions, the nuclel
of certain elements are split (nuclear
fission) or combined (nuclear fusion).
When nuclear fission or fusion occurs,

FOR ONLINE U}
DO NOT DUPE

Figure 5.3: Oldonyo Lengai Volcanic eruption

Electric currents

I[fan electrical bulb 1s plugged to its holder
and a current 1s swWitched ON for about ten

minutes, theny turnéd OFF, you will feel
warm upo@gmg the bulb. The heat

you fee ’@f the conversion of
to heat energy. Some

ele | en
ppliances which produce

: - | heat
energy is released. The disadvantage Q(Qat mcr& ectric heaters, electric iron

producing heat through this process

that, it produces hazardous radi@e

by-products which pose healt &

Geothermal energy

The word geothe es %

Greek words: ge

therme, whmh%e he main
t1s oactivity 1n

source of this h

the earth's core. Heat from the core
is constantly radiating outwards and
warming rocks. The high temperature
developed, leading to rock melting, hence
forming magma (molten rock). The heat
contained 1n the magma can be released
to the surface of the earth through hot
springs, volcano eruption, and geysers
and fumaroles. This heat can also be
extracted and converted to electricity.
Figure 5.3 shows Mount Oldonyo Lengai

active volcano releasing lava (flowing
magma).

‘ I PHYSICS FORM lllindd 149

@Mc cooker. The heating elements
¢ appliances have high resistance.
en the current passes through these

lements, electrical energy is converted
into heat.

9 Task 5.1

Using books and the internet, identify
and discuss other sources of heat.
Write a report on your finding and
present it in the class.

Difference between heat and temperature
Heat of an object 1s not the same as
temperature ofthat object, so1tis important
not to confuse between these two terms.
Temperature 1s a measure of how cold

~or hot something 1s. For example, a low

temperature 1s needed for refrigerators
to function properly, whereas to boil
water or cook food, a high temperature

00/03/2022 18:15:02



Physics for Secondary Schools

is needed. Heat i1s a form of energy that
can be transferred between objects and it

our homes, heat can be supplied by solar
energy, electricity, natural gas, kerosene

and firewood. Temperature is measured
by thermometers in different scales like
Kelvin, while

Celsius, Fahrenheit or
heat 1s given in Joule or Calorie. The
differences between heat and temperature
are summarized in Table 5.1.

Table 5.1: Differences between heat and

temperature
‘Heat - Temperature
Derived physical | Fundalmental
quantity physical quantity
A measure of Degree of
the amount of hotness or
energy possessed | coldness of an
by particles inan | object
object
The SI unit is SI unit is kelvin
joules

Measured using
thermometer

Measured using
Joulemetre

Heat flows from
higher temperature
to low temperature

Temperature does
not flow

-

1.  What 1s the origin of the heat of an
object?

2. Why do you feel cold when you
touch cold objects?

3. Explain how the Sun produces
heat.

4. Suppose you are sitting near

‘ | PHYSICS FORM lilindd 150

burning charcoal. You immediately |

T DUPLICATE

| start feeling warm. Is the warmth
' : or

changes the temperature of the objects. In

you feel caused by heat
temperature? Explain.

Thermal expansion of solids

The dimensions of a solid object increase
by a small amount when heated and
decreases when cooled. This increase
and decrease cannot be seen readily. The

- kinetic theory of matter explains better

this phenomenon.

sioh of solids in terms

 Thermal expgns 5 S ‘ms
~ of the km@?{un
| @Constantly vibrate

Molecu
ab LUII positions. When

is heated, molecules gain
re energy, hence an increase
» 1IN es’ translation and vibration.

T netic energy causes neighbouring
or molecules to collide more with

Qach other. As the heating continues,

» the distance of separation between the
. molecules increases. As a result, the

molecules occupy more space. As such,

- length, area and volume increase. This 1s
expansion.

To demonstrate thermal
expansion in solids

Aim:

Materials: ball and ring apparatus,
water, source of heat,
freezing mixture

Procedure

1. Pass the ball through the ring at

room temperature, as shown in
Figure 54.

00/03/2022 181502 l ‘
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Figure 5.4
2. Observe what happens?

3. Remove the ball from the ring and
immerse it into boiling water for p
about 1 minute.

4. Remove the ball from the hot water.
5. While the ball is still hot, try to

pass it through the ring again, as
shown in Figure 5.5.

L

R, ==
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6. Record your observations.

7. Leave the ball on the ring for a few
minutes.

8. Record your observations.

9. Remove the ball and immerse it in
a freezing mixture for some time,
then pass 1t through the ring.

10. Record your observations.

Questions

(a) Did the ball at room temperature
pass through the ring?

(b) Did the heated ball pass through
the ring?

| (¢) Did the heated ball pass through

| the ring after being immersed in

% the freezing mixture?

S

WIQEé ball and ring are at the same
rature (room temperature), the
fits into the ring and passes through.
hen the ball 1s heated and the ring 1s
r  not heated, the ball does not fit in the ring
- since its volume increases and 1ts diameter
becomes larger. This makes 1t not to pass
- through the ring. This demonstration
shows that, solids expand when heated.
- For the heated solid, the kinetic energy of
- the particles 1s increased. This makes the
- particles to vibrate faster and with greater
~ amplitude. As a result, the particles move
further apart, hence, the volume of the
- solid increases. See Figure 5.6.

0000 , f , :
0000 —» © © © ©
0000 6 & O O

(a) (b)
Figure 5.6: Particles of a solid (a) at room

¥ temperature and (b) when heated

——
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If the ball 1s immersed 1n a freezing mixture, it will pass through the ring easily. This
is because the amplitude of the vibrations of the solid particles is decreased and cause

the distance of separation between neighbouring atoms to decrease. This results 1n a
contraction of the length, area or volume of the solid.

Aim: To demonstrate the contraction in solids
Materials: source of heat, bar-breaking apparatus, cold water

Procedure

1. Loosen the wing nut and remove the cast-iron pin from the bar-breaker shown
in Figure 5.7.
A

Wing nut —f"-\ \\ Steel bar

: - Tﬂ.l
\ ' \
. ) = \

r?.r".?'r’(f f
. ~
; |
p P

Try to break the pin with your hands.

|
1| /—Cast-iron pin

N\
nd |

Figure 5.7

Fit the cast-iron pin in the steel bar through the hole.

Tighten the nut, but not too tightly as to break the pin.

Using two Bunsen burners, heat the steel bar strongly and keep tightening the
nut as you apply more heat.

6. Continue heating for about five minutes and then allow the bar to cool.

7. Pour some cold water on it so that it cools faster.

T I =

8. Observe what happens to the bar.

Questions

(a) Is it possible to break the pin using bare hands? Explain.
(b) What happened to the cast-iron pin on cooling the bar?

A bar-breaker is made up of a strong iron frame that holds a steel bar. One end of
the bar is threaded and fitted with a wing nut, while the other end has a hole. A
cast-iron pin 1s inserted in the hole as shown 1n Figure 5.7. When the bar i1s heated,

W A
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e
it expands and the wing nut screwed
to tighten the bar. About 30 seconds
after the heating is stopped, the cast-
iron pin snaps. The pin breaks due to
contraction force which pulls it as the

steel bar cools.
\ J

Linear expansion and expansivity of
solids

When engineers construct metal bridges
and railway lines, they must calculate
the extent to which the length of metals
changes when heated or cooled. This
will enable them to set accurate length
of the metal and avoid breakage and
buckling of the metal. The buckling and
breaking of the metals would damage

the bridges or railway lines. The amou
by which the length of the metal chang&/

when heated or cooled is termed a\ e :0 AL

linear expansion of the metal. \/ &

of the metal Q e
through which ma
Suppose a metal with o

heated.
inal length,

l,, at a temperature, 6, is heated to a
temperature &, . If the length changes to

/, at temperature @, then ifs increase in
length is given by Al =/ -/, as shown
in Figure 5.8.

|-I f” >

|-l

Figure 5.8: An increase in length of a
heated rod
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The temperature changes 1s given by:

A0 =6, -6,

Note that, the change in length is directly
proportional to the original length of the
object and the change mn temperature.
Therefore, increase in length is given by,

(l,—1,)xc,AG

(4, =1 )=al AO

where ¢ isthg conStant of proportionality
called coathiey

& f linear expansion or
@mi@he value of a 1s

linear

Generally,

increase in length

—

- original length x rise in temperature
Therefore, coefficient of linear
expansion or linear expansivity can be
defined as the increase in length of a
body per unit original length when its
temperature rises by 1°C or 1 K. The
SI unit of linear expansivity is per kelvin
(K" ) or per degree centigrade (“‘C"*t )

09/03/2022 18:15:0 |
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A block of concrete 5.0 m long expands to 5.00412 m when heated from 25 °C to
100 °C . Determine the linear expansivity of concrete.

Solution

increase in length

Linear expansivity (a)=——- — -
original length x rise in temperature

,__ 500412 m-50m
5.0 m x (100 °C—25 °C)

=0.000010986 /°C or 1.1x 107 /°C

Therefore, the linear expansivity of concrete is 1.1 x 10~ /°C.
. J

A brick 30cmx18cm x10cm is | =9 AN bRl

at 20 °C. If the brick is heated to a | { Dimension of width is given by:
temperature of 150 °C, what will be \
1ts new dimensions? (The coefficient :,

of linear expansion of concrete is |

w=0.18m+1.2x10°K" x0.18 m x 130 K

=0.1803 mor 18.03 cm

12x10°K™") < o _ _
N Dimension of height is given by:
Solution L
o h=01m+ 12x10°K"' x0.1mx 130 K
S
“TIne | =0.1002 m or 10.02 cm

L=l+alAOor I, =1(1+aAf) | The new dimensions of the brick will

be 30.05 cm x 18.03 cm x 10.02 cm .
This expression can be used to

determine each of the new dimensions
of the brick. In each case, the|
temperature change, A@ is given by: " W
| An iron plate at 20 °Chas a hole of
AO =6 -6, | radius 8.92 mm in the centre. An iron
—150°C — 20 °oC | rivet with a radius of 8.95 mmat 20 °C
| 15 to be inserted into the hole. To what
temperature must the plate be heated

Dimension of length is given by: | for the rivet to fit into the hole? (Linear
| expansivity of iron is 1.02 x 10°K™" ).

L\ J

=130°C or 130K

[=03m+12x10°K" x 0.3 mx 130K/ |

" g | 9 J

PEE—
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Solution
Given @=1.02x10°K "',

r, =8.95 mm, 1, =8.92 mm, required
to find AQ.
From the
expansivity,

Ag=2""

expression for linear

ar,

_ 8.95 mm—-8.92 mm
1.02 x10°K " x 892 mm

=329.7K
Final temperature 1s
0, = (293+329.7)K =622.7K or

8, =20°C+329.7°C=349.7°C.

This 1s the temperature at which the
iron plate must be heated. Linear
expansivities of solid materials range
between 273 K to 373 K. Table 5.2
shows the values of linear expansivities
of some substances.

Table 5.2: Linear expansivities of
some substances

@bﬁﬁmg *“"’"‘-” ity,
' Aluminium | o
Brass 19
Concrete 1
Copper 17
Steel 1
Iron 10.2
Glass g5
Pyrex glass 30
Silica 0.42
Diamond ]

| Invar 0.9

s 1
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Aim: To compare the expansion

of different solids

Materials: brass, steel, alumimium
and copper rods (of the
same dimension), scale,
Bunsen burner, retort

stands, clamps
Procedure

. Set up the apparatus as shown in
Figure 5.9.
S

Brassrod ° teel rod
R __Retort
_ stand

l:'_2 ﬁ%_r' 7 1

Heat —Pointer
'f] %&i — Scale
— =

Steel

Figure 5.9

Make sure the pointers are tied to
the rods using pieces of wire made
from the same material and are
initially at the same point on the
scale.

2. Heat the brass and steel rods
uniformly around the centre and
note any change in the position of
the pointers.

3. Record the value of the expansion
produced in each rod on heating.

4. Repeat steps 1-3 using the copper
and aluminium rods.

Questions

(a) How do different metals expand

with time?

(b) Arrange the metals in order of

mcreasing rate of expansion.

00/03/2022 181508 | ‘
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When equal lengths of different materials
are heated through the same temperature
change, they expand by different
amounts. Brass, for instance, expands
more than an equal length of steel rod.
Expansion of different solids can be
further demonstrated using matenals like
bimetallic strip.

Areal expansion and expansivity of
solids

The area of a heated solid increases with
an increase in temperature. The amount
by which a unit surface area of a solid
expands for a unit temperature increase 1s
called the areal expansion or superficial
expansion.

temperature 6. When the temperature/
of the metal plate is raised to temperature

0,, the area of the plate increases to A, 350

shown in Figure 5.10.

W W W W, —
e e R R SR R e B R S e R R R e e e e e e e B e e e

@‘?/

Consider a thin metal plate of area A, at 0

T DUPLICATE

So, increase in temperature, A@ = 6, — 6,
and the increase in area, Ad =4 — 4,

But the change 1n area 1s proportional
to the original area of the object
and the change in temperature thus,

AAd = A,AO
AI - Ao oa AuAB
~ 4y = BAAG

where [ isg constant of proportionality

called cqeffictent of superficial expansion

or aé([mnsivity. The coefficient of
al

su@ ' «®usion can be expressed
C)?N h= AOAH

SI unit of coefficient of superficial
pansion is per kelvin (K“l) or per

degree centigrade (°C” )

There 1s a close relationship between
coefficient of areal and linear expansion,
Assume the steel square has sides of
length /. The original area, 4, =1 and
the new area after a temperature increase,

A=A, +Ad=(I+Al) then,

Ad =4~ 4,
=(I+Al) =P =P +2(A)+ (A1) =P
=21(Al)+(Al)

But, Al =laA@ . so (/_\J) =l*a* (ﬁ«.t’?)
Ad =2 aAO+a’l’ (AB)

Since a 1s very small, a term containing
a’ is neglected, so that,

Student s Book Form Three
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AAd =21 aA6
AA =24,aA0

Remember A4 = 4,AO then f=2a.

Therefore, the coefficient of areal
expansion is twice the coefficient of
linear expansion.

An engineer has one piece of metal
plate only to be used n fixing a gap on
a metal bridge. If the steel plate has area
of 0.8m"at 25 °C, by how much must
the engineer raise the temperature of the
steel plate for it to fit a gap of 0.804 m*?
Use coefficient of linear expansion of

steel as 0.000012 °C-'.
Solution
ﬂ - Al _'AU
A0
&9 - AI _ACI
4,
Since B=2a,

~ 0.804 m*—0.8 m"
~ 2x0.000012°C™" x0.8 m?

AO =208.3°C

The temperature must be raised by
208.3°C.

W, J

Volume expansion and expansivity of
solids

When a solid 1s heated, its volume
changes in response to the temperature
change. The volume increases as the
temperature of the solid increases. This
means that, the particles in the solid are
free to move in three dimensions (length,

‘ i PHYSICS FORM lilindd 157
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UPl
width and thickness), pushing each other,
and increase the distance of separation
from each other. The degree to which
the volume of an object changes with
the change in temperature is called the
object’s coefficient of volume expansion
(volume expansivity). It 1s also called the
coefficient of cubical expansion (cubical
expansivity).

Let the mitial volume of an object be
V, at a temperature ¢,. If the object is
heated to temperagure &,, its volume will
increase to V) f:l?EOWD in Figure 5.11.

- [ .

The change J\wt!nperature of the object
will be I—Q;nd the change in
volupe be V.

Vol MR s

-

Figure 5.11: Cubical expansion of a solid

The change in volume 1s proportional to
the original volume, AV o V. Also, the
change in volume 1s directly proportional
to the change in temperature, AV oc AG .
Depending on the material of an object,
the change in volume 1s given by,

V.—V, <V AQor V.-V, =yV Al

_ Vl B Vn
v AG

Y
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where » 1s the coefficient of volume
expansion of a solid. If the object is in
a cubic shape, then y is the coefficient
of cubical expansion. The coefficient of
cubical expansion can also be related to
coefficient of linear expansion.

Consider the volume change
AV =V, =V,
But V=1
AV =(l,+Aly -1
AV =17 +31 A1+ 3IAF + AP -1

But Al =al A0

AV =31 an0+31 e (AG) +a'l} (AG)

Neglecting all terms containing ¢° and

a’. @
AV =31 A \%

Also, AV =1yA8 . :
Therefore, y =3a. Q~ %

The diameter of an aluminium sphere
at 20 °C 15 2.5 em. If its diameter
increases to 2.51 cm when heated, what
18 the final temperature? The coefficient
of linear expansion of aluminium is
2.6 x107°C™.

AV =1} Ga)A8

Solution
Vs =;’i x 3.14 x (1.25 cm)’ =8.18cm’
4 ' 3 . 3
Vi =1 x 3.14 x (1.255 cm)” =8.28cm

Q 176.7 °C.

T DUPLICATE

A
V. ¥

| {

V AO

}r:

But ¥ =3«

8.28 cm’ —8.18 cm’

6,=20"°C+ Sopd Lo 3
3x26x107°CT" x8.18 cm

i

=176.7°C

Therefore, the final temperature is

Applications of expansion of solids

[f an expanding or contracting object 1s
restricted, it sets up a very large force.
This force needs to be avoided as it can
break or fasten an abject. The concept of
expansion helps in creating expansion
joints. An expansion joint allows
an expanding object to settle in. The

application of expansion in solids can
be demonstrated in the bimetallic strips
and riveting.

Bimetallic strip

A bimetallic strip consists of two
different metals that expand at different
rates when heated through the same

Student s Book Form Three
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temperature change.
such metals 1s brass and steel. The strips
are bonded together throughout their
length. When heated over the entire
surface, the strips curve. The metal that
expands faster forms the outside part
of the curve (convex shape) while the
one that expands more slowly is on the
inside of the curve (concave shape). On
cooling, brass contracts faster than steel.
The bimetallic strip therefore bends
towards the brass side. In this case brass
will acquire concave shape and steel will
acquire convex shape (Figure. 5.12).

Brass

Steel @

in thermostats that are usen a variety of

devices. A thermostat 1s a device used for
maintaining a steady temperature range.
It 1s basically a thermometer attached to
a switch. It 1s used to turn a device ON
or OFF when the thermometer reaches
a certain temperature. Long bimetallic
strips are coiled into spirals which makes
them more sensitive to small temperature
changes. Thermostats are wused In
many appliances such as electric irons,
heaters, refrigerators, air conditioner,

‘ I PHYSICS FORM lllindd 159

An example of

thermometers and fire alarms. Figure 5.13
illustrates fire alarm

Contact
fron 7 open Electric bell
Brass
OO0
Power

Electric bell

ognre 5.13: A simple fire alarm circuit

t room temperature, the iron and brass
are of the same temperature, and the
strip 1s not making contact to complete
the circuit (Figure 5.13 (a)). At this
temperature, no current 1s flowing through
the circuit and the bell does not ring.
When there 1s fire, the temperature rises
and the strip expands. Since the brass
expand faster than iron, the bimetallic
strip bends towards the iron. The bending
towards the contact completes the electric
circuit (Figure 5.13(b)). This triggers
the electric bell. On cooling, the brass
contracts faster than iron.

An electric iron also uses a bimetallic
strip as a mechanism of controlling the

~ heat supplied to it. Figure 5.14 shows the
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PEE—



Physics for Secondary Schools

principle of operation of the bimetallic
strip in an electric iron.

Control knob

Insulator
Bimetallic strip

|

Contact—=

."-.'_

To socket

Base

Figure 5.14: An electric iron

At moderate temperature, the contact
point remains in physical contact with a
bimetallic strip. When the temperature
of iron rises, the strip begins to bend in
the direction of the metal with the lower
coefficient of expansion. As a result,
the strip loses physical connection wi
the contact point, the circuit then o

and current stops flowing. As the\ uit :!

remains open for a certain

temperature falls, the strj % ’{
original shape, and

e

In a bime'talQ ;z & :
temperature 1s measuredhbased on the

different thermal expansions of the
material of the strip. When the temperature
increases, the metal strip bends due to
different degrees of expansion. The extent
to which the metal bends, 1s a measure
of the temperature and can be read on
a calibrated scale. The bimetallic strip
used in thermometers is normally wound
into a flat spiral. Figure 5.15 (a) and (b)
show a bimetallic spiral and thermometer
respectively.
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(a)
Figure 5.15: Bimetallic spiral and its

thenqjm
An increase YE‘: perature makes the

spiral cur ¢ clockwise direction,
forcing @ po' to move over a
~cali ed sc etallic thermometers

recordmg thermometers

0 attachga pen to the pointer. The pen

ed in such a way that, 1t marks

q’ evolving chart. One advantage of
imetallic thermometer 1s that, i1t can
used to measure a much wider range
of temperatures than the liquid-in-glass
thermometer. Bimetallic thermometers
are used to record temperature of
inaccessible structures such as the
temperature 1n marine ships, acroplanes
and engines of vehicles.

Construction of railway lines

One of the most common and oldest
applications of the knowledge of
expansion of solids 1s in the construction
of railway lines. Gaps are left between
successive rail bars to allow for expansion
durmg hot weather. Two successive
pieces of rail can also be connected with
a fishplate to form an expansion joint as
shown in Figure 5.16.

009/03/2022 18:15:12 l ‘
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Fishplate

Expansion
joints

Flgure 5 16: Expansion joint and fishplate in a
railway line

Alternatively, the raill bars are left

with slanting edges in order to form an

overlapping joint. A small space is left

between the two edges

Construction of bridges and house roofs

Bridges and house roofs made of

steel girders also need allowance for
expansion. A common method of

allowing for the expansion in bridges ™\

1s to have one end fixed while the o
end rests on rollers (Figure 5.17):
allows movement in both dire
Roofing iron sheets on the ot
corrugated (made of ridg

allow for safe expansio 0
If roofing iron sheéwere = they

would twist and @t the@ls due to
ractiQe’

expansion and

Fixed
end

Free
end

Flgure 5 17 4 steel bridge with rollers to
allow for expansion

Installation of telephone cables and
electrical transmission wires

Overhead telephone cables and electrical
transmission wires are loosely fixed on

the poles during installation to allow free

‘ I PHYSICS FORM lilindd 161

contraction and expansion. The cables
therefore appear stretched during cold
morning and loose during hot afternoon
as shown in Figure 5.18 (a) and (b)
respectively.

(b)

Figure 5.18: Appearance of an overhead
telephone cables on (a) cold

morning and (b) hot afternoon

Riveting

Another application of the knowledge of
expansion is in the riveting of metals. The
rivet is fitted when it is hot and is then
hammered flat. On cooling, 1t contracts
pulling the two plates firmly together. See
Figure 5.19. Furthermore, train wheels
are fitted with steel tyres which must be
changed from time to time due to wearing
out. To fit them tightly, the tyres are fitted
when red-hot. On cooling, they contract

and fit very tightly and therefore do not
require screws and nuts.

09/03/2022 18:15:1
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5. Explain the working principle

Figure 5.19: Riveting

‘Task 5.2

Identify other devices that apply the
principle of bimetallic strip, then
describe their mode of action. Present \
your work in the class.

-&-W-‘C

In the following questions, use
constants provided in Table 5.2 where

necessary.
=

Use kinetic theory to explain why
solids expand when heated.

Heat originates from the collision
of particles. Justity.

Explain why a glass container with
thick walls 1s more likely to crack
than one with thin walls when a
very hot liquid 1s poured into each
of the glasses.

A compound metal bar made of two

strips, one of steel and another of
brass bend when heated. Explain.

4

of a fire alarm and bimetallic
thermometer.

. A brass plate has a hole whose

radius 1s too small for an iron rivet
to fit in. Explain two ways the rivet
can be made to fit in the hole.

. An aluminium lid on an ordinary

glass jar fits so tightly that it cannot
be unscrewed. Should the jar and
lid be immersed in hot water
or cold water to loosen the lid?
Explain your answer.

. Figure 5.20 shows a bimetallic

thermostat used to regulate a
cooler and a heater in a classroom.
The metal on top expands less
than the metal below. To keep the
temperature in the room constant,
which of the two devices, A or B,
should be the heater? Explain your

dnswer,
[;t

[ 2

B

Figure 5.20

9. A steel tower has a height of

32400 m at a temperature of
18 °C. How tall is the tower on

a day when the temperature is
35.°G7

Student s Book Form Three
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10. A road is made of concrete slabs
separated by expansion joints.
Each slab 1s 25 m long. If the
temperature of the road wvaries
from —15 °C to 45 °C, how wide
should the expansion joints be?

12. Two poles are 50 m apart. An
aluminium cable of length 50.1 m
and at a temperature of 25°C is = the pa
clamped between them. At what an

@ re
: ; Starémg closer together. The
temperature would there be no sag ‘$ ongract§, occupying less space and
NsQ the v

r |
13. A brass rod of length 0.997 m at ¥

20 °C 1s hung from a steel frame
with a height of 1.00 m at 20 °C
as shown i Figure 5.21. At what
temperature would the brass rod
just touch the floor?

FOR ONLINE U}
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For this

in the wire?

[
==t

Aim:

‘ 1

14. The linear expansivity of brass is

0.000019 K. Explain the meaning | in
of this statement.

T | [E— R tubing, rubber cork,
hot waterbath, retort
Brass stand, marking pen,
i 0.997 m [ water, source of heat
— Steel Steel — Procediire
1. Pour water in a waterbath.
‘ Floor | 4 _ | _
2. Fill the flask with coloured water.
Figure 5.21 | 3. Push the rubber cork with the

N

Materials: round-bottomed flask

glass tubing fixed through it until
the water rises to some height

Figure 5.22.

Thermal expansion of liquids

Unlike solids, heating liquids requires
~ the liquid to be poured into a vessel. The
liquid takes the shape of the container.

reason, a liquid has no length or

~area but has only volume. The increase

~in volume of the heated liquid is called
11. A copper pipe of length 100 cm at thermal
15 °C increases its length by 0.15%
when steam at 100 °C passes
through. Find the coefficient of

linear expansivity of copper.

expansion. When the liquid 1s

heated, the average kinetic energy of the
. particles increases. The heating causes
liquid molecules to move faster and further
~ apart hence occupying more space. This
~ results into volume'increase, and a liquid

~1s said to e& When liquid 1s cooled,

eir kinetic energy

decreases.

To observe the expansion
of water

(500 cm’), potassium
permanganate, glass

the glass tubing as shown in

‘ l PHYSICS FORM lilindd 163
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Glass tubing
Water level before heating
Rubber cork

Clamp

Coloured water

Round-bottomed flask
Waterbath

Gauze

Tripod stand
Source of heat

Figure 5.22

4. Mark the level of water in the glass tubing.
5. Place the flask in the waterbath and heat the waterbath for some time.
6. Carefully observe the level of heated water in the glass tube.

Questions

1. Explain your observation on the level of water in the glass tubing as the water
in the flask was heated.

2. How can the level of heated water be compared to that of water that is not
heated?

The water level will first drop due to an increase in the volume of the flask on being
heated. The increase in volume is due to the expansion of the glass. The level of
the water will then rise as the flask remains in the hot waterbath. This i1s because
the molecules of water acquire more kinetic energy. The kinetic energy moves
the molecules far apart inside the flask, resulting in increased water volume. The
expansion of the flask is insignificant compared to that of the water. Since the
water increases in volume, its density decreases.

"

'_ ) .
W | cooking oil and kerosene
Aim: To compare the expansion | (enough to fill one flask
of different liquids each), retort stands,
Materials: three round-bottomed clamps, marking pen
flasks and their stoppers, " I Procedure
three glass tubes, source
of heat, waterbath, 1. At room temperature, fill the three
ther]:nou‘_‘ieterﬂL |':ule['1 water, | ﬂaSkS With equal amount of Water,
. . - v,

s
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. Insert the glass tubes through the

. Mark the level of the liquid in each

. Hold the flasks in an upright position

. Heat the waterbath to a constant

. Allow enough time for the three flasks

. Measure and record the height of each

Questions
(a) What happens to the level of each tube

(b) Which liquid level was the highest?

FOR ONLINE U}
DO NOT DUP

cooking oil and kerosene, each in a
separate flask.

stoppers and push the stoppers such
that each liquid forms the same initial

length in the glass tube (Figure 5.23).

Water Cooking o1l  Kerosene

Thermometer f

B I | -

A\ V(A A\ %|

Figure 5.23

glass tube.

. Place the flasks in the waterbath and E ) .
d

msert the thermometer in the water
bath.

using clamps. The waterbath should be
large enough to hold the three flasks.

temperature.

to attain thermal equilibrium with the
waterbath.

ligquid 1n the glass tube against the
corresponding temperature.

after heating?

b i

~ Liqud %heated in a vessel.
% the« expansion of a
) p

Physics for Secondary Schools

—
(c) Which liquid level was the
lowest?

The levels of the liquids in the tubes
rose. The level rose for different
liquids in the order of kerosene,
cooking oil and water. The different
levels show that, some lLiquids
expand more than others for a given
rise in temperature.

Ap[mrent ime expansion of a

liquid

of the vessel. In this case,

reaches the vessel before it

aches the liquid. The expansion
hich 1s observed here 1s the
ifference between the increase in the

fj %p{)rtant to consider the

~ volume of the liquid and the increase
- in the volume of the vessel. However,
- the expansion of the vessel 1s usually
- smaller than that of the liquid, so 1t 1s

notconsidered. The volume expansion

~ observed without considering the
- expansion of the vessel 1s known as
~apparent expansion. It 1s always less
- than the true expansion of the liquid.

 The real expansion of the liquid
- must consider both the expansion of
- the vessel and the expansion of the
~ liquid. This 1s obtained by adding
~ the expansion of the liquid and the
~ expansion of the part of the vessel
- containing liquid.

o ;

TR .=
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Aim: To demonstrate the
apparent expansion of a
liquid

Materials: a thick glass flask,
heat source, potassium
permanganate, capillary
glass tube

Procedure

1. Fillathick glass flask with coloured
water.

2. Insert a capillary glass tube until
the level of water 1s well above the
flask.

3. Mark the level of water as y.

what happens to the level, y,

observe the liquid level in
comparison with levels x and .

7. Mark the final level.

Question

Briefly explain the observation made
during heating of water.

When the containeris heated, it expands,
so its volume increases, causing the
water level to fall slightly. As heating
continues, the level of the water rises.
This is because the expansion of the
water 1s much more than that of the
container. In measuring expansion of
liquids, we are only concerned with the

. - |
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change in the volume of the liquid and
not the volume of the vessel containing
the liquid. The apparent expansion of a
liquid 1s equal to the actual expansion
of the liquid without considering the
increase in volume of the containing
vessel up to the liquid level.

~ Volume expansion and expansivity of
~ liquids

- Consider the change of volume of lquid
- caused by the inei

 asthe expansighpfalcohol ina thermometer.

- If the i1y me1s V), final volume 1s

- J, and t ra @wge 1s A@, then the
. o

: cha@n vo%i
4. Heat the water while observing q‘% C} r=h=

se 1n temperature such

e e expansivity (¥) of liquid is
actional change in volume per unit

initially as you start heating. V't
5 Matkcthe new levelas. x &eraﬁwe change expressed as:
o | AV
6. While heating 1is continuing, | Y

T VA0

~ The SI umit for volume expansivity
~is K7'. Table 5.3 shows the values of
- volume expansivity for different liquids.

Table 5.3: Coefhicients of volume

expansion for various liquids

qumd ¥ (1 X 10*5@(_:-—1)
Benzene 124
Gasoline 95
Glycerine 53
Kerosene 99
Mercury 18
Methanol ' 122

Water at 20 ° C 21

Water at 35° C 35
Waterat 90°C | 70

00/03/2022 181518 l ‘
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Effect of heat on density of liquids

When a liquid i1s heated, the kinetic
energy of its particles increases. These
particles move far apart occupying
more space. This means that the volume
occupied by the particles increases. If
evaporation is ignored, the mass of the
liquid remains constant. By definition,

mass

density = .
volume

thus, density decreases as the volume
increases. Therefore, as the liquid 1s
heated, its density decreases.

Anomalous expansion of water

Liquids expand linearly with the rise

of temperature, except for water where \ 3

expansion 1s not linear. Water can exlst

three states; ice, liquid water and st % 1
When ice is heated from —4°C < '

it expands like other liquids
melt to form water at 0 °C®1e h

continues from 0 °C q,c ,th
continues accomyj

in volume of ’@ ntraction
continues until the watey” reaches its
minimum volume at the temperature of
4 °C . Above 4 °C, the water expands.
In other words, if water 1s cooled
from 4 °C to 0 °C, it expands. This
unusual behaviour of water to contract
as temperature increases from 0 °Cto
4 °C instead of expanding, i1s commonly
referred to as anomalous expansion of

water. This unusual behaviour of water
can be demonstrated well in Activity 5.7.

detrease

Materials:

Procedure

1. Fill the boiling tube with pure

walter.

2. Insert one thermometer and a glass
tube with a millimetre (mm) scale

through

Place the set-up in the gas jar as in
Figure 5.24.

Fill the jar with a freezing mixture,
and insert a thermometer in the

Physics for Secondary Schools - =

To 1investigate the effect
of heat on the density of
walter

boiling tube, a fitting

cork with two holes, two
thermometers, freezing
mixture (mixture of ice
and salt), a glass tube, a
millimetre scale, a gas jar

the cork.

mixture.
Thermometers
Graph paper;[
(millimetre \ - [
_ =1 HIF
Sca_lf.'] h_“'tg ; 2 -
e
Glass tube —— (Gas jar
Boiling tube
Plre water L/ _ —{Ice + salt
. @« | (Freezing
o . =@ mixture)

5. Wait until the temperature of the
water inside the tube falls to 0 °C.

Figure 5.24
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6. Remove the boiling tube from the
gas jar when the reading of the
thermometer in the tube falls to
0°C.

7. Record the temperature reading
against the water level.

8. Continue recording the
corresponding temperature reading
against the corresponding water
level at temperature intervals of
1 °Cas the water warms to room
temperature.

Questions

(a) Plot a graph of the millimetre scale
reading against the temperature.

(b) From the graph, explain the trend
in the volume of water as its
temperature rises from 0 °Cto
room temperature.

As the temperature of water increases
from 0°C, the reading of the
millimetre scale decreases. The reading
of the scale reaches a minimum at 4 °C
and then starts increasing gradually. A
sketch of graph of the millimetre scale
reading against temperature 1S shown
in Figure 5.25.

i

Millimetre scale reading

4 6 8 10
Temperature (°C)

o
2

Figure 5.25: A graph of millimetre scale

reading against temperature
- S

‘ l PHYSICS FORM liLindd 168

W

/

a

q The density versus temperature curves

INE USE ONLY

oI DUPLICATE

Since the volume 1s proportional
to the millimetre scale reading, the
volume decreases and reaches a
minimum at 4 °C . Moreover, mass
1s constant while the volume 1s
decreasing, the density of the water
increases to a maximum value at
4 °C as shown in Figure 5.26.

[ E i i 1 ‘_K
0 2 4 6 8 10
Temperature 1n (°C)
Figure 5.26: l'ariation of the density of

water with temperature

for water as compared with other
liquids 1s shown in Figure 5.27.

:_
: Other liquids

I
i
1
I
i
1
I
I
t
I
i
! i
' i
! i
I I
| I
| I
4

Density (g/cm?)

0

|
L

Temperature (°C)

Figure 5.27: Density-temperature curves
for water and other liquids
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Note that, the density of water is | | 3. Note the readings in each of the

maximum at 4 °C and does not vary | thermometers.

uniformly while the densities of other | | 4. Prepare a freezing mixture by
liquids vary uniformly with the change | mixing ice and salt.

in temperature. This unusual thermal | | 5 place the freezing mixture around
expansion of water is what 1s referred | - the middle of the Hope’s apparatus
kto as anomalous expansion of water. ] and start noting the readings of

the thermometers at an interval of

W 30 seconds. Record your readings
- | in a table.

Aim: To investigate the
anomalous expansion
of water using Hope’s
Apparatus

Questions

(a) Describe the trend in the
thermometers reading with time.

(b) Using the obtained readings, plot a
graph of temperature against time
for both thermometers on the same

Materials: Hope’s apparatus, two
thermometers, freezing
mixture (ice + salt), pure | 9

| axes.
water, stopwatch, two N - |
cotks v | The reading of the lower thermometer
V' | starts falling while that of the upper
Procedure ~ one remains constant. When the
< temperature reading of the lower

I. Insert the thermometers into
the Hope’s apparatus, one at the
bottom opening and the other at
the top opening as shown in Figure
5.28; use corks to support them.

, | thermometer reaches 4 °C, 1t stops
decreasing. On the other hand, the
reading of the upper thermometer
starts to fall until it goes below 4 °C.
Figure 5.29 shows the expected graphs
for the temperature recorded for both
thermometers against fime.

Water Thermometer A

= A |
Freezing mixture Lower thermometer (B)
(Ice+salt) 15 |
8) Upper thermometer (A)
it o == o
@ Thermometer B = 4
Figure 5.28 =
E Time (min)
2. Fill the Hope’s apparatus with pure | | pigure 5.29: 4 graph of temperature against
water. 3 time
\ J} o Y,

PEE—
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When the freezing mixture is put around
the middle of the Hope’s apparatus,
it causes the temperature of the water
around there to drop. This causes the
water around to be denser and sink to
the bottom as the warm water from the
bottom rises to take its place. Because
of this movement, the temperature
reading of the lower thermometer drops
steadily, while the upper thermometer
reads a constant temperature. When
the reading of the lower thermometer
reaches 4 °C, the density of water
at the lower part reaches a maximum
value. Further cooling produces water
of less density which moves up and
therefore, the reading of the upper
thermometer starts to drop.

.
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A
- organisms
- below the ice. However, the anomalous
- expansion of water has wundesirable
- effects. These include cracking of glass
- bottle when cooled in deep freezer after
- being filled with water and sealed. Also,
~ when water freezes in a pipe; it may
- cause the pipe to burst due to expansion.
- Similarly, icebergs, being less denser than
~ water, float in oceans thus posing a danger
- to ships. This 1s because navigators cannot
~ see the submerggd part of the iceberg
- which sometim

- wreck a Shl

~ This enables fish and other aquatic
to survive in the water

ls very huge and can

\pplu@ ul@sum of liquids
@exp 10w of liquids 1s used mn
gifemperature in our everyday
waties. This 1s done by using

ermometers like mercury and

Applications of anomalous behag/ cohol thermometers. The liquid in
of water :
Ohe thermometers expands with an

The peculiar expansion of wat
important bearing on the tlo

water, floats o n% lates the
water below agaihst hea to the cold
air above. Water at 4 °

dense, remains at the bottmn of the lake,
while ice, being less dense than water,

floats on the layers of water at different

temperature, as shown in Figure 5.30.

N\, Ve
\ e

\ LC /
\ /

25C
N3 /
W

Figure 5.30:
frozen lake

s
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Variations of temperature in a

increase in temperature.

- 2. Industrial bottling of liquids provides

aquatic life during extrem W r.
Water in lakes and p usual 7es
in winter. Ice, bef than

(EIIIEy—

, being most

empty space to allow for expansion
during freezing of the liquids.

The increase in volume of 10 cm® of
mercury when the temperature rises by

100°C 18 0.182 cm®. What is the volume
expansivity of mercury?

Solution
_ AV
TV
_ 0.182 cm®
10 em® % 100 °C
=182x10" °c
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1. Explain how fish and other aquatic
organisms are able to survive in a
frozen lake.

2. An ce block floats when immersed
in water. Explain.

3. Draw a labelled diagram for a set
up of an experiment to show that
alcohol expands more than an
equal volume of water tor the same
rise in temperature.

4. As an expert 1n thermal expansion,
you are consulted by a company
to construct a thermometer. The
company has provided you with

liquid you will use in constructing
the thermometer.

5. Briefly, explain how mass, volume
and density vary when water

is heated from 0°C to 90°C
temperature?

6. Ahollow glass sphere has a density
of 1.30 g/em’ at 20 °C . Glycerine
has a density of 1.26 g/cm’ at
20°C. At what temperature
would the sphere begin to float in
glycerine? (Volume expansivity of
glycerine =53 x 107 /K).

7. A 500 cm’® Pyrex beaker is
95% full of methanol at 15 °C.
At what temperature will it be

‘ [ PHYSICS FORM liLindd 171
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mercury, alcohol and gasoline. |
With justification, explain which /

x ]
100% full with the methanol?

(Volume expansivity of methanol
=122 x 107 /K).

8. An ice sheet 5 m thick covers a
lake that is 20 m deep. What 1s
the temperature of the water at the
bottom of the lake? Explain your
answer.

Thermal expans!'ﬂn of gases

A gas, like v

of the v n

, takes up the shape
ich 1t 1s contained.

The vo 0 remains constant

pe
its{ tegperature 1s changed, its

exksﬁ changes. Like solids and
s, gases are sensitive to heating; 1ts

1s kept constant, but

Tom——
®

icles gain kinetic energy and move
aster and far apart. A small amount of
energy makes gas to expand much more
than hiquids and solids.

Aim:

To demonstrate the
behaviour of gases when
heated

Materials: test tube, water, beaker,
narrow glass tube, rubber
band, source of heat, cork

Procedure

1. Arrange the apparatus as shown
in Figure 5.31.

00/03/2022 18:11525 | ‘
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4. While holding the test tube with

Figure 5.31

2. Count and record the number of
bubbles coming out of the tube for
60 seconds.

3. Hold the test tube with your hand
so as to warm it or place the test
tube near a source of heat.

)
Alr

_, —

(oL

Dn_ &Wﬁ“‘l
R

O g

Figure 5.32

the hand or near the source of heat,
count and record the number of

bubbles coming out in ten seconds
(Figure 5.32).

5. Take your hand or the source of
heat away, then allow the test tube
to cool for 5 minutes (Figure 5.33).
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Figure 5.33

6. Carefully observe what happens in
the test tube

Questions

(a) How many bubbles did you count

before the test tube was warmed?
(b) How many bubbles did you count
for a warmed test tube?
(c) What happened when the hand was

N
4
< removed from the test tube?

Few bubbles are seen coming out
before the test tube was warmed. Many
bubbles come out in the warmed test
tube. But water enters the test tube
when the hand is removed from the
test tube. The number of bubbles varies
because the warming hand heats the
air in the tube. As the air expands, it
requires more space and it comes out as
bubbles in water. Removing the hand
from the test tube results into cooling
of the air in the tube. The particles
move closer together and create space
in the tube. The water in the beaker
1s pushed back through the tube by
atmospheric pressure to take the empty
space created by the escaping air.
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Variation of pressure, temperature
and volume of a gas

The variation of the volume of air occurs
because of changes in temperature or
pressure. When the molecules of air
move randomly in a contamer, they hit
the walls of the container, thus exerting
force on the walls of the container. This
force 1s equal to the rate of change of
Since
the force acting per unit area defines
the pressure, then pressure is said to be
exerted on the wall by molecules. If
the temperature is increased, the kinetic
energy of the gases increases and
causes the velocity of the molecules to
increase. The increased velocity of the
molecules increases the rate of change

momentum of the molecules.

of momentum; as a result, greater for:@

1s exerted on the wall.

Therefore.@

gas pressure 1ncreases.

The behaviour of a fixed @f

1s explained better by cohsider:

three variables: pres P) me
(V) and temp one
variable 1s keth) e Dther
two are varied, three relations can be

established. These are:

(a) The relation between volume and
temperature of a fixed mass of a gas
at constant pressure.

(b) The relation between volume and
pressure of a fixed mass of a gas at
constant temperature.

(c) The relation between pressure and
temperature of a fixed mass of a gas
at constant volume.

', Materials: thermometer, tall glass

< acid, brine, ruler, boiling

&

- The relationship between volume and
- temperature at constant pressure

~ The empirical relationship between the
~ volume and the temperature of a fixed
- mass of a gas at constant pressure was
- first suggested by a French Physicist,
- Jacques Alexander Charles. This relation
~ is also termed as Charles’ law.

—_—
-~

Aim: To vernfy the relationship
between volume and
temperature of a fixed
amount of gas at constant

pressure

jar, water, uniform
capillary tube, beakers,
concentrated sulphuric

water, masking tape or
rubber bands, crushed ice

Procedure

1. Push the entire length of the
capillary tube into a deep beaker
containing strong brine.

2.  Heat the brine until it boils.
3. Remove the tube from the brine.

4. While the tube is still hot, dip
the open end into a small beaker
containing concentrated sulphuric
acid so that a small length (about
5 mm) of the acid is drawn into the
tube as it cools.

PEE—
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5. Leave the tube to cool further until
the acid bead 1s drawn to a suitable
position (just over halfway along
the length of the tube).

6. Fix the capillary tube and the
thermometer to the ruler with
rubber bands or masking tape at
both ends.

7. Put the set-up in a tall glass jar as
shown in Figure 5. 34.

Ruler Thermometer|
3 [
g form, Tall glass |
capillary ALy
tube Jar
Concentrated
sulphuric —— Water
acid bead
Masking
tape
Dry air —
& — —
Figure 5.34

8. Put some crushed ice in the glass
jar. Record the temperature reading

and the corresponding length of |

the air column trapped by the acid.

9. Raise the temperature of the ice
by adding some hot water and
stir until the temperature of the
water remains constant. Record
the temperature reading and the

corresponding length of the air |

column.

10. Repeat step 9 five more times
to obtain more sets of readings.
Record your results in a table.
Note: Always ensure that, the
trapped air column 1s under the
water surface in the glass jar.

Jik

N
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Questions

(a) Plot a graph of volume against
temperature.

(b) From the graph, describe the
relationship between the volume
and the temperature of a fixed mass
of gas.

Putting the capillary tube in boiling
brine ensures that the tube i1s dry and
hot. Besides trapping the air column,
the acid acts as a drying agent for the
air. Inside the tube, the air can expand or
contract freely with temperature change.
However, the pressure 1s constant
and equal to the sum of atmospheric
pressure and pressure due to the weight
of the acid bead. The tube has a uniform
cross section, so the volume of the air 1s
proportional to the length. A plot of the
graph of volume against temperature 1s
a straight-line as shown in Figure 5.35.
The y-intercept represents the volume
of the gas at temperature of 0 °C..

A

*« Volume (cm?)

%

Temperature (°C)

Figure 5.35: Variation of volume of a gas with
lemperature
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If the line 1s extrapolated, it meets the
horizontal axis at —273 °C . This mark
the temperature at which the volume
of the gas 1s 0. At this temperature, the
particles are no more in motion. Suppose
the volume axis 1s shifted to the point
—273 °C | another scale 1s established
with —273 °C corresponding to 0 K
and 0 °C corresponds to 273 K as
shown in Figure 5.36.

femperature

Using the new origin in Figure 5.36, it can
be seen that, volume is direct proportional
to absolute temperature. That is

VeTor V=EkT

where £ is the gradient of the graph, and
it represents the constant pressure. The
relationship 1s named as Charles” law
which states that, “The volume of a fixed
mass of a gas is directly proportional
to the absolute (Kelvin) temperature
provided the pressure remains constant ",
If the temperature of the gas changes
from 7] to T,, the volume also changes
from V, to V,. Therefore,

L P

|where V,, T, and V,, T, are the mitial
|and the final values of volume and
| temperature, respectively.

| Note that, the temperature has to be
| converted from Celsius scale to Kelvin
| scale. When temperature 1s expressed
[in kelvin, 1t 1s said to be in absolute

4 | scale of temperature. The absolute zero
"’g_ | temperature is the lowest temperature of
2 ‘| about 0 K.or =273 °C that can be attained
;; | theoretically. Practically, it is not possible
[ to attain this temperature because all
| gases liquefy before attaining it.
%
L
0K 2;3 K 3';3 K { A 0.20 m’container with a movable
—2713°C geC 100 °C < piston holds nitrogen gas at a
| taEpeme et | - temperature of 20 °C. What will be the
Figure 5.36: Graph of volume against b

volume of the gas if the temperature is
increased to 50 °C?

| Solution

Since the container 1s fitted with a
movable piston, we can assume that the
pressure will remain in equilibrium with
the surroundings and therefore constant.
We can, therefore, use Charles’ law to
solve the problem. The initial and final
temperatures must be converted to
Kelvin scale.

1 Given

T,=20°C+ 273=293K,
T,=50°C+ 273=323K, ¥, =020 m’

L o

TR .=
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From Charles’ law

h b
L T,
VT,
sz 152
I,
. 3 .
_020m’'x323K _ .
293 K

A gas occupies a volume of 20 cm’
at 27 °C and at normal atmospheric
pressure. Calculate the final temperature |
if the gas is heated resulting in a change |
of volume of 1.88 cm*.

The relationship between volume and
pressure at a constant temperature

The relationship between the volume of a
fixed mass of a gas and its pressure when
the temperature 1s held constant was first

PN

o | DUPLICATE
Ay - derived by Robert Boyle in 1660. The

- relationship is also known as Boyle’s law.

Activity 5.11

Aim: To verify the relationship
between the volume
and pressure of a fixed
mass of a gas at constant
temperature

Materials: scale, oil, glass tube,
oil reservoir, air pump,
Bourdon gauge
Procedure

1. Trap some air above oil in a strong
glass tube.

2. Set up the apparatus as shown in

Solution \ Figure 5.37.
V. =20 cm’, V g - Scale
| E N =
V,=20cm’+1.88cm® =21.88 cm® |~ E | [ Glass tube
< E : Enclosed air
I=300K, 7,=? | EH : . Bourdon
| El— e"::\') gauge
From Charles’ law, 3| BE
e _Valve
A E <
r =0k E — Air from
S H E pump
_21.88 cm® x 300 K Oil
20 em’ Oil reservoir
=328 K
| Figure 5.37
Therefore, the temperature 15 328 K or |
3. Increase the pressure on the
33 °C. . . .
& J trapped air by pumping more air

from outside into the oil reservorr,
as illustrated in Figure 5.37.
4. Read and record the volume on

the scale for various values of
pressure on the Bourdon gauge.

The temperature of the air is

Student s Book Form Three
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constant and 1s equal to the room
temperature. However, for the
temperature to remain constant,
pressure must be varied slowly and
enough time is provided before
reading the volume.

5. Disconect the pump, then lower
the pressure slowly in stages by
opening the valve of the pump
slightly.

6. Read and record the values of
pressure and volume.

Questions

(a) Plot a graph of volume against
pressure.

(b) Plot a graph of the reciprocal of
volume (V) against pressure (P).

(¢) From your graph, describe how the
volume of a fixed mass of a gas
varies with pressure.

Figure 5.38 shows the expected shape
of the graph of volume against pressure
while Figure 5.39 shows the graph of
reciprocal of volume against pressure.

Volume (cm')

-

Pressure (mmHg)
Figure 5.38: 4 graph of pressure against
volume
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| constant”. That 1s,

: “ I

'

Volume(em™)

»
rl
o
#
#
#
o
#
r
-

Extrapolated part

=

Pressure (mmHg)

Figure 5.39: 4 graph of the reciprocal of

volune, i againsi pressure, P
The results of this experiment can be
summarised using Boyle’s law of gases

which states that, “The volume of fixed
mass of a gas is inversely proportional
to its pressure if the temperature is kept

|
volume
PV = constant (Constant temperature)
If the pressure of a gas changes from

pressure « or

P, to P,, the yolume changes from ¥,
to V,. Then,
gV, =gV,

where £, V, and P, V, are the initial
and final values of pressure and volume,
respectively.

f W

A gas in a cylinder occupies a volume
of 465 ml when the pressure on it
1s equivalent to 725 mmof mercury.
What will be the volume of the gas

"

09/03/2022 181531 l ‘
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when the pressure on 1t 1s raised to
825 mm of mercury while the temperature
1s held constant?

Solution

Using Boyle’s law
RV =kl

RY,

V. =
© P

725 mmHg x 465 ml
825 mmHg

=408.6 ml

408.6 ml.

An empty barometer tube, I m long, is
lowered vertically downwards, into a tank
of water. What will be the depth at the top
of the tube when the water has risen 20 cm
inside the tube? (Atmospheric pressure
may be assumed equal to 10. 4 m column
of water).

Solution

Let & = depth in m of water-level in tube
below surface, then,

B, =10.4mof water

P, =(10.4 4 h) m of water
V,=(0.8 x A)ym’ where A is the

cross-sectional area of the tube

I’rl = (l X A)m3

‘ | PHYSICS FORM lilindd 178

P =725 mmHg, P, =825 mmHg, ¥, =465 ml|

Therefore, the volume of the gas will be

*& SO ol
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Using Boyle’s law,
RV, =BV,
10.4 x A=(10.4 + h) x 0.84

h=2.6 m

| Therefore, the depth at the top of
| tubeis 26 m—08 m=1.8 m.

The relationship between pressure
and temperature at constant volume

To inves’ligatusa relationship between
the pressure and the temperature of a
fixed m& as, when the volume

of th lsé&stant. The pressure
1g’then me as the temperature 1s
| ed. %ﬂtiomhip obtained when
of a gas 1s held constant

¢ pressure and temperature are
| 1ed 1s known as Pressure law.
D (o T —

Aim: To verify the
relationship between
the pressure and the
temperature of a
fixed mass of a gas at

constant volume

Materials: source  of  heat,
waterbath, Bourdon
gauge, thermometer,
round-bottomed flask,
water, rubber tubing,
rubber stopper, ice,
stopwatch, glass tube

Procedure

1. Collect some dry air in a flask
then close the flask tightly with

a rubber stopper with two holes. |

00/03/2022 18:15:32 l ‘
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2. Insert a thermometer through one
of the holes so that 1t fits tightly.
Insert a tightfitting glass tube
through the other hole.

3. Using a short, tight-fitting rubber
tubing, connect the glass tube to
the Bourdon gauge.

4. Place the flask in a waterbath and
hold it in such a way that it does not
touch the sides or the bottom of the
container, as shown in Figure 5.40.

Rubber tubing

ol 52

AL
R
el

I ZZ

b L

Bourdon
gauge

(Glass tube
- Thermometer

| Waterbath

— Dry air
Water

Source of
heat

Figure 5. 40

5. Lower the temperature of the water
in the waterbath by adding ice in
stages while sturing.

6. Record the pressure of the air in
the flask at regular temperature
intervals (5°C).

7. Increase the temperature of the air
in the flask in stages by heating the
water and stirring it.

8. Measure and record the pressure of
the gas using the Bourdon gauge
at intervals of 5°C until the water
boils.

7
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Questions

(a) From your results, plot a graph of
pressure against temperature.

(b) Explain the relationship between
the pressure and the temperature
of a fixed mass of a gas at constant
volume.

The expected shape of the graph of
pressure against temperature is a
straight line as shown in Figure 5.41.
The gradient of a straight line is
constant. This means that, at constant
volume;

Poc T, P=kT, thus, i
I, T,
A
=
£
o
7
&
0 273 -

Temperature (K)
Figure 5.41: A graph of pressure against

temperature

This relationship gives a statement of
the Pressure law, which states that,
“The pressure of a fixed mass of a gas
is directly proportional to the absolute
temperature if the volume is kept
constant .

When a gas 1s heated, the molecules
gain kinetic energy and move .';1b»::u.1taJ

PE—

‘ l PHYSICS FORM liLindd 179 09/03/2022 13:15:33' ‘



Physics for Secondary Schools

fast. The number of impacts per second
for each molecule increases since the
speed of the molecules increases.
If the pressure of the gas in this way
mcreases, the volume 1s held constant.

A nigid metal container holds carbon
dioxide gas at a pressure of 2 x 10°Pa
and a temperature of 30 °C. To what
temperature must the gas be lowered
for the pressure to reduce to 1 x 10° Pa ?

Solution
Since the gas 1s held in a rigid container,
we can assume that the volume is
constant.

Given

P=2x10’Pa> B,=1x10" Pa

Using Pressure law

P P
T T
I - TP,
A
303 K x 1 x 10° Pa |
== 2x100Pa OB

The temperature that the gas must be
lowered tois 151.5 K or —121.5 °C.

>

The general gas equation from the gas
laws

Changes in pressure, temperature and
volume of a fixed mass of a gas can take
place simultaneously. In this situation,
the three gas laws (Boyle’s law, Charles’

‘ | PHYSICS FORM lilindd 180

Charles’ law,

of the gas cha%
A &

\25 u that includes all three gas
T,=30°C+273=303 K, v

|
~ important variables for the expansion
~ of gases, vary from place to place. In
~order to compare the behaviours of
different set of gases, the pressure and

T DUPLICATE

- form one gas equation. Consider a fixed
- mass of a gas under the three gas laws:

~ law and the Pressure law) are combined to

V

—=constant ; Boyle’s

law, PV =constant ; and Pressure law,
| P .
?=consrant. Combining any two of the

W i

- three equations you get,

PV

= constant

~ If the pressure, v%lume and temperature
e

n

»

=constant 1s a general

la

Qtandard temperature and pressure

The temperature and pressure, which are

temperature are standardized. There 1s a

- standard reference point for the physical
- properties of gases, such as temperature
- and pressure. These standard conditions
~are: temperature (0 °C or 273.15K)
~ and pressure (1 atmosphere =760 mmHg
- =10’ Pa). At this standard temperature and
- pressure (STP), the volume occupied by
| mole of any gas is 22.4 litres. An equal
~ volume of gases at the same temperature
- and pressure contains an equal number of
- molecules.

Student s Book Form Three
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A sample of oxygen gas has a volume
of 0.11 m’ at a temperature of 12 °C
and a pressure of 8.1x 10" Pa while a
sample of nitrogen gas has a volume of
0.18 m’ at a temperature of 22 °C and
a pressure of 1.03 x 10° Pa. Which gas
will have the larger volume at standard
temperature and pressure (STP)?
Solution

For oxygen:

1,=12°C+273=285K., L =213 K,
=8.1x 10" Pa, P, =1.013 x 10’ Pa,

V,=0.11 m’

At STP,
T=273K,P=1.013 x 10°Pa,

Using general gas equation,

BV, _ BV,
LT,
;BT
© IR

_81x10"Pax0.11m' x273 K
285 K x1.013 x 10° Pa

=0.084 m’
For nitrogen:
I =22°C+273=295K

T, =273 K
P =1.03%10°Pa, P, =1.013 x 10°Pa,
V,=0.18 m*, ¥, =2

Using general gas equation

B _ Bl

Tt L
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1 )

/th

. s |

R, ==

e ———————————————
v, - BV,
A

_1.03x10°Pa x 0.18 m" x 273 K
1.013 x 10° Pa x 295 K

=0.17 m’

At standard temperature and pressure
(STP), the nitrogen gas would have
a volume that 1s more than twice the
volume of oxygen gas.

Applications OH-k: expansion of gases

~in daily life \/

The fol

¢ applications of
an on a s in daily life:

QF& breezes
nd an breezes are a result of

5101:1 of air caused by unequal
inig and cooling of adjacent land and

0:& surfaces. The detail will be presented
| Inchapter 6.

2. The piston engine

~ The internal combustion engines used
in vehicles have four basic parts: a
- carburetor  (fuel
- cylinders and spark plugs as shown in
~ Figure 5.42. Fuel mixes with air in the
- carburetor or is sprayed through the fuel
-~ injector. The mixture goes into a cylinder,
- which 1s a long air pocket like a steel can
~ with one end open. The mixture 1s ignited
- by a spark from the spark plug in a spark-
- 1gnition engine, releasing heat. This heat
- increases the pressure inside the cylinder.
- This moves the piston, a metal plug that
- fits easily into the cylinder but 1s loose

injector),  pistons,

enough to slide up and down.

00/03/2022 18:15:35 | ‘
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Tli F Spark plug
N —
LA N
Cvlinder
Piston head
O Piston

Figure 5.42: A cylinder and a piston

When a piston in an engine 1s push
into its cylinder, the upward mo

Ve

e
traps the mixture of air and fugl

it and compresses it to a on ,gf
its original volume. Tl@)' i

molecules closer to@ir, 5o _t it
the piston head far oft s, the

pressure goes \@en

ignited, a controlldd exp

the piston.

cylinder, other engine parts keep it from

turning crankshaft provides the motion to
turn the wheels.
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O‘O ’ \G*;éjre 5.43: A cartridge
| Th@sﬂ' holds the primer which is

¥
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- 3. Firing bullets from guns

- The mechanism of expanding gases 1s
- also used in firing bullets from guns. The
~ expansion takes place 1n the cartridge. A
- cartridge or round of ammunition is made
- up of several components as shown in

Figure 5.43.
~ Anvil )
— Bullet
— Case
-Propellant
Explosive

xplosive portion of a round of
unition. Propellants can vary from
lack gunpowder to a more modern
smokeless  powder that contains
nitrocellulose. Propellants are carefully

- formulated to ignite and create an

ture 1s
occurs that
makes the molecules move even faster
and thus they bombard the piston head When the trigger is pulled, the firing pin

harder. This exerts very high pressure on
minor explosion. The flame from this

expanding gas that accelerates the bullet
down the barrel.

or striker hits the primer resulting in a

- explosion then ignites the powder, which

As the piston is pushed down in the is held within the main compartment

blowing out of the eylinder. The piston | °f € case. The gun powder does not

1s then pushed back up into the cylinder.
The downward movement of the piston
pushes a rod that turns a crankshaft. The
~ a rapid expansion of the gases released,
~ resulting in increased pressure within the

explode, instead, it burns very rapidly
releasing a lot of heat in the process. The
rapid combustion of the powder causes

Student s Book Form Three
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casing. The increase in pressure causes
the case to be forced outward against the
walls of the chamber. With increasing
pressure, the bullet is eventually forced
out of the casing and starts to travel down

DO NOT DUP

the barrel of the gun.

| e Task 5.3

Brainstorm with your classmates on
other applications of the expansion
of gases. Present your applications in
class.

b2

= T —

1.

How does the kinetic theory of
matter account for the pressure of
gas?

What will be the value of a :/

temperature of 70 °C on the
absolute scale?

A bicyele tyre 1s pumped to a
pressure of 2.2 x 10°Pa at 23 °C.
After a certain time, the pressure is
found to be 2.6 x 10° Pa. Assuming
the volume of the tyre did not
change, what 1s the temperature of
the air in the tyre?

A gas occupies a volume of 4 m’
at 37 °C and normal atmospheric
pressure. What will the volume of
the gas be if the pressure is held
constant and the temperature 1s
changed to,

(a) 67 °C? (b) —50 °C?

In the manufacture of oxygen
gas, each cubic metre of gas

>

1.

N g

| 4
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and a temperature of -73 °C 1s
compressed into cylinders of volume
0.05 m* and stored at 17 °C. What
1s the pressure of the gas in the
cylinders in atmospheres?

A car tyre 1s inflated to a pressure
of 2 x10° Nm™ at a temperature of
17 °C. During a journey, the tyre
heats up to 47 °C. Assuming the
tyre did not expand, what is the
new pressure in the tyre?
Hydrogen gas occupying a
volume of 1.6 m’at a pressure
of 1.0x10° Pa is compressed
to a volume of 0.8 m’. If the
temperature does not change, what
1s the final pressure of the gas?

. The pressure 1n a metal gas cylinder

at 20 °C 1s 2 atmospheres. At what
temperature will the pressure be
doubled?

<

produced at atmospheric pressure

TR .=
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Thermal energy is the energy
possessed by a body due to its
temperature.

Heat 1s a form of energy transferred
from one body to another due to
difference in temperature between
the two bodies.

Temperature 1s the degree of
coldness or hotness of a body. It
1s a measure of the average kinetic
energy of the particles in matter.

The sources of thermal energy
include the Sun, fuels, nuclear
reactors and geothermal.
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Thermal expansion is the increase
of size of matter in response to an
Increase in temperature.

10.

11.

12.

|3
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Matter in all of its states (solids,
liquids and gases) expands when
heated.

Linear expansivity of a substance
1s the increase in length per unit
length of the substance when its
temperature rises by 1 °C or 1 K.

The bimetallic strip consists
of two bonded different metals
that expand at different rates
when heated through the same
temperature change.

Expansion of solids is applied
in the design of bridges, railway
lines, concrete roads, hot-water
pipes, pendulum clocks and the
installation of overhead cables.

The apparent expansion of a liquid
is given by the actual expansion
of the liquid without considering
the increase in volume of the
containing vessel.

Volume  expansivity 1s  the
fractional change in volume per
unit temperature change.

The anomalous expansion of water
is the unusual behaviour of water
to expand instead of contracting
when temperature changes from
4°C to 0°C, and the density
decreases.

The anomalous expansion of
water causes 1ce to float on water

14.

15.

16.

17.

18.

19.

20.
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in cold regions. This allows water
creatures to survive under the
frozen surface water.

The anomalous expansion of
water also has some undesirable
effects. These include cracking of
glass bottles filled with water and
bursting of water pipes at freezing
point. Floating icebergs also cause
accidents on the seas.

The principle of expansion
of liquids 1s used i hqud
thermometers.

In all situations describing the
behaviour of gases, temperature
must be measured in kelvin.

Charles’ law of ideal gases states
that, the volume of a fixed mass
of a gas is proportional to the
temperature provided the pressure
remains constant.

Boyle’s law of gases states that,
the volume of a fixed mass of a
gas 1s mversely proportional to its
pressure if the temperature is kept
constant,

Pressure law states that, the
pressure of a fixed mass of a gas
is directly proportional to the
absolute temperature if the volume
1s kept constant.

The standard temperature and
pressure (STP) i1s a set condition
for experimental measurements to
enable comparisons between data
sets.

Student s Book Form Three
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Choose the most correct answer In
question 1 and 2.

.

You are provided with three metal
rods X,YandZof equal length
L, at the same temperature. Their
coefficients of linear expansion
are a,, a, and a, such that
a, <a, <a,. If the temperature
of all rods increases by @ “C, how
will the final order of length of
rods be?

@ Ly>L;,>L,;(0) L,>L;>L;
() L, >1, > L, (d) L, = L, L,

2. Table 54 shows the pressure,

volume and temperature of a fixed
mass of gas before and after its
pressure 1s increased.

Table 5.4

2P T
3, | %
4
The value of 7, in terms of 7, is:
2 8
(a) *3—,Ta (b) ng
3 o3
(c) ET; (d) ETI

3. (a) What is thermal expansivity

of a material?

(b) How are linear, areal and
volume expansivities of solid
related?

‘ I PHYSICS FORM lilindd 185

A

(¢) Two metals have different
linear expansivities. Describe
the practical use of such metal
combinations.

4. Explain each of the following

observations:

(a) A lid on a metal container can
be unscrewed easily if the can
1s immersed in hot water for a
few minutes.

(b) Corrugated 1iron-sheet roofs
make cracking noises on a cold
night after a hot day.

(c) It 1s difficult to unscrew wheel
nuts in the morning, while 1t
is relatively easy to unscrew
them on a hot day.

Figure 544 shows a brass-
invar bimetallic strip at room
temperature.

Brass
— Invar

Figure 5.44

Given that brass expands more
than invar when both are heated
equally, sketch the appearance
of the strip after being cooled
to several degrees below room
temperature.

. A glass test tube was heated over

a bunsen burner flame. Cold water
was then quickly poured into the
test tube. Explain why the test tube
would break.
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A rally car tyre is at an air pressure

of 3x10°Pa and a temperature
of 27 °Cat start of the rally. The
temperature nises to 57 °C when
the car 1s racing. Assuming the tyre
does not expand, what 1s the new
pressure in the tyre?

(a) Define the term ‘linear
expansivity’ of a solid.

(b) The original length of a metal bar is
101.5 cm at 15 °C. Determine
the linear expansivity of the
metal if the bar increases in
length by 1.40 mm when the
temperature is raised to 100 °C .

|

9. A metal rod 80 cm long increased \,

in length by 0.09 cm when the
temperature was raised by 93.6 °C.
Determine the linear expansivity of
the metal.

10. A compound strip of brass and

11

iron, 10 cm long at 20 °C, 1s held
horizontally with iron uppermost.
When heated from below with a
Bunsen burner, the temperature
of the brass is 820 °C and that of
the wron 1s 770 °C. Calculate the
difference in lengths of the iron
and brass (Coefficient of linear
expansion of brass = 0.000019/°C
and Coefficient of linear expansion
of iron = 0.000012/°C).

.An 1ron tyre of diameter 50 c¢m

at 15 °C 1s to be shrunk on to
a wheel of diameter 50.35 cm.
To what temperature must the

‘ l PHYSICS FORM liLindd 186
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tyre be heated so that it will slip
over the wheel with radial gap of
0.5 mm? (Linear expansivity of
iron is 0.000012/K).

12. The difference in length between a

brass and an 1ron rod 1s 14 cm at
10 °C. What must be the length of
the 1ron for this difference to remain
14 ¢cm, when both rods are heated
to 100 °C ? (Lmnear expansivity of

brass =19x10°/K and for iron
=12 x 10" /K).

13. A steel tape of correct length

at 15°C 1s used to measure
a distance on a day when the
temperature 1s 10°C. Is the
result too large or too small? If
the linear expansivity of steel 1s
12x10° /K, what is the error in
measuring a length of 20 m?

14. A brick at 20 °C has a dimension of

15.

30 cm, 18 cm and 10 cm for length,
width and height respectively. If the
brick 1s heated to a new temperature
of 150 °C, calculate the new
dimensions. (Linear expansivity of
brick is 11 x 10°K ™).

An iron rod 1s 100 cm long at
0 °C. What must be the length
of an alummium rod at 0°C
it the differences between the
lengths of the two rods remain
the same at all temperatures?
(Linear expansivities of iron and
aluminium are 1.2 x 10°K "' and
2.4 x10°K ', respectively).
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16. Figure 5.45 shows a circuit diagram
for controlling the temperature of a

room.
Copper strip Switch
xc,/
Contact
' {
_] ;

Bimetallic strip

1
Heater element —

Figure 5.45

(a) Explain the function of the
bimetallic strip.

(b) Describe how the circuit
controls the temperature when

the switch is closed. N\

17.The temperature of the air mn /
contact with a thin layer of ice =
formed on the surface of a pond is <
just below 0 °C as shown in the |

Figure 5.46.
——Ice
. :& e .". .
o ;_.-,:.-'}‘*
| S gl
bt TR S nd +— Water
-

Figure 5.46

(a) State the probable temperatures
of the position A and B.

(b) What fact concerning the
density of water do these
temperatures indicate?

(c) Why will it take a long time

R, ==

‘ l PHYSICS FORM lilindd 187

18.

19.

20.

21.

22.

for the pond to freeze even if
the air temperature falls below

0°C?
The pressure of 3 m’ of a gas at
27 °C 1s 3 atmospheres. What will
be the pressure of the gas if it is
compressed into half the volume
and heated to102 °C ?

The air in a bicycle tyre occupies
a volume of 1000 cm” when it is at
a pressure of 2.5 atmospheres. The
air 1s released to the atmosphere.

(a) Assuming that the temperature
of the gas does not change,
what volume does it occupy in
the atmosphere?

(b) A pump with a volume of
150 cm’ per stroke is used to
inflate the tyre. What is the
pressure in the tyre after two
strokes?

A gas occupies a volume of 2 m’
when its pressure 1s 1140 mmHg
at a temperature of 27 °C. What
volume would it occupy at standard
temperature and pressure?

A container holds a gas at 0 °C . To
what temperature must the container
be heated for the pressure of the gas
to double? (Assume that the volume
of the container does not change).

A balloon is filled with air to a
volume of 200 ml at a temperature

of 20 °C. The balloon is then
dipped i water at 80 °C.
Assuming no leakage occurs and

00/03/2022 18:15:38 | ‘
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ignoring the pressure change due
to the water, calculate the new
volume of the air.

23. Using the kinetic theory of
gases, explain how a rise in the
temperature of a gas causes a rise
in the pressure of the gas when the
volume 1s held constant.

24. The coefficient of volume expansion
of a liquid is 5x 107 K. If the
temperature of the liquid is
increased by 30 °C, find the

percentage change n its density.

25.Helium gas at a temperature
of -30°C 1s held m a nigid

Lo

metal container at a pressure of \

1.5 x 10° Pa.The container is heated »

to a temperature of 25 °C. What 1s / :

<

the new pressure of the gas?

26. An air bubble at the bottom of a
lake 90 m deep has a volume of
1.5 cm’. What will be its volume
just below the surface 1f the
atmospheric pressure 1s equivalent
tol0 m of water?

27. A cylinder closed at both ends has
an inner diameter of 0.021 m. The
cylinder 1s fitted with a movable
piston of a mass 2 kg. The space
between the piston and the
bottom of the cylinder contains
L.11x 10" m® of air at 25°C
while the space above the piston
has been evacuated, as illustrated
in Figure 5.47.

I

YO T DUPLICATE

Piston
= L11*x107%m’
== .| ofairat25°C
K 002lm
Figure 5.47

(a) Determine the pressure of the
air 1n the cylinder given that the
pressure comes from the weight
of the cylinder.

(b) The cylinder 1s placed over a
source of heat causing the air
to expand and push the piston
upward a distance of 3.5 cm as
shown 1n the Figure 5.48.

Vacuum Vacuum

H I _l_ - _'___'_E'_;'_ g
o

Figure 5.48

Assuming that the pressure of the
air remained constant, what was
the change in volume of the air?
(Volume of a cylinder = zrh).

Student s Book Form Three

s

‘ l PHYSICS FORM lilindd 188

PEE—

00/03/2022 18:15:38 l ‘



FOR ONLINE UJ

DO NOT DUPE

Chapter Six

Transfer of thermal energy

- N
| Heat is a form of energy that cannot be seen but its effects can be felt. Humans

get heat from different sources, including the sun, electricity, fire, and gas. On hot
days people wear light clothes to allow their bodies to cool. On cold days, they
wear heavy clothes or stay indoors to keep themselves warm. In this chapter, you
will learn about heat transfer by conduction, convection and radiation. You will
identify good and bad conductors of heat, ways of minimizing heat loss and apply
the knowledge of heat transfer in daily life. The competencies developed from this
chapter will enable you to apply heat transfer concepts in daily life situations,

including the use of appropriate cooking tools to minimize energy losses, heat
reflectors to maintain temperature and heat absorbers for proper heating of homes.

Oof molecules within the fluid under the

.

Methods of transfer of therm@(rg

Energy can be transferred ter g
of a system with its he

form of energy th ansf by such
interactions 1s caffed he t transfer
1s the transfer of thermal energy due
to temperature differences. Whenever
a temperature difference exists in a
medium or between media, heat transfer
must occur. Heat transfer mechanisms
can be classified into different types;
conduction, convection and radiation,
depending on the medium. When a
temperature difference (or gradient)
exists in a solid object, the transfer
mechanism 1s conduction.
refers to heat transtfer by the movement

Convection

‘ I PHYSICS FORM lll.indd 189

influence of gravity. In the absence of a
medium between two bodies at different
temperatures, heat 1s transferred by
radiation.

Heat transfer by conduction

Atoms in a solid material at a given
temperature vibrate about their mean
equilibrium positions. The higher the
temperature the higher the vibration,
and hence the higher the thermal energy
in form of vibrational kinetic energy.

When a hot object 1s brought into
direct contact with a cold solid object,
neighbouring atoms in contact interact.
The more energetic atoms of the warm
object pass energy to the less energetic

09/03/2022 181539
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atoms of the cold object by collision. As

a result, atoms of the cold object begin ;
to vibrate vigorously. These vibrations
cause atoms to collide with the nearby
atoms, causing electrons in such atoms to
vibrate more vigorously. Such interaction

1s transmitted throughout the cold object,

resulting in energy transfer from a

warmer end to the relatively cooler end.
In the presence of a temperature gradient,

energy transfer by conduction occurs in

the direction of decreasing temperature.

After sufficient time, the entire object

will attain a uniform temperature.

Metals are better conductors of heat than
insulators because metals have more :

free electrons which move through the
metal easily. Examples of metals include
aluminium, copper, silver, iron and stee}.
In all these metals, free electrons gai
kinetic energy from collisions wi

atoms and pass on the energy Ej\w

collide with cold atoms.
UCQ

exa 1] l

Different metals ¢
different capacitie
1S a better cond
aluminium is a be

Aim: To investigate the transfer
of heat through metal

solids

Materials: candle, matchbox, metal
bar (copper or aluminium),
wax, stopwatch

Procedure

Light a candle.

| d centre of the metal bar, as shown in
N\  Figure 6.2.

- A
Q

opper

num and |
rco or than iron.

T DUPLICATE

2. Hold one end of a metal bar and
heat the other end over the lighting
candle, as shown in Figure 6.1.
Note your observation.

Figure 6.1

3. Remove the candle and let the
metal bar cool down to room
temperature.

4. Place three waxes A, B and C
having the same dimensions at an
interval of 5 cm starting from the

-6 s

Figure 6.2

5. Heat one end of the bar with wax
on 1t, and immediately start a
stopwatch.

6. Record the time taken by wax A, B
and C to start melting.

Questions

(a) What do you feel when holding a
metal bar in step 27

(b) What happens to the wax? Explain.

(c) Which part of the rod is hotter than
the other? Explain.

s
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A A
steel spoon) all together at once,
make sure each item touches your

Heat from the hot end is transferred
to the cold end of the metal bar
Observing the wax, the distance from
the heat source affected the melting in
the order of A, B and C. This indicates
that heat is being transferred from the
hot end to the cold end. When you cook
food using a stove, heat from the stove
1s transferred through bottom of the pot
to the food in the same manner.

. >

Good and bad conductors of heat

Do all substances conduct heat efficiently?
You must have observed that a metallic
frying pan have plastic or wooden handle.
Can you lift a hot pan by holding it at the
base without getting hurt? You probabl
use insulators without knowing why
are there. The handles are there to
your hand from being burned

the hot object to yom@

To mvestigate heat
conduction through
different objects

Materials: hot water, beaker, pencil,
plastic ruler, steel spoon,
thermometer

Procedure

1. Pour hot water maintained at
100 °C into a beaker.
2. Hold the three items (pencil, ruler,

\ -
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e the<é‘

pot is hot. The use of pl woéQ
prevents heat transfer by c@ctio@m

hand.

Dip them in hot water, as shown
in Figure 6.3 and wait for a few
minutes.

4. Record your observation in table
as the one shown in Table 6.1.

Table 6.1

- Pencil

Figure 6.3

Steel
spoon

Plastic
ruler

09/03/2022 18:15:41 | ‘

PEE—



s

Physics for Secondary Schools

Questions

(a) Which material(s) is the best
conductor of heat? Explain.

(b) Which material(s) 1s the poorest
conductor of heat? Explain.

In the three investigated materials,
the stainless-steel spoon gets hot
more quickly and is the only one that
transferred heat from the hot water
to your hand. This 1s because steel
conduct heat more easily than the
wood and plastic. A measure of how
good a material allows the flow of
heat through conduction is given by
its thermal conductivity.

.

ameasure of the ability of the ma
to conduct heat. The mate
allow heat to pass throug
such as metals, are go

Thermal conductivity of a materi &@
{

of heat. In a m re a

electrons that ove in that
metal. When Qnetal ed, free
electrons carry thermal ¥hergy from

a high temperature region to a lower
temperature region. This makes
metals good conductors of heat, and
that 1s why cooking utensils, boilers,
and soldering irons, and car engines
are made of metals. Materials that
do not easily allow heat to flow
through them are said to be bad or
poor conductors of heat. They are
also known as thermal insulators.
Examples of insulators are plastic,
wood, glass and fabric materals.
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 boilers, § at
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- Heat 1s lost from buildings through their
- roofs, windows, walls, floors and through
~ gaps 1in windows and doors. However,
- there are several ways in which these
~ losses can be minimized. In a system
 where heat is to be preserved, losses
-~ by conduction have to be minimized.
- This can be done by covering the walls
-~ with poor conductors of heat to increase
- 1solation of interior from exterior of a
- building, leading to the so-called thermal
- insulation. Ther%

Minimization of heatloss by conduction

| insulation nvolves
at conductors such as

, and in industries

- the use of p
 air, plas %Tbey are used in

minimized. In the house,
inst heat loss is achieved by
le-glazed windows, carpets,

Aim: To mvestigate ways of

minimizing heat losses by
conduction

Materials: a heat source, calorimeter
with lid, calorimeter jacket,
thermometer, cotton wool,
stopwatch, water, beaker

Procedure

1. Put the calorimeter inside the
Jacket.

2. Add cotton wool inside the jacket
to wrap the entire calorimeter, as
shown 1n Figure 6.4.

00/03/2022 181542 l ‘
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| the calorimeter. This kind of material
Thermometer | and others that prevent heat loss are
| used as heat insulators. Using a heat
insulating material 1s also known as
lagging. Note that, heat insulators are

usually electrical insulators as well.
Calorimeter PN J

ERsoRReay) | W

Stirrer

Cover (hid)

Water _
Aim: To determine the best
Jacket . . .
insulating material
_, among plastic, paper and
Figure 6.4 | aluminium

3. Boil water to the boiling point | | Materials: three beakers labelled A, B

(100 °C), and then pour it into the | and C each of 100 ml, three
calorimeter, cover it using a lid and | thermometers, aluminium
insert a thermometer. Make sure ?:\- foil, newspaper, plastic,
that the lid is tightened and the |/ hot water maintained
calorimeter 1s wrapped by cotton | at 100 °C, stopwatch,
wool. < measuring cylinder
4) Wihile: stiring immiedintely s a |

stopwatch and read the temperature | | 1. Wrap beakers A, B and C using
every two minutes for ten minutes. | newspaper, plastic and aluminium

foil, respectively.
5. Remove the calorimeter from the

jﬁCkﬁt, then repeat step 3 and 4. | 2. Pour 80 ml of hot water into each
: beaker.
Questions .
3. Place a thermometer in each beaker
(a) Which of the two calorimeters lost | and record the starting temperature
heat faster? : of the water.

(b) How long did hot water from | | 4
each calorimeter take to reach a |
temperature of 50 °C?

Measure the temperature of the
water after every 5 minutes for half

an hour.
Cotton wool acts as an insulating | | 5 Record your measurements in a
material, preventing heat losses from | table similar to Table 6.2.
— S \ J

PE—
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Table 6.2

= = e L
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5

10

15

20

25

30

Questions
choice.

choice.

easily; allowing fast cooljng of hot objects.

(a) Which among the three materials is the best conductor of heat? Explain your
(b) Which among the three materials is the best insulator of heat? Explain your

(¢) Arrange the three given wrapping materials starting from poor to good insulators.

(d) If you want water to remain cold for a long period, which of the three wrapping
materials will you choose? Explain your choice.

The best insulator is the one that prevents heat transfer, while the best conductor
allows heat transfer very easily. This experiment reveals the best insulator and
best conductor among the three materials, considering the rate at which hot water
cools. It is essential to note that both good and bad conductors have significance in
our daily life. Clothes prevent heat loss from the body as it is one of the examples
of poorly conducting materials. On the other hand, good conductors transfer heat

A

Applications ﬂfgdtfld by conduction ! 2

You have seen cases that need heat to be
transferred quickly, and cases where heat has
to be maintained, depending on the need. The
following are some of the areas where the
knowledge of heat transfer by conduction, 1s
applied:

1. Cooking vessels are made of metal and
metal alloys to transfer heat quickly from
the cooker to the food placed inside the
vessel. This makes the cooking process
fast.

The computer’s central
processing unit (CPU) and
other electronic devices may be
affected by high temperature,
causing them to malfunction.
Heat sinks are therefore attached
to these devices to protect them
from overheating. This 1s because
heat sinks quickly transfer heat
away from the devices. Heat
sinks are made of materials that
are good conductors of heat.

Student s Book Form Three
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Aluminium in some cases 1s used to
make motor vehicle engines and other
engine accessories because it can
easily transfer or exchange heat from
a hot engine to the environment. '

Clinical thermometers use mercury |
because mercury is a good conductor
of heat. Thus mercury can efficiently
respond to body temperature.

An insulator blocks the transfer of
heat. Handles of most kettles, electric
iron, frying pans, cooking utensil are
made of plastic or wood because they
are poor conductors of heat. You can
hold a plastic or wood handle of your
hot frying pan without burning your
hands. Figure 6.5 shows an insulated

handle of a steel cooking vessel. \

Figure 6.5: Insulate !rfmdfe@ cooking vessel

6. Woollen clothes and blankets are

used to reduce heat losses from the
body. Different materials including
fibreglass, bricks, glass and mud are
used for building and insulation in
walls and roofs of houses, keeping
rooms warm during cold seasons and
cool during hot seasons. Sawdust 1s
used to cover up ice blocks. Feathers
keep birds warm by minimizing heat

that flow out of their bodies. All these =

‘ i PHYSICS FORM lilindd 195

materials are poor conductors of heat,
thus prevent heat flow in or out of a
system.

= e —

1.

In items (a)-(d), choose the
correct answer among the given
alternatives.

(a) Heat energy can be transferred
from one point to another
through:

(1) Conduction, convection
and radiation.

(1) Convection, conduction
and absorption.

Radiation, conduction
and advection.

(iii)

Conduction, radiation
and vibration.

(1v)

(b) Thermal energy transferred
by physical contact of objects
without net displacement of
molecules is known as,

(1) conduction.
(11) convection.
(111) radiation.
(iv) advection.

(¢) Which of the following
statements 18 true?

(1) Materials of low thermal
conductivities are bad
thermal insulators.

(i1) Materials of high thermal
conductivities are bad
thermal insulators.

00/03/2022 18:15:44 | ‘

PEE—



Physics for Secondary Schools

(ii1) Materials of low thermal
conductivities are good
thermal insulators.

(1iv) Both (11) and (111).

(d) The rate of flow of heat across
the opposite faces of a metre
cube of material maintained at
the temperature difference of

1 kelvin 1s called its.
(1) thermal radiation.

(11) flow of energy.
(111) thermal conductivity.
(1v) convection.

List down, as many as possible, heat
conductors and heat insulators found
in your environment.

Describe the uses of heat conductors

environment. Discuss your results
in class.

Explain why you feel very cold |

on bare feet standing on tiled floor
during the cold season, while you
feel comfortably warm, when
standing on a carpeted floor.

Why do metals conduct heat better
than many other materials?

Why do you feel colder when

touching a metal lying on the
floor than when touching a plastic
material?

There are two cups, one made from
glass and the other from stainless
steel. In which cup will you be
comfortable to drink hot tea from?
Explain.

T DUPLICATE

- Heat transfer by convection

-~ Convection 1s the transfer of heat in fluids
~ (llquids and gases) between regions of
~ different temperatures, and it involves the
- actual movement of the fluid itself. Thus,
- heatis carried by the bulk movement of the
- fluid itself due to differences in density.
- The higher the fluid velocity, the higher
 the rate of heat transfer. Therefore, the
- rate of heat transfer by convection is much
- higher than that of conduction. However,
- both conduction gnd convection require
~ the presence of
are different
~ fluid mo#
- transfer

2 f | hb-:)?‘

and heat msulators found in your /

tertal medium. They
t, convection involves
whileg in conduction atoms

heated. The heated water expands
ecomes less dense and consequently
se upwards. Cold water at the top of the

- pot sinks downwards to take the place
- of the rising less dense water under the
~ influence of gravity. The density difference
- between the water at the bottom and at
- the top results to the gradual formation
- of convectional currents. The convection
~ currents form streams of warm moving
- water, thus carry heat to other parts of the
- water. Figure 6.6 shows arrows indicating
~ convection currents in water placed on a
- fire source. Liquids such as water transfer
- heat by convection.

- Convection 1s classified as either natural
- (or free) convection or forced convection,
~ depending on how the fluid motion is
initiated. In a forced convection, an
- external agent such as a pump or fan is

‘ l PHYSICS FORM liLindd 196
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used to initiate the process. In natural convection, a fluid motion 1s caused by natural
means such as the buoyancy effect which is the rise of warm fluid and the fall of the

cold fluid. Forced convection 1s also classified as external or internal, depending on
whether the fluid is forced to flow over a surface or in a channel.

Wanner water
rses

Cooler water
moves down

Figure 6.6: Convectional cui

3. Usinga long glass tube or long
straw, drop three tiny crystals
of potassium permanganate at
the bottom of the flask.

Aim; To demonstrate convectional
currents

Materials: water, flat-bottomed flask,

crystals of potassium | 4. Heat the water.
permanganate, source of heat, | | 5. Observe what happens to
glass tube or straw | the water with potassium
Procedure permanganate.
Question

1. Fill the round-bottomed flask with water.
Why does the coloured water
rise from the bottom of the flask?

Explain.

2. Set up the apparatus as shown 1n
Figure 6.7. :

| As the water near the bottom of
% | the flask gets heated, it expands
Straw | and becomes less dense than the

e

™ | cold water at the top. The hot

Retort — P | water moves upwards while the

stand b | cold water moves downwards.
/ J \ Source

- E of heat throughthe movementofthepurple

colour of the dissolved crystals of

Convection currents are observed
Figure 6.7 | potassium permanganate.
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Convection based on the kinetic theory
of matter

Fluids are poor conductors of heat.

carry heat from one place to another
very quickly. According to the kinetic

T DUPLICATE

~ An air gap in between the glazed glass
~ windows is made too narrow to prevent
- air circulation, thus mimimizing heat loss

; by convection.
However, when free to move, fluids can y

theory of matter, molecules of fluids are

Aim: To minimize heat loss by

in a continuous motion and therefore
possess kinetic energy. These molecules
have a smaller force of cohesion and are
shightly further apart than in solids but
close enough to have definite volume.
They are free to vibrate, move rapidly
over short distances, and slip past each
other in all directions. When part of the
fluid is heated, the heated molecules at
that part move faster, thus colliding with '. 4
cold molecules. These cold molecules \
gain energy and 1n turn start v1brat%
thus, transferring energy from on @e :
to another. This results to the Xllon

current of molecules. Usuall

v <
%cb{q‘
currents are more prono
than in liquids. Q_~ %

.\linimimtionrQQ 08 @mcctmn |

One of the typical ocesses
minimizing heat loss by convection is by |
using vacuuming. Vacuuming volves
the removal of any fluid medium within
which convectional currents move. Heat
loss by convection can also be reduced
by filling air cavities with insulating solid
materials. The woollen material between
the cavity traps air between its fibres
to minimize heat loss by convection.
A double-glazed glass window also
minimizes heat loss by convection.

convection
Materials: two 250 ml beakers, a lid,
stopwatch, heat source
Procedure

1. Pour an equal volume of water in
the two provided beakers.

2. Cover one beaker tightly while

leaving the other open, as shown in
Figure 6.8.

e
emMSES :
- =X

Figure 6.8

3. Put the two beakers on the heat

source and use a stopwatch to
record the time taken for the water
in each beaker to boil.
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Question

In which beaker did the water take
shorter time to boil? Explain your
observations.

The covered beaker takes a shorter
time to boil the water compared to
the uncovered one. This is because
the lid prevents convection currents
from escaping the covered beaker,
thus preventing energy loss. The steam
produced in the process circulates
inside the covered beaker, speeding up
the boiling process. For the uncovered
beaker, convection currents escaped
from the beaker, resulting in energy
loss and finally taking longer to boil.

Applications
convection

In your life, you might have com
a number of situations where
of heat is experienced. Th
important examples of si
heat transfer by co

land and sea bre @1{*& water |
supply system, Q con cooling

and kitchen

of the engine, ventilator
chimneys.
Land and sea breeze

Land and sea breezes result from unequal
heating and cooling of adjacent land
and sea surfaces. During the day, the

because the heat capacity of sea water 1s

higher than that of land. Therefore, air
over the land surface becomes warmer
than that above the sea. This results in a
~ shown in Figure 6.11.

thermally driven circulation with rising

FOR ONLINE U§g
DO NOT DUP

=
~air (cool air) over the sea. Thus, a cool
- air blows from the sea to the land. This
-~ phenomenon 1s called sea breeze, (Figure
- 6.9).

| a0l

At mgh
~ sea

\ J ]

of heat transfer by Qﬂ
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air (warm air) over land and sinking

AT cools

z

: Cool arr sinks

Warm air rises

kjv'md tnwargs cnastjﬂﬁﬁp—-

o

e e—————

/auiwan’ﬁer than sea

=y
@3: Sea breeze
%heat faster than the

hu ove the sea remains
of the land. This results
str cool air moving from the

sea surface. This phenomenon
\ ed a land breeze (Figure 6.10).

Air cools

—
——

-

Warm air rises

Cool air sinks

Wind away from coast

'Sea warmer than land -

Figure 6.10: Land breeze

Domestic hot water supply system

- Domestic hot water systems rely on
- convection currents to move warm
~ water from the boilers to where it 1s

1 h f han th . This1s : :
and hiowts up Iaster-thin the sea il used. Typical domestic hot water system

consists of a boiler, a hot water reservoir
tank and a cold water reservorr, all
connected by pipes. A typical system is

—e 2
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== Expansion pipe
A \ L ‘ ‘ P pIp
Cold wat G
el g [ Cold water tape
B : - . |
Main -%
water 17
supply Hot water tape
Hot water i =1
TESETVOIr
1 F E
€
Cold water
l Boiler
D Heat

Figure 6.11: Domestic hot water supply

Cold water from the main supply enters ﬂ& e

cold water reservoir, from the main sypply
pipe. The water then flows to the “QOuér

through the reservoir, F as 's,hc':an‘iqtl 1gurg
6.11. Inside the boiler, the wateMNg he l"f©

becoming less dense. Th er rigdsNand
flows into the hot water ! here
it 1s stored until it 1s d fo . Water

that i1s drawn out ot \s@ tape comes

from the hot wa rese@ ¢ steam that
1s generated during the Meating process is

vented through an expansion pipe back into
the cold water reservoir. The ballcock and
the valve maintain a constant water level in
the reservorr.

Air conditioners

Air-conditioning  systems rely  on
convectional currents to heat or cool a room.
They are strategically placed at a high point
in the house. When a room i1s hot, cool air is
blown into the room from the air conditioner.

Yo DUPLICATE

replacing the less dense warm air. The
warm air rises and 1s pumped out to be
cooled from below then re-circulated.

Room heaters, on the other hand, are
placed on the floor of a room. When a
room 18 cold, the heater 1s turned on,
heating the surrounding air. The heated
air rises up and cold air moves down
to take the place of the rising warm
air. This forms convectional currents,

| which continue to circulate until

the air in the room i1s at the desired

temperature. Qk

Cﬂﬂﬁllg%Yﬂ' engine
Mot e mmgimﬁ produce a

mous nt of heat, which must
Qmm the engine; otherwise,

will stop working. The car
e Looling system 1s based on the
ciple that hot water becomes less
nse andrises while cold water replaces
warm water. Water that surrounds the
engine cylinders becomes less dense as
it becomes hot.

€

Convection currents are therefore
formed due to the difference in densities
of the water in the engine. These
convection currents transfer hot water
to the top so as to be pumped to the
radiator. In the radiator heat 1s removed
from the hot water by the atmospheric air
with the help of a fan. The water is thus
cooled and recycled back to the engine
as 1llustrated by Figure 6.12. This is a
continuous process as long as the engine
1s running. Recently engines use special
liquids (coolants) that have higher heat

- capacity for efficient cooling. The use

of coolants also prevents the engine

This cool air sinks to the bottom of the room, | from rusting.
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Figure 6.12: Cooling of the car engine using

waier

A ventilator or exhaust fan

Ventilators or exhaust fans are crucial
for supplying high quality air throughout

a building. A ventilator fan helps to

bring fresh air from the outside mto the
enclosed space. It also helps to circulate

air throughout a building. The fresh air
from outside blows into the room through

convection currents set up in the ro
When pollutants and other contamy]

like dust, smoke, moisture M{M
exist in a building, the exhausz fagN u;sq
to remove them 1n order t ide clea
air.

Achimney in a ki@ﬂ E

Kitchen rooms“Nare

IS 4

with a

chimney through which hot¥ir in the room

goes out and fresh air containing oxygen

fuel. A chimney serves as an exhaust for
smoke that results from fires.

1. Describe the process of convectional
currents with reference to a
ventilation system in a house.

‘ I PHYSICS FORM lilindd 201

2. Discuss why wearing several
clothes during a cold season keeps

us warmer than wearing just one
thick piece of cloth.

Draw a well labelled diagram of
the domestic hot water system and

explain its mode of action.

Why are houses often built with
high ceilings?

When cooking using firewood, the
smoke produced do not always rise
upwards. What is the reason for

that?
gﬁa tion

NN
sier JA
%adjation 1s another way
g thermal energy. In contrast
ion and convection where
al media are required, heat transfer
adiation does not require material
edia. That 1s, 1t occurs In vacuum.
articles of matter are not involved 1n heat
radiation. The mechanism of radiation
involves heat transfer between two or

~ more bodies by means of electromagnetic

waves. All bodies at a temperature above
absolute zero emit some radiant heat. On
reaching an object, part of the radiation

~ can be reflected, transmitted or absorbed.
enters through the windows and doors

into the kitchen to support the burning of

The absorbed heat results to the rise In
temperature of the object.

- Thermal energy from the sun reaches the
~earth’s surface through radiation as the

region between the sun and the earth’s

-@Lw |

- thermal energy from the sun does not

atmosphere 1s vacuum. This means that

- reach the earth through conduction or
- convection. This leaves radiation as the
~only way through which the sun’s heat

| reaches the earth’s surface (Figure 6.13).
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F Sun §

e AN A LA
.-1,..-r.-.. -.-f e E% e
sorbed Tadizl 1on

o adlattun", ‘, r ’. ». .-
1l }i:{r'ﬂ,

radiatiog

- _'-." ¥
-  fensos Ir-:
Flgure 6 13 Fhe fhermal energ}

radiation

Aim: To investigate how heat
reaches us from a distant
source

Materials: source of heat

cardboard

(fire),

Procedure
1. Stand at a place where there i1s
sunlight. How do you feel?

2. Stand in a shade. How do you feel?
Do you notice any difference in the
two positions?

3. Stand near a fire. How do you feel?

4. Put cardboard between you and
the fire. How do you feel? Do
you notice any difference in heat?
Why?

heat is used in drying, evaporating water,

\

Heat transfer by radiation does not need
a medium. The radiant heat from the
sun travels through the vacuum and the
atmosphere. The heat from the fire also
travels by radiation. Radiant heat energy
travels with the speed of light. Radiant

" DUPLICATE

- solar water heaters and solar concentrators
~ like solar cookers.

- Absorbers and emitters of radiant heat

~ The rate at which a body radiates or
~ absorbs radiant heat depends upon the
~ temperature of the emitting surface.
- Objects that are good emitters are also

- good absorbers. Blackened surfaces are

rom the

th through :
sun. reaches the: earth through | of radiant heat. A surface that absorbs

~all radiant energy is referred to as a

- or shiny surfaces are good reflectors of
- radiant en@ﬁ poor emitters.

good absorbers as well as good emitters

blackbody. On thi; other hand, polished

Activity 6.8

To demonstrate absorption
and emission of radiant
heat

two thermometers, two
shiny tins, a candle, water,

Materials:

two tripod stands, two
wire gauzes, a piece of
cardboard

Procedure

1. Cut out two circular covers from
the piece of cardboard to fit the
circumference of the tins.

2. Make a hole through each of the
cardboards through which the
thermometers can be inserted.

3. Blacken the outer surface of one
of the tins and leave the other one

shiny.
4. Heat some water to a temperature
of 40 °C.

5. Fill the tins with the heated water
up to about three-quarters and cover
them with the cardboard covers.

Student s Book Form Three
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6. Place the two tins on a tripod stand at an
equal distance of 5 cm on either side of a
heat source, as shown in Figure 6.14. Note
the mitial temperatures of the water in each
tin.

Physics for Secondary Schools i =

( The temperature of water in the
black tin rises to a higher value
faster than the water in the shiny
tin. When the source of heat
was removed, the thermometer

readings obtained from the water
 oem 5 om —. in the black tin were lower than
those obtained from the water in
the shiny tin at any time. This
means that heat was being lost
from the black tin at a higher

Figure 6.14 rate than the shiny tin. We can,
therefore, conclude that a black

7. In the interval of 2 minutes, record the

temperature ( §,) of the water in each tin for surface absorbs and radja.tes
ten minutes. heat much better than a shiny

surface. That 1s, good emitters of
thermal radiation are also good

8. Remove the candle and then at the interval C

of 2 minutes, record the temperature ( 8,) of | ahsothers.
the water in each tin for ten minutes. Record \k/, d
your results as in Table 6.3. E Minimization of heat loss by
Table 6.3 radiation
Tm ; There 1s a number of ways that
N can be used to minimize heat
loss by radiation. Aluminium
materials are used to cover
0 items such as hot food, to
> minimize heat loss by radiation.
4 In fabrication of thermos flasks
6 and cups, the inner and outer
3 container walls are silvered to
10 | reduce heat transfer by radiation.
Questions The thermos flask

(a) What 1s your observation when the source
of heat was present and when 1t was
removed? Explain.

The thermos flask 1s designed to
minimize heat loss by radiation,
convection and conduction. It
is designed in such a way that
heat loss by the three methods
| ). 1s reduced to a minimum.

(b) What conclusion can you draw from this
activity?

PE—
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A thermos flask is a container designed
to keep hot liquids hot and cold liquids
cold. Thermos flask is a double-walled
flask with the walls joining at the neck. In = 1n Figure 6.16.
between the walls is a vacuum, occupying
a very narrow space. The inner and outer |
walls are coated with a thin layer of silver
to avoid heat loss by radiation. It has a
stopper made of cork or other insulating
material and insulated separators keep
the mner glass contamner from touching
the outer container. Figure 6.15 shows

Figure 6.16; ee mechanisms of thermal
% .
| weat  transfer by

the main parts of a thermos flask.

Cork
stopper

~ through which heat is transferred. This is
contrary to the kettle which demonstrates
heat loss by all the processes as illustrated

- Convection

\p ationg

@at trmgg‘) by radiation is significant

Vacuum - Bgﬁgb‘? ’ “aity life. One of the application of
m]letal or nis the minimization of heat loss as
. t
Silvered Eﬁ;ﬁler €ussed in the preceding section. Other
surface T e
dobls mportant applications of heat radiation
lg)lz;is D 1qu1 i in our daily life include the following:
u
\‘a\ - Vacuum 1. White and light coloured clothes are
Insulated Eﬂ' more suitable in hot season because
support << O they absorb very little amount of sun’s
radiation and thus keep our bodies
Figure 6.15: Thermos flask : cool. Dark coloured clothes are more
Heat loss through conduction 1s suitable in cold season because they

prevented by the vacuum between the
glass walls. The vacuum also prevents
heat loss by convection. Thi-’:- cork StOPPer | 2 The base of a box solar cooker is
prevents heat from escaping from the

flask to the atmosphere by convection.

It also prevents heat loss by thermal . .
. - 3. Coolingfinsatthe back of refrigerators

conduction. Generally, the thermos flask 5 S

simultaneously demonstrates prevention

of heat loss by all the three processes

‘ | PHYSICS FORM lilindd 204

absorb most of the radiant heat from
the sun and keep us warm.

painted black to absorb more radiation
and hence cook food quickly.

are painted black so as to radiate the
maximum amount of heat to facilitate
effective cooling.

Student s Book Form Three
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. Kettles, cooking pans and electric /MGG
iron bases are all polished on their |

surfaces to reduce heat loss through

radiation.

. Car petrol tanks are painted silvery
bright to reflect away as much heat as

possible.

. Houses in hot areas have their walls
and roofs painted with bright colours

to reflect away radiation.

. In solar concentrators, the incoming
heat radiation from the Sun are
reflected to a focal point by concave

reflectors.

. Give two ways by which heat loss

. Why do you often feel warmer

. There are two cars, one is light

(a)

-/g‘__w j

1. Fill in the blanks:

|

| 4
The hotness of an object is ¥ 1

determined by . <

(b)  Temperature of a substance is
expressed in

(¢c) No medium is required for
transfer of heat by the process
of

(d) A cold steel spoon 1s dipped
mm a cup of hot milk. Heat 1s
transferred to its other end by
the process of

(e) Dark coloured clothes
more radiation than light
coloured clothes.

. Distinguish between convection

and radiation of heat.
Conduct an experiment to show

that a dull black surface is a |

‘ l PHYSICS FORM lilindd 205

>

better absorber of radiation than a
polished one.

by a body can be reduced and show
how this is effected in one practical
example.

during cloudy night than during
clear sky night?

coloured and the other dark
coloured. Which one will you
prefer to use on a sunny day with
an average temperature of 34°C?
Give reasons.

Heat is a form of energy that is
transferred from a hot to a cold
object.

2. Temperature 1s a measure of the

degree of hotness or coldness of a
body.

. Transfer of heat energy occurs 1n

three ways: conduction, convection
and radiation.

. During conduction, objects must

be in contact with each other for
heat transfer to take place.

. Some materials, such as metals,

are called good conductors of heat;
they conduct heat easily. Others,
including plastics and wood, are
called insulators or bad conductors
of heat; they prevent heat transfer
by conduction.

00/03/2022 181552 l ‘
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6. Convection 1s the transfer of
thermal energy within liquids or
gases with different temperature
regions. It involves the bulk
movement of the fluids themselves.

7. Convection currents are the
streams of warm and cold moving
fluids (liquid or gases) due to the
difference in densities as a result
of temperature differences. The
liquid or gas moves upwards as it
expands and becomes less dense
and the denser liquid on gas moves
downwards under the influence of

gravity.

8. Radiation 1s the heat transfer
between two or more bodies by \
means of electromagnetic waves. It »
transfers energy where objects do / ;
not have to be in physical contact. /
[t does not require a medium.

9. The energy from the sun reaches
the earth by radiation, not by
conduction or by convection.

10. Dark or black surfaces are good
absorbers and radiators of radiant
energy, whereas light and shiny
surfaces are poor absorbers and
emitters of radiant energy

K ) |}

Answer all questions.

evision exercise 6

1. (a) Explain how heat transfer by
conduction takes place.

(b) Why are gases poor conductors
of heat?

‘ | PHYSICS FORM lilindd 206
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(¢) Why are cooking vessels made
of alummium and not iron?

(d) With respect to thermal energy
transfer, explain why stadium
seats are made of plastic rather
than steel.

(e) Give two ways through which
heat loss by convection can be
prevented.

2. (a) Explain how heat transfer by

convection takes place.

(b) It 1s impossible for heat transfer
by convection to take place in
solids. Explain.

~+« 3. Figure 6.17 shows an electric
kettle.

Figure 6.17

(a) Which 1s the best position
among A, B and C to place the
heating element? Explain your
answer.

(b) What happens to the cool air
outside the kettle when the
kettle 1s hot?

Student s Book Form Three
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. With the aid of diagrams, explain

how land breeze and sea breeze
OCCUT.

. (a) Explain how heat transfer by

radiation takes place.

(b) Heat transfer by radiation does
not require a medium. Explain.

(c) A good solar cooking vessel
should be black on the outside
and not shiny white. Explain.

(d) Give one way through which
heat loss by radiation can be
prevented.

. Aluminium is a good conductor of

heat. Why 1s 1t sometimes used as
an msulator?

mechanisms is applied:
(a) conduction

(b) convection

(c) radiation

. An electric filament lamp with a

clear glass bulb 1s switched on and
gives a bright white light. The bulb
contains a small quantity of argon.
Give an account of the roles played
by conduction, convection and
radiation in the loss of heat from
the lamp filament.

. Suppose you are assigned to

design a thermos flask. Explain
how you will minimize heat loss
by conduction, convection and
radiation.

‘ I PHYSICS FORM lilindd 207

. List three areas where heat transfer \
through each of the following »

|

10.

11.

2.

13.

14.

15.

16.

What could be an advantage of
using an umbrella when you go out
in the sun?

There 1s a set of thin blankets and
thick blankets. Will you choose two
thin blankets or one thick blanket
to wrap yourself during cold night?
Explain.

Describe the mechanisms of
thermal energy transfer from the
hot core of Earth to its surface and
from Earth’s surface to outer space.

Which process of heat transfer is
involved when using a hairdryer?
Explain.

A loose-fitting white dress can be
used both in the hot sun and during
cold evenings. Explain how such
dressing 1s advantageous during
both day and night.

In hot regions, it 1s advised that the
outer walls of houses should be
painted white. Explain.

Through which of the following

modes 1s thermal energy transferred
at the highest rate?

(a) Conduction
(b) Convection
(¢) Radiation

(d) Conduction and convention

00/03/2022 181552 | ‘
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Chapter Seven

Measurement of thermal energy

| In Chapter Six, you learnt that, cooking utensils such as kettles, frying pans and
pots are used because they can quickly heat up. We also learnt that, car engines
are cooled using water because they have a high capacity of retaining the heat.
All these applications are based on the knowledge of measurement of thermal
energy. In this chapter, you will learn the concept of heat capacity, specific heat
capacity, melting point, boiling point and evaporation. You will also learn the
concept of latent heat of fusion and vapourisation, regelation and mechanism of
refrigeration. The competencies developed will enable you to construct different

cooling and heating systems, and design thermal radiators.

\; @ kelvin 1s called the heat capacity of

Heat capacity

Why do some subst
more energy for them t
certain temperature

As you learnt rev;
temperature 1s IQ‘ncn ¢ average
kinetic energy of molecul€S in an object.
These molecules have kinetic energy

due to their translational, rotational and

vibrational motion. The kinetic energy

makes up the internal energy or thermal

energy of the molecules. This thermal

energy can be transferred within an object

or between two objects. If an object
absorbs heat, its internal energy increases
and this leads to rise in temperature of
the object. The amount of heat required
to raise the temperature of a body by

body. Bodies made from different
- materials have different heat capacities.
Measurement of changes in thermal

- energy 1s an indirect measurement of the

molecular kinetic energy.

i Factors that determine the heat content

of a substance

We have already seen that, heat is a form
of energy transferred between bodies due
to the difference in temperature between
them. It is the quantity of thermal energy
that enters or leaves a body and not a

~ property of a material. Heat 1s energy in

motion. Itis known from experience that,

~ ittakes alonger time to heat a large amount

of water 1n a pot to a certain temperature

Student s Book Form Three
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than to heat a small amount of water to the
same temperature. The larger quantity of
water requires more energy for it to be
heated to the required amount. Thismeans
that the amount of heat required depends
on the quantity or mass of materials of
the object. For example, the heat required
to raise the temperature of 1 kg of water
by 1°Cor 1K i1s not the same as the heat
required to raise a temperature of 500 g
of water by 1°Corl K. Also, the heat |
energy required to raise the temperature
of 1 kg of water by 60°Cor60 K 1s
different from the heat energy required to
raise the temperature of 1 kg of water by

90 °C or 90 K.

Similarly, the heat required to raise
the temperature of 1 kg of water by

1°Cor1 K 1is different from he
required to raise the temperature of |
of kerosine by 1°Corl K. Th
heat content of an object depe

mass of the object, temper ch

and nature of the material obj®

Aim: To verify the effect of
mass and nature of the
material on changes in the
heat content of a substance

Materials: stopwatch, water, two beakers
of 250 ml each, waterbath,
source of heat, thermometer,
250 ml measuring cylinder,
cooking oil

Procedure
1. Pour 100 cm’ (100 g) of water in a

beaker. Note the initial temperature.

| (b) Explain the temperature change
tht;< when equal amounts of different

| e J

Physics for Secondary Schools

2. Heat the water until the temperature
changes by about 10 °C.

3. Record the time taken for this
temperature change.

4. Put 200 cm’ (200 g) of water in
a beaker and record its initial
temperature.

S. Heat the water until the temperature
changes by about 10 °C.

6. Record the time taken for the change.

7. Repeat the experiment using cooking
oil.

Questions

(a) Compare the time required to heat
different amounts of the same liquid
to the same temperature.

liquids were heated for the same
period of time.

(c) What do you conclude from the
result in (a) and (b)?

. Determination of the heat capacity

- The amount of heat required to raise
- the temperature of an object by one
~ kelvin or one-degree celsius 1s known
~as heat capacity. It 1s a measurable
~ physical quantity that characterizes
- the amount of heat required to change
- a body’s temperature by 1 kelvin or
- one degree celsius. It 1s also called

' thermal capacity. Heat capacity or
- thermal capacity is denoted by C.

. A

TR .=
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quantity of heat required (J)

Heat capacity =

0
C = M(JI()

is also expressed incalK™ orcal®C™,
lcal =4.184J orl J=0.239 cal.

object to its temperature change. An object with

slightly. On the other hand, the object with a
small heat capacity absorbs only a small amount
of heat and experience a large temperature
change.

Example 7.1

In an experiment to determine the heat
capacity of steel, 100 kJ of heat was supplied
to a block of steel initially at 22 °C. If the
final temperature of the block was 219 °C,
determine the heat capacity of steel.

Solution

Q=100 kJ =100 000 J
AG=0,—6,=(219=22)°C =197 °C

Given

quantity of heat absorbed (Q)
changein temperature (A6)

Heat capacity (C)=

O 1000001
“A0 197 °C

=507.611/°C

Therefore, the heat capacity of steel is
507.61 §°C".

‘ l PHYSICS FORM lilindd 210

change in temperature (K or °C)

. o different materials.
The equation of heat capacity is important

because it relates the heat gained or lost by an
~ that, objects made from different

a large heat capacity can absorb a large amount s-&

of heat energy but its temperature changes only

@“

\ahed the specific heat capacity
» of the substance. The symbol for

- the specific heat capacity is ¢. The
word ‘spectfic’ 1s used to show that
~ a “unit mass’ is being considered.

~ That is:

. C=

Therefore, the
- capacity of a body is given by;

c=

T DUPLICATE

- Specific heat capacity of a

substance

- We have noted previously that,
~ the heat capacity of an object
 depends on the mass of that
The SI unit of heat capacity is JK ' orJ°C™". It

where a related quantity so that we can

object. It makes sense to introduce

compare the thermal properties of
This 1s done
by using the heat capacity of unit
mass of a substance. This suggests

material in different amounts

of h \}aen the temperature of
ese objects are to
S @degree centigrade.

ed
g ty of heat required

e temperature of 1 kg
1hstance by 1 ®Corl K is

heat capacity (J/K)
mass (kg)

where the heat capacity of a
- substance is

heat supplied (QO)
temperature change (AQ)

specific  heat

heat supplied (Q)

mass x temperature change (A@)
e=—2
| mAG

00/03/2022 181554 l ‘
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The temperature of a 6 kg block of
copper rises from 15 °C to 30 °C on
being heated. Determine the amount of

heat supplied to the block. (Specific heat

The SI units for specific heat capacity are

Jkg™' K™ or equivalently, Jkg™'°C™.

Rearranging the equation of specific heat
capacity, you get,

Q =mcA0O

Heat is gained when a substance is heated
and lost when a substance is cooled.

Solution
¢ =390 J/kg °C,

capacity of copper, ¢ =390 J/kg °C).

[t can be seen that changes in the heat
content of a substance 1s affected by mass
(m), specific heat capacity (¢) and the
temperature difference (A@). The greater |
the specific heat of a substance, the more
energy must be added to a given mass |
of the substance to cause a particular
temperature change. Table 7.1 shows the

values of specific heat capacities (¢) for ﬁ ti
different materials. su sthu:es

- Q/ dobject to contact witha hot
Table 7.1: Specific heat capacme\% 1 EQ Objectcomes into contactwithaho

: t, the hot object loses heat and the cold
some materials
ject gains heat until thermal equilibrium

=6 kg, A@=30°C-15°C
Given, Q = mcAd
=6 kg x 390 Jkg™' °C™' x (30-15)°C
=6kg x 390 Jkg™' °C' x 15°C
= 35100 ]

of speclﬁc heat capacity

Material Specific heat ~is reached. At thermal equilibrium, both
| capacity (J/kgK) | objects have the same temperature and
Water 4200 | - there 1s no heat transfer. This 1s what
Sea water 3900 happens when we cool hot water, say in
Paraffin 2200 | a bathtub, by addmg_ cold uf'ater. The final
— temperature of the mixture lies somewhere
Metylatedisput il - between the temperature of cold water and
Ice 2100 ~ that of hot water. The hot water loses heat
Mercury 1395 ~ while cold water gains heat. Some heat
Aluminium 900 18 absorbed by the material of bathtub
Glass 700 ; r_;md by the sunoundipgs. If the heat loss
Steel 500 - is controlled when mixing the water, heat
~ gamned by cold water 1s equal to heat lost
Iron 480 by hot water. This is in agreement with the
Copper 39() - principle of conservation of energy. We
Brass 320 - can use this principle to determine heat
- capacity and specific heat capacities of

Lead 130 -~ substances.

R, ==

——
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Suppose a heated sample to some

known temperature is placed in a vessel

containing water of known mass and
temperature such that the temperature

of the sample 1s higher than that of
water. If the system of the sample and
water does not allow interaction with the
environment, the principle of conservation
of energy requires that, energy lost, Q,.,,
by the sample equals to the amount of

energy gained, Q,,,.,, by water. That is,
anfned = qu.-.:r

[t should be noted that, the water container

exchanges energy with the sample as it 1s

gaining energy;

anmed =

heat gained

heat gained
T by a container

by water

However, 1f the mass of water 1s mu
larger than that of the container,
effect of the container is 1:nc:;gla.ecte’d\l e

science of measuring amou
transferred between bo

calorimetry, and a

c

this energy trans urs lled
a calorimeter. 7 ows the
features of a ca ete l the liquid,
thermometer.

_ @—Themmmeter
Stirrer (— i

FSIs Lagging

.....
.....
o= L
e = = =

Inner

Figure 7.1: 4 calorimeter

<

Outer jacket

container

T DUPLICATE

~ The inner container and the stirring rod
are both made of the same material,
- usually aluminium or copper. The heat
- loss 1s reduced by the lagging material
and the lid. To measure specific heat
capacity, a liquid of known mass and
temperature 1s poured 1n the inner
container, and a solid or liquid of known
mass and temperature, 1s added to the
liquid. The final temperature 1s measured
when equilibrium is reached.

: Py b

Aim: To determine the specific
heat capacity of a solid

Materials: brass block, thermometer,
9 cold water, weighing
N balance, stirrer, boiling
water, thread, source of
heat, stopwatch, copper
calorimeter

Procedure

1. Measure and record the mass of the
copper calorimeter and stirrer.

2. Pour 100 cm’ (100 g) of water into
the calorimeter and then place the
calorimeter into its jacket and cover
it.

Record the temperature of water.

4. Tie a brass block of known mass
with a thin thread and place it in
boiling water. Make sure the brass

block does not touch the sides of
the container with the boiling water.

5. After placing the brass block in the
boiling water for about one minute,

P\ J

s
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remove 1t quickly, wipe off the water with a dry cloth and place it in the calorimeter.
Measure the temperature of boiling water.

6. Replace the lid and stir gently until the temperature is steady.

7. Read and record this steady temperature.

Question

Determine the specific heat capacity of brass.

The specific heat capacity of the brass block can be calculated as follows:
Mass of copper calorimeter and stirrer = m, kg

Mass of cold water = m_ kg

[nitial temperature of cold water in the calorimeter = 6, °C

Mass of brass = m, kg

[nitial temperature of brass (temperature of boiling water) = 6, °C
Final temperature = @, °C

Specific heat capacity of water ¢, =4200 J/kgK

Specific heat capacity of copper ¢, =390 J/kgK

Specific heat capacity of brass ¢, = ?

Heat gained by the calorimeter and stirrer, O, =m_x 390 x (6,— 6,) J
Heat gained by water, O, =m, x 4200 x (6,—-6,) ]

Heat lost by brass, O, =m, x ¢, x (6,—6,) ]

Heat lost by brass = Heat gained by calorimeter and stirrer + Heat gained by water
in the calorimeter

m, x ¢, X (6,—6,)=m_x390 x(6,—6)+m, x4200 x (6, - 6,)

_m, %390 % (6, - 6) +m, x 4200 x (6, - 6))

Cp

my, x (6, — 6;)
. _ (390m, + 4200m,) x (6.~ 6)
’ m, x (6, — 6;)

Since the quantities m.. m,, m,. 6,, 6, and 6, are all known (from the results of the
activity), the specific heat capacity of brass (€ ) can be determined.

. ’
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A piece of copper of mass 40 g at 200 °C 1s immersed into a copper calorimeter
of mass 60 g containing 50 g of water at 25 °C. Neglecting heat losses, calculate
the equilibrium temperature. (Specific heat capacity of copper, ¢, =390 J/kg°C and
specific heat capacity of water, ¢, = 4200 J/kg°C).

Solution

Let @ be the equilibrium temperature in °C.
Heat lost by the piece of copper

O, =mcAf=0.04 kg x 390 Jkg™'°C™" x (200—8)°C
0, =15.6 x (200-8) J
Heat gained by the calorimeter
0, =0.06 kg x 390 Jkg '°C™" x (6—-25)°C
0,=234x(60-25)]
Heat gained by water
Q, =0.05 kg x 4200 Jkg°C™' x (8- 25) °C

0, =210x(6-25) ]

Heat lost by piece of copper = heat gained by the copper calorimeter and water.

Q] = Q2 +Q3
15.6 x (200—9)J=23.4 X (6'~—25) J+ 210 x (9—25) J
By collecting like terms, & can be calculated

8955 °C
249

Therefore, the equilibrium temperature 1s 36 °C.
\. J

_

A brass cylinder of mass, m,, was heated to 100 °C and then quickly transferred
into a thin aluminium can of negligible heat capacity, containing 150 g of paraffin at
11 °C. If the final steady temperature of the paraffin was 20 °C, determine the value
of m,. (Specific heat capacity of brass i1s 320 J/kg°C and specific heat capacity of
paraffin 1s 2200 J/kg°C).

7 =35.96 °C =36 °C

Solution
Heat gained by the paraffin 0, =m ¢ A0

PEE—
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0, =% kg x 2200Jkg '°C™" x (20—11)°C =2970 J

Heat lost by the brass cylinder, O, = m, ¢, A0
0, =m, x 320Jkg™' °C™" x (100-20)°C = m, x 25600 Jkg™'

Heat gained by paraffin = heat lost by brass
2970 J =m, x 25600 Jkg '

2970 J
m, = =1
25600 Jkg

=0.116 kg

The mass of the brass cylinder was 116 g.

O J

(€ .ﬁw

Aim: To measure the specific heat capacity of a liquid

Materials: brass mass, thermometer, cooking oil, boiling water, copper calorimeter,
copper stirrer

Procedure
Follow the procedure for Activity 7.2 but, instead of cold water, use cooking oil.

Question
Determine the specific heat capacity of cooking oil.

Determination of the specific heat capacity of the cooking oil can be carried out as
follows:

Mass of calorimeter and stirrer = m;, kg

Mass of cooking oil = m, kg

Initial temperature of cooking oil and calorimeter = 6, °C

Mass of brass = m, kg

Initial temperature of brass is the temperature of boiling water = 6, °C

Final temperature = @, °C

Specific heat capacity of copper ¢, =390 J/kg K

Specific heat capacity of brassc, =320 J/kg K

Specific heat capacity of cooking o1l ¢, =7

R -
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Heat energy gained by calorimeter and stirrer, O, =m, x 390 x (6, - 6,) J
Heat energy gained by cooking oil, O, =m, x¢, x (6, — 6,) ]

Heat lost by brass, O, = m;, x320x (6,—6,) ]

Heat lost by brass = Heat gained by calorimeter and stirrer + Heat gained by cooking oil

fﬂ3 x320><(62_93):??1[KBQOX(QJ_&])'I'FHEXCUx(gj_gl)

m, % 320 x (6,— 6,) — m, x 390 x

(93 '_ 9:)
T J/kgK

C,.=

(4]

Since the quantities m,, m,, m;, 6,, &, and @, are all known, the value of ¢, can be
obtained. )

_

A block of metal of mass 0.20 kg at a temperature of 100 °C is placed in 0.40 kg of
water at 20 °C. If the final steady temperature of the water is 24 °C, determine the
specific heat capacity of the metal. (Neglect heat absorbed by the container and heat
loss to the surroundings). Specific heat capacity of water 1s 4200 J/kg°C.

Solution

Heat lost by metal, O, =m, c, A0=0.2kg xc, x(100-24) °C, where ¢, 1s the
specific heat capacity of the metal.

Heat gained by water, O, =m, ¢ A6 = 0.4 kg x 4200 J/kg°C x (24-20) °C

wow

Heat lost by metal = heat gained by water
0.2kg xc, x76°C=0.4kg x 4200 J/kg°C x 4 °C

04 kg x 4200 J/ke"C x4 °C
N 0.2 kg x 76 °C
Therefore, the specific heat capacity of the metal is 442.11 J/kg°C.

- J

_

A block of aluminium of mass 0.5 kg at a temperature of 100 °C is dipped in 1.0 kg
of water at 20 °C. Assuming that no thermal energy is lost to the environment, what
will the temperature of the water be at thermal equilibrium? (Specific heat capacity
of aluminium is 900 J/kg®°C and specific heat capacity of water 1s 4200 J/kg°C.

=442.105 J/kg°C

Solution

Let &, be the final temperature.

INE_USE.ONLY -
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Change in the aluminium temperature, A6, =(100—-6, ) °C
Change in the temperature of the water, A6, = (6, —20) °C
Heat lost by aluminium Q, =m, x ¢, x Ag, =0.5 kg x 900 J/kg °C x (100-6,) °C
Heat gained by water O, =m,, x ¢, x A8, =1.0 kg x 4200J/kg °C x (6, -20) °C
Heat lost by aluminium, O, = Heat gained by water, O,
450 x (100—6,) =4200 x (6, —20)
By collecting like terms in one side, and then solving for final temperature, you get,

8, =27.74 °C.
Therefore, the final temperature of the mixture 1s 27.74 °C.

\. A

-~

_

A brass cylinder of mass 100 g was heated first to a temperature of 100 °C and
quickly transferred to an aluminium calorimeter of mass 150 g containing 120 g of
paraffin at 10 °C. If the final steady temperature of the paraffin after stirring was
25 °C, calculate the specific heat capacity of paraffin ¢ »- (Neglect the heat losses to
the environment, and use specific heat capacity for brass,c, =320 J/kg°C and for
aluminium, ¢, =900 J/kg°C).

Solution

Let ¢, be the specific heat capacity of paraffin.
Heat gained by aluminium calorimeter and paraffin

O =m, xc, "'(9; —Qf)"' m, X¢, ’-‘(gf _9;-)
=0.15x 900 x (25 —10) + 0.12 x ¢, x (25 —10)=2025 J + 1.8¢,
Heat lost by brass cylinder
Q, =m, x ¢, x (100—8,)=0.1 kg x 320 J/kg°C x (100—25) °C = 2400 J

From the principle of energy conservation,
heat gained by aluminium + paraffin = heat lost by the brass

2025 J + 1.8¢, =2400 J

_ 2400 J - 2025 ]

¢ = 208.33 J/kg°C
v 1.8 kg°C

Therefore, the specific heat capacity of paraffin 15 208.33 J/kg°C .

\, A
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Why 1s it so hard to keep your body
warm if you are wet?

Explain the importance of high
specific heat capacity of water.

. The specific heat capacity of acetic

acid is approximately half that of
water. Suppose an equal mass of
water at 20 °C and acetic acid at
80 °C are mixed in an insulated cup.
What will the temperature of the
mixture be at thermal equilibrium?

. An 1nsulated container holds

0.15 kg of water at 85 °C. What
mass of water at 22 °C must be

added into the water to cool 1t to a ;/ W

temperature of 60 °C?

A block of metal of mass 0.2 kg at

a temperature of 100 °C is placed »
~ but the phase or state changes. At this

point, a solid object changes to a liquid. If

into 0.4 kg of water at 16 °C. 1f
the final temperature of the metal
and water 1s 20 °C, what 1s the
specific heat capacity of the metal?
Use specific heat capacity of water
c,_=4200 J/kg°C. Assume no energy
losses.

A piece of copper of mass 40 g
at 200 °C 1s placed in a copper
calorimeter of mass 60 g containing
50 g of water at 10 °C. Assuming

there are no heat losses, determine

s
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the final steady temperature after

stirring. The specific heat capacity
of copper 1s 390 J/kg°C and that of
water is 4200 J/kgK.

7. Iftwo objects P and Q are supplied
with the same quantity of heat, the
temperature change in P 1s observed
to be twice that in Q. Suppose the
masses of P and Q are the same,
calculate the ratio of the specific
heat capacity of P to Q.

6‘7
tat Q/
uev &ed yourself how water
es 1ito e? When changed to ice, 1s
wstilhwater? To answer these questions,
sider what happens when an object
ated or cooled. The temperature of an
ject rises when it 1s heated. However, at
some point temperature does not change

~ heating continues, the liquid will change
- to a gaseous state. Therefore, an object
~can exist in three states namely, solid,
- liquid or gas. The three states of matter
are interchangeable through heating
~or cooling. Figure 7.2 illustrates these
- changes using water. It 1s worth noting
~ that, recently the fourth state of matter
- called plasma has

been discovered.

- However, this state will not be considered
. here because 1t 1s beyond this level.

PEE—
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Figure 7.2: The three states of water

On heating ice (solid), it changes to
water (liquid) at constant temperature
which on further heating, the liqud
changes to steam (gas) at a constant
higher temperature. On cooling steam
(gas), changes to water (liquid) and on

Generally, at a high temperature, m

 their definite sha

and size, and they are
not easily compfessed. Solids can change
from solid st¥eAo liquid state through
meltingﬁ meling needs energy to

weaken fo& attraction between
S0 ohd. When the force of

cooling further, it changes to ice (solid). | 5 'tm}nSs y ea%‘ﬁ‘ﬂeqa molecules start
vu;%s/ It as in a iquid. A common

intermediate temperature, they eiig n
liquid state and at the low @M%
they exist in solid state. O O
Kinetic theory : hm*$ of
particles of mﬂ%

What makes up atter@hy do some

matters exist in solid, liquid or gaseous
form? The kinetic theory of matter is
useful in describing the properties of
solids, liquids and gases at the molecular
level. The way particles in matter are

arranged and how they behave, determines
whether the matter is solid, liquid or gas.

In solids, the intermolecular forces
between neighbouring molecules are
strong enough to keep them locked in
position. This makes the solids to maintain
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1s when ice melts to form

ex
: @ water by heating as depicted in

Ice cubes (100 g) Liquid water (100 g)
1.' i_-“ i ':. )
| 1) ) P, . J || |1
| |~ | f
A . |
_j‘ 4 '1; |!
\ ;i _j,,_..i' . H -:-j]r- ) |.||
| _|'1-'| ' | 1
= A  Heating
(e | — |
—— -

Figure 7.3: Melting of ice

To freeze liquid water into ice requires the
energy in the liquid be removed. If liquid
water is cooled, the particles of liquid
lose energy, slow down and eventually
stop moving and stick together to form a

. solid structure.

e
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In hiquids, particles possess a larger
- substance

amount of kinetic energy than particles

in a solid. Thus, the particles of a liquid

are not 1n an ordered arrangement, and so

container and past one another. They do

attraction between one another and as a
result, they remain loosely connected.
Liquids have indefinite shape, a definite
volume and are not easily compressed.
On heating a liquid, the kinetic energy
increases and overcomes the force of
attraction between the liquid particles.

evaporation. %
In gases, the particles of a
a very large amount of

and move very rapi
They move so fas

attraction betw,
result of this kin

a

IC en

and get closer but not close as 1n a solid.

The process of changing the gaseous state

into liquid state 1s called condensation.

When a Ilqmd

~ released in thy
It reaches where the temperature

~ stops chg

I nti
The particles then become free to move

as in gases. The process of changing a 4
liquid state into a gaseous state 1s calQ,z

SSESS |

r |
hey_ha
e @er. As a
particles of ;
a gas are separated by large distances
between them. Just as with hiquids, gases
take on the shape of the container they
are placed . Gases have an indefinite
shape, an indefinite volume and are easily
compressed due to the large distance
between particles. On cooling, the free
molecules 1n a gas lose energy, slow down

T DUPLICATE

The melting and freezing point of a

When a solid 1s heated continuously, it

~ reaches a point where the heat is absorbed
a liquid takes the shape of a container in
which it1s placed. Liquid particles possess

enough energy to move throughout a = Thjs point is called the melting point. At

but the temperature does not change until
the substance has completely melted.

- the melting point, the increased thermal

not have enough energy to escape the energy overcomes the cohesive force

- holding the molecules.

cooled, energy 1s

of thermal energy.

.; ; g s constant) but the

lose energy. At this

i Q freezes to solid. This
int §s eezing point.

Activity 7.4

To determine the melting
point of naphthalene from
its cooling curve

Materials: retort stand and clamp, test
tube, beaker, thermometer,
solid naphthalene, source
of heat, tripod stand, wire
gauze, water

Procedure

1. Put some crushed naphthalene in a
test tube.

2. Place the test tube i1n a beaker as
shown in Figure 7.4.

s
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A A
Questions
ﬂ‘k I,;r (a) From the results of the experiment,
7’—— Naphthalene plot a graph of temperature against
time for the cooling of naphthalene.
O (b) Explain the shape of the graph in

Source of heat

100 °C.

==l \
= ]
Figure 7.4

3. Heat the water until all the
naphthalene has melted and its
temperature has reached about

Remove the test tube from the
beaker and suspend it to a retort

stand, with a thermometer inserted
in 1t as shown 1n Figure 7.5.

5. Gently continue to stir it with the
thermometer as it cools and take

to about 30 °C.

readings.
Thermometer
Retort /
stand
il — Test tube
Naphthalene
Figure 7.5

6. Record the temperature reading on

the thermometer at thirty-seconds
intervals until the temperature falls

‘ l PHYSICS FORM liLindd 221
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(a) above.

As the naphthalene 1s cooled, 1its
temperature decreases gradually. After
some time, the thermometer reading
few minutes.
At this constant temperature,
naphthalene is solidifying, although
heat i1s being lost by convection and

remains constant for

radiation all the time.

the naphthalene has solidified, 1ts
temperature starts to decrease again.
Figure 7.6 shows the cooling curve of

the

When all

naphthalene.
A
5 100 A/ COOllflg llqlplld
2. ~ Freezing point
5]
g 30 &~ - = = 'C/nolmg solid
2 _
5
=
D
>
0 Time (s)

Figure 7.6: Cooling curve of naphthalene

From A to B in Figure 7.6, the
temperature of naphthalene falls until
the naphthalene begins to solidify. The
temperature then remains constant from
B to C up to the time when solidification
1s complete at C. The temperature
starts to decrease again from C to D.
For a pure substance, the flat part B
to C occurs at a temperature called

o
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the freezing point. This is temperature
at which a liquid changes into a solid
without a temperature change. The
freezing point of a pure substance is the
same as 1ts melting point. In the case of
pure water, melting and freezing point
occur at 0°C. The melting point of some
substances are shown in Table 7.2.

Table 7.2: Melting point of different

substances
Substance | Melting point (°C)
Iron 2080
Oxygen -218
Mercury -39
Alcohol -115
Tungsten 3920 N
Helium -273 f

Effect of impurities on lhi F\Nvl <

point of a substance

We have noted that, p ater L@

0 °C. This H]]pllBS ts'at this
temperature. S@[ amount
of impurity 1s in oduc o 1ce, will
the freezing point and boiling point be
lowered or raised?

Aim: To investigate the effects of

impurities on the freezing
point of a substance

Materials: thermometer, beaker, retort
stand and clamp, funnels,
ice, salt

INE USE ONLY
2] DUPLICATE

Procedure

1. Put some crushed ice in a funnel.

2. Insert a thermometer 1n the funnel
containing crushed ice as shown in
Figure 7.7.

— Retort
Thermometer — stand

Figure 7.7

3. Stir well until the ice starts to melt.
4. Note and record the temperature of
the 1ce and water 1n the funnel.

5. Replace the crushed ice with a
mixture of crushed ice and salt.

6. Stir until the ice starts to melt.

7. Note and record the temperature
of the mixture of ice and salt in the
funnel.

Questions

(a) Atwhat temperature did the pure ice
start to melt?

(b) At what temperature did the ice mix
with salt start to melt?

(¢) Compare the melting point of the
pure ice with that of the ice-salt
mixture.

The melting point of the mixture of
ice and salt 1s lower than that of pure
ice. Impurities such as salt lower the
melting point of a substance, this is the
same as lowering the freezing point. To
understand why, consider what happens
during the process of freezing a salt
solution. In this case, salt is considered

s
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as the impurity. The particles of the

impurity get between the particles of
the liquid and disrupt the organization
of molecules i the solid crystals.
The introduced impurities weaken
the bonds that hold the molecules of
the solid. Therefore, less energy is
required to separate the molecules in
the solid. Thus, the ice containing the
impurities melts to a liquid at a lower
temperature than the pure ice does.
This 1s referred to as freezing point

depression.
" J

Effect of pressure on freezing and
melting of a substance

Freezing and melting are two opposing
processes that involve state transitions.

Variations in pressure can affect both N\

melting and freezing. A solid's volu
on the other hand, 1s simply the vol

an equal mass of the corresponding | id.<
Thus, the effect of pressure onéﬁlgqg 5. Repeat step 2-4 using 1 kg.
S

and freezing points 1s ve@x 1l

the pressure change 197%ery argg.i@le
freezing point, how 1e rajeof freezing
equals the rate 0%@3 By'Qbserving the
influence of presstre on % melting of a
solid, one can study the effect of pressure
on the freezing of a substance.

Aim: To mvestigate the effect of
pressure on melting of ice

Materials: ice block (thick), two slotted
1 kg masses, a thin copper
wire, wooden blocks, two
weights of 2 kg each

‘ l PHYSICS FORM Iilindd 223
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Procedure

1. Place an ice block of about
10 ecm x 15 em x S cm  between two
wooden supports as shown In
Figure 7.8.

[ce block

Wooden Wooden

support support
Thin copper :
TS Weights

Figure 7.8
2. Attach heavy weights of about 2 kg
each at each end of the copper wire.
3. Pass the copper wire with the masses
attached to it over the block of ice
as shown in Figure 7.8.

| 4. Observe what happens to the ice
block.

4

Question

What have you observed when the
2 kg and 1 kg weights were suspended
over the ice block using a copper wire?

The wire cuts through the ice block
without breaking it. The weights exert
pressure on the wire which exerts
pressure on the ice block. This causes
the ice under the wire to melt hence
allowing the wire to cut through. As the
wire moves through the ice, the pressure
above 1s lowered and the molten ice
(water) re-freezes. On the other hand,
when the 2 kg 1s used, melting of ice
occurs faster than when 1kg 1s used.
This 1s because heavy weights exert

09/03/2022 18:16:06 l ‘
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higher pressure on ice resulting to

higher rate of melting and freezing.

The process of the liquid re-freezing
above the wire is called regelation.

7

Regelation

When pressure is exerted on ice at
constant temperature, the ice melts
and re-freezes as the pressure 1s
released. The phenomenon of melting
and re-freezing under the influence

of pressure is known as regelation.

This occurs because pressure lowers

the melting point of ice. There are
many applications of the knowledge

of regelation, one being making
snowballs. This is done by compressing
snow resulting to slight melting of the
ice crystals. This 1s done by releasing

a compressing force on the Siﬁé

Boiling and evaporat
As a liquid 1s hes: 2 Szes

ecules
ith more
kinetic energy move faster and are
able to overcome the intermolecular
forces holding them together and
hence escape. At boiling point, the
vapour pressure of liquid becomes
equal to atmospheric pressure. A pure

causing the ice to re-freeze and bi
the snow forming a snowb \'

gain kinetic ent

at the surface of the hqu

substance has an exact boiling point.

At boiling point, heat supplied 1s used
to change water from liquid to vapour

state. It does not raise the temperature.

Table 7.3 shows the boiling points of

some substances.

T DUPLICATE

~Table 7.3: Boiling points of some substances
| Substance  Boiling Point (°C)
Helium | —269
Hydrogen -253
Oxygen —183
Ethyl alcohol 784
Benzene : 80.2
Water 100
Mercury 357
Aluminium 2467
Copper 2567
| Iron 2750
Aim: To investigate the effect of

Materials:

impurities on the boiling point
of water

two round-bottomed flasks,
two thermometers, two corks
or rubber bungs, pure water,
salt solution, retort stand

Procedure

1. Pour some pure water into one of the
flasks so that it is half filled.

2. Pour some salt solution into another
flask so that it is half filled.

3. Insert the thermometers through the
corks.

4. Heat the flask containing the pure water
until water boils.

5. Measure and record the temperature at
which the water boils.

6. Repeat steps 4-5 using the salt solution.

s
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Question

Compare the boiling points of the two
substances. Thermometer —:

The temperature at which pure water
boils 1s lower than that at which the
salt solution boils. This 1s because
the impurity (salt) particles alter the Water
intermolecular force between pure
water particles such that more energy

Rubber tube

—Round-bottomed
flask

lp ?r' r' " . _i;ll' J “ -:-';: VAVNAAAAS
M RO

is required for them to escape from the
solution surface.

- : .- !
Activity 7.8 Figure 7.9
Aim: To investigate the effectof | | 5. While the water is boiling, close
increasing pressure on the | | the open end of the rubber tube by
boiling point of water :! squeezing it. Note the thermometer
Materials: round-bottomed flask, ] teddimg,
thermometer, cork or < Questions
rubber bung, [.-shaped L | (a) What happens to the temperature
glass tube, rubber tube, reading when the open end of the
source of heat, retort stand rubber tube was closed?
Procedute (b) Explain your observation in (a)
above.
1. Half-fill the round-bottomed flask
with water. When the tube is squeezed, the
2. Fit the flask with the cork and insert temperature reading of a thermometer
the thermometer and the L-tube. increases. Squeezing a rubber tube

increases the pressure mside the flask.
3. Connect a rubber tube to the glass P

i An increase In pressure in turn increases
€.

| the boiling point of water. This shows
4. Place the flask as shown in that, an increase in pressure raises the
Figure 7.9. Heat and allow the boiling point of a liquid. The knowledge

water to boil. of the effect of increasing pressure

\ J \ o
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on boiling point is mainly applied in
pressure cookers (Figure 7.10) for
cooking rapidly. It is also applied in
an autoclave for sterilizing surgical
equipment and other pharmaceutical
items.

Aim: To investigate the eftect of
reducing pressure on the
boiling point of water

Materials: round-bottomed flask,
thermometer, cork or
rubber bung, L-shaped
glass tube, rubber tube,
source of heat, retort stand

Procedure

1. Half-fill the flask with water.

2. Insert the thermometer and glass
tube through the cork and cover the

flask.

3. Heat the water up to 70 °C to
15°C.

Figure 7.10: Pressure cooker L
o

INE USE ONLY
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4. Remove the flask from the source of
heat, clip the rubber tube and imvert
the flask as shown in Figure 7.11.

p Cold water

7— Inverted flask

(Glass tube

Figure 7.11

5. Run cold water over a flask
and observe the reading on a
thermometer. Also, note what
happens to the water in a flask.

Question

Explain what happened to the
thermometer reading on running cold
water over the boiling water.

The reading on a thermometer
decreases but water 1n a flask
continues to boil. When cold water
1s run over the flask, a water vapour
above the water condenses, thus
reducing the pressure inside the flask.
Water boils at a temperature below its
normal boiling point. If the cooling
1s continued, the boiling point can
drop to about 40 °C. A decrease
in pressure, therefore, lowers the
boiling point of a liquid. Table 7.4
shows boiling point of pure water at
different altitudes, hence ditferent
atmospheric pressure.

Student s Book Form Three
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Table 7.4: Boiling point of water a!

dlfferent altltudes
99 O
706 98.0
681 97.0
1200 656 9.0
1500 632 95.0
1 800 609 939
2 100 586 929
2 400 565 91.9
2 700 543 90.8
3 000 523 89.8
\ S

[t 1s important to note that, at sea
level water boils at 100°C and for
every 152.4m increase 1n elevation,

boiling point of water is lc-werq/

by approximately 0.5 °C

boiling point of a liquid depends h
vapour pressure of liquid. A\giv _
temperature, different

different vapour pressure
strength of their 1n ecul ces.
You learnt that 0 escape

into vapour ph the me

move fast |

with more kinetic energy to overcome
the mntermolecular forces holding them
at the surface. This implies that, liquid
with weaker intermolecular forces
will allow more molecules to escape
into vapour phase. It can be said that,
this liquid has higher vapour pressure.
On the other hand, liquids with strong
intermolecular forces possess lower
vapour pressure. This is because few
molecules will posses enough kinetic
energy to overcome intermolecular
forces and escape 1nto vapour phase at a

given temperatur.ﬁk

Evaporation \s/the process through
which uid ﬁnges to vapour
(gas) rn.&HE e even below its

oin n a liquid 1s heated,
G? ain kinetic energy. The
lecu the surface which have
ore Kinetic energy move

gal
fa Qﬂﬂd are able to escape from the
¢ 1d’s surface. This takes place at all
p

eratures even below a boiling point.
Water evaporates from a pool more
rapidly when it is windy, sunny and less

humid. Evaporation i1s different from
boiling. Table 7.5 shows the differences
between boiling and evaporation.

Table 7.5: Differences between boiling and evaporation

Basic comparison = Boiling Evaporation

Meaning Is vapourisation process where | Is a process for which liquid
liquid changes into gas system | changes its form into gas even
when heated without heating

Temperature Occurs at a definite temperature | Occurs at a temperature even
which is the boiling point below the boiling point

Occurrence Occurs throughout the liquid | Occurs at the surface of the liquid
with the formation of bubbles only and no bubbles are formed

Temperature effect | Has no cooling effect Has a cooling effect

to the liquid (temperature remain constant) (Temperature decreases)

Occurring rate Takes place rapidly | Takes place slowly
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Latent heat of fusion and vapourisation

We have seen that, objects change their

states when heated or cooled. Phase

change may be from solid to liquid or
liquid to vapour and vice versa. As an
object changes its phase, some heat is
released or absorbed. The heat required to
convert a given mass of a substance from
one state to another is termed as the latent
heat, which means concealed or hidden
heat. For example, in order to convert 1 kg

of water at its boiling point to steam at the
same temperature, it requires 2260 kJ.

According to the kinetic theory of
matter, when a solid object 1s heated, its
temperature increases. As the temperature
increases, 1t reaches a point where an
object melts. At the melting point, the

temperature of the object does not char@ m

even though 1t absorbs heat. H

absorbed by a solid during me tlﬁ& d 5

an equal amount of therm
liberated by the liquid d
The heat absorbed or libgra
change of state 1s ¢

fusion.

late

O

During mellingghe a@Ded thermal

energy increases the kinetic energy of
the particles of the solid, enabling them

T DUPLICATE

- solid state, 1t gives up 1ts latent heat of

- fusion. The energy required to change the
- phase of a pure substance of mass, m, 1s
- given by,
QO=mL

where L is the specific latent heat.

When the thermal energy i1s added or
removed from objects with different
properties, the objects respond differently
~as they change phase. This also applies
~ to the amount of energy transferred in
- different objects‘i it 1s the function of
- the amount bstance of the object.
ta es a large amount of

- For exam (V
- ener lake than to melt

% se a system containing
0 phases in equilibrium,
6&1 as

and 1ce, has an mitial mass,
r and the final mass of water 1s
the same temperature. If the energy,
enters the system, then the amount of
Mce that melts 1s equal to the change in the
amount of new water. Therefore, the latent
- heat for this phase change is given by,

1,

to overcome the forces that hold the

molecules in their fixed positions. This
gives them freedom of motion required
in liquid form. At boiling and melting

points, the heat supplied does not increase
the kinetic energy of the particles,

instead, it breaks the intermolecular force
of attraction so that the particles are set
free and an object changes its state. If the

molten liquid of mass, m, 1s cooled to a

s
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H
Latent heat(L) = cai{d)
Changeinmass (m,—m,)
Heat (Q)
Changeinmass (Am)
-2
Am

- The value L represents the specific latent
~ heat of a substance. It is also represented
by the symbol L, 1f the entire amount of
ice undergoes a phase change, change in
mass(Am), Am=m,—0. The quantity
~ of heat required to change completely a
~unit mass (I kg) of a solid to hquid at its
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melting point is called the specific latent
heat of fusion.

The SI unit for the specific latent heat
is joules per kilogram (J/kg). The
specific latent heat of fusion of ice 1s
3.34x10° J/kg. The quantity of heat
energy required to change a unit mass
of a solid into liquid at 1ts melting point
depends on the material of the solid. Latent
heat of fusion of different substances are
shown in Table 7.6.

Table 7.6: Melting/freezing points and
specific latent heats of fusion
of some substances at S.T.P

Substance | Melting or = Specific

point (eCY) = of fusion

- (x10° Jkg)

Aluminium 659 3.96
Copper 1086 2.06
Iron 1535 247
Water 0 3.34
Mercury -39 0.11
Ethyl
alcohol =L 105

Similarly, for a liquid to‘change to a gas,
energy must be absorbed by the lLiquid
during vapourisation. This energy 1s equal
in amount to heat liberated by the vapour
during condensation. The heat absorbed
or liberated here 1s called the latent heat
of vapourisation.

Latent heat of wvapourisation 1s the
heat required to cause vapourisation or
condensation. The heat supplied at this
point does not go towards increasing the
temperature of the liquid. Instead, this
energy 15 used to overcome the molecular

‘ I PHYSICS FORM lllindd 229

forces of attraction between the particles
of the liquid and bring them to a vapour
state. Figure 7.12 shows a relationship
between the temperature and the heat
supplied to an object.

A
L
=
E Latent !ma; of
= . vapourisation
= Liquid P
=
Q/ Latent heat of fusion
« ....

at supplied

\/ ure 7.12: Latent heat

o

Activity 7.10

Aim: To demonstrate the latent
heat of vapourisation of
water

Materials: beaker, stopwatch, water,
source of heat, thermometer

Procedure

1. Pour water into a beaker.

2. Heat water in a beaker and record
its temperature after every minute
until it starts to boil.

3. Continue heating and note the
temperature two minutes after the

water has started to boil.

4. Record your results in a table similar
to Table 7.7.

09/03/2022 18:16:11 | ‘
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Table 7.7

Questions
(a) Using the results obtained, plot a graph of temperature against time.
(b) Explain the shape of the graph.

As the water 1s heated, its temperature rises. However, once the boiling point is
reached, the temperature remains constant even though heat energy is still being
supplied to water. A sketch of the graph of temperature against time is shown in

Figure 7.13.
/ Boiling point

[0PCE> == =d cemes

A

Temperature (°C)

Time (min)
Figure 7.13: Temperature—time graph for heating water

The portion of the graph with zero gradient represents the boiling point of the
material. However, the boiling point depends on the place where the experiment was
carried out. This is because the boiling point of the water is affected by atmospheric
pressure. When the atmospheric pressure i1s high, the water molecules require
additional heat so as to acquire the velocity necessary to escape from the surface.
At low atmospheric pressure, the molecule escapes at low speed, thus, lowering the
boiling point. That is why, it is difficult to boil eggs at the top of Mount Kilimanjaro.
When water vapourises to form steam, it uses up latent heat of vapourisation.

o

o

_

How much heat is required to raise the temperature of 1.5 kgof ice at —10 °C
to steam at 120 °C? (The specific heat capacities of ice, water and steam are:
2144 J/kg°C, 4186 J/kg°C and 2010 J/kg°C respectively. Latent heat of fusion of
ice and vapourisation of steam are 3.35 x 10° J/kg and 2.27 x 10° J/kg, respectively. |

s
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Solution

The process takes place in stages as shown in Figure 7.14.

120°C J---=c-mmmmmme s m e e mmmce e

Steam
Water/steam
100°C {--=-=-=====c-scceceemo

Temperature, © (°C)

. Ice/Water
0°C Ja e —————— e o o o o o e

melting
=10 °C

Heat supplied, Q (J)

Figure 7.14

Stage 1: Energy required to raise the temperature of ice from —10 °C to 0 °C, O,
Mass of'ice, m,, =1.5 kg

Specific heat capacity of ice,c,, = 2144 J/kg°C

Changein tempearture, A@, = Final temperature — Initial temperature
AG =0°C—(-10°C)=10°C

Qi — mi(fﬂ: X Cia = A91

O =15kg x 2144 J/kg°C x 10 °C=3.216 x 10* J

Stage 2: Energy required to melt the ice, O, at constant temperature, i.e., 0 °C.
Q,=m_L

0, =1.5 k; x 3.35 x 107 I/kg =5.025 x 10° J
Stage 3: Energy required to raise the temperature of the water from 0 °C to 100 °C, 0,
Q,=m, xc, x A6,
Q, =1.5 kg x 4186 J/kg°C x 100 °C = 6.279 x 10°J
Stage 4: Energy required to convert the water to steam, Q,
O,=m.L,

0, =15 kg x 2.27 x 10° J/kg =3.405 x 10° J

09/03/2022 18:18:12 | ‘
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Stage 5: Energy required to raise the temperature of the steam from 100 °C to 120 °C (Q,)
O, =m_xc, x Ab,

AG, =(120-100)°C =20 °C
0. =1.5 kg x 2010 J/kg°C x 20 °C=6.03 x 10* J

The total heat required for the entire process (Q, ) is given by,
Or =0+ O+ O+ O, + O

O, = (3216 x 10" + 5.025 x10° + 6.279 x 10" + 3.405 x 10° + 6.03 x 10*) J=4.63 x 10" J
The total heat required for the process is 4.63 x 10° J.

Note: The most amount of heat was required in step 4 to convert the water to steam.
Steam at 100 °C has much more thermal energy than water at 100 °C. This is why
steam is used in engines to convert thermal energy to mechanical energy.

o

W

A copper calorimeter together with a stirrer of total heat capacity 60.5 J/°C, contains
300 g of water at 15 °C. Dry steam at 100 °C is passed in while the water is stirred
until the whole system reaches a temperature of 30 °C. Calculate the mass of water
condensed. Use specific heat capacity of water as 4200 J/kg°C and specific latent
heat of vapourisation of water as 2260000 J/kg.

Solution
Let C,be the heat capacity of copper and O, be heat gained by copper and water.

Heat gained by copper calorimeter and stirrer =C_x (6, —6,)
Heat gained by water =m,, x ¢, x (6, —06,)
Thus,
0=Cx(0,-6)+m, xc, x(0,—-6)
=60.5 J/°C x (30 °C—15 °C) + 0.3 kg x 4200 J/kg°C x (30 °C—15 °C)
=19807.51J
Again
Let m_be the mass of condensed steam and Q, be heat lost by steam.
(O, =Heat lost when steam 1s at 100 °C + Heat lost when steam is
condensed to 30 °C
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Heat lost when steam 1s at 100 °C=m_L,

Heat lost when steam is condensed from 100 °C to 30 °C=m_ xc, x (0, -6,)
Thus,

QZ! = mva + ms X cw " (91 _Hf)
0, =m, x| 2260000 J/kg + 4200 J/kg°C x (100 °C-30 °C) |
=2554000m, J/kg

From the principle of energy conservation,

Heat gained by copper + stirrer + water = Heat lost by steam + condensed water
19807.5 J =2554000m_ J/kg

1980753
2554000 J/kg

Therefore, the mass of water condensed is 7.76 x 107 kg or 7.76 g .

. J

T e ——

Naphthalene of mass 0.5 kg contained in a copper calorimeter of mass 0.4 kg is
melted in a waterbath and raised to a temperature of 100 °C . Calculate the total
heat given out when the calorimeter and its contents are allowed to cool to room
temperature of 30 °C. Neglect the heat losses by evaporation during the heating
process. Use the following information: Melting point of Naphthalene is 80 °C,
the specific heat capacity of Naphthalene for both solid and liquid 152100 J/kg®°C
and specific latent heat of fusion 170000 J/kg®C. For copper, specific heat capacity
1s 390 J/kg°C.

=776 x 10" kgor 7.76 g

Solution
Heat given out when Naphthalene cools from 100 °C to 80 °C,

O, =m,c, (100 °C-80 °C)
=0.5 kg x 2100 J/kg°C x (100 °C—80 °C)
=210001J
Heat given out when copper calorimeter cools from 100 °C to 80 °C,
Q, =m, (100 °C-80 °C)
=0.4 kg x 390 J/kg°C x (100 °C—80 °C)
=31201J

PEE—
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Heat given out when Naphthalene freezes at 80 °C, Q, =m,L
=0.5 kg x 170000 J/kg

=85000 J
Heat given out when Naphthalene cools from 80 °C to 30 °C,
Q, =m,c, A0
=0.5 kg x 2100 J/kg°C x (80 °C—30 °C)
=52500 J
Heat given out when copper calorimeter cools from 80 °C to 30 °C,
O, =m.c. A6

=0.4 kg x 390 J/kg°C x (80 °C-30 °C)
=7800 J

Thus, total heat given out,

O, =0 +0, +0;+0, +0s

=21000 J+3120 J+85000 J+52500 J+ 7800 J
=169420 J

Therefore, the total heat given out 1s 169420 J.

L

y
A piece of lead of mass 500 g initially at room temperature of 28 °C is to be melted.
If the melting point of lead 1s 328 °C.

(a) Find the heat needed to melt the lead completely. Given, the specific heat capacity
of lead is 130 J/kg°C and its specific latent heat of fusion 1s 270000 J/kg .

(b) If the heat is supplied to the lead at the rate of 50 J/s,
(1) find the time taken to bring the lead to its melting point.

(11) what extra time 1s required for it to melt?
Solution

Given

L, =270000 J/kg, c,, =130 J/kg°C, Af =328 °C-28 °C=300 °C

(a) Let the total heat supplied to the lead, be O,

Q = heat required to raise the temperature of lead from 28 °C to 328 °C+ heat
required to melt the lead at constant temperature.

J
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Q =mp,cps (0, —60)+my, L,

=19500 J+135000 J
=154500 J

O, 154500 1]
P 50100

(b) The rate of heat supplied, P =

=0.5 kg x 130 J/kg°C x 300 °C + 0.5 x 270000 J/kg

Therefore, the total heat supplied is 154500 J.
50 J/s

(1) Let 7, be the time taken to reach the melting point. From the
definition of power.

=3090 s or 51.5 minutes

(1)  Let ¢, be the time taken to melt the lead. From the definition of

power.
= 2! = L3000 | = 2700 s or 45 minutes
S p 50 J/s
A
&%W'\—ﬁ —
To determine the specific <

latent heat of vapourisation

of water

Materials: water, thermometer,
copper calorimeter, stirrer,
steam trap, beam balance,
L-shaped glass tube

Procedure
1. Put cold water of known mass into
a calorimeter.

2. Record the temperature of the water

and then place the calorimeter to its

J
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L-Shﬂp&d e
glass tube [B8-— b——1 b—@8

—————

= Steam From
| - |jjg| trap boiler
Water

_____________

stirer —g—{L— ||
Bubble ===t e nsae + = O

Calorimeter

jacket.
3. Set the apparatus as shown in
Figure 7.15.
Figure 7.15

1. Pass steam from a boiler into the
cold water using the glass tube fitted
____with a steam trap. )
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2. Allow the steam to run for about five minutes and then remove the steam pipe.

3. Stir the water gently and record the new temperature.

4. Remove the calorimeter from the jacket and measure its mass (including the
contents).

5. Obtain the mass of steam absorbed.

Questions

(a) Determine the mass of steam absorbed.

(b) Determine the specific latent heat of vapourisation of water.

From the data collected, the specific latent heat of vapourisation can be determined
as follows:

Mass of calorimeter and stirrer = m, kg

Mass of cold water = m, kg

Mass of steam absorbed = m, kg

Temperature of cold water =6, °C

Final temperature of the mixture =6, °C

Specific heat capacity of copper, ¢, = 390 J/kgK

Specific heat capacity of water, ¢, = 4200 J/kgK

Specific latent heat of vapourisation of steam = L_

Temperature of steam = 100 °C

Heat gained by calorimeter and stirrer = m, kg x 390 J/kgK x (6, —6,) K

Heat gained by cold water, O, =m, kg x 4200 J/kgK x (6,-6,) K

Heat lost by a steam change to water, O,=m, x L,

Heat lost by steam (converted into water) cooling to 6,

0, =m, kg x 4200 J/kgK x (100-6,) K

Heat gained = Heat lost

m, x 390 x (6, —=6,) + m, x 4200 x (6, - 6,) =m,L, +m; x 4200 x (100-46,)
Since m,, m,, m,, 0, and 6, are known, the value of Ly can be calculated from,

_ (390m, +4200m,) x (6, —6,) —4200m, x (100—6,)
n, J

L

.
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The cooling effect of evaporation and
mechanism of refrigeration

When a liquid evaporates, 1t uses up latent
heat of vapourisation. If no heat 1s supplied
from outside, cooling occurs. The human body
uses evaporation to control its temperature.
When 1t 1s very hot, sweat glands release water
which then evaporates from the skin taking
away latent heat of vapourisation. This causes
cooling of the body:.

If a volatile liquid like alcohol or ether is
poured on the skin, the body feels much colder
than when water 1s poured on the skin at the
same temperature. This 1s because the alcohol
evaporates quickly, taking latent heat of
vapourisation from the skin, thus cooling th
skin. The refrigerator works on this pnnc
Cooling in a refrigerator takes place

copper coil surrounding the free#
compartment. Figure 7.16 s W

Double wall | iqy; Capillary |
filled with <| tube causes
expanded rees pressure 1o
butld up in
polystyrene
for low condenser
fer Vapour
conductivity I ! pour
Cooling fin Condenser

Liquid
Compression

pump

Figure 7.16: The domestic refrigerator

As quickly as vapour i1s formed, it is pumped
off to the outside coil (condenser) where it 1s
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compressed. In the condenser, the
compressed vapour gives up 1ts
latent heat of vapourisation to the
cooling fins and so condenses. The
capillary tube also causes pressure
to build up in the condenser so that
the vapour changes to a liquid.

In the freezing compartment, the
tube carrying the fluild widens
while, at the same time, the fluid 1s

sucked by the pump. This reduces
the pressufe in the compartment
and the fluidrsuddenly evaporates.

uid evaporates, it draws

| @ of vapourisation
@qmred’tﬁ the surrounding

artment) causing the
ature to go down. The

Q\@pour is then pumped back to the

condenser, which is outside the
refrigerator, where 1t 1s compressed
back to a liquid and gives up the
latent heat of vapourisation to
the cooling fins. This process is
repeated with time the temperature
in the refrigerator becomes quite
low.

The circulation process may
be controlled by an installed
thermostat 1n  the freezing
unit(s). The thermostat stops
the circulation when the desired
temperature 1s attained and restarts
when the temperature exceeds
the desired one. The refrigerator
1s sealed with double walls filled
with polystyrene so that it does
not gain or lose heat other than
through the fluid.

09/03/2022 18:16:18 | ‘

PEE—



Physics for Secondary Schools

-&w

INE USE ONLY

Yo | DUPLICATE

6. How much thermal energy is

Students are performing two
experiments. One 1s on latent heat
of vapourisation and the other is
on latent heat of fusion. In which
experiment will they be required
to use a large amount of energy
against the environment?

. How much heat 1s required to

change 2 kg of 1ice at 0 °C into
water at 20 °C? Specific latent heat
of fusion of water = 334 000 J/kg
and specific heat capacity of water
= 4200 J/kg°C.

How much thermal energy must
be removed from 5 kg of water at

0 °C to turn the entire mass into \3
ice? Specific latent heat of fusion /

of ice 1s 334 000 J/kg.

0 °C 1s heated by a 167 W heater.
Assuming there 1s no heat loss,
what mass of the ice will melt 1f
the heater 1s switched on for 100 s?

Specific latent heat of fusion of ice
1s 334 000 J/kg.

A pan contains 2.0 kg of water at
0 °C. A jet of steam at 100 °C is
passed through the water. What
will be the temperature of the
water when 0.1 kg of steam has
condensed in 1t? Assume no heat
is lost or absorbed by the pan.
Specific latent heat of vapourisation
of water 15 2260 kJ/kg. Specific heat
capacity of steam 1s 2144 J/kg°C
and that of water 1s 4200 J/kg°C .

%

. A pan full of crashed ice at <

needed to turn 3.0 kg of water at
50 °C into steam at 100 °C? The
specific heat capacity of water
1s 4200 J/kg °C. Specific latent
heat of vapourisation of water is
2260 kl/kg.

|

The heat capacity of a substance is
the amount of heat required to raise

the temperature of the substance by
1°Corl K.

Specific heat capacity 1s the
quantity of heat required to raise the
temperature of 1 kg of the substance
by 1°C or 1 K.

Matter exists in three states; solid,
liquid and gas. The physical state of a
substance depends on the heat content
of the substance.

As the temperature of a substance 1s
increased, the average kinetic energy
of the constituent particles of the
substance also increases, hence, the
particles move faster and further apart.

When heat flows 1n or out of a
substance, the magnitude of the
change in temperature 1s directly
proportional to the quantity of heat,
O, and inversely proportional to the
mass, m, and specific heat capacity,
¢, of the substance.

When two or more substances
exchange heat in an insulated
environment, the heat lost by the
substance(s) at a higher temperature
1s equal to the heat gained by the
substance(s) at a lower temperature.

Student s Book Form Three
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71 AL the melting point e inter molecuier NN

forces can no longer hold the particles in o answer
fixed positions and the solid melts.

. The specific latent heat of fusion, L., of a
substance is the heat absorbed or released
when 1 kg of the substance changes from
liquid to solid state and vice versa, at its

melting or freezing point.

. The specific latent heat of vapourisation,
L, 1s the heat absorbed or released when

1 kg of a substance changes from the
hquid to gas state and vice versa, at 1ts

Use the graph
questions (1) to (1v).

(1) The melting point of the
substance 1s

A =200 °C
B -100°C
C =50°C
D 0°C

(1) The boiling point of the
substance 1s

boling point. A 100
10. The freezing point and the boiling point 5

. = C 200°C

of substances are affected by a change in D 250°C

pressure and the presence of impurities.

(111) The specific heat capacity
of the solid phase 1n

: /kg°C i .

Choose the letter which corresponds to a klkg®Ciis __
correct answer in the items of question 1. N A 0.167
Then answer the remaining questions. - B 0.250
. | C 0375
1. Figure 7.17 shows the temperature of a D 0503

2 kg sample of an unknown matenal as
it 1s heated. The sample was mitially a
solid at —200 °C.

(iv) The latent heat of
vapourisation of a

} i substance m kJ/kgis
300| : A 50
; B 20
_ 200 | C 75
<= 100 | D 90
% 0 2. Define the following:
§ (a) Specific heat capacity.
e (b) Specific latent heat of
—2001 vaporization.
~300] To0 200 300 200 00 . 3. Use the kinetic theory of matter

to explain the concept of boiling
and evaporation.

Heat supplied (kJ)
Figure 7.17

PEE—
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4. Describe two methods by which a

quantity of liquid may be made to
evaporate more quickly.

. Some water is filled in a bag made

of porous materials, such as canvas.
The bag is hung where it is exposed
to a draught of air. Explain why the
temperature of the water in the bag
becomes lower than that of the air.

. Explain the factors which affect

the boiling point of water.

. A 0.2 kg block of ice at 0 °C is

dropped carefully into a Styrofoam
calorimeter cup with an unknown
mass of water at 20 °C. When
thermal equilibrium is reached,

the final temperature is measured |

|

N\

to be 5 °C. What was the mass /

of the water initially in the cup?
Specific latent heat of fusion of

ice = 334 000 J/kg, specific heat
L2

capacity of water = 4200 J/kg K.

. A container holds 1.5 kg of ice

initially at —40°C. Heat is
supphed to the container at the
rate of 12.6 kJ per minute for
120 minutes.

(a) Plot a graph of temperature
versus time for 120 minutes
during which heat is supplied.

(b) What will be the temperature
of contents of a container at the
end of 120 minutes?

(¢) What will a mass of steam in
a container be at the end of
120 minutes?

‘ l PHYSICS FORM lilindd 240
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9.

10.

12.

13.

A 0.15 kg aluminium cup holds
0.2 kg of water at 18 °C. A
0.12 kg 1ron block at 85 °C 1s
carefully dropped into the water
and the entire system surrounded
by an insulating jacket. What
will be the final temperature
of the system when thermal
equilibrium 1s reached? Specific
heat capacities are: aluminium 1s
900 J/kg °C, ron 1s 480 J/kg °C and
water 1s 4200 J/kg°C.

How much thermal energy 1s
required to raise the temperature
of 3 kg of aluminium from 15 °C
to 25 °C? Specific heat capacity of
aluminium 1s 900 J/kg®C.

When a certain quantity of heat
was supplied to a substance, its
temperature rose from 5 °C to 20 °C.
What will the final temperature
of the substance be if twice the
amount of heat is then removed
from the sample?

Why 1s water used as a coolant in
car engines?

Two substances A and B have the
same mass and are at the same
temperature. Substance A has a
higher specific heat capacity than
substance B. Which substance will
have a higher final temperature 1f
the same amount of heat 1s supplied
to each substance?

09/03/2022 18:16:18 l ‘
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14. An insulated cup holds 0.1 kg of water at 0 °C. The amount of 0.1 kg of boiling
water at a temperature of 100 °C is poured into the cup. What will be the final
temperature of the mixture at thermal equilibrium?

15. How much heat is needed to change 340 g of ice at 0 °C to water at 0 °C?
Specific latent heat of fusion 1s 334000 J/kg.

16. A metal sphere of unknown composition has a mass of 0.4 kg. The sphere 1s
heated in a furnace to a temperature of 150 °C and then dropped into an insulated
cup holding 0.35 kg of water at 20 °C. Upon reaching thermal equilibrium, the
temperature of the system 1s measured to be 32.4 °C.

(a) Calculate the specific heat capacity of the metal.
(b) Use the values of specific heat capacity in Table 7.1 to identify the metal.

17. Explain why a piece of ice at 0 °C is more effective in cooling a drink at room
temperature than an equal mass of water at0 °C ?

18. A refrigerator can convert 600 g of water at 50 °C to ice at 0 °C in 3.5 hours.
Find the average rate of heat absorbed from water in watt. Specific heat capacity

of water ¢, =4200 J/kg°C, specific latent heat of fusion L, =334000 J/kgand
specific heat capacity of ice ¢, =2100 J/kg°C.

A
O
<z~v\

CP
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Vapour and humidity

e

You have studied in Chapter Seven that, a liquid can change to gas even when
the temperature is below the liguids boiling point. In our daily life we experience
different situations where such change occurs. These include, disappearing of
water droplets on plant leaves when the sun shines, drying wet hair using hair
drier, evaporation of sweat from the skin and drying up of water bodies during
hot seasons. The change from liquid to gas increases moisture content in the
atmosphere. The presence of moisture in the atmosphere indicates the potential
capacity of air to precipitate. The moisture content in the atmosphere also helps
a pilot to decide when and where to fly an aeroplane. In this chapter you will
learn the concept of vapour and humidity. The competencies developed from this
chapter will enable you to measure the relative humidity and dew point. You will
also be able to store pharmaceutical products and food items safely.

o

X~

Concept of vap O

or molecules) that are in a state of random

- the amount of water in the atmosphere.

Liquids are made™up of barticles (atoms The process of changing liquid to vapour

i1s called evaporation. The amount of

motion. These particles have different | Water vapour preséntn the qiratiects the

kinetic energies as they move rapidly in =~ at¢ of evaporation.

all directions, and collide with each other. ~ Process of evaporation of a liquid

The average speed and kinetic energy of In our everyday life we observe the
the particles depend on the temperature of disappearance of small pools of water
the llql.lld.[fﬂ mOIeCUIE lﬂﬁllqllld acquires jus‘[ after I'ﬂiﬂi_ﬂg Stﬂps_ In this case, the

enough thermal energy, it can overcome

the atmosphere. Water in gaseous phase
in the atmosphere 1s known as vapour.
Water vapour in the atmosphere increases

~ water changes to gaseous or vapour
the liquid cohesive force and escapes to state. Evaporation takes place at any
- temperature depending on the amount
~of water vapour already present in

- the atmosphere.

Evaporation stops

09/03/2022 18:16:18 | ‘
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only when the air is saturated with
in vapour concentration between the air

to overcome liquid-phase intermolecular
forces. The particles that are left have
low kinetic energy on average. The

evaporates. Consequently, the
cools as it evaporates. For liquids in

by reasonable strong force (bond), more

up. Such a liquid will take a long time
to evaporate. Examples of such liquids
include water, diesel and lubricating oil.

between their molecules evaporate v
quickly. Examples of liquids with

forces are, methylated spirit aud®o .

Factors
liquid

The main factors th@ﬁk l&e of
evaporation of ‘ature of
liquid, temperatufe, su@ ea, wind
and amount of water va In air.

Nature of liquid

at ordinary temperature. These liquids

are called volatile liquids.

spirit. To change from liquid to vapour,

FOR ONLINE U}
DO NOT DUP

- cold because the liquid takes heat from
water vapour. The driving force for
evaporation, i1s therefore, the difference
~ noticeably as methylated spirit does. This
and the evaporating surface. For a liquid
to evaporate, sufficient energy is required

affecting exap@ uD((

It a wet cloth 1s dried in air by hanging 1t

Physics for Secondary Schools - =

your body and evaporates. Water also
causes the body to become cold but not

1s because the spirit evaporates more
quickly than water at the temperature of

~ the body. It is worth noting that, some
- solids such as iodine, naphthalene and
- solid carbon dioxide evaporate to gas
kinetic energy of the remaining liquid  throueh sublimation.
particles decreases as more of the liquid
liquid

- The ability of an dir to hold water vapour
which the molecules are held together : %

~ depends on s t
temperatm@héases the capacity of

energy is required for a molecule to break

- air to h@
- This ,is au.w&e

_ThlSi

Liquids with weak forces of attraction *

Temperature

chaperature. As the air

pour ncreases too.

1igh temperatures
moving faster, hence
y for a molecule to have
y to break away from a
ecome a gas. Moreover, wet
s dry faster if the air 1s at an elevated
erature.

Surface area

on a clothes line as shown in Figure 8.1(a)
~and the same 1s folded as shown in
Figure 8.1(b), 1t will take shorter time
f0r unfolded to dry than the folded one.

- When surface area is increased. then the

- number of molecules that are exposed to

The rate of evaporation depends upon  air increases. This means that, the larger

the nature of the liquid. Some liquids the surface area that is exposed to the air,

evaporate more quickly compared to
others. Liqmds that have low boting | i Angther example 1s when a liquid 1s

point, evaporate in a short period of time - placed in a wide-mouthed container, the

the more molecules will escape into the

- large number of molecules are exposed

Examples . air As a result, a large number of

of these include ether and methylated molecules escape away to the gaseous

- phase. The rate of evaporation, therefore,

liquids require latent heat. If a volatile = jhcreases with increase in the surface area

liquid 1s poured on your body, you feel .

of an evaporating surface.

IR .=
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~ demonstrated by drying clothes in dry and
- humid air. Wet clothes dry faster in dry air
than in humid air. This 1s because humid
- air already has a high amount of water
- vapour. This effect is a decrease in the
- vapour concentration gradient between
(a) Cloth with large surface  (b) Cloth with small surface - the air and the evaporating surface, hence
' reduced evaporation rate.

Figure 8.1: Diying clothes with different
evaporating surfaces

Activity 8.1

Wind
The rate of flow of air determines the

rate of evaporation into the surrounding |
air. In a windy environment, molecules

Aim: Demonstration of
evaporation from different
surface areas

near the evaporating surface are carried | Materials: a 10 litre empty plastic
away as soon as they leave the surface bucket, 20 litre empty
of an evaporating liquid. This increases plastic bucket, metre rule,
the difference in concentration of vapour 4 water, stopwatch

molecules between air and the surface of \|

the hiquid, resulting in increased rat Q/
evaporation. é

Procedure

| 1. Fill the two plastic buckets with
same amount of water.

2. Label the level of water in each
bucket.

3. Place the buckets containing water
in a sunny place.

4 Record the level of water in buckets
after every 3 hours.

5. Measure the diameter of each
bucket and calculate 1its surface
area.

Figure 8.2: Clothes drying on a windy day

Amount of water vapour in air Questions

As already stated, air can hold water (a) Which bucket has higher surface
vapour to a certain limit. This limit | aread
depends on the air temperature. It air (b) Is there any relationship between

is humid, it has high content of water e firial Tovel oFwater and Siifics
vapour. The more humid the air is, the stea ofthie bucket?

lower the rate of evaporation. This can be

PE—
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Saturated and unsaturated air

We have seen that,

air can hold at a given temperature and
pressure. When this limit is attained, the

returning to the liquid. At that particular
be saturated. On the other hand, the air 1s

maximum amount of water it can hold.

the same temperature.

Saturation vapour pressure

If a hot liquid 1s poured into an ope
container, the hqud will tend
evaporate. If the container 1s cl
shown 1n Figure 8.3, and the t
1s kept constant, the level of

container will drop for a c@u pe@
time and then becom@tant.%

Water vapour

Water

Figure 8.3: Water in a sealed beaker with an
air space

FOR ONLINE UJ
DO NOT DUPL

- Initially, the water in the container will

~ evaporate rapidly. As soon as there is

water molecules :
some water vapour in the space above

escape Into air during evaporation. There water, some of the vapour will also

1S @ maximum limit of water vapour that ~ begin to return into liquid state, a process

- known as condensation. At first, the rate

- of evaporation will be higher than the rate

number of molecules escaping from the of condensation. In this case, the amount

lquId 1S equa] to the number of molecules of water vapour in the air space above the
- container increases while the amount of

temperature and pressure, the air is said to

water in the container decreases. As the

~ number of vapour molecules increases,

unsaturated when it does not contain the

- Increases. A

Unsaturated air can hold more vapour at =~ when the ?

~ have n@ high enough to
a

esc

e to t umber of molecules
e liquid from the vapour.

the rate at which they condense also
eqiulibrium 1s reached
r of molecules which

se to form vapour

mt the number of gaseous

s above the surface of water

C nstant and the rate of evaporation
uals the rate of condensation. In this

situation the vapour is said to be saturated
~ with water vapour.

- When the water vapour molecules collide
~ with the surface of the container, they
- exert pressure. The pressure exerted by
~ the vapour when the rate of evaporation
- equals to the rate of condensation is called
~ the saturation vapour pressure (S.V.P) at
- that temperature. It is measured in pascal
~ (Pa). The saturation vapour pressure 1s
- a measure of the rate of evaporation of
~ liquid at a given temperature.

- A substance with a high saturation vapour
- pressure at room temperature 1s said to be
~ volatile. Table 8.1 shows the saturation
- vapour pressure for various liquids for
~ temperatures range from 20 °C to 25 °C.
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Table 8.1: Saturated vapour pressure for £y
various liquids in the range | Procedure
20 °C-25°C | 1. Using a barometer, measure the
o atmospheric pressure as shown in
Ligquid S-VP Figure 8 4.
Acetone
Benzene - Vacuum
Ethyl alcohol 9.0 ED
Acetic acid 3.3 |
: Barometer
Water 2.4
Milk 2.4 Merc
Kerosene 0.5 =

Partial vapour pressure

Partial vapour pressure is the pressure
exerted by vapour molecules above the
surface of a liquid when the surface
of the air contains vapour less than

the maximum amount that it can hold. | Figure 8.4

Under this condition, the air is said to \ o)
be unsaturated. When air 1s unsaturated,,

a large number of molecules leav
liquid compared to those retuml '
the liquid per unit time.
pressure above the liquid

with time.

Beside the vapﬂu
gas molecules p @
exert their owingbress
gases exert pressure :
atmospheric pressure. For example, when |
water is held in an open container, the |
total pressure on the surface of the water Thin layer of ether
is the sum of water vapour pressure and
atmospheric pressure. |

W |

To measure saturation
vapour pressure

Aim:

Materials: mercury barometer, ether,
a ruler, thermometer, .
special bent pipette Figure 8.5

vapour 1s saturated.

Original level -

Mercury

‘ | PHYSICS FORM lilindd 248

Record the length of mercury
column p and the air temperature.

B 3. Using a special bent pipette, add
few drops of ether in the tube
u g through the lower end until the

| 4. After the addition of ether, observe
ecul ther the change of mercury level.

abogethe liquid ' | 5 Neasure the height 4 (Figure 8.5).
* ospheric
h 1s called

now saturated
—— with vapour

This space is

from the
added ether

Student s Book Form Three
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Questions
(a) Compare the height, p, and A.

(b) What type of pressure is associated

with the length, p?

(¢c) What did you observe when ether
was introduced?

(d) What 1s the saturation vapour
pressure at the measured
temperature?

Mercury column length, p, is longer
than the mercury column length, % .
Since the space above the mercury in
the tube for length, p is vacuum, the
length, p is sustained by atmospheric
pressure only. The saturation vapour
pressure created after addition of ether,
pushes the mercury down the tube
to level A. The difference between

saturation vapour pressure.

various temperatures.

‘ I PHYSICS FORM lilindd 247

o0
Effect of temperat on %Q&d
vapour pressure (&f (quhd |
If the temperang of a @ Increases,
the speed of its molecules increases and
so the number of molecules escaping from
the liquid surfaces increases. The increase
in evaporation increases the vapour, so
the vapour pressure becomes high. It is
worth to note that, at low temperature,
fewer molecules have sufficient energy
to escape from the surface of the liquid.

Figure 8.6 shows a graph of saturation
vapour pressure (S.V.P) of water at

UPt

<
o0
S

=
o)
o

S.V.P of water (x10° Pa)

-

1.00}-

=
oS
=

0.20}-

0

SR
80 100
Temperature (°C)

20 40 60

Figure 8.6: Safu* vapour pressure of

r
/ Materials: source of heat, round
mercury length p and /& represent the <

Procedure

1. Pour some water in a round
bottomed flask so that 1t 1s half
filled.

2. Insert a cork fitted with a mercury
manometer and a thermometer as

shown in Figure 8.7.

Thermometer

Water

A gﬂfﬂ.ﬂ IEFHPEFEIHH'E

Activity 8.3

To demonstrate the
relationship between
saturation vapour
pressure and temperature

bottomed flask, a cork,
mercury manometer,
thermometer, wire gauze,

tripod stand, water

Manometer

|

SV.P of
I liquid
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3. Record the reading of the mercury
manometer and thermometer.
Note that, the height between the
mercury levels in a manometer
gives the saturation water vapour.

4. Heat the water and record the
temperature and S.V.P readings at
interval of 10 °C.

5. Record your results in the table
similar to Table 8.2.

Table 8.2

Question

What is the relation between the S.V.P
and temperature?

At a given temperature, the saturation
vapour pressure of water is the same
regardless of any air in the space above
it. As the temperature increases, so 1s
the S.V.P. Note that, saturation vapour
pressure 1s independent of the volume
of the vapour, provided that there

1s some free liquid present to ensure

saturation conditions. Ifthe temperature
1s increased until the boiling point of
water 1s reached, the S.V.P equals the
external atmospheric pressure.

J B

-i

1. Which of the following statements
are “TRUE"?

Yo DUPLICATE

(a) Water evaporates into air from
the rivers, lakes, and oceans but
not from soil.

(b) The process of water changing
mto its vapour 1s called
evaporation.

(¢) Evaporation of water cannot
take place in the absence of
sunlight.

(d) Tiny droplets of water vapour
in the upper layer of air are
formed due to condensation of
water vapour.

For each of the following, state
whether it 1s due to evaporation or
condensation:

(a) Water drops appear on the outer
surface of a glass containing
cold water.

(b) Dew appearing on a cold
surface early in the morning.

(c) Wetfloordries up after mopping
it

(d) Steam rising from a hot girdle
when water 1s sprinkled on 1t.

[s evaporation a cooling or a
warming process? Explain.

Explain the statement “the saturation
vapour pressure of water at 15 °C
is 13.0 mmHg’.

Briefly describe two ways by
which a quantity of liquid may be
made to evaporate more quickly.

. (a) State two ways in which

a saturated air differs from
unsaturated air.

s
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(b) Describe an experiment to
determine how  saturation
vapour pressure of water
depends on temperature. Draw
a graph showing the relation
between them.

7. Form III physics students are
having debate on the density of dry
air and that of saturated air. Group
A argues that, density of dry air is
greater than that of saturated air,
while group B argues otherwise.
Conclude the discussion.

Concept of humidity

into the air. This vapour contnbutes
the moisture content of the air. :f&
contains water vapour 1s called h

It 1s also called moist air. A

the amount of water vap se
given air 1s called hm@ip

In daily life, y nen

oceans and land surfaces.

| e*ras 8.1

Stand a bottle containing water at
about 0 °C in air. Quickly dry the
outside of the boftle using blotting

‘ l PHYSICS FORM lllindd 249
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paper. Carefully observe what
happens on the outer surface of the
bottle after some minutes has elapsed.
Discuss your observations.

Assuming the ambient air is not
dry, water droplets will form on
the surface of the bottle. This water
results from the condensation of the
water vapour in the air. The collected
water confirms that the air contained
some water vapour.

-~

Dew [}ﬂillt$/
) | Ternpf:rql as i@nce on the quantity
~ of water

When water evaporates, its vapour gets

air can hold. If the
e air drops to the point
cogmes saturated with water
vapour condenses and water
ts are deposited on cooler surfaces
as leaves and blades of grass. Such
oplets are called dew. The temperature

hic

| at which air must be cooled to become

saturated with water vapour is called

 dew point. When air has reached the
unnd air dew point at a particular pressure, the

when working in'apen a@ asunny day =~ Water vapour in the air is in equilibrium
following a rain shower. Your body will

be covered with sweat and you will feel = vapour is condensing at the same rate at
uncomfortable. We say that the air is very which liquid water 1s evaporating. Below
humid. High humidity in the atmosphere :
is a result of excessive evaporation from = © condense on solid surface_s (S”Ch as
- blades of grass) or around solid particles
- in the atmosphere (such as dust or salt)
- forming clouds or fog. Above dew point,
- the liquid exists in the gaseous state and
- condensation will not occur. The dew
~ can be vividly observed in the morning
~ on grass, or leaves of trees as shown in

Figure 8.8.

with liquid water, meaning that, water

the dew point, water vapour will begin
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- Water vapour

- The air must be saturated with water
~ vapour for dew to be formed. A high
{ concentration of water vapour increases

Vi - the dew point while a small amount of

Figure 8.8: Dew formed on grass blades

- water vapour lowers dew point.

Cloud cover

- When a surface loses heat to the
- atmosphere, it cools, and can form dew
- on that surface. Cloud cover prevents the

- heat from escaping and thus, hinders dew

Factors that influence the formation of
dew |

The formation of dew 1s mainly influenced
by temperature, wind, cloud cover and
water vapour. '

Temperature

the air. For this case, at low te re, 4
air will take shorter time t m.ék

Since the air saturate ly a@w i
temperature than at hi@:ﬂnper% ew
p e

forms quickly at c@ han at
high temperaturd¢The t

ure of the
atmospheric air must fall Below the dew
point for dew to be formed.

Wind

In windy day, the movement of air
blows away water vapour. Consequently,
it becomes difficult for the air to get
saturated, hence, no dew 1s formed. Wind
also increases the rate of evaporation, |

thus preventing the formation of water |
droplets (dew). |

‘ | PHYSICS FORM lilindd 250

- allow heat to
- promoti

The warmer the air, the more hu@ | 4
er

ence of clouds will
¢ to outer space hence

fo@ion.

formation. The

M

a’f

Aim: To measure dew point

Materials: ice cubes, water,
thermometer, can (beaker)

Procedure

1. Fill a beaker with water.

2. Measure the temperature of the
water.

3. Add ice cubes gradually while
stirring with a thermometer.

4. Continue adding the cubes until
condensation just forms on the

surface of the beaker.

5. Read the temperature on the
thermometer.

Questions

(a) What was the temperature of the
water before adding ice cubes in the

beaker?
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(b) What was the temperature when
water just condensed on the
beaker?

(¢) Determine the dew point.

When ice is added, the temperature of
water decreases. Temperature of the
outer surface of the beaker is practically
equal to that of the water. The content in
the beaker 1s stirred in order to keep the
beaker surface at the same temperature
as the water. When the dew point is
reached, condensation forms on the

outer surface. The temperature at
which dew forms on the beaker is the
dew point of the surrounding air.

Relative humidity

The humidity of air can be quantifiég and
expressed as either absolu d1

specific humidity or rel@ u
Absolute humidity reheys 10 th

amount (mass) of vap

volume of moi ;
1s the ratio of mass of @

the volume.

The actual moisture content of a sample
of air as a percentage of that contained in Relative humidity 1s also calculated with
the same volume of saturated air at the

same temperature i1s called the relative

humidity. It 1s the measure of degree of

wetness of the air. In practice, absolute
and specific humidity are seldom used

the relative : -
- density of water vapour in saturated air,

in everyday life; instead,
humidity 1s more commonly used.
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~ of the amount of water vapour in a unit
- volume of air at a given temperature
 compared to the maximum possible
- amount of water vapour the air can hold at
- the same temperature, usually expressed
~as a percentage. Thus, relative humidity
- (RH) is the ratio of the amount of water
~ vapour present in air (m) to the amount
- of water vapour required to saturate the
same amount of air (M) at the same air
- temperature multiplied by 100. Hence:

- Relative humidity (RH) is a measure

RH =— x%00%

Air tha e;tal aturated with water
- vapour a
ﬁé'y huntg

gﬂ emperature has a
iy of 100%. A relative

% means that the water
air (at a given temperature)

artial pressure half the saturated
r pressure at that temperature.

ex?

che the mass of water vapour in
» a given volume corresponds almost
- proportionally to its pressure, the relative
- humidity can also be expressed as the
humidity
in a unit  Saturated vapour pressure at the same air

volume to the total mass of moist air in temperature.

ratio of the partial vapour pressure to the

_ partial vapour pressure « 100%

S.V.Pat air temperature

respect to saturated vapour density, that
IS:

actual vapour density

RH = x 100%

saturated vapour density

If you recall that, absolute humidity is the

09/03/2022 18:16:24 l ‘

PEE—



Physics for Secondary Schools

then,

T DUPLICATE

- of thermometer moist while the bulb of

the other thermometer remains dry.

RIT — actual vapour density < 100%

absolute humidity

W

The relative humidity of a place was
measured at 25 °C and found to be
53.6%. If the absolute humidity is
23.05 g/m?, determine the actual water
vapour density at this temperature.

Solution

_ actual vapour density
absolute humidity

x 100%

Actual water vapour density
= RH x Absolute humidity

Actual water vapour density LI
53.6 ;
= 23.05
100 g/m |
=12.35 g/m3 | |

Therefore, actual water vapour density
=12.35 g/m’.

- \&H N4
Measurement of us'@

wet and dry bulb hygrometer

An instrument for measuring humidity is
called a hygrometer. The relative humidity
can be measured using the wet and dry
bulb hygrometer. The wet and dry bulb
hygrometer consists of two thermometers
mounted side by side. A piece of muslin
or cotton cloth 1s wrapped around the bulb
of one of the thermometers and immersed
in a container filled with distilled water
(Figure 8.9). This keeps the wrapped bulb

- the wet-bulb thermometer

- reads a lower temperature than the

- dry-bulb

7 thermometer measures the temperature
~ of the surrounding air. A hygrometer of
the type described above 1s also called a
psychrometer.

Drybulb

thermometer —— . _t — Wet bulb thermometer

-

-
- =

-

. — Temperature scale
| i

= % Muslin cloth
f i Water container

PNVt

%}bulb &bled by the evaporation

terf cotton cloth. The cooling
ntinue the extent which depends

Figur rv bulb hygrometer

» 0N idity of the surrounding air
ss of the surrounding air). The

Qr er the atmosphere, the higher the rate

of evaporation of the water. In this way,
generally

thermometer. The dry-bulb

- If the relative humidity is 100%, no water
- can evaporate because the air is saturated

and the two thermometers would read the

~ same temperature. On the other hand, 1f

the relative humidity 1s 0%, evaporation

- rate would be so high that the wet-bulb

thermometer would read a much lower

- temperature value than the dry-bulb
- thermometer. So, the difference between

s

‘ l PHYSICS FORM lilindd 252
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the two temperatures determines a
measure of the relative humidity. A small
difference between the reading of the
two thermometers means high relative
humidity and vice versa.

Conversion of the temperature difference
to the relative humidity involves tedious
calculations. However, the conversion
has been simplified and the results
can be presented in the form of charts
called psychrometric charts. The charts

give information on relative humidity,
dew point, the energy contained 1n air,
moisture contained in air and the space
the air takes up. A table accompanying
the hygrometer gives the relative
humidity i terms of the reading of the
wet-bulb and dry-bulb thermometers.
Such a table is called a psychrometric
table. Table 8.3 shows an example
of a psychrometric table for relative
humidity.
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The dry-bulb temperature reading of a
psychrometer 1s 22 °C and the wet-bulb
temperature reading is 18 °C. With the
use of psychrometric table, find the
relative humidity.

Solution

The difference between the
temperature readings 1s 4 °C. From the
psychrometric Table 8.3, the relative
humidity reading that corresponds
to a dry-bulb temperature reading of
22 °C and a difference of 4 °C is 68%.

Therefore, the relative humidity is
68%.

two

Visit the nearest meteorological
weather station if available, and study
how humidity is measured at the »
station. If the weather station 1s not
available, search through the internet.
Present your findings.

b

N

Measurement of relative humidity

using Regnault hygrometer

The Regnault hygrometer is an instrument

used to measure dew point and relative
humidity. It consists of an enclosed
thin silver tube containing ether and a
thermometer to measure the temperature
of the ether. There 1s also a tube through
which air can be pumped into the ether

(Figure 8.10).

‘ I PHYSICS FORM lilindd 255

W

7 |

UPt

Air Thermometer

Ether

Silver thimble
S/

Figure 8.10: Regnault hygrometer

AIr 1s pumped-i% the ether; the ether

~ evaporates agthifs temperature and that
~ of the @he urface falls. Cooling
~ contipu ti@u adjacent to the
| f

n
\de, surf the tube becomes
ted gvithwater vapour. Some water
0 thﬁ enses on the outside surface

M at this temperature (dew point).

P

the dew point is 7, and the
Mactual temperature 1s T, . If the values of
- S.V.P for water at 7 and 7,are X and Y
millimetres of mercury, respectively then,

_ SV.PatT
~ SV.PatT,

x 100%

ixlﬂ@%
Y

You are given that the temperature of
a dry bulb (air) 1s 16.5 °C and the dew
point is 7.4 °C. If the saturated vapour
pressures at these temperatures are
14 mmHg and 6.7 mmHg, respectively,
calculate the relative humidity of the
air.

09/03/2022 18:116:26 | ‘
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Solution
S.V.Pat dew point 1T,
S.V.Pattemperatureof theairT,

x 100%

_ 6.7 mmHg
14 mmHg

x 100%

=48%
Therefore, the relative humidity is 48%.

‘. +

Applications of the knowledge of humidity

The knowledge of humidity has various
applications in everyday life. These include;
weather  forecasting, piloting, textile
processing, storage of pharmaceuticals,
transportation and storage of food items.

Weather forecasting

The knowledge of humidity is g{/h

meteorologists to forecast the\

Knowing the relative humidi ew,p
in the atmosphere helps ete ist
to determine the fo tidasof and
the probability o r emé such as
ed e 8.11, and
ermines how

precipitation as
- outside.

storms. Relatl

moist you feel when you a

Figure 8.11: Weather event

s
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~ Piloting

Pilots use humidity levels to
determine safe altitudes to fly. Low
humidity levels favour safe flying
than high humidity levels. As the
humidity goes up, the air density
goes down. This means that, the
wings of an aeroplane will have
fewer air molecules for it to be
lifted as they are pushed through
the air mass. So, humidity decreases
the perfo nce of aircraft, not

5 of its effect on the

t affects the engine
an’&/

é
ex@%}cessmg

Ia tve humidity i1s used to
etermine the appropriate site to
stﬂre cotton fibres. Cotton fibres
require very high humidity. In
low humidity, the fibres become
very dry and pose difficulties in
spinning. Also, the flying fluff of
cotton materials could be inhaled
by workers. In preventing this,
water vapour 1s sprayed in the air.
The vapour is absorbed by the fluff
and the fluff drops down to the floor.
As the humidity increases the more
fluff absorbs the vapour.

Pharmaceutical storage

Knowledge of humidity is important
in hospitals, since it determines safe
keeping of pharmaceutical products.
Moisture causes desterilization,
irreversible  destabilization  and

PEE—
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A
found in many drugs are sensitive to
humidity. In extreme cases, humidity
may result in toxic degradation that 1s not

oxidative degradation because proteins

easily detectable.

Storage and transportation of food
items

The knowledge of relative humidity is
used 1n the storage and transportation of
food 1tems, especially perishable foods
(Figure 8.12). Dry air can cause dryness of
the product while very damp air can cause
the growth of moulds and bacteria. Food
items are usually transported and stored

under an optimum relative humidity.

il N/
Figure 8.1 Peris@_ﬁwrs
- &

1. Define the following terms:

(a) Evaporation
(b) Condensation

2. Why can warm air hold more
moisture than cold air?

3. Explamn how a gas exerts pressure
on the walls of 1ts container.

Physics for Secondary Schools

4. A mass of air at 20 °C has a
relative humidity of 36%. Ifthe
air is cooled to 16 °C, what will its
relative humidity be? Saturation

vapour pressure at 20 "C and

16 °C  are 17.5 mmHg and
13.6 mmHg , respectively.

5. The temperature and relative
humidity of air on a certain day
are 20 °C and 80%, respectively.
Find the fraction of mass of water
vapour that will condense 1if the
temperature falls to 5 °C. Saturation

vapour pressure at 20 °C and 5 °C
are 17.5 mmHg and 6.5 mmHg,
respectively.

. A closed vessel contains moist air
at 20 °C, the relative humidity
being 30%. What should be the
relative humidity if the vessel
were cooled to 10 °C? Saturation
vapour pressure of water at 20 °C

is 17.5 mmHg and at 10 °C is
9.2 mmHg.

7. The air in a room has 15 g of
water vapour per cubic metre.
However, for saturation, one cubic
metre of volume requires 20 g of

water vapour. What is the relative
humidity?

8. On a particular day, the relative
humidity 1s 100% and the room
temperature 1s 30 °C . What 1s the
dew point? The saturated vapour
pressure of water at 30°C is

42400 Pa.

— 0
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Evaporation 1s the change of state
from liquid to gas that occurs at
the surface of a liquid at constant
temperature.

When liquid 1s heated, the molecules
gain kinetic energy, hence random
speed of the molecules increases.

The rate of evaporation is affected
by nature of a liquid, temperature,
surface area, concentration of
vapour 1n the surrounding air and
rate of flow of air.

Vapour pressure 1s the pressure
exerted by the vapour of a substance
that forms above a liquid of the
same substance.

Saturation vapour pressure 1s
the pressure exerted by vapour

12.

13.

INE USE ONLY
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11.

Absolute humidity 1s the mass
of water vapour present in a unit
volume of air and 1s expressed in
grams per cubic metre (g/m’).

Relative humidity 1s the ratio of
the mass of water vapour 1n a unit
volume of air to that required to
saturate it at the same temperature.

Relative humidity can be measured
with a wet and dry bulb hygrometer
and Regnault hygrometer.

\\/

Revision exercise -

Choose the most correctitem in question
1 to 4, then answer question 5-13.

L

when vapour reaches a state of /

equilibrium with its evaporating
liquid. Saturation vapour depends
on temperature.

Volatile liquids have high saturated
vapour pressures indicating higher
rates of evaporation at the same
temperature.

Humidity refers to the water vapour
content of atmospheric air.

Condensation 1s the process by
which water vapour changes into
liquid at constant temperature.

The dew point of air 1s the
temperature at which the air becomes
saturated with water vapour.

The water vapour density of
saturated air 1s called the absolute
humidity. The absolute humidity
increases with increasing
temperature.

Suppose equal quantities of water
are placed in four uncovered
containers with different shapes and
left on a table at room temperature.
From which of the following
containers in Figure 8.13, will the
water evaporate most rapidly?

/

U0

(a) (b)

AN
N A §
e —L
(c) (d)
Figure 8.13
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. When air has reached its dew point,

1t

(a) 1s saturated.

(b) has low humidity.
(c) has to be cold.

(d) can hold more water.

. Which term among the following

best explains how close the air 1s to
saturation?
(a) Absolute humidity

(b) Relative humidity
(c) Vapour pressure
(d) All of the above

. What would happen to the relative

humidity of air if no water vapour
1s added or removed from cooling
air?

(a) remain constant.

(b) decrease.

(c) increase.

(d) keep fluctuating.

. Explain the difference between

(a) vapour and a gas.

(b) saturated and unsaturated
vapour.

(c) evaporation and boiling.

. State the factors that influence the

dew point.

temperature affect

absolute humidity?

. Why do small droplets of pure

water evaporate in air even when
the relative humidity 1s 100%?

. At a certain temperature and

pressure, air can hold a maximum
of 120 g of water vapour. If at this

‘ I PHYSICS FORM lllindd 259
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S.V.P of water ( x10° Pa)

temperature and pressure the air is
holding only 40 g of water vapour,
what 1s the relative humidity of the
air?

A room with dimensions of
7 mx10 mx2 m, holds air that is

saturated with water vapour. The
saturation vapour pressure of the
water vapour is 7.37 kPa. If all of
the water vapour 1n the room was
condensed, what volume would the

water occupy? Give your answer
in m’,

(a) Use Figure 8.14 to estimate
the temperature at which
the saturation vapour
pressure of water 1s half that
of atmospheric pressure.

(b) At what temperature is the
saturation vapour pressure of
water equal to atmospheric

pressure?
i
1.00
0.80
0.60 |
0.40
0.20
0| 20 40 60 80 100
' Temperature (°C)
Figure 8.14
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12. Figure 8.15 shows a wet and dry bulb psychrometer that is hanging in a room. What

i1s the relative humidity in the room? Use Table 8.3.

Dry bulb

- AIERRRERRRR I D
- . . -

60 °C e

20 °C E
0c — 8

oc —f

Wet bulb

§ — 30°c —

‘Water

Figure 8.15

13. Table 8.4 shows the dew point in four towns at 07: 00 a.m.

Table 8.4

Arusha i
Morogoro 12
Zanzibar )
Dar es Salaam 4

(a) In which town is the relative humidity the highest?
(b) In which town is the relative humidity the lowest?

Student s Book Form Three
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Chapter Nine

Current electricity

N

w

urrent electricity is widely used in industries, offices, communication and in
domestic activities. Domestic appliances such as electric fans, electric cookers,
lighting devices, fridges, televisions and radio make use of current electricity.
Therefore, current electricity plays a very important role in our daily life.
For example, you cannot study comfortably at night if the electricity goes off.
Understanding the concept of current electricity is therefore very important for
human development. In this chapter you will learn the concept of electromotive
Jforce and the potential difference, resistance to the flow of electric current and
heating effect of an electric current. You will also learn about electrical installation
in buildings and the mode of action of different types of cells. The competencies
developed will enable you to connect and analyse simple electric circuits and
perform domestic electrical installation. You will also be able to effectively use
and interpret power ratings of different electrical appliances found in your home
and understand their power consumption.

difference

Electromotive QQ ano'ntential ’

Electromotive force (e.m.f) and potential

Electromotive force (e.m.f)

- Electromotive force (e.m.f) 1s

maximum potential

the
difference (p.d)

difference (p.d) are common terms used

in current electricity. Although em.f

and p.d are two different quantities, they
are both measured in volts (V). While
e.m.f 1s the energy generated when any
other form of energy is transformed into

much energy is transferred between two
points in a circuit. Both e.m.f and p.d are
important concepts for understanding
current electricity.

‘ I PHYSICS FORM lilindd 261

between the two terminals of a battery or
a cell when no current is drawn from the
battery or cell. The electromotive force 1s

~ a force of energy source required to push

electrons to flow through a conductor

- leading to electric current. Note that, the
electrical energy, p.d 1s a measure of how

word “force” 1n this case does not mean
force of interaction between bodies. One
may draw an analogy of e.m.f to water
pressure. When the pressure 1s high, more

- water flows through a pipe. Similarly, with

00/03/2022 18:16:28 | ‘
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(b) a car battery whose e.m.f1s 12 V.

Figure 9.1: 4 dry cell and car battery

When an electric device suc b

1S connected to a cell, curie

Potential difference (p.d)

in a circuit from one point to another.

work done (W)
charge(Q)

pd(V)=

per coulomb. Figure 9.2 shows a circuit
diagram with the dashed box indicating a
region where potential difference between

‘ l PHYSICS FORM lllindd 262

flows through the devi 0 B
electrical energy is ed %ﬁght
and heat. The amgt @ onverted

enefe
per unit charge equapnlential
difference (p.d) acrossYthe device.

Potential difference (p.d) i1s also called
- (p_ ) , . Measurement of e.m.f of a cell and p.d
voltage. Electric potential difference (p.d)
: : - : . across a conductor
1s the work done in moving a unit charge

- The e.m.f of a cell and p.d are measured
by using a high resistance device called
a voltmeter.
difference in potential between two
Like the e.m.f, the ST unit for p.d is the volt
(V). One volt 1s equivalent to one joule
of a cell is compared to the p.d across
the voltmeter’s
. the positive terminal of the voltmeter is

Yo DUPLICATE

higher e.m.f, more electrons flow through
a conductor. In other words, e.m.f is the |
electrical pressure developed by a source
of electrical energy. A few examples of |
sources of electromotive force include
electrochemical cells such as dry cells |
and car batteries, thermoelectric devices,
solar cells and electric generators. Labels
of values with SI unit written on a battery
or cell refer to its e.m.f (£). Figure 9.1(a)
shows a dry cell whose e.m fis 1.5V and

two points of a resistor can be measured.
Therefore, the difference between e.m.f
and p.d 1s that, em.f is the potential
difference across the cell terminals when
no current flows or no load 1s connected
while p.d 1s measured when current
flows through the circuit or when a load
1s connected. The load here refers to the
resistance, R of the electrical appliance
connected which converts electric current
into another form of energy. Figure 9.2

_ shows a circuit having an e.m.f source
- and a resistor as aYoad.

S
|I|

em.f

Figure 9.2: Electromotive force (e.m.f) and
potential difference (p.d)

Voltmeter measures the

pomnts. It 1s always connected in parallel
with the cell or the load because the e.m.f

terminals. Normally,

09/03/2022 18:16:29 l ‘
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connected to the positive terminal of a

cell, whereas the negative terminal of the
voltmeter 1s connected to the negative
terminal of a cell to measure correctly the

e.m.f of the cell.

Aim: To measure the em.f
of a cell and potential
difference of a conductor

Materials: dry cell (1.5 V), voltmeter,
bulb, two  switches,
connecting wires

—

Bulb S,
Figure 9.3

2. Close switch S, then note the
voltmeter reading.

3. Close both switches (S, and S))
and record the voltmeter reading.

Questions

(a) Compare the voltmeter reading
when only S 1s closed and when
both § and S, are closed. Explain
your results.

* s

\. gy

Physics for Secondary Schools

s
(b) What is the e.m.f of the cell?
(¢) What is the p.d across the bulb?

The voltmeter reading when the current
is flowing through the bulb (when both
switches are closed) 1s less than the
reading when no current flows through
the bulb (only switch S is closed). The
voltmeter reading when no current
flows out of the cell or battery is the
cell's em.f. The voltmeter reading
when both switches are closed and the
current flows through the circuit is the

: hLp_d across the bulb.

- Electri gen ‘onductor

Procedure |
1. Connect the circuit as shown in [ W e ce 1s connected to a
Figure 9.3. ' cto orm a complete circuit,
() \}arg S rom one terminal to another
;, thr e materials that connects the
| Q rminals. The flow of charges forms
! Q, eam of charged particles moving
E ?;\1“ Mbhrough the circuit. This stream 1s known

as an electric current, normally denoted
- by the letter /. The charged particles that
- form electric current can be electrons,
~holes or ions. The moving charged
- particles are called charge carriers. The
~type of charge carrier depends on the
~ material through which charges flow. In
normal conductor, charge carriers are
~electrons. In semiconductors, charge
- carriers can be electrons or holes. In an
~ electrolyte, the charge carriers are ions,
~ while 1n plasma, charge carriers are both
- 1ons and electrons.

- Electric current flowing through a circuit
~1s measured by using a device called an
- ammeter. The SI unit of electric current
1s ampere, which 1s the flow of electric

IR .=
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charges per unit time. That is, an ampere
is the flow of one coulomb of charges per
second. The ampere 1s denoted by the

letter A.

Electric charge and time

The electric current, /, lowing through a

circuit can be determined by the amount
of charges flowing at a point in the circuit

at a given time. That 1s,

I charge (Q)
time (1)

O =ne,

therefore,

But

2

ne
[=—
f

where n 1s the number of electrons and

1s the charge of an electron. E

R EI—

Given that, the charge of an electron
is 1.6x1077C, find the number of
electrons that pass in one second
through any cross-section of a
conductor in which there 1s a steady
current of 1 ampere.

Solution
§ =28
I
It lAxls /R
=—= =6.25 %10
e 1.6x1077°C

Therefore, the number of electrons 1s
6.25 x 10'%.

o I DUPLICATE

Resistance to an electric current

- The flow of charges through a wire in
~a circuit can be compared to the flow
- of water through a pipe connecting two
- water reservoirs. Water flows through
- the pipe if there is a pressure difference
- between the two reservoirs. As water
- flows through a pipe, it loses energy due
to friction between the moving water
- molecules and the pipe’s inner walls.
~ Similarly, electric charges will flow
~ between two points if one point 1s at a
- higher electric pgtential than the other
- point. This differefige in electric potential
18 the potentigh dafference (p.d) between
~ the poi erefore, electric current
- Hlows when/the .d between points
~ in afgarcuit K

_O\Qﬂ?a:ges through a material is

‘As charges flow 1n a matenal,
ncounter numerous collisions with

in the material, resulting in the
indrance of the flow of charges. This
- hindrance of charge flow by the material
- is known as electrical resistance, denoted
- by the letter R. In other words, electrical
- resistance 1s the opposition to the flow of
~ electrical current through a material.

 Amaterial that offers low resistance to the
~ Hlow of current 1s termed a good conductor.
- On the other hand, a matenal is said to
- be an 1insulator if it does not allow the
- flow of electric current through it. Some
- materials have resistance in between
- that of conductors and insulators; these
~ materials are known as semiconductors.
- The SI unit of electrical resistance is ohm,
- denoted by a symbol Q. It 1s worth noting
that electrical current loses its energy as it

s

‘ l PHYSICS FORM lilindd 264

- flows through a conductor.

09/03/2022 18:16:30 l ‘

PEE—



- FOR ONLINE USinnfbiinht . —
‘ DO NOT DUP MRSy

-&W—

1. Briefly explain the diffences
between electromotive force and
potential difference.

2. How is the voltage measured in an
electrical circuit?

3. Explain what is meant by an | L
electric current. |

4. State the SI unit of an electric
current.

Figure 94
2. With the switch open, measure
and record the potential difference

5. Briefly explain how the voltmeter actoss ihe bulb and the: caient

is protected against overloads. through the circuit by using
] the voltmeter and ammeter,
The potential difference across a respectively.

conductor, current and resistance 3. Close the switch and adjust the

o
The relationship between p.d acro \ rheostat until the voltmeter reads
a conductor, current flowing thr 9.2,
the conductor and the res&sta { 4. Measure and record the current
the conductor can be dete < thr.ough the bulb. Observe the
performing Activity 9.2. /{ brightness of the bulb.
5. Continue increasing the p.d. at
e} | intervals of 0.2 V up to 1.2 V by
adjusting the rheostat. Read the

corresponding current value in

Aim: To determine the each case.
relationship between | 6. Record the results as shown in
potential difference, :' Table 9.1.
current and resistance | Table 9.1

Materials: a d.c power supply or
1.5V cell, ammeter, \
bulb, switch, voltmeter, i 0.2
rheostat, connecting wires | 0.4

Procedure | gg

1. Use the apparatus to make an electric | 1.0

circuit as shown in Figure 9.4. | 1.2
\ ' U g >

PEE—
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Questions
(a) What happened to the bulb’s

brightness as the p.d. was
increased?

(b) Plot a graph of p.d against the
current.

(¢) Explain the shape of the graph.
What does the nature of this graph
imply?

Current flows when a cell is connected
across the ends of a conductor. For a
metal conductor such as copper wire,
the current flowing through it 1s directly
proportional to the potential difference
across the ends of the conductor. This
complies with Ohm’s law, which states
that, “The current passing through a
conductor at constant temperature is
proportional to the potential difference
between its ends.”

That 1s,
IToc Vor I= kV

where k& 18 the constant of
proportionality called conductance of a
conductor, denoted by G. Hence,

I 1 ¥V

VG I
Nevertheless, the reciprocal of
conductance 1s the resistance of the

conductor. That is, ézR . Therefore,
Ohm’s law can be expressed as:

R=?— or V=IR

The ohm can be defined as the
resistance of a conductor such that,

. )
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when a potential difference of 1 volt is
applied to two points of a conductor, a
current of 1 ampere flows through it.
Therefore,

volt

ohm =
ampere

By keeping temperature and other
physical properties constant, the

resistance (R) of a conductor remains
constant. This relationship enables us
to determine currents and voltages in
electric circuits.

| Materials: battery (E), ammeter (A),

To determine the value
of unknown resistance by
using Ohm’s law

unknown resistance (R),
switch (S), voltmeter (V),
rheostat (R;) of at least
500 € | connecting wires

Procedure

1. Connect an electric circuit as
shown in Figure 9.5.

'[!
E

LA A-®

Figure 9.5

@ [F
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2. Close switch S and adjust the

rheostat, R, so that a current of
0.1 A passes through the unknown
resistor, R.

3. Record the current, /and p.d, V.

4. Adjust the R to get a current of
0.2 A passing through R. Record /
and J as in step 3.

5. Repeat step 4 to obtain at least five
more readings.

6. Record the results in the table
similar to Table 9.2.

Table 9.2

0.1
0.2
0.3
0.4
0.5
0.6

0.7

Questions

(a) Plot the graph of p.d, } against
the current, /.

(b) What does the nature of the graph
imply?

(¢) Deduce the value of the unknown
resistor, R.

A cell develops a potential difference

‘ i PHYSICS FORM lilindd 267

i J

. Factors i’:‘lL mine the resistance
(afa co

./
| t@-sectmnai area and type of material.

of 2 V across a resistor of 4 Q. What
1S the current in the resistor?

Solution

Using Ohm’s law,

V = IR, I:K
R

I=2Y-05A
4 Q

The current in the resistance 1s 0.5 A .

a conductor to resist
ectric current 1s called
SlSt he resistance of a conductor

15 ned by its temperature, length,

emperature

When the temperature of a conductor
~ increases, atoms of the conductor vibrate
~more vigorously. This increases the
- number of collisions between the charge
- carriers and the atoms in the conductor,
- as a result, resistance increases. In some
-~ materials, the resistance varies almost
- linearly with temperature. For instance,
- the resistance of copper (Cu) varies
~ approximately linearly with temperature.
- For some other materials, resistance
- does not vary linearly with temperature
~ law. However, the effect of temperature
~ on the resistance of some alloys, such as
- constantan and manganin, 1s very small.

- J ' Note that, when the temperature of a

1
i
il

1]

T ——
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conductor increases, the length of the
conductor also increases due to linear
expansion.

Length of conductor

When the length of a conductor is |
increased, while other factors are kept
constant, the resistance of the conductor
also increases. This is because charges
long
- Hence,
means that, the resistance (R) of the wire
is proportional to the length (/) of the

R-Lp :
where @0% of proportionality.
ThlS portionality 1s the

colhide with more atoms 1n a

conductor than in a short conductor. This

wire. That 1s,

Roc [

Cross-sectional area

Consider two conductors, sucha that one

1s longer than the other. If other fact
remain constant, their resistance n
with the increase of length. A
with a larger cross-section

for

charge carriers to carry

current than that sm 0SS-

;5@3

cross-sectional area, 4 of the conductor,
that 1s,
R l
A

Nature of material

Resistance of a conductor also depends on

the material used to make the conductor.

For example, a conductor made from
steel will have higher resistance than one
made of copper of identical dimensions

INE_ USE ONLY l
¥OT DUPLICATE

m‘&

- at the same temperature. For example,
~ steel has a higher resistivity than copper.
A material’s property that resist current
- flow is known as the material’s resistivity,
- denoted by p.

Since R /and Roci,then,

y of Watenal given as:
\

[
vity, 1s therefore, the measure of

%ablhty of a material to oppose the

ow of an electric current. The SI unit of

- resistivity 1s the ohm-metre (Q2m).

section. This me @e resce Rofa
conductor is invgely p@nonal to the

Aim: To determine the resistivity
of constantan wire

Materials: battery, ammeter, switch,
voltmeter, rheostat,
connecting wires,
micrometer screw gauge,
a constantan wire of
length 20 cm

Procedure

1. Connect an electric circuit as

shown in Figure 9.6.
! J
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Figure 9.6

2. Close the switch S and adjust the
rheostat so that the ammeter reads
02A.

3. Record the current, / and potential
difference, V.

4. Repeat step 2 and 3 with current,
[=03A,04Aand0.5A.

5. Record the results in the format
shown 1n Table 9.3.

Table 9.3

6. Measure the diameter, D, and length
[, of the constantan wire. Calculate
the cross-sectional area, A.

Questions

(a) What happened to the potential
difference as the current increased?

(b) Plot the graph of p.d against
current, / and determine the slope
of the graph.

N Eamplc 9.3 g
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(c) Deduce the resistivity of the
constantan wire.
Different materials have different
values of resistivity. The resistivities of
some materials are given in Table 9.4,
Table 9.4: Resistivities of some
materials
Silver 1.6x107
Copper 1.68x10°"
Aluminium 2.7x107
Tungsten 5.6x107°
Iron 9.71x107*
Steel 1.05x107
Platinum 1.06x107’
Chromium 1.3x10°7
Manganin 4.8x1077
Constantan 4.9x107
Lead 2.1x107
Mercury 9.8x107’
Nichrome 1.0x107°
Glass 1x10” =1x10"
Rubber 110" —1x10"
Quartz 7.5%x10"

What is the resistance of a copper
wire of length 20 m and a diameter
of 0.080 cm? (Resistivity of copper

p., =1.68x 10 Qm).

PEE—
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Soluti i
fiulion A constantan wire has a length of

Given that | 45cm, a diameter of 0.37 mm and
[=20m, p, =168 x10" Qm)for | resistivity of 4.9 x 107 Qm.
copper | (a) What is the resistance of the wire?
pl | _ :
R = | (b) What will be the current in the
: wire if 1t 1s connected to a 1.5 V
But A=7zr" cell?

=3.14 x (4 x 10" m)’
=5.024 x 107" m*

Solution

(a) p=49x10"Qm,/=045m
Therefore,

R P But R=2"

A %
and A4 = zr°, where
~1.68 x 107 Qm x 20 m
T 5.024x107 m? _0.37 mm

=0.67 Q - 4 2
N4=3.14x(1.85x 10" m) =1.075x 107" m’

r =0.185mm=1.85x10"m

The resistance of the wire i1s 0.67 Q.

</ Therefore,
W | 4 R= pl

4 A
A nichrome wire has a cross-sectional | 49 %107 Om x 0.45 m

area of 4x10"m® and a resistivity of p BT 0T =2.05Q
1.0 x 10°Qm. If a resistor of resistance | L9722 107 m
11 Q is to be made from this wire, The resistance of the wire 1s 2.05 Q.
ca'lculate the length of the required (b) Given, =15V and R =2.05 Q,
P | then
Selution T L
Given that, 4=4x10"m", |
o 1.5V
p=10x10" Om, R=11Q =050 073 A
Therefore, The current in the wire will be 0.73 A.
it W .
P P
4%x10° m* x11Q | _
=== . m__é - =044 m | | A wire of length 9 m and radius
1.0x 107 Qm | :
- [0.05 cm has a resistance of 5 Q.
The length of the wire 1s 0.44 m. | Calculate the resistivity of the wire.
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Solution

Given that
[=9m, r=0.05cm=5%x10"m,R=5Q

Resistivity of the wire 1s given by,

.
/
432 .2

=5§2x3.14x(5x10 ) m 436 %107 Om

9m
The resistivity of the wire is
4.36 x 107" Om
\ J

Types of resistors

with two terminals. Resistors are used
for restricting the flow of electric curre
in a circuit. That 1s, resistors cor
the magnitude of current i a ci
accordance with Ohm’s law

two basic types of resist %{f
on their applications and
These are fixed r_es

resistors.

Fixed resistorsQ 0

The most commonly used type of resistor
is the fixed resistor. A fixed resistor hasa
constant value of resistance. Applications
of fixed resistors include protecting

electrical components from excess

current, dividing voltage mn a circuit,

and controlling the working of some of

the circuits. In a circuit, the fixed resistor =~ WII€ SI0R
~in high power circuits and power supply

- systems. They are generally used where
- high sensitivity accurate measurement and

shown 1n
matenals
resistors.

1s represented by the symbols
Figure 9.7. Diverse resistor
are used to fabricate fixed
These materials influence the

‘ [ PHYSICS FORM liLindd 271
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A
- Fixed resistors can be made of carbon,
- wound wire, metal oxide and metal films.

TV

O
d%:able ;

resistor’s -

Physics for Secondary Schools - =

properties such as tolerance and noise.

(a) (b)

Figure 9.7: Circuit symbol for fixed resistors

- Carbon resistors: Carbon, which has
- ability to withstand high energy pulses, 1s
- mixed with clay as a binder and molded
~into a cylinder to form carbon resistor.

~ These res1st0rs
- electronic cirdwits, usually with very large
- resistanc &g from 1 Q to 10 MQ.

| Flgure

A resistor is an electrical component Is a

very useful m most

on resistor, which

alled ctronic resistor.
~ €7~

Resistance material
(Carbon composition)

Insulating coat

Metal lead
Figure 9.8: A carbon resistor
- Wire-wound resistors: These are

resistors made by winding wires of certain
metallic alloys around spools as shown in
Figure 9.9. Matenals used to make the wire-
wound resistors have a high resistivity. Such

- materials include nichrome and manganin.
~ In a wire-wound resistor, a large current

can pass through i1t without overheating.
Wire-wound resistors are typically used

balanced current control 1s required.

09/03/2022 18:16:34 l ‘
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Connecting lug

Enamel coating

Mounting

bracket ‘!‘

n
11

Ceramic former «

Resistive wire

Figure 9.9: A wire-wound resistor

Metal film resistors: Metal film resistors,
some of which are shown 1n Figure 9.10,

are usually made up of a stable ceramic Connecting lead
core, coated with metal alloys, such as |
nickel-chromium alloy. These resistors
have a thin metal layer as a resistive |
Va@ resi
Metal film resistors have higher accuracy
than carbon resistors. They have good *

characteristics for tolerance and S’[Elbll]%,/

element in a non-conducting material.

e’
Sistors

Figure 9.1&!@{&!

T DUPLICATE

- Metal oxide film resistors: Metal oxide
 resistors are made up of a ceramic core
 coated with metal oxide, such as tin
oxide, as shown in Figure 9.11. Metal
oxide film resistors perform much better
- than metal film and carbon resistors as
- they can operate at high temperatures.

Metal oxide film
Ceramic substrate

Connecting lead

Figure et —ox:'deﬁlm resistors

aggn sistors whose electric
ist (& be adjusted to suit the
req% nts of a circuit. Its resistance

e adjusted from zero to the
um value (the value proposed by

!e manufacturer). Examples of variable
: resistors
dmders, thermistors, photoresistors and
- magneto-resistors. Some types of variable

~ resistors and their circuit symbols are
- shown in Table 9.5.

include rheostat, voltage

Table 9.5: Variable resistors and their symbols

Symbol

Appearance of a resistor

Photoresistor

PHYSICS FORM lilindd 272
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Appearance of a resistor

>

Thermistor

‘-.‘ -

Force resistor

Magneto-resistor

Rheostat

\ N

Rheostat % O

In Activity 9.2, the amoyit of current
flowing in the circuit was controlled by
a rheostat. This section introduces you to

the physics of a rheostat (Figure 9.12). A

rheostat, has three-terminals. When used
as a current limiter, terminals A and C 1n

Figure 9.12 (b) are fixed points whereas
terminal B 1s the adjustable terminal to
control the amount of current passing

in a circuit. The circuit i1s composed of

the terminal A connected to terminal
B through the wiper or slider in direct
contact with the resistive wire and
resistance rod.

‘ I PHYSICS FORM lilindd 273

Electric

Wiper current Current

out

Coil wire

(b)

Figure 9.12: 4 rheostat
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From the previous section, you
RA |
learned that, p:T- For constant |

resistivity and cross-sectional area A,

the resistance, R, of a conductor depends
only on its length. Thus, if the slider or
wiper 1s moved close to point A, rheostat

will offer mimimum resistance. This 1s

1s reduced, then more current will low

through the circuit. On the other hand, it _ _
- the output 1s taken at terminal B. When the

- shider 1s at point A, tge voltage divider offers

thus, less current will flow in the circuit | minimum potentjal

the wiper 1s close to point B, the length
of the resistive wire 1S at maximum,

as the unit offers maximum resistance.

It is also possible to connect points B

and C. Here, mmimum resistance will

be offered when slider is close to B, and |
maximum when close to A. Since it is

possible to control the current ﬂowm
in the circuit, then, the rheostat can
used to control light dimmers, spe

motors, temperature of elecmca
and ovens.

Voltage dividers
For a particular 2

' as
tuning a radio or Qe &mﬂe of
a radio, the circuit 15 desighgd such that, ' coefficient

- 1ncreases

- whereas, for the negative one, resistance

is a division of the input voltage (Vi,) In | docreases with an increase in temperature.

the circuit (Figure 9.13 (a)). This can be

the portion of its input voltage 1s used as
an output (V,,). This means that there

realized by using a voltage divider.

Avoltage divider hasresistor arrangement

in three terminals. Two terminals are
fixed, and one terminal 1s connected toa
sliding contact. There are two basic types

of voltage dividers, namely, rotary In a magneto-resistor, the resistance changes

Figure 9.13 (b) and Figure 9.13 (¢),
and linear (Figure 9.13 (d)).

" o DUPLICATE

V. |__ B r'
| V \
um 1"

(a) (c) (d)

Figure 9.13: Rotary and linear potentiometers

[n a physics laboratory, a rheostat (Figure 9.12)

| b d It divider by maki
because the length of the resistive wire +ell D BSOS @ volupe CIVOORE. DY el

use of all 1ts three terminals. The e.m.f
source 1s connected to terminals A and C and

erence. On the other

~ hand, 1f 1t 1s % o C, 1t gives maximum
voltage.

,ltc

L

istors

\%;e divider controls
sed in controlling

10 and other electronic
also be used in tuning

ermistor 1s a variable resistor whose
remstance changes when the surrounding

Q temperature changes. There are two types of

thermistors; negative temperature coetficient
and positive temperature coefficient
~ thermistors. For the positive temperature

thermistor, the resistance
when temperature increases,

Thermistors are used in sensing circuits

~such as the one used to control cooling
- fan’s speed. The appearance and symbol of

thermistors are shown in Table 9.5.

Magneto-resistor

with the strength and direction of a magnetic

field. The resistance of magnetic field

s

‘ l PHYSICS FORM lilindd 274

09/03/2022 18:16:38 l ‘

PEE—



FOR ONLINE UJ
DO NOT DUPE

increases when the magnetic strength
applied to a magneto-resistor increases

and decreases when the strength of the

magnetic field decreases.

Magneto-resistors are sensors which
measure the presence, strength and
direction of magnetic field. Appearance

and symbol of magneto-resistor are
shown in Table 9.5.

Light-dependent resistor

A light-dependent resistor (LDR) i1s a
variable resistor in which resistance
changes when light energy is applied
to the resistor. The resistance decreases
when the intensity of the light increases.
They are also called photoresistors.
LDR are used in photographic light |
meter, fire smoke or burglar alarm
They are also used to control

lights. The appearance and symbol for
LDR are shown in Table 9.50. &

O

Equivalent resistors

Depending on
resistor can b
parallel or serie$ co tion. The
resultant resistance 1n the circuit 1s
called toral resistance or effective
resistance, or equivalent resistance.

Resistors in series

When two or more resistors are
connected end to end consecutively,
and the same current flows through each
resistor, such a connection 1s said to be
a series connection. It is a single-loop
circuit combination of resistors and
battery as shown 1n Figure 9.14.
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R i R} R3
| | I

Figure 9.14: Resistors connected in series

- The current flowing in the circuit 1s the
same at all points. The sum of the p.d in
- the external circuit 1s equal to the potential

difference acmss.thkbaﬁery. Therefore,

@"1 +V, 4+,
From O la %’cm‘rem [, n the
| Qﬁiver%s

w]@Q‘E 1s the total resistance, thus,
O v Z IR,

IR, = IR, + IR, + IR,
| IR, =I(R,+ R, +R;)

R.=R +R, +R,

When resistors are connected 1n series, the
total resistance in the circuit 1s the sum of
the individual resistances. Therefore, when
there are n resistors connected in series,
the total or equivalent resistance 1s given
by,

R.=R +R;, + R, +...+ R,

Note that, when resistors are identical, the
- total resistance 1s given by R, =nR , where
R 1s the resistance of individual resistor and
n 1s the number of 1dentical resistors.

09/03/2022 18:16:38 | ‘
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Resistors in parallel

Resistors are said to be in parallel
connection when two or more resistors
are placed side by side with therr
corresponding ends joined together, such |
the same p.d 1s applied to each

resistor. Figure 9.15 shows the parallel When resistors are connected in parallel,

~ the reciprocal of the total resistance is
- equal to the sum of the reciprocals of the
- individual resistances.

that,

connection of resistors.

Vv
I L
'I e
/
I, R,
A > . ] =
Y A
1L R,
B — =i
I, .
> | | -

Figure 9.15: Resistors connected in parallel

When resistors are connected in parallel,

the p.d. across each resistor 1s the sameds,

the total voltage in the circuit. Thou%
voltage 1s the same for all br ch’ég
currents lowing in each b
equal. Thus, Ohm’s law ¢
each branch. To find thedi
one considers the
junction. The su
resistor in Figur
current in the circuit. Th

[=1+1,+1,

ppl'

circuit is given by,
o
RT

where R, 1s the equivalent resistance.

Applying Ohm’s law to each resistor
gives:

A
=—+
R, R R

V
+
R

‘ | PHYSICS FORM lilindd 278

- in parallel, the r
~ resistance %M by,

isgiven by R

" o DUPLICATE

V { 1 1 1 J

—= +

R, R R R
Therefore,

| 11 1
=—+—+
R T Rl RE RS

Generally, when gresistors are connected

iprocal of equivalent

R

- It should be noted that, when resistors are

¥ cu@s n each connected 1n series, their total resistance
15 15? the total is higher than that of individual resistors.
However,
parallel, the total resistance 1s lower than

-  that of individual resistors.
From Ohm’s law, the current, /, in the at of individual resistors

for resistors connected in

To investigate the effective
resistance for resistors in
series and 1n parallel

Materials: two dry cells of 1.5 V each,
connecting wires, bulbs

00/03/2022 18:186:39 l ‘
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Procedure

1. Connect two 1.5 V cells in series
and then connect them to one of the
bulbs, A as shown in Figure 9.16.

|3 V

ul

Q"
Figure 9.16
Observe the brightness of the bulb.

2. Connect another bulb, B 1n
series with bulb A as shown 1n

‘ l PHYSICS FORM liLindd 277

Figure 9.17. in Figure 9.20. Observe how the
‘E’,r’ brightness of the bulbs changes.
Disconnect the circuit.
3V
1]}
]?%A B% B Bulb A
Figure 9.17 ®
Observe the brightness of the bulbs. Bé[b .
3. Connect another bulb, C, 1n series |
with bulbs, A and B as shown Bulb C
in Figure 9.18. Observe how ®
the brightness of bulbs A and B _
changes. Figure 9.20
3IT Questions
G
(a) What happens to the brightness
of the bulbs as more bulbs are
added 1n series?
® ® ®7 of the bulbs as more bulbs are
- | - added in parallel?
) Figure 9.18 J 1@ J

A
4. Connect bulb B m parallel with

bulb A as shown in Figure 9.19.
Observe the brightness of the bulbs
compared to the initial brightness
of bulb, A.

— S

V
I

Bulb A

=
Bulb B

&

Figure 9.19

5. Connect bulb C in parallel with
bulbs A and B as in circuit shown

09/03/2022 18:16:40 l ‘
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The brightness of the bulbs was
reduced as more bulbs were added
in series. This 1s because the total
resistance increases when more bulbs
(resistors) are added and connected
in series. When bulbs are connected
in parallel, the brightness of the bulbs
was increased with an increase in the
number of bulbs in the circuit. This
1s because the effective resistance In
the circuit decreases with an increase
in the number of bulbs. The effective
resistance in parallel connection is
always lower than that of the individual
bulbs.

Figure 9.21 shows an electric circuit.

—— R, |

C = B

3

Figure 9.21

Given that, the battery has a voltage

(Vo) =9V, R =40 R =50Q,

R,=60Q:

(a) What 1s the total resistance of the
circuit?

(b) What current flows in the circuit?

(¢) What is the potential drop across
each resistor?

(d) What is the electric potential at
point A ?

‘ | PHYSICS FORM lilindd 278

- Y,

=X

N
R, o p
< =06Ax5Q=30V

. J
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Solution
(@) R, =R+R+R
=4Q+5Q+6Q
=150
b  1=—L
Rt
2V
15 O
=0.6 A

(c) p.dacross R
Ve = 1R,
=06Ax4Q=24V

p.d across R,
VRE = IR,

p.d across R,
v, = IR,
=06Ax6Q=360V

(d) To find the electric potential at
poimnt A, take note that, the potential
i1s measured with reference to the
negative terminal of the source.
This becomes our reference, 0 V.
Therefore, we start at the negative
terminal of the battery where
the potential 1s 0 V. Travelling
around the circuit in the direction
of electron flow, we pass through
R, where there 1s a voltage drop of
3.6 V, then pass R, where the p.d.
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1s 3.0 V up to point A. Therefore,
the potential at point A 1s,

V, =VR3 + Vﬂl
=36 V+ 30V
=66V

In the circuit shown in Figure 9.22, the
battery has a voltage '=9V,R, =4 Q,

R,=5QR,=6Q.

+
V -:H—: R] R: R.’!

—

Figure 9.22

From the given circuit, find the,

(a) effective resistance and total
current flowing.

(b) current flowing through each
resistor.

(c) sum of currents flowing through
the circuit.

Solution

Given R, =4 Q R, =5Q,R, =6 Q;
required to find the total resistance R, .
Using

—
—

..l_

11
..|_
Rl RE

1 1
(a) RT Rf’t

1 1 1 1 37
— B B =
R 4Q 5Q 6Q 600

R, =1.620

w
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< the circuit is.

L»:.:ircuit 1s 5.55A.

NI —

-
Total current, / is given by

V 9V

S =5.56 A
R, 1620

The total current flowing in the
circuit 1s 5.56 A.

(b) The current flowing through each
resistor 1s given by;
14 V

[, =— and [, :L
R, R,

II_RI, 2
9

e

AT T e LAY I
40 50

and [, = z—;;:l..S A

The current through R, 1s2.3 A, R,
is .8 Aand R, 1s |.SA.
(c) The total current flowing through

[=1+1,+I,

=225A+18A+15A=555A
The total current flowing through the

=

Determine the current reading on
the ammeter in the circuit shown in
Figure 9.23.

9V
i ®

15 Q 20Q

b
-
®

(]

o
o)

|
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Solution

For three resistors in parallel,

1 1 1 1
=}
R, R R, R,
For the first set of three resistors in
parallel,

1_ 1 1 1 1
R, 24Q 8Q 12Q 40

R, =40

For the second set of resistors In
parallel,

1 1 1 |
= -
R, R, Ry R
1 ] | | 2
= -+ -+ —
R 60 3Q 6Q 30
R =150

in parallel, i.e.,4 Q and 1.5 Q, are now
in series with resistors of 15 Q and
20 3 . Therefore, the total resistance

R, 1s given by,

R =4Q+150+20Q+150Q0=40.5Q

The current 1s obtained through,
V9V
- R,=4050Q

Therefore, the current reading on the
ammeter in the circuit1s 0.22 A.

=0.22A

The internal resistance of a cell

A cell always offers resistance to the
passage of current in a circuit. This

resistance is called internal resistance.

T DUPLICATE

A |

- cell so that when current flows through
- the cell, there is a potential drop across
~ this resistor. Consider a cell of e.m.f,
- E and internal resistance, » connected

~across an external resistor, R as shown in
- Figure 9.24 (a).

it 18 a resistor connected in series with the

. 25

|
I

The effective resistance of the resistors O

(1N
Ao

R

(b)

Figure 9.24: A simple circuit

~ Suppose the switch is closed as shown in
- Figure 9.24 (b), current, /, flows through
- the circuit. From Ohm'’s law, the p.d, V,
- across the resistor, R, 1s given by,

V'=IR

 The potential drop (V) caused by the

\. J |

- cell’s internal resistance is given by,

V,=1r

The total voltage in the circuit is the sum

~ of the potential drop due to the cell’s
The internal resistance of a cell acts as if

internal resistance and that of the resistor,

Student s Book Form Three
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R. That 1s,
E=V+1Ir

When no current 1s drawn 1n the circuit,

em.f is equal to p.d across the cell
E =V. Generally, the total em.f of the

cell (s) is given by,

E=V+V,
= IR+ Ir
E=I(R+vr)

The equation E =1(R+r)can be used to

determine the internal resistance of a cell

and the e.m.f of the cell experimentally.
From Figure 9.24, different R(£2) values

can be used to give different values of

current, / (A), and the two sets of values
are plotted as shown in Figure 9.25 based +

on the equation:
R:E~—r

With R in the vertlcal axis ang o
of current in the horizonta

Q~ %
<<O QO

R(Q) A

A (£2)

Figure 9.25: The graph of resistance R against

1

reciprocal of current, —

I

The numerical value of em.f and » can
be determined from the graph. The slope
of the graph represents the value of e.m.f, |
E and the vertical intercept represents

‘ I PHYSICS FORM liLindd 281
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- the value of internal resistance, 7

| v\((’

of
the cell. Similarly, when the axes of the
- variables are interchanged, the equation

- becomes:
[ E E
- Therefore, the slope of this graph

~ (Figure 9.26) represents the reciprocal
of the e.m.f of the cell and the vertical
intercept represents the product of slope
and internal resmt&nce of the cell.

—{A Y I

&

R (Q))

l*lgure 9.26: The graph of reciprocal of current,

— against resistance, R

Aim: To determine the

electromotive force, E,

and internal resistance, #

of a cell

Materials: a cell, set of standard
resistors (2-10 Q),

ammeter, switch

Procedure
1. Connect the circuit as shown in
Figure 9.27. |

09/03/2022 18:16:43



2. Set R at 10 Q, close switch S
and read the ammeter and record

current, /.

4 Qand?2 Q.

9.6.

Table 9.6

Repeat step 2 for R = 8 Q, 6 Q,

Record results as shown in Table

|
I
calculate the internal resistance of this
. /S/ cell.
Solution
Figure 9.27 _ o _
Referring the circuit of Figure 9.24 (b)
with switch S closed:

From

Questions

(a) Plot a graph of R against? :
(b) Determine the vertical intercept.

(c) What 1s the value of r?
(d) Determine the slope of the graph.

(¢) What 1s the value of £7?

=

- Wheatstone bridge
From Activity 9.3, Ohm’s law was used
- to determine the value of the unknown

E=E R=3Q.V=06E

From Ohms’ law

INE_ USE ONLY
T DUPLICATE

An electric cell with minimal voltage,
E, has a resistance of 3 ) connected

across it. If the voltage falls to 0.6F,

E=I(R+7r)
E=IR+Ir
E=0.6E+Ir

Ir=E—0.6E
(1)

Ir=04E

V' =IR
31 =0.6E
0.6E

==

3

(2)

Substituting equation (2) into (1) and

solving for 7, you get r =2 Q.

resistance of a conductor. A similar

‘ | PHYSICS FORM llLindd 282
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~approach cannot be applied to accurately
~ measure a very low value of resistance
down to the milli-Ohms (mf2) ranges.

However, when resistors are connected
~in series-parallel arrangement as shown
- in Figure 9.28, the value of unknown

ree
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resistance of a conductor even in mQ
ranges can be measured. This diamond-
like arrangement is called the Wheatstone
bridge circuit. It consists of mainly four
resistors known as the bridge arms and a
galvanometer in between them.

Figure 9.28: The Wheatstone bridge

Working principle of a Wheats
bridge

To understand how the Wheatst

works, let us consider a bu circwl

Figure 9.29. E E
E P |4RA_
A D
F Q C X

..
I L]
oV

FOR ONLINE UJ
DO NOT DUPE

has this igsaid to be a balanced
tht; bfids\&/
l‘@ up e resistor, J, is removed

j m théo

seriQ\dﬂJ resistor, R and resistor, Q 1s
INNS &L

The circuit in Figure 9.29 does not have
any resistors arranged In series or in
parallel. Thus, one cannot reduce the
circuit to an equivalent resistance using
parallel and series formulae. However,

~1f you observe the circuit carefully, you
realize that, the resistors on one side of
~ the joint resistor, J, are in the same ratio
- as the resistor on the other side of J. That

R 100
=———=5

—5 and — =
X 2Q

| P L
- Therefore, — :%A bridge circuit that

N\

it so that resistor, P, 1s n

es with resistor, X. Moreover, the

\ tors, P and R are in parallel with
1d

esistors, Q and X. Therefore, the voltages

~ at poimnts E and F are the same. Since,

f*:ﬁ, the voltage drop at P is the
Q0 X

same as the voltage drop at Q, meaning
- that voltage at point B (V) is the same
- as voltage at point C (V.). This means
- the potential difference between points B
~ and C is zero. Thus, when the resistor, J is
- connected, current through it is zero. That
is, when the bridge circuit is balanced,

I,=0A.

- Now, suppose a resistor J is replaced

Figure 9.29: Wheatstone circuit

If the resistors, P =5 Q Q =1 Q,
R=10Q X=2QandJ =6 Q, what1s
the current flowing through the circuit?

— 8
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- with a galvanometer, G as shown in

Figure 9.28. The variable resistor, R,,
can be varied to a point where the current

- through the galvanometer, 7/, =0 A . At

——
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this point, the bridge circuit 1s balanced
and therefore,

PR
0 X’
which means,
X = OR,
P

This formula gives the value of an
unknown resistor, X. Hence, the
Wheatstone bridge can be used in this |
way to determine the value of an unknown

resistor, X.

Aim: To determine the resistance
of an unknown resistor, X
using a Wheatstone bridge

Materials: zero centred galvanometer,
a dry cell, decade resistance
box R, known resistors
P and Q (ranging from
1Q tol0 Q), the unknown
resistor, X whose values
range from 4 Q to 10 Q,
a switch, connecting wires.

Procedure

1. Use the materials provided to set
up the Wheatstone bridge circuit as
shown in Figure 9.28.

2. Switch ON the circuit to allow
current to flow through the circuit.
Ensure that the amount of current
flowing through the galvanometer
does not deflect it out of range.

3. Adjust the resistance, R, until the
reading on the galvanometer, G
1S zero. At this point the bridge 1s
balanced.

]

v

v
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| 4. Determine the value of the
unknown resistor, X using the

formula:

x_ QR
P

5. Repeat steps 3 and 4 by using
different values of P and Q to obtain
several values of X. Calculate the
average value of the unknown
resistor, X.

Questions

(a) What is the value of the unknown
resistor, X' ?

(b) What are the possible sources of
errors in this activity?

N C——
slid \Kir}\bridge (Metre bridge)

.@l e wire bridge (Metre bridge) is a
odiﬁed Wheatstone bridge. It is made
“of one known resistor, R, an unknown

- resistor, R, and a wire of uniform cross-
- section area, as shown in Figure 9.30.

Figure 9.30: Metre bridge

~ The ratio —2 is adjusted by sliding a

09/03/2022 18:16:46 l ‘
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jockey along the length of the wire.

Because the wire has a umform R R
_ . Ry .|
cross-sectional area, the ratio R—B IS A 1 . [ L
A
equivalent to respective lengths L, and (i% ‘/JOCkﬁ‘Y
L. Thatis, 7 * L
Pl S E
R, 4 1L Figure 9.31
R, PL, L, 2. Set R to 1 Q, then close switch,
B % S and shde the jockey over the
Y metre bridge wire until the
Ry, _ Ry _ Ly Ry, galvanometer reads zero. Record
R, R L, R length / and /..
This expression can therefore be written 3. Repeatstep2forR=20Q, 3 Q,
as, 4 Q) and 5 Q). Read and record the
R, = L, R z value of /, and /, in each case.
L, \

4. Record results using Table 9.7.
This expression can be used to determi

the value of the unknown resistor. \ _| Table9.7
\/ < Resistor, I;(ﬂm) iz(cm) &
Activity 9.8 | [R(®) | L
1
Aim: To determine the resistance | 2
of an unknown resistor | 3
using the metre bridge g
Materials: a resistor with unknown Questions

resistance, a cell,

-
galvanometer, metre (&) Plot.a graph of . agamst i

bridge, decade resistance (b) Deduce the value of unknown
box, switch, jockey, | resistance, R, -
connecting wires B J

Procedure W
| A metre bridge is set up as shown in
Figure 9.32 using a standard 10 O
resistor. The galvanometer shows zero

deflection when the Jockey contact 1s

\ J N ~

1. Set up the metre bridge circuit
as shown in Figure 9.31. Let the
resistance box be R.

PEE—
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at 48 cm from end A. Determine the
resistance of a resistor, X.

|| /S
X 10 Q)
S\ S M
AJ——48 cmH/& B
J
Figure 9.32
Solution
_ L,
From R, =—R , where

B

Ry=X,R=10Q,L, =52 cm

and, L, =48 cm . Therefore,

R, =ZiR
LB

Therefore, the resistance X is 9.23 Q.

) &
The potcntiﬂnmtm'

When a voltme r@:onn

easure 1ts

inaccurate readings.

A potentiometer 1s a reliable tool for
measuring e.m.f. It consists of a length |

AB of uniform resistance wire, that is,

‘ | PHYSICS FORM Illindd 286
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~a wire with a constant diameter, with a
~ steady current flowing through it from an
- accumulator C (Figure 9.33). Any length
~ from A, is read from a metre rule AB, and
- the length of AB may be one metre.

A
K

m®

1tch S, there will be

otential difference

and any other point

Il of potential across AB
cun'ent in the galvanometer
ectlon AG]J so that, whatever 1s
sition of J on AB, the galvanometer

a fall Dntla@oss AB and hence

!
_ S0l 100=9230 b
52 cm | always be deflected. Suppose a

j secoud cell, D, 1s introduced in series with

§irectly

across the pﬂles fa CQQ - flowing in the direction JGA. There will
e.m.f, very small current Passes through

it. The voltmeter does not give the em.t

to a high degree of accuracy since the = J» ©f the jockey on AB for which the p.d

e.m.f is the p.d between the terminals - across Al due to £ balances the p.d across

when no current flows or when the cell Al due to D.
is ‘an open circuit’. Another disadvantage
of the voltmeter 1s that, 1t requires the

use of a pointer, which might result in

the galvanometer, the current due to the
cell £ in the direction AGJ, will now be
opposed by the current due to the cell D

now be two p.d between A and J. Now
it should be possible to find a position,

Aim: To compare the em.f
of two cells using a
potentiometer

Materials: a slide-wire potentiometer,
galvanometer, 2 dry cells,

Student s Book Form Three
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jockey, connecting wires,
switch, accumulator

Procedure

1. Set up the potentiometer circuit as
shown in Figure 9.34 where C 1s an
accumulator, £, and E, are the two
cells for comparison.

C °S
AJ L = ; N ¥ |
L A A B
1 p SJ 1::]
! E, ‘.
........ - —
Figure 9.34

2. Join the +ve terminal of P to A, the
same terminal to which the +ve
terminal of C is joined.

3. Join the -ve terminal of P to a slider,
J, through a galvanometer, G.

4. Gently tap on the wire with J, find
the pomnt N (balance point) when
no current flows i G. Measure the
balance length AN or /, from the
metre rule.

5. Disconnect the cell P ( £, ) from the
circuit, and replace 1t with cell Q
( E,), the other cell for comparison.
As before, obtain the new balance
point M and read off the length AM
or /,. Measure the balance length /, .

Questions

(a) Suppose the value of E, is known,
find the value of E,.

(b) It 1s clear from this activity that, as
the e.m.f increases, the length of

h.LThr:: new balance length is 55.79 cm.

\\ g |

the potentiometer wire increases as
well. Why does the length increase
with an increase of e.m.{?

Theoretically, the em.f E, of cell P
balances the p.d. V| between A and N
on the wire because no current flows in
G at the balance point N. As a result,
E, =V,. Similarly, if E, 1s the e.m.f of
cell Q and V] 1s the p.d. between A and

M, E,=V,. As a result, Sn . The

p.d, V' across any length, /, 1s directly

proportional to [/ if the wire carries a
E _1

constant current. As a result, =—
E, 1

Thus, the e.m.f of the two cells can be
compared.

A

The balance length of a potentiometer
wire for a cell of em.f, E, =1.63V 1s
85 cm. If the cell 1s replaced by another
one of em.f, E, =1.07V, calculate the
new balance length.

Solution
Given

E =1.63V, [ =85cm,E, =1.07V

Then, the new length /, is obtained
from a formula:

E_L
2 lz
Therefore
L= E), 107 Vx85cm 5579 em
E .63V

S

TR .=
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-&

Answer all questions

1. Awireoflength 1.2 mand diameter
0.64 mm has a resistance of 2.4 Q.
Calculate the resistance of a wire
of length 0.80 m and diameter
0.32 mm of the same matenal.

2. A wire of length 2 m and a cross-
sectional area of 0.5 mm?, has a
resistance of 2.2 Q. Calculate the
resistivity of the material making
up the wire.

3. A wire of length 040 m and
a diameter of 0.60 mm has a
resistance of 1.5 Q. What 1s the

4. What length of wire of diameter
0.6 mm and resistivity 1.1 x 10° Qm
would make a resistor with a resistance
of 44 Q7

5. Abattery ofem.f 12 V and internal
resistance 1.5 Q 1s connected to a
4 Q) resistor. Calculate the:
(a) total resistance of the circuit
(b) current through the battery
(c) p.d across the cell terminals

6. The p.d across the terminals of
a cell 1s 1.1 V when a current of
0.20 A 1s being drawn from the
cell. If the p.d across the cell 1s 1.3
V when a current of 0.10 A 1s being
drawn, determine the:

(a) internal resistance of the cell
(b) cell’se.m.f

x | )
resistivity of the material from I1. Two batteries, V, and V,, are
which the wire is made? 2

>

INE USE ONLY
2] DUPLICATE

7. Differentiate between variable
resistors and fixed resistors. Give
three examples of each.

8. Distinguish  between  electric
current and the convectional
current.

9. Briefly explain what 1s meant by a
coulomb of electricity.

10. A battery of unknown e.m.f, £, and
internal resistance, r, 1s connected
in series with an ammeter and a
variable resistor, R. The current
in the circuit 1s found to be 2.0 A
when the value of R 1s 0 Q and
1.5 A when the value of R is 6.0 Q.

Determine the values of £ and r-.

connected in series with an 8 €
resistor as shown in Figure 9.35.

It L 1
V=2V V=3V

8 Q
Figure 9.35

Given that, the nternal resistances
of the two batteries are 2 QQ and 1 Q,
respectively, determine the p.d across
the 8 Q resistor.

- Heating effect of an electric current

~ When an electric current flows through

~a conductor, the

- gets converted into

~and the conductor heats up. This is a

- demonstration of the heating effect of an

~electric current. In an electric iron, the
' electrical energy is converted to heat.

electrical
thermal

energy
energy

Student s Book Form Three
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The heat produced helps in removing = (I

wrinkles and shrinkage in our clothes. | Procedure
In this process, the electric iron becomes
hot. This 1s a primary example of heating
effect of electric current. Other electrical

1. Determine the resistance, R, of the
resistive wire using a meter bridge

. : | rocedure.
appliances that work on heating effect of 4
electric current include immersion water | 2. Set up the apparatus as shown in
heaters, hot plates, electric kettles and Figure 9.36.
filament lamps. P
| =" 7
Mechanism of heating of electric E /R,
current @)
If a potential difference is applied at the
ends of a conductor, an electric field 1s .
set up in the conductor. Free electrons T\ Sfict
. | Thermometer — |
in a conductor are accelerated and hence = =
they gain kinetic energy. When this . X CRlonEE
o : _ = Lagging
energy 1s imparted on atoms, ions and | | g %
other electrons, it causes them to vibrate \ % _% Water
: _ N
resulting to thermal energy. As thefe, i T

electrons move through the con Resistive wire

they collide with 1ons and ato

he Figure 9.36
conductor and hence slowed % p%
kinetic energy. Hence the I 3. Close switch S and adjust the
conductor mcreases. | rheostat, R, to give appropriate
Note that, ctor gher current, /, and voltage, V.
I g fi .
IRSISLVIGy TesuliNgD mo or the | | 4. Record the initial temperature @, of

same applied potential d rence S
PP P water and leave the circuit ON for

J— a known length of time, ¢, which 1s

W determined by a stopwatch.

Aim: To investigate the heating | | 5. After time, 7, record the final
effect of an electric current | | temperature @,. The change in

il =0.—0..
Materials: battery, thermometer, temperature will be 0/=0,=6,

reslistive wi;t?, ammeter, | 6. Adjust R, to obtain different values
VOUIMEieT, INEOoRtAs, of I and V and repeat steps 4 and 5,

stopwatch. calorimeter .
o tl]?ljacke’t comecting to obtain at least two or more sets
’ of I, Vand 6.

wires, water, switch

PEE—

‘ l PHYSICS FORM lllindd 289 09/03/2022 13:15-:52' ‘



Table 9.8

INE_USE ONLY
DUPLICATE

7. Record results as shown in Table 9 8.
Py SRS g 77X || Toasivnniativa nhaman D e nti o A i
( nt, tage, V' (V) rature change, current,

therefore, H ocI°.

Questions
(a) Plot a graph of change in temperature, &, against the square of current, / 2

(b) What is the nature of the graph? Explain its physical meaning.
The amount of heat, H, absorbed by the water 1s proportional to the increase in

its temperature. The plot of @ against /° indicates that, @ocI” . Since H =@,

o

stopwatch, switch,
wIres
Procedure

resistive wire 18

L
and adjust the rheostat to obtain

Aim: To demonstrate the effect
of time on heating effect
of an electric current

v

the water together with 7 and V.

Materials: battery, calorimeter with
jacket, thermometer,

resistive wire, ammeter,

voltmeter, rheostat,

stirrer, water, connecting

1. Since the resistance of the
known,

connect the apparatus as shown

suitable current, /, and voltage, V.

Record an initial temperature of

Leave the circuit ON for a known

length of time, 1.

3. At the end of a time, ¢ record the

value of change in temperature.
Leave the circuit ON as in step
2, then record the change in
temperature with corresponding

time.
4. Repeat step 3 and obtain at
least 2 more values of change in

temperature with respect to heating

time.

in Figure 9.36. Close switch S

‘ | PHYSICS FORM llLindd 290
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5. Record results as shown in Table 9.9.

Table 9.9

Questions

(a) Plot the graph of temperature, @,
against time, .

(b) Explai the nature of a graph.

Heat absorbed by water is proportional
to the increase of heating time. The
graph of @ against ¢ shows that,

Ot thus, Hot.

A
e "

Materials: battery, calorimeter with
jacket, thermometer,
resistive wire, ammeter,
voltmeter, rheostat,
stopwatch, water, switch,
stirrer, connecting wires

Procedure
1. Set up an arrangement as shown in
Figure 9.36.

2. Close switch S and adjust a rheostat
to obtain suitable values of / and V.

walter.

‘ I PHYSICS FORM lilindd 291

Aim: To observe the effect of |
resistance on the heating |
effect of an electric current

Record the initial temperature of |

\ J |

3. Leave a current ON for a known
length of time and record the value
of change in temperature.

4. Change the resistance of a resistive
wire by varying its length, then,
repeat steps 2 and 3.

5. Repeat step 4 and obtain at least
2 more readings of change of
temperature with the corresponding
resistance of wire.

6. Determine the resistance of each
length of the wire and record the
results as shown in Table 9.10.

| Table 9.10

% J |

Length of | Resistance
(cm) RO
Questions

(a) Plota graph of change in temperature,
6, against resistance, R.

(b) Comment on the nature of the graph.

The heat absorbed by water 1is
proportional to the increase in
temperature. From the plot of change
In temperature against resistance, it 1s
observed that, &, 1s proportional to the
resistance of the wire, thus, g« R.

Hence, H =« R.

Therefore, from Activities 9.10 = 9.12,
it can be concluded that,

00/03/2022 18:16:54 l ‘
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Ho< "Rt
Hence,
H =kI*Rt

If the current of 1 A flows through a
resistor of 1 Q in 1 second, then the

heat generated i water 1s 1 J. Thus,
k =1. Hence,

H=I"Rt

This equation gives the relationship
between the resistance of a
conductor, current passing through
a conductor, time a current flows
and electrical energy generated.
The electrical energy generated
1s measured in Joules. Thus, this
equation 1s referred to as Joule’s
law of heating.

The law states that, “When an
electric current is passed through a
conductor, the heat generated in a
given time is directly proportional
to the resistance of the conductor in
ohms and the square of current in
amperes .

Since the unit of electrical energy
is joule, then the Joule is defined as
the work done when a charge of one
coulomb flows through a conductor
with a p.d of 1 volt across it in one
second.

By Ohm’s law, V" =IR . Then,

2
H="—1
R

- J

* Solution
\ Given: Voltage, I'=12 V, Resistance, R

/

\ P

Yo DUPLICATE

Also, R-= K
1

thus,
H=IVt

These are other forms of stating up
Joule’s law.

A resistor of 100 € is connected across
a battery of 12 V. How much heat 1s
dissipated across the resistor in 5 s?
(Ignore the internal resistance of the
battery).

=100 Q, Time, r=5s,
| From,

R

122 V?
100 ©

% S5is=7.21]

The energy dissipated across the
resistor 1s 7.2 J.

A bulb draws a current of (0.5 A from

a 240 V source. Calculate the energy
dissipated in 10 minutes.

Solution
Given: [=05A, V=240V,
f=10x60s =600s

s
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Using the equation
H=1V
=0.5A x 240V x 600 s

= 72000 ]

The energy dissipated 1s 72000 J or
72 kJ.

Three resistors with resistances 9 Q.
12 Q and 15 € are connected in series
across a 12 V battery. Calculate the
energy dissipated by the 12 Q resistor
in 10 s. Internal resistance of the battery
1s negligible.

Solution
Total resistance
R=9Q+12Q+150Q=36Q

V12V

Current / = E = =():33 A

[fr =10 s, then
Heat energy can be calculated as,
H=I"Rt
=033 A*x12Qx10s
=13.07J

The energy dissipated by the 12 Q
resistorin 10s1s 13.07 J.

Electric power

In many circuits, it 1s essential to know
the rate at which electrical energy 1s
transferred into other forms of energy. |
The rate of doing work or the rate at which

‘ i PHYSICS FORM lilindd 293

 electric power =

Using \(;E,
.9,

36 O q

& & !

energy 1s dissipated 1s called power.

electrical energy dissipated

time taken

_energy transfer

time taken
P= ITRI =I'R

- By Ohm’s law IR=V

- Therefore,

PKHIV

2R
2
he S{&S&* power is joule per second

). The power is assumed to
att 1f 1 ampere current flows 1n 1t
t a potential difference of 1 volt, that
| watt =1 ampere x 1 volt . Likewise,
if 1 joule of energy 1s being spent per
- second, the power consumed by an
~ electrical appliance is said to be 1 watt
(1 watt =1 joule/second ).

L Example 9.16 g

If the lamp on a 240 V supply draws a
current of 0.25 A, calculate the power
the lamp uses to transfer electrical
energy into heat and light energy.

Solution
P=1V
P=240V x 025 A=60W

The lamp transfers 60 J of electrical
energy into heat and light energy each

second.
. /
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Power rating of electrical appliances
Every electrical appliance should carry
a label stating the potential difference
for which 1t has been designed and
the power an appliance can convert
when operating at the stated potential
difference. The rate at which an
appliance dissipates energy 1s called
the rating of an appliance and is
usually marked on the body of an
appliance.

For example, an appliance marked
3000 W, 240 V, dissipates energy at
the rate of 3000 joules per second
when connected to a 240 V supply.
Figure 9.37 shows an electric iron
marked 220-240 V, 1000 W, indicating
that, the appliance dissipates energy at
the rate of 1000 joules per second wh
connected to a 220-240 V supply.\

It is worth noting that, if the%xc«

1s connected to a higher ge
the one indicated, it @low
connected to a low@ ag@m not

function prope

‘ | PHYSICS FORM lilindd 294
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e Task 9.1

(a) Identify the electrical appliances
found at your home; list them
and discuss their power ratings.

(b) Suppose the appliances you listed
are used for 1 hour, what will be
the total energy used?

~ Commercial unit of electrical energy

You learnt that, the unit of electrical
~ power

1S waﬂ?\and thus, unit of
hould be watt-second.

=second unit 1s too small
cal@fw unit for everyday
0%€S.

Ee this challenge, a bigger
lowatt-hour (kWh), 1s used.
1s the energy consumed in one

y an appliance working at the rate
1 kW. Commercially, 1 kWh 1s named

~as a unit of electricity. For example, if
the user consumes 5 units of electricity,
- it means that, electrical energy of 5 kWh

has been consumed.
1 kWh = | killowatt x 1 hour

- =1000 W x 3600 s
= 3600000 watt-second or 3.6x10°]
=36MJ

- The unit of kWh 1is used to determine
- the cost of electrical energy consumed
- by electricity users. Normally, electricity
~ cost is calculated by taking the price of
- a unit of electricity times the consumed
~ electrical energy in kWh (total units).
~ That 1s;

cost = price x total units

Student s Book Form Three
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In Tanzania, electricity users buy units
of electricity before using the energy. ;

Theretore,

Supply Company Limited (TANESCO)
distributes special electricity meters that
enable one to pay before consuming,

These meters
as “Lipa Umeme Kadiri Utumiavyo”
abbreviated as LUKU. Figure 9.38 shows
a picture of LUKU meter distributed by |
TANESCO.

FOR ONLINE U§g
DO NOT DUF’-

the  Tanzania E]ectric?

are famously known

Figure 9.38: An example of a L ter «
3.35 kWh (units O

RN

A television set (TV) rated 40 W 1s

Solution

30 days?

(b) If the price of a unit of electricity
1s Tsh 229.60, what 1s the total
electricity cost of watching this TV
in 30 days?

(a) Energy = power x time

1377.60.

Therefore,
consumed for 30 days 1s 6 kWh.

(b) To determine the electricity cost
of watching this TV, we use the
formula;

cost (Tsh) = price x total units

Therefore,
kWh
35 Tsh 22960
cost (Tsh) = . kWh % 6 kWh
= Tsh1377.60

Hence, the coast of watching this TV
\ for 30 days is Tanzanian shillings

5h
days
= 6000 Wh =6 kWh
the electrical

=40 W x

x 30 days

energy

s

switched ON for 5 hours every day. heater.
(a) How much electrical energy in Solution
kWh does this TV consume Civen

An electric heater is constructed by
applying a potential difference of 120V
across a nichrome wire that has a total
resistance of 8 € . Find the current in
the wire and the power rating of the

Then, current, / =%

V=120V
R=8Q

[:M:ISA

8 Q
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Power rating, P=1"R
=15 A* x 8 Q=1800 W

Therefore, power rating of the device is

1800 watts.

1. A 120 V circuit is equipped with
a 20 A fuse. What 1s the least
resistance that can be plugged nto
the circuit without causing the fuse
element to melt?

2. A car’s headlights consume a
power of 40 W when on low

beam and 50 W when on high
beam. Given that, the headlights
are connected to a 12 V battery, ,
determine the:

headlight in each case.

each case.
3. A generator at a power station has

an output of 100 MW at 132 kV.

(a) What is the current in the
generator?

(b) What 1s the daily energy output
of the generator in joules and in
kilowatt-hours?

4. An electric motor draws a current
of 10 A when connectedtoa 120V
supply. Calculate the:

(a) motor’'s power consumption.

(b) energy (in joules and 1In
kilowatt-hour)  that the
motor uses during 5 hours of
operation.

‘ l PHYSICS FORM lilindd 296
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(a) current that flows through the <

(b) resistance of the headlight in |
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5. An electric heater of resistance
10 © 1s connected to a 120 V mains
supply. How much energy does
it use when it 1s in operation for
2 hours?

6. Two 8 Q resistors and a battery of
e.m.f 12 V and internal resistance
2 Q) are connected in series with

each other.
(a) Draw a circuit diagram for the

connection.
(b) Calculate the power delivered
to each of the external resistors.

(¢c) Determine the power wasted
due to an internal resistance of
the battery.

7. A house has five rooms, each with
a 60 W, 240 V bulb. If the bulbs
are switched ON from 7.00 p.m. to
10.30 p.m., determine the power (in
kilowatt-hour) consumed per day.

8. A hair dryer of resistance 100 Q is
connected to a 240 V mains supply.
Determine the:

(a) current that flows through the

hair dryer.
(b) power rating of the dryer.

(c) energy that the dryer consumes
for 8 hours.

9. Calculate the energy consumed
(a) in joules (b) in kilowatt-hours,
when a 2 kW oven is ON for
1-5 hours.

10. A light bulb has a rating of 240 V,
60 W. Determine the:

(a) amount of current a bulb
filament would carry when

switched ON.
(b) resistance of a filament.

09/03/2022 13:15-:5?-| ‘
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Electrical installations

Electricity 1s an extremely convenient
and clean source of power. Electricity
1s supplied in houses by low resistance
wires (copper or aluminium) insulated
with rubber. The wires are rated
according to the maximum current
they can carry. Due to certain faults
in the electric generator or due to
some faults in the wiring circuit of
an appliance, the voltage or current
flowing in an appliance may rise
beyond a rated value. This could burn
or damage, in some way, the circuit
of an appliance if it 1s not properly
protected. Protection of appliances
against possible damages like these is

made with the help of a fuse or circuit
breaker.

Live, Neutral and Earth

Domestic  electricity  1s

coloured brown or red, an

m p&@s

an electrical appliance to the ground through a
three-pin plug. A three-pin plug and electrical
wiring cables are connected as shown m
Figure 9.39.

Live
Neutral

Fuse

Figure 9.39: A three-pin plug

A fuse 1s connected La,glje live cable. The fuse
should not be comae to the neutral cable,

because if a fz@gurs and the fuse blows
the body of li mains live and can
gwe an glectrit€ sh he user.

QFE pin 1s generally longer
eoth pins, this enables 1t to open
pro cover of the socket. It also

at, an appliance is earthed before
onnected to power source. When

entioned must be strictly adhered to in order

through two cables: the live ca Cé C cting a three-pin plug, the colour code
utr &"
I

cable (N), usually co QuI u
yste%:
1al 40V

black. For a single-p fad
live cable 1s at @
urrent
asecond

relative to the néwfral li

in the cable alternates 60 ti

(60 Hz). The neutral cable 1s earthed,
that 1s, 1t 1s connected to the ground
at the power station. This ensures that,
even though current flows through this
cable, 1t remains at a zero potential.
In this situation, it cannot give an
electric shock on touching. To provide
extra safety especially in electrical
appliances, a third cable called earth
(E), coloured yellow or green, 1s also
provided and 1s earthed by connecting
it to the ground via a thick copper rod.
This cable connects the metal body of

—

to avoid electric shock. The switch must be in
the OFF position when pushing the plug into
the socket.

The two-pin plug does not have a fuse and
an earth pin. Thus, an apphance using a two-
pin plug does not have its body connected
to earth. Figure 9.40 shows a two-pin-plug.
The connections for this plug follow the same
colour code as the three-pin plug.

Figure 9.40: A two-pin plug
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When wiring a plug, always check
that the plug 1s correctly wired. All

connections should be tight. The
individual wires are supposed to
be cut to a length such that, if the
cable 1s pulled out of the plug, the
live will come out before the earth
and the neutral. The cable should be
firmly clamped without damaging the
insulation, and a fuse of the correct
rating for the appliance is fitted.

A fuse and a circuit breaker

When an electric current exceeds a
rated value of an electrical appliance,
it causes damage to the device. To
protect an apphance against this
damage, a fuse or a circuit breaker 1s
used. A fuse consists of an element,

current through it exceeds fic
predetermined value. T

1s contained n a suit

ing
placed in series wij CIrc it%m
protected. A fu? a 'c®meits
and breaks a circthvt whemoyerloaded.

It must be replaced before a circuit
works again.

Fuses are categorised nto two
types, namely; rewireable fuses and
cartridge fuses. Rewireable fuse 1s a
type of fuse, whose fuse eclement 1s
carried in a removable fuse link. The
fuse link may be made of porcelain
or other suitable insulating material.
This ensures that, there 1s no danger to
an operator when removing fuse link.
Figure 9.41 shows a rewireable fuse.

%

usually a piece of copper or tin-
lead alloy wire that melts w

o

T DUPLICATE

Figure 9.41: Rewireable fuise

Cartridge fuses consists of a porcelain
tube with metal en§ caps to which the fuse
element is at’tzQe/. Figure 9.42 shows a

cartridge fu@

“

<

Figure 9.42: Cartridge fuse

Fuse element passes through the tube from
cap to cap and 1s welded or soldered to the
inside of the caps. In installation (during
wiring), fuses should be made accessible
and be fitted on the front of a switch board
or 1n a protecting case. In most cases, fuses
are fitted on a distribution board.

Action of a fuse

Blowing (melting) occurs when a circuit 1s
overloaded or when a short circuit occurs.
A short-circuit fault 1s an unwanted
connection which allows current to flow
along a path which 1s not part of a circuit
design. The new path might re-route some

s
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path. Short-circuit faults can be identified
due to the fact that, the circuit or that
section of the circuit draws an unusual

or all of the current from the designed

high current (leading to fuse blowing).

The potential difference between two
points joined by a short circuit is zero or

much lower than expected.

Aim: To demonstrate the
melting of a fuse

Materials: fuse wire 3 A, 3 dry cells
size-D, rheostat, ammeter
(0—-5A), two 2.5V torch
bulbs with bulb holders,
connecting wires, switch,
crocodile clips

1. Connect the apparatus to make a
circuit as shown in Figure 9.43.

{ |l|5| | t /’-S
®
X
~ —CO<0—
” R, Fuse
Figure 9.43

2. Start with the rheostat set at
maximum resistance.

3. Close the switch and adjust the
rheostat to raise the current.
Observe both the ammeter and
the fuse wire. Continue adjusting
until the fuse wire melts. Open the
switch.

‘ l PHYSICS FORM liLindd 299

=

\ with crocodile clips. Observe the

Procedure D, 1

< Questions
N (a) Determine the current required to

Physics for Secondary Schools

4. Now disconnect the rheostat from
the circuit and replace it with the
two 2.5 V torch bulbs as shown in
the circuit diagram in Figure 9.44.

i —"

®
P RO

Figure 9.44

5. Close the switch and observe the
ammeter reading and the brightness
of the bulbs.

6. Short-circuit the bulbs by
connecting a lead wire across PQ

ammeter reading, the brightness of
the bulbs and the fuse wire.

melt the fuse in step 2.

(b) What was your observation on the
ammeter reading and the bulbs’
brightness when the switch was
closed in step 3?

(c) What was the result of short-
circuiting in step 67

When a current in the circuit exceeds
a current rating of a fuse wire, a
fuse wire melts. Putting a lead wire
across PQ causes an increase in the
ammeter reading. It also causes bulbs
to go off. These two observations are
an indication of a short circuit. The
lead wire across PQ is an unwanted
connection which diverts current
through a different path. The lead wire

00/03/2022 18:16:58 ] ‘
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has much lower resistance than bulbs.
This results in a large current flow,
hence, melting of a fuse wire.

A circuit-breaker 1s a type of a switch that
cuts off the flow of current when current
in a circuit exceeds a specific value. The |
circuit-breaker operates by opening the |
circuit in the event of excess current.
Unlike a fuse, a circuit breaker can be
reset once the current in a circuit has
returned to normal. However, just like

a fuse, a circuit breaker 1s connected 1n
series with the circuit it controls.

In a circuit-breaker, switch contacts are
held closed by a latch mechanism that

releases the contacts quickly to open the
circuit. This happens whenever there is an

excess current in a circuit. Common cire
breakers are either thermal or m

devices that incorporate a bimetallic

or an electromagnet to open &éﬁ &
switch respectively. Flgur 11]u s’
an operation of a circ aker

Bimetallic

strip \“—‘ll

Current
_h.._

LatchQ
mecha

Cﬂntact closed

Current out

Contact open

/

=
No current

Figure 9.45: 4 thermal circuit-breaker

INE_ USE ONLY
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\ S

-p:

Magnetic  circuit-breakers use an
electromagnet whose pulling force
increases with current. When the current
increases beyond the rating of the circuit-
breaker, the electromagnetic pull releases
the latch which allows the switch to open
by spring mechanism. Figure 9.46 shows
typical circuit breakers.

&,
F lgll

stic wiring

: Examples of circuit-breakers

power company connects power to
house up to the meter and leave cables
to be connected to the consumer unit
where the house wiring starts. Consumer
unit is a type of distribution board that
electricity distributes from the main
supply to separate circuits. From the
consumer unit, the cables branch into
several parallel circuits which carry
current to the various parts of the house.
There are two methods of wiring a house
from the main switch; these are the ring
system and the tree system.

 Ring main system. In many houses, the

main sockets are connected to a ring main.
This 1s a cable which begins and ends at
the consumer unit. It has live, neutral and
earth wires each forming a ring around
the house or part of the house.

Student s Book Form Three
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In a circuit, the current has two parts so

that thin cables can be used. The sockets
usually have a 30 A fuse at the consumer
unit. Figure 9.47 shows a typical ring main

circuit.

[.' — ﬁl — _\ﬂ = — Y =
| al DD 1= a i D[l 1= DU & I
| - .- - - - - - - - - - - I
| |
[ |
| el m o ol []D beo |
Junction box |' E— m—
~J! H 1! |
:\N I
| — : 2

|

1

|
_:""J_'___ ol fFo
Qr'h‘-'L - - - .

Consumer unit

Figure 9.47: Consumer unit and a rin

house

The tree system method uses
main switch to the distrib
in Figure 9.48.

— | 1ye
—neutral

— = garth

OX

S

WI]

Figure 9.48: The tree system method of house

wiring

distribution box or the same box, there
are fuses for power sockets or points

ina living room, bedroom, kitchen and
for the hot water system. The fuses
for the power supply may be rated
15 A. Hence, cables for power points
are different from those for lLights.
In these two methods of wiring, the
ring system method of wiring 1s more
convenient for wiring modern houses

than the tree system method.
Lighting cir areused incontrolling
the lighti ures 1n a house. Unlike

the e lighting circuit
doe Q@p returning to the

[nstead the consumer
al]y connected to the first
ch 1n turn 1s connected to

ond lamp, and so on. There are

LMEer
ti

g
@ §0 types of lighting circuits, namely;

loop-in lighting circuit and junction
box lighting circuit.

In loop-in lighting circuit, the live,
neutral and earth wires run from the
consumer unit to each of the ceiling
designs, one after the other. From
each rose, another set of wires run to
the switch which operates the light.

Figure 9.49 1llustrates the loop-in-
circuit.

From previous

- To the next
ceilling rose

ceilling rose

In the distribution box, there are hghting
fuses and power fuses. For example, there
are separate fuses for light in corridors, bed-
rooms, living room and kitchen. Most houses
have light fuses rated 5 A. Also, in a separate

‘ I PHYSICS FORM lilindd 301

Ceilling rose

To light fitting

Figure 9.49: Loop-in circuit
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In junction box lighting circuit, neutral

and earth wires run to one junction box
after another. From the junction box, one
wire runs to the light and other runs to the |
switch for that light. Figure 9.50 illustrates

the junction box lighting circuit.

To the next junction box
e

From previous

junction bnx\ : ,_

Junction box

Wall switch+—]

To light fitting

Figure 9.50: Junction box lighting circuit

1. Open up a three-pin plug and
fit in a cable and a fuse. Ask the +
teacher to check before you close ,

it up.

in the cables as per instructions.

Ask the teacher to check before »

you close 1t up.

A\ N

“~

Aim:

To demonstrate a ring and
tree wiring on an electrical
board

Materials: two switches, wire cutters,
electrical board, bulb, red

or brown, black or blue
and yellow or green cables
each about 2 metres long

Procedure

1. Draw a schematic diagram of a ring
in circuit on a sheet of paper. Use

‘ l PHYSICS FORM liLindd 302
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Open the two-pin plug and fit

(a) Analogue

\ J |

the diagram to  connect the circuit
on the electrical board. Ask your
teacher to check your connections
before dismantling.

Draw a loop-in circuit to carry
lamps. Use the diagram to connect
the circuit on the electrical board.
Ask your teacher to check your
connection before dismantling.

\_ Vv,

- Checking electrical faults in domestic
- appliances

 Two devices are, useful when checking

~ electrica ances faults. These are
- the mul ter éﬂne live mains lead
eters are tool wused

md@; ftSn
i asy#EN variety of electrical
(e

¢ most basic parameters
d

ea re voltage and current (both

/ ag¢Nand ‘d.c.). They also have a range

1 so that precise readings can
taken. There are moving coil and
“digital multimeters. The moving-coil
- multimeters (analogue) (Figure 9.51 (a))
~ have some disadvantages as it involves
- various settings when 1n use. The digital
- multimeter (Figure 9.51 (b)), has no
moving parts, thus easy to use.

(b) Digital
Figure 9.51: Multimeters

Student s Book Form Three
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The live mains lead indicator, or
commonly called tester, is made up of |
a form of a screwdriver with a hollow
insulating handle containing a tiny neon
discharge tube. One electrode of the neon
tube is usually in contact with the metal
probe of the screwdriver. The other i1s
connected to a metal cap of the handle
through a high carbon resistor. When one
inserts the metal probe mto a live socket
and touches a metal cap with a finger,

high resistance, this current 1s very little
and so there 1s no risk of electric shock.
Figure 9.52 shows a typical tester.

appliances are simple and can \qp'air-
easily. If, for example, ﬁc k

fails to work, the first thin cheg ]
there 1s power m the Qnt. Thél{me

using the tester.

The next step is% che cable from
the socket to the appliance. If no fault is
detected, the plug should be opened to
check the fuse. Also check each cable for
continuity using a multimeter. If these
are 1n good working condition, then the
next place to check for faults is in the
heating element. This can be checked
for continuity or short circuit using a
multimeter.

If the element 1s faulty, then, it must be
replaced as repair may not be possible. If |

the element is not faulty, then, look for

R, ==
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- technician
- should be taken to avoid electric shocks
- during such repairs. Simple repairs on
- electrical

be done |

loose connections. Connections should
be made firm and/or cleaned of rust and
other dirt.

~ Repairs in electrical appliances should

be lmited to connections of power

~ supply only. Beyond that, an electrical

should be consulted. Care

connections m a domestic

~ system can also be carried out. When

current leaks to the earth through the "¢ .. blows, it is very likely to be due

body and neon tube glows. Owing to the to a fault in an.qlgliaﬂge_ If the fault is

detected and\&errgcted, then the fuse can
~ be repla cigeuit-breaker switched
- ON). fa%ptcur due to wire

- Cu

indy sockets getting dirty
eakage. All repairs should
the mains switched OFF.

r jod
1tc

acing switches and sockets, the

%Q code should be followed strictly.

1. State the properties and functions
of a fuse. How does a fuse in a
lighting circuit differ from that in
a heating or power circuit? What 1s
the importance of using a fuse in
an electrical appliance?

2. (a) A refrigerator 1s marked
250V, 400 W. Calculate the
maximum current that can
flow through it.

(b) Discuss what might happen to
the refrigerator if it is connected
to a supply of:

(i) 280 V.
(i) 110 V.

——
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3.(a) Explain why electrical
apphiances have to be earthed.

(b) State and  explain  the
precautions to take during
electrical wiring of a house.

(c) Explain with the aid of a
diagram how electricity from a
fuse box 1s distributed to other
parts of a house.

4. (a) Explain briefly why most
plugs have three pins.

(b) In a three-pin plug, we find wires
e opper —— Zin¢

labelled N, L and E:

(1)  What do these Iletters
mean?

(1) At present, what 1s the 0

internationally accepted ,

colour for the wires /

T DUPLICATE

A
~ solution. The two metals are called
- electrodes while a solution is referred
~ to as the electrolyte. In a primary cell,
- reactants are used up after some time and
~ must be replaced. Figure 9.53 shows the
features of a simple primary cell.

two different metals into a conducting

—— Dilute H,SO,

é"

\J'Igure 9.53: 4 simple cell

ledtrodes of a simple cell are made of

labelled N, L and E?
pper (positive) and zinc (negative) while

5. Give the differences between
the tree system and ring system »
methods of wiring a house.

6. Explain why the earth pin is thicker
and longer in three-pin plug.
i A4
Cells

electric current in a conductor. The flow

of current is caused by reactions releasing Zinc also goes 1nto solution as zine 10ns

2+ : :
and accepting electrons at different ends (Zn"") releasing two electrons which

of & conductor, There are two common | Tove. 400§ e wire (extomnal ciroutt)

- | - to the copper electrode. The zinc ions
types of electrochemical cells, namely | combine with fhe sulilate jons to Toem
- zinc sulphate (ZnSO,). The same time

~ when zinc ions go into solution, an

primary cells and secondary cells.

Primary cells

Primary cells are also known as voltaic
cells. A primary cell is formed by dipping

‘ | PHYSICS FORM lilindd 304

- "an electrolyte 1s dilute sulphuric acid.
- The following are the processes that occur

- when the cell 1s in operation:

 The dilute sulphuric acid ionises into
- sulphate ions (SO,*) and hydrogen ions
- (HY):

A cell 1s a set-up used to cause a flow of

HSO, — 2H++SO;‘

equivalent number of hydrogen 1ons move
to the copper electrode where they gain

Student s Book Form Three
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electrons and are liberated as hydrogen gas There 1s no local action 1n this cell.
(bubbles): Polarization is reduced by manganese
" ) dioxide (MnO,) which oxidizes

2H? +2e” > H,(g) hydrogen to water. Manganese

dioxide mixed with carbon is put
in a porous pot around the carbon
electrode as shown in Figure 9.54.
However, manganese dioxide 1s a slow
depolarizer. When a large current 1s
drawn from a cell, polarization takes

: T : I using a r ion in th
The conventional direction of electric place causing a reductio the
voltage of a cell. If allowed to rest

current 1s from the positive terminal to shortly, a cell soon recovers. The

the negative terminal of the cell, which dry cell is adodified Leclanché cell
1s the opposite to the direction of flow of in which t eﬁiﬂ electrolyte can be
electrons. a hquidee aste. If the electrolyte

fquid® th 1 1s said to be a wet
s, lanthé cell 1s a wet cell.

cell) %f ele te 1s a paste, the cell 1s
The Leclanché cell consists of carbono e

r@ s a dry cell. An assortment
(positive electrode) and zinc (negatj Df% lls is shown in Figure 9.55.
electrode). The electrolyte 1n

cell 1s ammonium chloride

(Sal-ammoniac) solution. Fi 9. Q
shows a Leclanché cell.

Physics for Secondary Schools i . ;

By losing electrons, copper becomes
positively charged and enables it to attract
electrons from Zinc through connecting
wire. This movement of electrons through
the wire 1s called the electric current.

Mode of action of a dry cell (Leclanché C:i

O ? Figure 9.55: Dry cells
metal : 1 I
i - - The .Leclanche _cell exists today 1s
the “dry’ cell. Figure 9.56 shows the
Plastic —— Paste of MnOs. structure of a dry cell.
closure NH,Cl and +
i carbon
Carbon =
electrode ) _J
Adhesive-backed pr= M=y 3
Jacket barrier flm Carbon rod
(labelled Ammonium
polyethylene _
bonded tube) Kraft Zinc can
Anode (zinc Mixture of
alloy can) mangani ge
Cup chloride and
™~ Separator zinc chloride
Metal
bottom
cover (—)
Figure 9.54: Leclanche cell Figure 9.56: Structure of a dry cell

—_—
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The components of a dry cell are the same
as those of the Leclanché cell except that

chloride) act as the electrolyte. The negative

electrolyte and depolarizer.

Cells in series and parallel

Cells are often used in combination. A . e
battery is formed when two or more cells are Figure 9.57 are 1dentical and have the

- same e.m.f.a,ki internal resistance,
- then

connected together. Cells can be connected n
either series or parallel.

Cells in series

To obtain a bigger e.m f, cells are arranged in
series as shown in Figure 9.57. The curren!:

flowing through the cells 1s the same.

ell

&

Yo DUPLICATE

If cell 3 1s reversed in Figure 9.57,

~ then the equivalent e.m.f. 1s given by,
instead of ammonium chloride solution, a cell
is filled with a paste of manganese dioxide,
ammonium chloride and zinc chloride. The
two salts (ammonium chloride and zinc

o o - Therefore, E, =3.0V.
electrode (zinc) 1s the one containing the | |

E,=E+E,+E+E,

=15 V+1.5V=1LIV+13V

The sum of individual internal
resistances, » equals total internal

resistance, # . If the four cells In

AV
O%:g@’%
=1?< Q+1 Q+1Q0=40

w%}@:r{:rg =77,

total vol E s 1 |
otal voltage E, across the cells IS :@to Q (Y cass of sicdlls:

the sum of the voltage of the indiV\
This 1s given by:

The total voltage, E

in Figure 9.57 1s; Q
E, =15 V+1.5Q+ s

=S o= = e Al T == s
e [ e s
“+ + + +
‘___\____'____..‘ \._\_‘__\_ ___ _’.J ,_\._‘.\__-_'__'__ M — h ______,.‘J

(a) Cells in series arrangement
Cell 1 Cell 2 Cell 3 Cell4
1 I Is Is
15V 1.5V 1.5V 15V

(b) Cells in circuit diagram

Figure 9.57: Cells in series

‘ | PHYSICS FORM lilindd 306

E,=E +E,+E, +©e\/ &O

@ments

| ~e.m.f 1.5V and mternal resistance
Q =6V - 1Q, are arranged in parallel as
In the case of ncells, each of volts E, E, =nE.
~e.m.f recorded when a voltmeter is
- connected to terminals P and Q. is
- the e.m.f of one of the four cells. This
- 1s due to the fact that, the four cells
- operate together as a single cell whose
' materials are the sum of those in the
- individual cells. This is because the
~e.m.f of a cell is determined by the
- nature of the chemicals used and not

~ on their amount. As a result, the e.m.f
- equals to that of one of the cells.

v, =nr

Cells in parallel

Suppose four identical cells, each of

shown 1 Figure 9.58. The total

Student s Book Form Three
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-J—_‘L{‘.:‘- - T‘E-‘_h o - '-:'Lf}-_“ — P l p
Pos——=r e Ee—d = =
+ + | + ik
|
| 15V
15V 1.6V 15V 15V
! . | = | - 1 —
'\..______'___-" h;-..____..-ﬁ"':' - ._-_'___.' ‘-_\__\_-_\_ _‘_r._'_'f
( I I | IQ

(a) Cells in parrallel arrangement

I | S |
I l T |

(b) Cells in circuit diagram

Figure 9.58: Cells in parallel

The internal resistance of the battery is

| Solution

| Note that, all the internal loops are
- |connected in series while the external
| loops are connected in parallel.

- | For the internal loops, the total voltage
{in each loop=(1.5+15) V=3V
| This means that, the external loop
~|1s made up of 3 batteries, each with
|a voltage of 3 V. The total voltage
|(across AB) is the same as that of a
- |single battery (3 V).

Cell defe A

different from that of a single cell. For this f
case, the internal resistances of four cells are

parallel, as shown 1n Figure 9.58. As a result,
the total internal resistance is given by,
1 1 1 1 1
+—+

F h hh I I

J

%

¢ cell 1s in operation,
very small value

@ e. A simple cell has

at efects which cause the
diminish quickly when cell

g used. These defects are local

11 1 1 é@ 02 tion and polarization.

= +
r 1Q 0 10 10 \

Therefore, r *——-‘;—Q or 0@

Thus, the battery has %m £ of%de an

internal resistanc

Determine the voltage across AB in the
circuit shown in Figure 5.59.

— 15V 15V = 15V s A
*B
- LSN" 15N = LN
Figure 9.59
% 7
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Local action

The local action of a cell is the
deterioration of the battery due to
currents that are flowing from and to
- the same electrode. The deterioration

is caused by embedded impurities
~ such as iron, lead and carbon in a
- zinc electrode. The impurities act as
- positive electrode and create electric
- currents between zmnc and this
- positive (impurities) electrode. Local
~ action can be reduced by using pure
- zinc or by rubbing mercury on the
- zinc plate to form amalgam.

Polarization

Polarization is a defect that occurs
~ in simple electric cells due to the
~accumulation of hydrogen gas

09/03/2022 18:17:.07
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around a positive electrode.
The hydrogen gas produced
in chemical reactions inside
the cell can get accumulated
around the electrodes resulting
in an msulation. Polarization 1n
cells can be minimized using
depolarizers such as potassium
dichromate or manganese oxide,
which oxidizes hydrogen to
water.

Simple cells, Daniel and
Leclanché cells, are all called
primary cells. In this type of cells,
the current i1s produced from
non-recoverable or irreversible
chemical reactions. For example,
when all zinc has been dissolved
in a simple cell, it will never be
recovered to its original form by
passing a current through the cell
in the opposite direction.

Secondary cells e |

However secondary cells
recharged after the
down. Examples n@
cells are the% CQ
and the nickel-ferrous™Wcell.

Secondary cells are also called
accumulators.

Mode of action of lead-acid
accumulator

The lead-acid battery consists
of a number of lead-acid cells.

lead plates. One group forms a
positive terminal while the other
group forms a negative terminal.
All positive terminal plates are

‘ | PHYSICS FORM lilindd 308
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- connected together with a connecting strap. This

is also the case for negative terminal plates. The

- positive and negative terminal plates are interlaced
- so that they alternate. Between the plates are
~ sheets of insulating material called separators.
~ These are made up of porous wood or fiberglass.
~ The separators prevent the positive and negative
- plates from coming into contact thereby avoiding
~ production of a short circuit. The positive plates are
- made of lead dioxide while the negative plates are
- made of porous lead metal. The two sets of plates
 with the separators between them are placed in a
- container filled with a dil

- acid. The term lead-acig refc¥s to the lead plates and
- the sulphuric acid re the main components

~ of the battery. F;@l 60
 of the lead-agrd atcum

e solution of sulphuric

i@'ate the components
O

Positive termina

Negative

:// terminal
Electrolytic
— solution
(dilute
sulphuric

’ acid)

Protective
casing

eCcltro
(legd dioxide)

Hli <

= -
:
e
e L‘h-

” Cell divider

Figure 9.60: Lead-acid accumulator

5 Charging and discharging the lead-acid battery

- When the battery is providing energy, it is said
" to be discharging. The energy is produced when
- the acid (electrolyte) gradually combines with the
~active maternial of the electrodes. This lowers the
- concentration of sulphuric acid.

- Charging the lead-acid battery 1s to drnive all
Each cell has two groups of

the acid out of the plates and return it to the

- electrolyte. During charging (Figure 9.61(b)), a
~ direct current is passed through the battery in the
- opposite direction of that during the discharge
~ (Figure 9.61(a)). The negative terminal of the

Student s Book Form Three
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battery chargeris connected to the negative
terminal of the battery, while the positive |
terminal of the charger is connected to
the positive terminal of the battery. This
reverses the action of discharge and
restores the battery to its original charged
condition. When the battery 1s fully
charged, the active material of positive

plates is lead peroxide while that of the = electrodes are completely converted to

negative plate 1s porous lead metal. The - lead sulphate. In this state, the battery

concentration of the acid is maximum in 18 said to be sulphated, meaning that it

~ will no longer function as it cannot be
- recharged. The main advantage of the

the charged state.

Battery
*+ load” ~

A v Electron
flow

Acid goes

" | intoplates |
I = \l Aj - :
s | K= N OAim: 0 charge and discharge a
£ Etwngfa _g- Q/ lead-acid cell
._n“ | weaker =Y \i " | 4 Materials: power pack (or a pack of 4
| Vv < dry cells), two lead plates
Porous lead 3 ,E"““ﬂi (3 cm x 5 cm each), dilute
1’:;; Eﬁﬁlﬁe o sulphuric acid, rheostat,
(a) Dis-e@'mg ammeter, bulb, voltmeter,
EQ_ connecting wires, switch
= \arger”’ Procedure
Eéff"““ 1. Connect a circuit as shown in
| Figure 9.62.
— Acid leaves — T
plates |
ki J \- B @)
< | Electrolyte | 5
3 | retumns t{i{ = s
= | itsnormal | Z
(< | strength [~ — “o°
Lead sulphate Lead sulphate Lead plates ~—
changing to changing to -‘"““‘H..\ - Dilute
porous lead lead peroxide [ sulphuric
(b) Charging - = acid
Figure 9.61: Lead-acid battery | Figure 9.62 I

[fthe battery is only partially discharged,
it can be recharged using a battery
charger as shown in Figure 9.61(b).
Lead-acid batteries should never be
allowed to become completely discharged.
The maximum recommended discharge
is 75% of the maximum voltage. When
the battery 1s completely discharged, both

or 1s 1its ability to be

- lead-acid accymu
recharged,@ﬂm disadvantages are its
- large Si.Z@ we%

— -
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A
2. Close the switch and adjust the
rheostat so that the reading on the
ammeter 1s 1.5 A. Let the current
flow for about one minute.

3. Open the switch and use the
voltmeter to measure the potential
difference across the plates.

4. Connect a 2.5 V bulb across the
plates and observe its brightness.

5. Disconnect the circuit, pull out the

plates and note the colour of both
the positive and the negative plates.

Questions

(a) What was the voltage across the
lead plates when a 1.5 A current
was allowed to flow for one }
minute? Vv

plate at the end of an experiment?

The plates produce a potential
difference of approximately 2.0 V or
slightly more after running a constant
current for a short time. For a short
period of time, this voltage causes the
bulb to glow brightly. The plate that
is linked to the positive terminal of
a power source becomes the positive
terminal of this cell. The cell is said to
be charged when a current is passed
through the plates. The positive plate
changes its colour to brownish red.
This is due to lead dioxide (or red lead)
which 1s formed from lead during the
charging process.

‘ l PHYSICS FORM lilindd 310
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(b) What was the colour of each Q
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Lead-acid accumulators are commonly
used as car batteries. Although it is
rechargeable, the accumulator does not

last forever. After some time, the paste
falls from the frame and the cells can
no longer be recharged. If well taken
care off, however, lead-acid batteries
can last for a long time. The following

are some heads on how to care for lead-
acid batteries:

I. The cells should be charged
regularly should never be left
dischar ars have alternators

thz@&c ically charge the
Ea S. «

eagl | should be maintained
by g distilled water when
cessary. Never add acid.

he terminals should be kept clean
and greased.

4. Rough handling should be avoided,
for example dropping battery
down.

5. The cells should not be short-
circuited, that 1s, they should not
be allowed to drive very large
currents or connecting the two
terminals directly to each other.

6. When charging, the rate specified
by the manufacturer should not be
exceeded.

- Uses of cells and accumulators in daily
- life

The following are some of the uses of
- cells and lead-acid batteries:

- Dry cells are used for operating radios,

09/03/2022 181710 l ‘
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electronic calculators and other small
electrical devices. On the other hand,
accumulators offer a lot of use in our
daily life as follows:

1. They are used to provide power 1n
motor vehicles. Figure 9.63 shows
a typical car battery. |

Figure 9.63: 4 car battery

2. They are used to provide energy to |

as radio, television and Ilght
fixtures.

3. They are used to store
energy produced by

-&-W

1. Distinguish between a:

nel

(a) cell and a battery.

(b) primary cell and a secondary
cell.

2. With the aid of a diagram and
chemical equations, describe the
construction and operation of a
simple cell.

3. State the defects of a simple cell
and explain how these defects can
be minimized.

‘ I PHYSICS FORM lilindd 311
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power domestic appliances such \

4. Describe, with the aid of a diagram,
the construction of a typical lead-
acid accumulator.

5. Use appropriate diagrams to
illustrate how an accumulator may
be charged and discharged.

6. Explain how accumulator can be
properly maintained.

7. Three cellsofemf 15V, 1.6V,
and 1.3 V are connected in series to
supply current to an external resistor
of 1.6 ). The internal resistances of
the three cells are 0.26 Q, 0.35 Q
and 0.42 Q respectively. Determine
the current through external resistor.

8. Four cells each of em.f 148 V
and internal resistance 0.51 Q
are connected in parallel across
an external resistor of 2.6 Q.
Determine the current supplied by
the battery.

. Electromotive force (e.m.f), is
the maximum potential difference
between two terminals of a battery
or a cell when no current 1s drawn
from the battery or cell. In other
words, it i1s the electrical intensity
or pressure developed by a source
of electrical energy.

2. Electric potential difference (p.d)
1s the work done per unit charge
in moving the electric charge from
one point to another point of a
conductor.

09/03/2022 181710 | ‘
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Electric current, / is defined as
the rate at which electric charge,
O, passes a given point by unit of
ampere, A, and measured by an
instrument called ammeter.

Resistance i1s the opposition to
the flow of electric current In

a conductor. It 1s measured In
ohms (Q).

The resistance of a conductor is
affected by: temperature, its length,
cross-sectional area and type of the
material of the conductor.

When resistors are connected in
series, the total resistance in the
circuit is equal to the sum of the
individual resistance.

When resistors are connected

10.

1.

12.

13.

: 4

% |

parallel, the reciprocal of the total
resistance i1s equal to the sum of

the reciprocals of the individual *

resistances.

When an electric current flows
through a conductor of high
resistance, the electrical energy
gets converted into thermal energy
and heats the conductor. This 1s
known as the heating effect of
electric current.

Every electrical appliance should
carry a label stating the potential
difference for which it has been
designed and the power i1t can
convert when operating at the
stated potential difference.

‘ [ PHYSICS FORM liLindd 312
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Electricity issupplied inconsumer’s
places by low resistance wire made
up of either copper or aluminium
material insulated with plastic.

The wires used 1n electrical
installation are rated according
to the maximum current they can

carry.
Domestic electricity 1s supplied
by two cables; the live cable (L),

coloured brown or red, and the

neutral cable (N) usually coloured
blue or black.

The rate at which an apphance
dissipates energy 1s called the
rating of that applhiance and i1s
usually marked on the body of the
applance.

. There are two common types of

electrochemical cells, namely
primary and secondary cells.

The total voltage across cells
connected in series 1s equal to
the sum of the voltages of the
individual cells while in parallel
connection, the effective voltage is
equal to the voltage of one of the
cells.

For each of the items (a) - (d), choose
the correct answer among the given
alternatives and write 1ts letter.

(a) The amount of charge flowing
through a cross-sectional area

of a wire per unit time is called:

09/03/2022 18:17:11 l ‘
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A. Voltage B. Power
C. Resistance D. Work
E. Current

(b) What is the direction of the
conventional current from the
battery, through the light bulb

in the circuit presented by the
Figure 9.647?

L

&

Ao o—

Figure 9.64

, |
A—>B. «— C. l D. 1E Out of the page

(¢) The electric current as a function <
of voltage of a wire is presented

by the graph in Figure 9.65.
Use this graph for questions (1)
and (11).
I(A)

8

;

6

5

4

3

2

1

0 1 23 4 5 6 7 8 9 10M1V)

Figure 9.65
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(1) What 1s the resistance of the

wire?

A 1Q B. 0.8Q
C.1.7Q9 D.04Q
E. 02Q

(11) What 1s the power dissipated
in the resistor when the applied
voltage 1s S V?

A SW B. 10W
C. I5SW D. 20W
E. 25W

(d) Three resistors: R, = 3 Q,
R,=6Q and R, =9 Q are
connected inseriesandtoa 36V
battery as shown in Figure 9.66.
What 1s the ammeter reading
when the switch i1s closed?

Ry R Rz

B 2o

36V
Figure 9.66
A, 6A B. 5A
C. 4A D. 3A
E. 2A

2. Differentiate between electromotive

force (e.m.f) and potential difference
(p.d) of a cell.

3. Calculate the resistivity of a wire
of length 2 m and cross-sectional
area 0.004 cm* if its resistance is

3.0 ohms.

——
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4. When a 6 V battery is connected 8. A 12V battery 1s connected to two
to a lamp, a current in the circuitis =~ Dulbs as shown in Figure 9.63.
measured to be 0.4 A. What is the X
resistance of the lamp? /" ! 1- 1

[ If!. ’
5. The e.m.f of a cell is 9 V. How + Bulb A | Bulb B
L v—
much work 1s required to move one e R=2Q ® R=4Q ®
electron from the negative terminal | L+
.- . 1
to the positive terminal? Ignore the l g B |
internal resistance of the cell. | .
‘ _ _ Figure 9.68

6. A bulb with a resistance of 5 Q1is _
connected to an 8 V battery. If the (a) What s the voltage across:
internal resistance of the battery is (i) bulb A?
neglected; (i1) bulb B?

H h il fl : :
(a) th?(jjgflt];e bi:;;ent Wi HOW X (b) What 1s the current flowing
L through:
b) How much light and heat energy , .
(®) 5 i (i) bulb A?

does the lamp produce in one /
hour? | (11) bulb B?

. (c) What 1s the total current, /7
7. A 12V battery is connected to two |

bulbs as shown in Figure 9.67. - 9. Explain why resistance cannot be
accurately measured using just a

voltmeter and an ammeter.

A
f é@ﬁ“‘““‘fm? - 10. A wire of length 28 c¢m and
12Vt—_ I radius 0.75 mm is wound round
T B a cylindrical tube so as to form a
%Y, O i | solenoid. If the resistivity of the
' wire is 5.6 x10™* Qm, calculate its

resistance. Determine the material

Ficure 9.67 .
5 of the wire.

(a) Determine the voltage across: . _ _
_ 11. Three identical resistors each with
(l) bulb A. a resistance of 10 Q are connected
(11) bulb B. in series to a 12 V battery with an

(b) How much current will flow internal resistance of 2 Q.

in the circuit? (a) What 1s the total resistance of

the circuit?

s
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: 13, Figure 9.70 shows three resistors

(b) How much power 1s supplied by
the battery?

(c) How much power is dissipated
in each of the external resistors?

(d) How much power is dissipated by
the battery’s internal resistance?

12. The diagram in Figure 9.69 shows
an electric circuit contaming three

resistors.
A
R, {
V, = R, R,
J ‘
)
Figure 9.69 <

Given that, the battery has a
voltage of 24 Vand a negligible *
internal resistance and that
R=5Q R =10Q; R, =10 Q,

determine:

(a) the total resistance in the circuit.
(b) the current that flows through
R,.

(c) the current that flows through
R

s

(d) how much current flows through
R,.

(e) the potential difference between
point A and B.

R, ==

‘ l PHYSICS FORM lilindd 315

connected in parallel to a cell with a
negligible internal resistance.

1.5V =

14.

[ ]

&

||

Figure 9.70

(a) What 1s the total resistance in
the circuit?

(b) What 1s the total current flowing
in the circuit?

(¢) What current flows in each
resistor?

(d) How much power 1s supplied by
the battery?

(e) How much power i1s dissipated
in each resistor?

A water boiler 1s connected to the

240 V power supply. The boiler

contains 150 kg of water mitially

at a temperature of 20 °C. Given
that, the resistance of the heating

coil in the boiler 1s 25 Q:

(a) How long will it take to raise the
temperature of water to 40 °C
when the heater i1s turned ON ?
(The specific heat capacity of
water 1s 4.18 kl/kg K).

(b) How many kilowatt-hours

of electrical energy will be
consumed?

00/03/2022 18:117:13 | ‘
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15. An electrical circuit in a domestic house is protected by a 6 A fuse. The circuit
1s connected to the 240 V mains. The following appliances in Table 9.11 are

connected to the circuit.

Table 9.11

Bulb 2 ™V Heater Iron
5W 300W | 1500 W | 900 W

List several groups of these appliances that could be turned ON at the same
time without blowing the fuse. Justify your answer.

Student s Book Form Three
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Answers to numerical questions

—

1. 296 km at an angle of 24.1° from

East

2. 29.09 km, 20.1° with 10 km or
69.9° North of East

3. 10N, 37°

4. 87.18 N, 23.4°
5. 560.8 N, 69.4° South West
6. 21N, 21.8° with the 15 N force

7. (a)22.38 N, 30.4° or 14.6° with

the 16 N and 8 N force
respectively or 8 N force

(b)21.17 N, 40.9° W1th

(c) 13.86 N, 30° wit@

e
©

Towards the back
3939 m

1
2
3. 137h
4. 332.3 km/h, 285.7° from East

9. 39823N,
1L (b) 15 kv
12,

5. (a) —20 km/h (b) 140 km/h
6. (a)—0.28 m/s*, 0.37 m/s°

(b) 71.1s (c) 47.4 m/s

|13,

‘ | PHYSICS FORM liLindd 317

L @0

4 %1 20
| % West
m/s, South

1. (a) 13.7 m at —83.04° or 96.96°

(b) 10.86 m at —28.4° or 151.6°

3. 1133 km/h, 92°

‘ Revision exercise 1 -

A O
3 ()16 (b) 15.93 N
| (c)

<&

5:82) 100N (b) 1732 N

(a) 6.84 m/s, 18.79 m/s

(b) 14.14 m/s, 14.14 m/s

(c) 10 m/s, 17.32 m/s

(d) 1.74 m/s, 19.92 m/s

7. 10 m/s,18 m/s
8 (a) 113°

(b) 10.2 m/s
—16°0r 344°
17.32 N, 34.64 N

247 s
13 km/h, 5 km/h
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G N, [ 0 T

12¢cm, 8cm, 2

36 N
0.08

5

6

7. 12N
8. 133 cm
9. 850N

7. (a) 12N (b) 7N

9. 0.75
10. 114N

9. 112.5m, 450 m

10. (a) 28.8° (b) 2.63
11. (a) (i) SON (ii@?
12. 033,025

13. 4098 m/s

14. (a) 1.5 m/s> (b) 3.5 m/s’

15. 4.4 m/s’

1. 263 cm, 3.8 cm, real image

2. (a) 6 cm, 3 cm, behind the mirror

(b) 0.6, diminished

25 cm

4
5. 26.67cmor13.33 cm
6
5

04 (a) 30° (b) 45° (c) 30°

5. 45°
6. 1.5
T LS
8. (a)l4.17 ecm
1. (b) (1) =30 cm, virtual, erect and
enlarged
(i1) at infinity
(111) 90 cm, real, inverted and
enlarged
-10 cm

3. 18 cm, 2, real, inverted and enlarged

Student s Book Form Three
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25 cm

2cm

75 cm

=S I e

Rcvisiun exercise 3 -

. () D (i) D (i) D (iv) B
(v) A (vi) B (vii) C (viii)C

60 cm
36 cm, 12 cm

4

5

6. —62.33cm
7. (a)60cm (b)120cm (c)41 cm
8. 15cm

9

194 cm, 5.2 cm

10. 6.67 cm

13. 3.27cm

14. 35.3° \/
17. (a) 41.8° (b) 48.8° %

19. 100 cm, 20 cm

o Q. %O
. 20.83 ¢cm Q Q

4 cm

A

Chapter o

1. (a) 6 (b) 25 cm
2. 24cm,6

3. 36cm

4. (a) 42cm,5cm (b)) 6,5

FOR ONLINE U§
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1.(b) 12cem
2. 4cm, 3.3 cm

1 73.1cm 49cm

. 302

p
335, 144cm
5

~ (a) 700

(b) 12.82 C;il\
N\

1. (a) 2.1 cm (b) 2.06 cm
 (¢) 1.9%cm
2. 3333cm, 3D

3. 2D
4. (b) (i) 34.62cm (i) 289D

(111) 3.6

‘ Revision exercise 4 -

L @C DA (i)D
3135

(1v) A

‘ | PHYSICS FORM liLindd 319
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3 15.5 ¢cm, 30
6. (a) 26cm (b) 30
10. (a) 3.75cm (b) 222

1. (a) —48cm (b) 2.08D

12, (a) 0.05 m, real
(b) 0.02, 3.6 cm

13. 13D

INE USE ONLY
' DUPLICATE

|
: 7. 3.3x10° Pa
| 8 (b) 1.62x10 K
9

9. 3.07x107° K™
10.  0.062 cm
11, 765°C

 Cwper @ RS

L Exercises2 g | 13, Tonlarge,{2m

9. 32406 m

10. 0.033mor33cm
11. 1.7x10~ K-

12. -51.9°C

13.  178.37°C e@ \gz\% m’

80 °C

7. 58.14°C QL
O

8. 4°C

18.026 cm and

0cm® (b)8.33 atm

1) 546 K (272.85 °C)

&Ozz 240.96 ml
24 15%

% 25, 1.84x10° Pa
O 26 135cm’

(b) 1.045x10”° m*

2. 343K

3. 3498K or 76.8°C
4. (@439m  (b)288m’ | T —

5.  29am L@@ o))

6. 2.21x10° Nm™ (¢) (iv) (d) (i)

7. 2x10° Pa - Revision exercise 6

8. 58K 16, (¢)
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10.
1.
14.
15

16
18

40 °C

0.1 kg

420 J/kg°C
21.9 °C
1:2

———yee

836 klJ

1670 kJ
0.05 kg

28.72 °C \é@ @Q 48%
7410 kJ %\/ &O |
O

(@)D (ii)Q (iiQ (iv) C 1 6.40

13 ke 2 55x107 Qm

21.7°C 3. 1.06x10° Qm

27 kJ 4. 1131m

—~10 °C 5. (@a)550Q(Mb) 2.18A (c) 8.73V
50 °C 6 @2Q (b) 15V

113.56 kJ 10. E=36V,r=180Q

. (a) 387.5 J/kg°C 11, 364V

. 265W

‘ | PHYSICS FORM
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L 60
3. 6x107Qm
2. (a)333A, 417A |
(b) 3.6 Q, 2.88 O 4 D
5. 1.44x107% 17
3. (a) 757.58 A | |
6. (a)16A
(b) 8.64x10" I, 2.4x10°kWh | (b) 46.08 kJ
7. @@()4V
4. (a) 1200 W (i)8V (b)2A
(b) 2.16x107 J, 6 kWh 8 (@ () 12
o (ii)
5. 1.04x107 J,10.4 MJ
) ~’</
6. (b) 3.56 W 3
(c) 0.89 W 4{ Q
7. 1.05 kWh Q/ 107 Q
8. (a) 24 A \é ) 32 Q
(b) 576 W N/ (b) 45 W
(c) 16.59 MW e (c) 141 W
d) 028 W
9. (a) 10.8 MW Q.. % @
(b) 3 kWh . (a) 109
| Q Q (b) 2.4 A
10. (a) azsA © 12 A
(b) 960 Q (d) 1.2 A
(e) 12 V
13. (a) 4.620Q
9 1.6 A
i) 16 (b) 0.33 A
(c) 0.15 A, 0.1 A,0.075A
s Exercise 0.5 gy (d) 0.49 W
7. 167 A (e) 0225W, 0.15W, 0.1125 W
8. 0543 A 14 (a)151h
(b) 2.304 kWh
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Glossary

Absolute humidity the amount of water vapour present in a unit volume of air,
usually 1s expressed in grams per cubic metre.

Accommodation (of an eye) the adjustment of the focusing power of the eye
in order to see objects clearly over a range of distances.
Accommodation 1s achieved by changing the shape of the
crystalline lens.

Ambient pressure the pressure of the surrounding medium, such as a gas or
liquid which comes into contact with 311 object.

Angle of deviation the angle through which the dirgetiory of a ray of light is
changed by a refracting surfzéé prism. It 1s the angle

between the incident ray anc@ (or emergent) ray.
Apical angle an angle included betw refr '&g surfaces and which 1s
contained in a pring; %Tmsm.

iduid Qﬂtemperature as measured in a

6%@ ng into account the container’s

graduated co
expansio é
a ch a given substance changes from a

Ii iNo a yapaur (gas) at a given pressure. At the boiling
. th ur pressure of a liquid becomes equal to the

Qiﬂcal a%heric pressure surrounding the liquid.
Conductor QO 1al through which electrons will readily flow, thus

ving the matenal to transfer energy (1.e., heat, electricity,
etc.).

Apparent expansion the expansion :

Boiling point

Critical angle the angle of incidence in the denser medium for which the
angle of refraction 1n the less dense medium 1s 90°. It 1s the
smallest angle of incidence at which total internal reflection
occurs.

Dew atmospheric moisture that condenses at a rate greater than that
at which 1t can evaporate and appears in the form of droplets
on thin, exposed objects in the morning or evening,

Dew point the temperature at which atmospheric air must be cooled (at a
constant pressure) to become saturated with water vapour.

‘ I PHYSICS FORM lilindd 323 09/03/2022 18:17:1



Dispersion

Electrolyte

Electromagnetic wave
Electromotive force

Evaporation

Focal plane

Frictional force

Frost

Generator O

Heat

Heat content

Insulator

Internal resistance

PHYSICS FORM lilindd 324
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(of white light) the splitting of visible white light into its
component colours by a dispersive medium. This occurs
because each colour has its own frequency of dispersion.

a substance that conducts an electric current when 1n solution
or molten form.

a wave that consists of an electric field and a magnetic field
oscillating with the same frequency, but perpendicular to each
other.

the work or energy that causes a flow of an electric current
through a circuit. It 1s also the potential difference (voltage)

between two electrodes 1n a cell.
a process by which molecules in rﬁ!ﬂd state spontaneously
become gaseous. It 1s the oppo@ondensaﬁon.

an area in a camera where ll s fo @

a force that acts b g/twg ?&:ces whether they are

moving past each o lative motion between

the two surfac ﬁ n% es oppose relative motion or
n

tendency o e two surfaces.
solidd o‘ﬁﬁ apour in form of minute ice crystals,
fror phenc air on objects that are exposed to

Nt i : d when solid surfaces are cooled below the

0§ adjacent air

ice™ that converts mechanical energy into electrical
y spinning conductors, usually copper wires, within a
netic field.

energy transferred from one body or system to another due to
a difference in temperature. It 1s the energy associated with
the random motion of the particles that make up matter.

the amount of heat m a quantity of matter at a specific
temperature and pressure.

a material that does not conduct heat (thermal insulator) or
electricity (electrical insulator).

(of a cell) the resistance to the flow of electric current that
occurs 1side an electrochemical cell. It 1s caused by the
resistances of the components that make up the cell.

Student s Book Form Three
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Kinetic friction

[Latent heat

Limiting friction

Magnification

Melting point
Mirage

Monochromatic light

Near point

Nitrocellulose

Normal force

the friction between two objects that are moving relative to
each other and rub together (like wheels and a road surface).

the energy released or absorbed by a chemical substance during
a change of state that occurs without a change in temperature.

the friction force that just balances a moving force applied to
a solid body resting on a solid surface when the body fails to
MOVe.

the apparent enlargement of an object by an optical instrument.
the temperature at which a solid substance becomes a liquid.

a naturally occurring optical phenom
are bent to produce a displaced irna

on in which light rays
distant objects or the

sky.
a light consisting of a Slﬂgl@ frequency, which

appears as a single col

the nearest point a @

un aided huma e

t can be seen clearly by
1 human eye, this distance

1S 25 cm.
a high H&} @h\poumﬂ formed by treating nitrating
celh@ K 1on and nitric acid mixture.

t 0@ force that 1s perpendicular to the surface that
Ub_] ntacts.

Optical density Q &Are of the extent to which a substance transmits light or

Polarization

Polychromatic light

Prism

‘ i PHYSICS FORM lilindd 325

magnetic radiation.

(in a cell) a chemical reaction that occurs in a cell while a
current 1s flowing causing hydrogen bubbles to form on the
surface of the electrode. The bubbles form a barrier that
increases internal resistance resulting to poor perfomance of
the cell.

light consisting of multiple wavelengths which appear as
different colours.

a 3-dimensional transparent body, usually made of optical
glass, with at least two polished plane faces inclined towards
each other from which light is reflected or through which light
I1s refracted.

09/03/2022 18:17:1



Raimnbow

Real image

Regelation

Relative humidity

Relative velocity

Resistivity

Resolution

Scalar

Secondary colour
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an arc of coloured light in the sky, produced by reflection,
refraction and dispersion of light within droplets of rain in the
air. This results in splitting up the white light of the sun into
its component colours.

an 1mage produced 1n an optical instrument, such as a lens or
mirror, and can be projected onto a screen. Real images are
formed by actual intersection of light rays.

the phenomenon of melting under pressure and freezing again
when the pressure 1s reduced.

the ratio of the actual vapour pressure to the saturation vapour
pressure. It 1s the amount of waterlvapour present in the

atmosphere expressed as a perc of the amount needed
to achieve saturation at the s pe;ature,

a measurement of velo&e ea& objects moving in
a

different frames of re . ?\
IWCFPal to resist or oppose the

a physical propel\b»

movement of glectric C?Q)hmugh it.
(of vector | plis@ a vector quantity into two or more
comp hi usually at right angles to each other.

ity that has a magnitude but no direction.

colo s obtained by mixing two primary colours.

to each other.

Static friction QO @tion between two solid objects that are not moving
e

Temperature

Thermal equilibrium

Thermal expansion

Thermostat

PHYSICS FORM lilindd 326

the degree of hotness or coldness of a body. It 1s a measure of
the average kinetic energy of the individual particles (atoms
or molecules) that make up the body.

the condition under which two substances in physical contact
with each other exchange no heat energy, because they have
equal temperature.

the increase in the dimensions of a material as a result of
temperature change.

a device that opens or closes a circuit in response to changes
in temperature.

09/03/2022 18:17:18 l ‘
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Vapour pressure a measure of the pressure exerted by a vapour of an evaporating
liquid at a given temperature.

Vector a physical quantity that is described by both magnitude and
direction.
Virtual image an image produced in an optical instrument, such as a lens or

mirror, and cannot be projected onto a screen. Virtual images
are formed by an apparent intersection of light rays.

Wavelength the distance between two successive or adjacent points on a
wave. Is the distance that the wave travels on one complete
cycle.

PEE—
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Index

Absorbers and emitters of radiant
heat 202

action of a fuse 298

addition of Light colours 91, 92

additive colour mixing 94

adhesive forces 27

air conditioners 200

amount of water vapour in air
244

angle of deviation 80, 84, 323

angle of incidence 69, 80, 84

angle of minimum deviation of a
prism 82

angle of refraction 80

apparent volume expansion of a
hiquid 165

areal expansion and expansivity
of solids 156

astigmatism 142

astronomical telescope 11, 125

I )

bimetallic strip 158

bmoculars m, 128

boiling and evaporation 224

Boyle’s law 176, 177, 178, 180,
184

iruf (

carbon resistors 271

cartesian convention 59, 60

cell 267, 280, 304

cell defects 307

cells in parallel 306, 307

cells 1n series 306

change of state 1v, 147, 218

charging the lead-acid battery 308

Charles’ law 173, 175, 176, 180,
184

Chimney in a kitchen room 201

coefficient 41, 186

coefficient of friction 41

colours of light iii, 85

commercial unit of electrical
energy 294

‘ l PHYSICS FORM lllindd 329

compound microscope 1iii, 120

concave lens 99, 100

concave mirror 49 61

concept of humidity 1v, 249

concept of vapour 1v, 242

construction of bridges and house
roofs 161

construction of railway lines 160

convex and concave lenses 97

convex lens 99100

cooling effect of evaporation and
mechanism of refrigeration
237

cooling of a car engine 200

current electricity 1v, vi, 261

curved mirrors 48, 64

ofa conductor 267
film 133
fixed resistors 271
focal length of a convex lens 107
formation of rainbow 86
friction 1i1, vi, 27, 28, 29_ 30, 45
frictional force 33, 35. 45, 46,
324
fuels 148
fuse and the circuit breaker 298

) —

« geothermal energy 149

-. good and bad conductors of heat
191

-a—g_

defects of the human eye 139
dew point 249, 260, 323
diaphram 113

digital multimeter 302
dispersion of white light 85
domestic wiring 300
dynamic or kinetic friction 36

« g—

heat capacity 1v, 208, 209

heat transfer by conduction 1v,
189

heat transfer by convection 1v,
196

heat transfer by radiation iv, 201,
202, 204, 206

human eye 11, 116, 125, 137, 144

effect of impurities on the freezing

point of a substance 222
difect of pressure on the freezing
point of a substance 223
effect of temperature on saturated
vapour pressure (S.V.P) of a
liquid 247
electrical installations iv, 297
electric current iv, 263, 312
electric currents 149
electric power 293
electromotive force 1v, 261, 262,
311,324

ectromotive force (e.m.l) 261, 262,

311

images formed by concave lens
103

mmages formed by convex lens
101

images formed by lenses 99

images formed by the human eye
138

installation of telephone cables
and electrical wires 161

Interchangeable lens 133

Internal resistance 325

N

kinetic theory and behaviour of
particles of matter 219

T

factors that determine the heat
content of a substance 208

factors that determine the resistance

land and sea breezes 181, 199
latent heat of fusion and
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vaporization 228 _ _

laws of friction 111, 39 _
lawe afreRackon T Ohm’s law 266, 267, 271, 275, salur&t:::m vapour pressure 245,
276, 280, 282,292 293 257, 258

lens camera 1, 132, 142 - .
. - : short-sightedness (mvyopia) 140
light-dependent resistor (LDR) = (myopia)

N simple microscope i1, 116
limiting friction 36, 39, 325

sources of thermal energy 148

linear expansion and expansivity | Partial vapour pressure 246 standard temperature and pressure
of solids 153 piston engine 131 180

live, Neutral and Earth 297 polarization 305, 307, 308,326 |  gatic friction 35, 42, 45, 327

local action 307, 325 potential difference 262 subtractive colour mixing 94

long-sightedness (hyperopia) 141 potentiometer 286 surface area 243

power rating of electrical

) ppness 21
presbyopia 141

I o

10-TES1S 2 ¢
magﬂf.m‘rgmau‘ir 273,274 p pressure law 178, 179, 180, 184 telephoto lens or long-focus lens
magnification 50, 53, 54, 102, primary cells 304 133
22 3 ==z o . )
igg ;i’ 122, k28, 123,131, principal axis 50, 99 temperature 149, 150, 183, 185,
- *.-"b Bis 108 projection lantern iii, 130 £ 194, 203, 205, 227, 230, 236,
iagaincation. by, f=eus psychrometric table 253,254, 255 243 248.249. 250. 251. 260,

magnification by binoculars 129

P 267, 290, 291, 327
magnification of a compound \ thermal enerey. iv; 147, 183,201
= . l? ~ = 3 ¥ y .
F‘mc.rqswp? 122 thermal expansion of gases 1v, 171
magnification of the telescope |

: o thermal expansion of solids iv. 150
126 rainbow 85, 86 J thetmistor 273

magnifying power 119, 120, 126, real-is-positive convention 105
i : the shutter 133
128, 129, 141, 143, 145, 146 recombining colours of white
. 2 . S the thermos flask 203
melting point of a substance 220 light 87 :
& , ! : thin lens formula 105
metal film resistors 272 reflection of light 111, 48 : : =
. ; . TR total internal reflection of light 75
metal oxide film resistors 272 reflection of light from curved | - :
C . . transmission wires 161
minimization of heat loss by mirrors 1il, 48 swres of Siction: fii. 35
conduction 192 T refraction of light iii, 68, 79, 97, [3"’_;5 it g
mirages 77 e 100, 110 YPE £

mode of action of an astronomical refraction of light by a glass prism

lelescope 126 i, 79
mode of action of a simple relative humidity 251, 254, 256, _

microscope 117 258, 259, 326 24
- resistance 264, 268, 282, 291, M
292. 312,313 vapourisation 228
_ resistance to an electric current variable resistors 272
nature of llquld 243 . 26‘1- vapour pressure 224
near-sightedness 140, 142 SRS e G ventilation or exhaust fan 201
normal force 33. 35, 326 resistors in series 275 o 260
normal lens 132 rheostat 273 voliage -
nuclear reaction 149 riveting 161, 162 voltage dividers 274

PE—

‘ l PHYSICS FORM lilindd 330 09/03/2022 13:1?:19' ‘



r-.=-_ el

Froperty of the Covremoenl o e LUinded Fepusic ot Tenearae, Mof for Sals




