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FORM ONE

CHAPTER ONE

INTRODUCTION TO PHYSICS

Science in our lives

Scientists are people trained in science and who
practice the knowledge of science. We require people in
industries to work as engineers, technicians,
researchers, in hospitals as doctors, nurses and
technologists. Science gives us powerful ideas,
instruments and methods which affect us in our daily
lives.

Scientific methods

1. A laboratory is a building specifically
designed for scientific work and may contain
many pieces of apparatus and materials for
use.

2. A hypothesis is a scientific fact or
statement that has not been proven or
experimented.

3. A law or principle is a scientific fact or
statement that has been proven and
experimented to be true for all conditions.

4. A theorem is a fact or statement that is true
and proven but applicable under specific
conditions.

What is physics?

Physics is a Greek word meaning nature hence
it deals with natural phenomena. Physics is
therefore a science whose objective is the study
of components of matter and their mutual

2|Physics Form 1-4 Teacher Daniel Online



interactions. Physics is also defined as the
study of matter and its relation to energy. A
physicist is able to explain bulk properties of
matter as well as other phenomena observed.

Branches of physics

1. Mechanics - the study of motion of bodies under
the influence of force.

2. Electricity - this deals with the movement

of charge from one point to another through

a conductor.

3. Magnetism - the study of magnets and
magnetic fields and their extensive
applications.

4. Thermodynamics / heat - this is the study

of the transformation of heat from one form to
another.

S. Optics -the study of light as it travels from one
media to another

6. Waves - the study of disturbances which travel
through mediums or a vacuum.

7. Particle physics

8. Nuclear physics

9. Plasma physics

Relation of physics to other subjects

Since physics enables us to understand basic
components of matter and their mutual interactions it
forms the base of natural science. Biology and
chemistry borrow from physics in explaining processes
occurring in living things and organisms. Physics also
provides techniques which are applied almost every
area of pure and applied science i.e. meteorology,
astronomy etc.

Career opportunities in physics
1. Engineering - Civil
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- Electrical

- Mechanical

- Agricultural

-  Environmental

Chemical

- Computer

2. Meteorology

3. Surveying

4. Geology

S. Astronomy

NOTE: - all science based careers i.e.
doctors, nurses, technologists, engineers,
pharmacists etc. need physics as a true
foundation.

Basic laboratory safety rules

1. Proper dressing must be observed, no loose
clothing, hair and closed shoes must be worn.

2. Identify the location of electricity switches,
fire-fighting equipment, first aid kit, gas and
water supply systems.

3. Keep all windows open whenever working in the
laboratory.

4. Follow all instructions carefully and never attempt
anything in doubt.

5. No eating or drinking allowed in the laboratory.

6. Ensure that all electrical switches, gas and water
taps are turned off when not in use.

7. Keep floors and working surfaces dry. Any spillage
must be wiped off immediately.

8. All apparatus must be cleaned and returned

in the correct location of storage after use.

9. Hands must be washed before leaving the
laboratory.

10. Any accidents must be reported to the teacher
immediately.
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CHAPTER TWO

MEASUREMENT I

In order to measure we need to know or define
the quantity to be measured and the units for
measuring it. In 1971 a system known as the
International System of Units (Systeme’
Internationale) and seven basic units were
agreed upon as follows. Other quantities can be
obtained from these basic quantities and are
referred to as derived quantities.

Basic quantity SI units Symbols
Length Metre m

Mass Kilogram kg
Time Second s

Electric current Ampere A
Thermodynamic temperature Kelvin K
Luminous intensity Candela Cd
Amount of substance Mole mol
Length

This is the measure of distance between two
points in space. The SI unit for length is the
metre (m).Therefore 1 km = 1000 m

1 Hm = 100 m

1 Dm= 10 m

I mm =0.001 m

Length is measured using a metre rule (100 cm), tape
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measure (100 m, 300 m, 500 m)

Area

This is the measure of the extent of a surface.
[t is a derived quantity of length. Its SI units
are square metres (m2). Other units are cm?,
km?, etc. Formulas are used to determine
areas of regular bodies while for irregular
bodies an approximation of area is used.

Volume | | |

This is the amount of space occupied by matter.
The SI units for volume is cubic metre (m3).
Other sub-multiples are cm3, mm?3 and 1. Hence
1 m3 = 1,000,000 cm3 and 11= 1,000 cms3.
Volume can be measured using a measuring
cylinder, eureka can, pipette, burette,
volumetric flask, beaker, etc.

Mass

This is the quantity of matter contained in a
substance. Matter is anything that occupies space and
has weight. The SI unit for mass is the Kilogram (kg).
Other sub-multiples used are grams (g), milligrams
(mg) and tonnes (t). 1 kg = 1,000 g = 1,000,000
mg=100 tonnes. A

beam balance is used to measure mass.

Density

This is mass per unit volume of a substance. It
is symbolized by rho (p) and its SI units are
kg/ms3. Density = mass / volume.

Examples

1. A block of glass of mass 187.5 gis 5.0 cm long, 2.0
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cm thick and 7.5 cm high. Calculate the density of the
glass in kgm-3.

Solution

Density = mass / volume = (187.5 /1000) /(2.0 x 7.5 X
5.0 /1,000,000) = 2,500 kgm-3.

2. The density of concentrated sulphuric acid

is 1.8 g/cms3. Calculate the volume of 3.1 kg of

the acid.

Solution

Volume = mass / density = 3,100 / 1.8 = 1,722 cm3 or
0.001722 m3

The following is a list of densities of some common
substances

Substance Density (g/cms3) Density
(kg/m3)

Platinum 21.4 21,400
Gold 19.3 19,300
Lead 11.3 11,300
Silver 10.5 10,500
Copper 8.93 8,930
Iron 7.86 7,860
Aluminium 2.7 2,700
Glass 2.5 2,500
Ice 0.92 920
Mercury 13.6 13,600
Sea water 1.03 1,030
Water 1.0 1,000
Kerosene 0.80 800
Alcohol 0.79 790
Carbon (iv) oxide 0.00197 1.97
Air 0.00131 1.31

Hydrogen 0.000089 0.089
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Example

The mass of an empty density bottle is 20 g. Its mass
when filled with water is 40.0 g and 50.0 g when filled
with liquid X. Calculate the density of liquid X if the
density of water is 1,000 kgm-3.

Solution

Mass of water = 40 - 20 = 20 g = 0.02 kg.

Volume of water = 0.02 / 1,000 = 0.00002

m3. Volume of liquid = volume of bottle

Mass of liquid = 50 - 20 = 30 g = 0.03 kg

Therefore density of liquid = 0.03 / 0.00002 = 1,500
kgm-3

Relative density

This is the density of a substance

compared to the density of water.

It is symbolized by (d) and has no

units since it’s a ratio.

Relative density (d) = density of

substance / density of water.

It is measured using a relative density bottle

Example

The relative density of some type of wood is
0.8. Find the density of the wood in kg/m 3.
Solution

Density of substance = d x density of water
Density of substance = 0.8 x 1,000 = 800 kgm-3

Densities of mixtures

We use the following formula to calculate densities of
mixtures

Density of the mixture = mass of the mixture / volume
of the mixture

Example
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100 cm? of fresh water of density 1,000 kgm-3 is
mixed with 100 cm3 of sea water of density 1030
kgm-3. Calculate the density of the mixture.

Solution

Mass = density x volume

Mass of fresh water = 1,000 x 0.0001 = 0.1 kg

Mass of sea water = 1030 x 0.0001 = 0.103 kg

Mass of mixture = 0.1 + 0.103 = 0.203 kg

Volume of mixture = 100 + 100 = 200 cm?3 = 0.0002 m3
Therefore density = mass / volume = 0.203 / 0.0002
=1,015 kg/m3.

Time

This is a measure of duration of an event. The SI unit
for time is the second (s). Sub-multiples of the second
are milliseconds, microseconds, minute, hour, day,
week and year. It is measured using clocks, stop
watches, wrist watches, and digital watches.

Accuracy and errors

Accuracy is the closeness of a measurement to the
correct value of the quantity being measured. It is
expressed as an error. An error is therefore the
deviation of measurement to the correct value being
measured. The smaller the error the accurate the

measurement. % error = (sensitivity / size measured) X
100.

CHAPTER THREE

FORCES

Force is a push or a pull. Force is therefore
that which changes a body’s state of motion or
shape. The SI unit for force is Newton (N). It is
a vector quantity. It is represented by the
following symbol.
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Types of forces
1. Gravitational force -this is the force of
attraction between two bodies of given
masses.

- Earth’s gravitational force is
the force which pulls a body towards its
center. This pull of gravity is called weight.
2. Force of friction - this is a force which
opposes the relative motion of two surfaces in
contact with each other. Friction in fluids is
known as viscosity.
3. Tension force - this is the pull or compression of a
string or spring at both its ends.
4. Upthrust force - this is the upward force acting on
an object immersed in a fluid.
S. Cohesive and adhesive forces - cohesive is
the force of attraction of molecules of the same
kind while adhesive is the force of attraction of
molecules of different kinds.
6. Magnetic force - this is a force which causes
attraction or repulsion in a magnet.
7. Electrostatic force - this is the force of attraction or
repulsion of static charges.
8. Centripetal force - this is a force which
constrains a body to move in a circular orbit or
path.
9. Surface tension - this is the force which
causes the surface of a liquid to behave like a
stretched skin. This force is cohesive.

Factors affecting surface tension

a) Impurities - they reduce the surface tension of a
liquid i.e. addition of detergent

b) Temperature - rise in temperature reduces
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tension by weakening inter-molecular forces.

Mass and weight

Mass is the amount of matter contained in a
substance while weight is the pull of gravity on
an object. The SI unit for mass is the Kg while
weight is the newton (N). Mass is constant
regardless of place while weight changes with
place. The relationship between mass and
weight is given by the following formula, W =
mg where g = gravitational force.

Differences between mass and weight

Mass

-It is the quantity of matter in
a body.

-It is measured in kilograms
-It is the same everywhere

-It is measured using a beam
balance.

-Has magnitude only
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Weight

-It is the pull of gravity o:
body

-It is measured in newtor
=It changes from place tc
=Measured using a sprin
balance

=Has both magnitude an
direction
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Example

An astronaut weighs 900 N on earth. On the

moon he weighs 150 N. Calculate the moons’
gravitational strength. (Take g = 10 N/kg).

Solution

Moons’ gravitational strength = weight of astronaut on
the moon / mass of astronaut.

=150 / 90 = 1.67 Nkg1.

. WY sovvon
Measuring force

We use a spring balance t
spring balance is an instru
extension of a spring to me

spring
ponter

easure force. A
t that uses the
‘e foxrces.
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Example
The length of a spring is 16.0 cm. its length becomes
20.0 cm when supporting a weight of 5.0 N. calculate
the length of the spring when supporting a weight of:
a) 2.9N b)6. 0N ¢)200N
Solution
SN causes an extension of 4.0 cm, therefore
1.0 cm causes an extension of 4 /5 = 0.8 cm.
a) 2.5 N=>25x0.8=2.0cm
therefore length becomes = 16.0 + 2.0 = 18.0
cm.
b) 6.0 N => 6.0 x 0.8 =4.8 cm
therefore length becomes = 16.0 + 4.8 = 20.8
cm.
c) 200 N => 200 x 0.8 = 160.0 cm
therefore length becomes = 16.0 + 160.0 =
176.0 cm.

Vector and scalar quantities

A scalar quantity is a quantity which has
magnitude (size) only . Examples are distance,
mass, speed

A vector quantity is a quantity which has both
magnitude and direction. Examples are
displacement, weight, velocity.

CHAPTER FOUR

PRESSURE

Pressure is defined as the force acting normally
(perpendicularly) per unit area. The SI units for
pressure is newton per metre squared (N/m?). One Nm-
2 is known as one Pascal

(Pa).

Pressure = normal force / area or pressure =

thrust / area. Another unit for measuring
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pressure is the bar. 1 bar = 10> N/m?Z2.
Imillibar = 100 N/m?.
Calculating pressure

Examples

1. A rectangular brick of weight 10 N,
measures 50 cm x 30 cm x 10 cm. calculate
the values of the maximum and minimum
pressures which the block exert when resting
on a horizontal table.

Solution

Area of the smallest face = 0.3 x 0.1 = 0.03 m?.
Area of the largest face = 0.5 x 0.3 = 0.15 m?Z.
Maximum pressure = 10 N /

0.03 = 3.3 x 102 N/m?2.

Minimum pressure = 10 N /

0.15 =67 N/m2.

2. A man of mass 84 kg stands upright on a
floor. If the area of contact of his shoes and the
floor is 420 cm?, determine the average
pressure he exerts on the floor. (Take g = 10
N/Kg)

Solution

Pressure = force / area = 840 / 0.042 = 20,000 Nm-—.

Pressure in liquids

The following formula is used to determine pressure in
liquids.

Pressure = h p g, where h - height of the

liquid, p - density and g - is force of gravity.

Examples

1. A diver is 10 m below the surface of water in
a dam. If the density of water is 1,000 kgm -3,
determine the pressure due to the water on the
diver. (Take g = 10 Nkg-1)
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Solution
Pressure =h pg= 10 x 1000 x 10 = 100,000 Nm-2.
2. The density of mercury is 13,600 kgm-3.
Determine the liquid pressure at a point 76 cm
below the surface of mercury. (Take g = 10 Nkg-
)
Solution
Pressure =h pg=0.76 x 13,600 x 10 = 103,360 Nm=.
3. The height of the mercury column in a barometer is
found to be 67.0 cm at a certain place. What would be
the height of a water barometer at the same place?
(Densities of mercury and water are 1.36 x 104 kg/m3
and 1.0 x 103 kg/m3 respectively.)
Solution
Let the pressure due to water be hipig1 = h p g hence;

hi=hp/ pi=lodxX101) x (1 104 =911.2 cm or
9.11 m. W -

f

U-tube manometer .
[tis a tran shape. \%\!h el
a liquid is ttles at equia

level since
share the
diagrams;

ight and the]

U< — =




For the levels to differ the pressure

P: must be greater than P> hence P;

- P> + hpg.

If P, is the lung pressure, Py is the atmospheric
pressure, then if the difference is ‘h’ then lung
pressure can calculated as follows.

P:-Po + hpg.
Example . '
A man blows into one )‘n_d-{i

containing water until tije le¥qls differ by 40.0 cm. if
the atmospheric pressure is §.01 105> N/m? and the
density of water is 1000 kg/13, c ulg;cg s lung pressure.
Solution
Lung pressure = atmospheri Pre:
P1-Po + hpg. Hence P1 = (1.0
N/m?2. Measuring pressure
1. Simple mercury baromeger-
thick walled glass tube of le
end. Mercury is added into nverted and dipped
into a dish containing more mercury. The space above the
mercury column is called torricellian vacuum. The height ‘h’
(if it is at sea level) would be found to be

760 mm. Atmospheric pressure can be calculated as,P=p g
h =>where p (mercury)- £B6 x 104 kg/m3, g- 9.81 N/kg, h-
0.76 m. Then P = (1.36 x 1&0&)'_&81 x 0.76 = 1.014 x 105 Pa.
NOTE- this is the stand jevpressure, sometimes
called one atmosphere!llt is approximately one bar.

re + liquid pressure
) + (0.4 x 10 x 1000) = 1.05 x 105

is constructed using a

Fortin barometer



2. Fortin barometer-this is a more accurate
mercury barometer. The adjusting screw is
adjusted first to touch the mercury level in the
leather bag.

T

3. Aneroid barometer- increase in pressure causes
the box to contract, the movements are magnified by
the system of levers and is transmitted to the pointer
by the fine chain anWés the pointer to move.
The scale is suitabl ihrated to readpressure. Since

/

4. Bourdon gauge- ilt//glz;lso//éaﬂe&”éﬁs&ge pressure
idders/ \

and is used in gas cy

When air is blown into
etal tuBetries to

the rubber tubgv,“;chq_cg
straighten out and this cz

ASEH CDOL



Examples
1. The height of the mercury column in a
barometer is found to be 67.0 cm at a certain
place. What would be the height of a water
barometer at the same place? (densities of
mercury-
1.36 x 10% kg/m?3 and water- 1.0 x 103 kg/mb3).
Solution .
Let the pressure due to water be hi p: g1 and that of
water be h p g. Thege - /. /7P
hi; p1 g1=h p g. Hence (q,lzon 1) x (1.36 x 10%) /
1.0 x 103 =911. :
Application of pre e i gases and liquids
1. Rubber sucker- ‘thlS islaghallow rubber cap.
Before use it is mei to get a good seal then
pressed firmly on a smooth surface so that the
air inside is pushed out. The atmospheric
pressure will then hold it firmly against the
surface as shown below. They are used by
printing machines to lift papers, 11ft1n glass
panes, héavy metal sheets etc.

_ tyre valve
~  closed

high pressure

traw

to the lungs This le&¥es the space i %He straw
partially essacuated. The atmospheric pr ssu{f




3. The syringe- they work in the principle as
the straw. They are used by the doctors in
hospitals for giving injections.

B \C

atmaspheric
pressure

h

B E
|
atmospheric

4. Bicycle pump- it TiS&S"awvo valves, one in the pump
(greasy leather) and the other in the tire. When the
handle is pushed in, the pressure inside the barrel
becomes greater than the one in the tire and this
pushes air inside. The valve in the tire is made such
that air is locked inside once pumped.

5. The siphon- it is used to empty tanks which may
not be easy to empty by pouring their contents out.
The tubing must be lowered below the base of the
tank. The liquid flows out due to pressure difference
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caused by the difference in height (h p g).

6. Lift pump.
7. Force pump.

Transmission of pressure in liquids and gases
It was first recognized by a French
mathematician and physicist called Blaise
Pascal in the 17t century. Pressure is equally
distributed in a fluid and equally transmitted
as shown in the following:

a) Hydraulic brake system- the master
cylinder transmits pressure to the four slave
cylinders on each wheel. The cylinders contain
brake fluid. Fluid is used because liquids are
almost incompressible. When force is applied in
the pedal the resulting pressure in the master
cylinder is transmitted to the slave cylinders.
This forces the piston to open the brake shoes
which then pushes the brake lining against the
drum. This force the rotation of the wheel to
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slow down. It is impo@é‘gﬁ to note that 9
is equally distributed iR %ll whfeels so thg
car doesn’t pull or veer to one-side

wheel (slave)
/ cylinder master cyfinder

brake shoe

brake lining
‘elurn spnng
pivol
force load
J | ; !
\A| 1 |

?—-piston A piston B

-——cylinder cylinder —{
C eomedling tube !h}ﬂd l l

b) Hydraulic press- it consists of two pistons
with different cross -sectional areas. Since
pressure is transmitted equally in fluids, when
force is applied in one piston it is transmitted
to the other piston. The smaller piston is called
the force while the bigger piston is called the
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load. They are used to lift heavy loads in
industries, bending metals and sheets etc.

Examples

1. The area of the smaller piston of a

hydraulic press is 0.01 m? and that of the

bigger piston is 0.5 m=2. If the force applied to

the smaller piston is 2 N, what force is

transmitted to the larger piston?

Solution

Pressure = force / area - hence P=2 / 0.01 = 200 Pa.

Force = Pressure x Area = 200 x 0.5 = 100 N.

2. The master cylinder piston in a car

braking system has a diameter of 2.0 cm.

The effective area of the brake pads on each

of the four wheels is 30 cm 2. The driver

exerts a force of 500 n on the brake pedal.
Calculate

a) The pressure in the master cylinder

b) The total braking force in the car.

Solution

a) Area of the master cylinder - it r2 = 3.14 cm?
Pressure = force /area = 500 / 3.14 x 104 =1.59 x 10°
N /m?
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b) Area of brake pads = (30 x 4) cm?2. Since
pressure in the wheel cylinder is the same as

in the master cylinder)

F = Pressure x Area = (1.59 x 106) x (120 x 104) = 1.91
x 104 N.

CHAPTER FIVE

PARTICULATE NATURE OF MATTER

States of matter

Matter is anything that occupies space. Matter exists
in three states: solids, liquids and gases. Matter can be
changed in various ways which includes physical,
chemical and nuclear changes.

a) Physical changes- they are normally
reversible and no new substances formed.
Examples are:

(ijChange of state such as melting and vaporization
(ii) Thermal expansion due to heating

(iii)Dissolving solids in liquids

(iv)Magnetizing

(v)JCharging electrically

b) Chemical changes- they are irreversible and new
substances are formed

Examples are:

(i)Changes caused by burning

(ii)Changes occurring in some chemicals due to heating
e.g. mercuric oxide

(ii1) The reactions resulting from mixing chemicals to
form other substances.

c) Nuclear changes- these are changes

occurring in nuclear substances which give off

some particles i.e. Uranium and Radium. As

this happens they change into other

substances.
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Particulate nature of matter

Matter is made up of millions of tiny particles
which cannot be seen with naked eyes. These
particles are called atoms and are made up of
sub-atomic particles called protons, neutrons
and electrons. Atoms join together to form
molecules.

Movement of particles

Particles move from one region to another by
the process of diffu-sion. Diffusion is the
movement of molecules from regions of high
concentration to regions of low concentration
until an equilibrium is reached or achieved.
Gases diffuse faster or readily than liquids.
The rate of diffusion depends on the manner
of arrangement of individual particles.

Solids

Individual atoms in solids have a small space
between them hence their forces of attraction

are very strong. They vibrate in their fixed
positions and this gives solids a fixed shape.

Liquids

Forces of attraction between liquid molecules

are not as strong as in solids where motion is

not restricted. They collide with each other as

they move about. They take the shape of the
container they are put in hence have no definite
shape.

Gases

Molecules of atoms in gaseous state are further apart
experiencing very small forces of attraction. This
makes them almost completely free from each other.
We say they are independent in space. Gases have no
definite shape and volume but they take up the space
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and volume of the container they are put in.

CHAPTER SIX

THERMAL EXPANSION

Introduction

Temperature is the degree of hotness or
coldness of a body. Both Celsius scale (°C) and
Kelvin scale (thermodynamic scale) are used to
measure temperature. The Kelvin scale is also
known as the absolute scale temperature and

is measured from absolute zero (O K). Expansion
of solids . ;

. wing-nut . casl-iron
When solids are heated they expand. The,expansion @ sp small
such that we can’t see themi The following experirfignts will
demonstrate actual expansiniof salids. » A a |
Experiment 1:- Ball and ring (}1 df A t

1g] experiment

Procedure
1. Obtain a ball and ring apparatus.
2. Pass the ball through the ring at room temperature and

25

Before heating
melal 1 (brass)
|

wooden handle R o T



observe that it easily slips through.

3. Heat the ball using a Bunsen burner for one minute.

4. Try to pass the ball through the ring and observe what happens.
5. Let it cool for some time and try passing the ball again.
Discussion

When the ball is heated it expands and increases in
diameter. This makes the ball not to pass through the ring.

After cooling it is found that the ball slips through the ring
easily again.

Experiment 2:- The bar-breaker

Procedure

1. Try and break the cast-iron pin with your hands. Can

you? (A bar-breaker is a strong iron frame which holds a

steel bar fitted with a wing- nut. The other end is held by
cast-iron pin as shown below).

2. Tighten the nut but do not break the pin.

3. Heat the bar strongly using two Bunsen burners as you keep
tightening the nut.

4. Continue heating for another five minutes then let it cool.

5. Observe what happens.

—';"5 ﬁsh-plalo

s e

Jo oo}
Discussion _1,_ TR

When--the- bar€ools ,t/HE' ast-iron pin breaks ThlS shows
thag s the ba co—fgﬁ ‘contracts and strong forces pull
aga(n@h r‘ces makes the pin to break.

Experiment-3: He—aiﬁ:}gﬁ bimetallic strip
Procedure
1. Heat a brass-iron bimetallic strip using a Bunsen burner

and make sure it is heated evenly.
2. Observe what happens after a short while.

/ free end gap filled with pitch

N
il FOllErS

Discussion
When a brass-iron bimetallic strip is heated it

expansnon |omt

bends towards the.dron. This means that brass




expands more than iron and this causes the
strip to bend towards the iron side. This shows
that different materials expand at different rates
when heated.

Applications of the expansion of solids

1. Construction of railway lines- an expansion
joint is allowed between any two rails to
accommodate expansion. A fish plate is used to
join two rails. Modern railway system use the
overlapping joint at the end of rails.

2. Construction of bridges and
roof tops (steel girders)- for bridges one side
has rollers while the other is fixed to allow for
expansion. Concrete slabs are also laid on the
ground leaving space filled with pitch to allow
for expansion.

3. Hot water pipes- pipes carrying hot water
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(steam) from Dboilers are fitted with
expansion joints for expansion.

4. Riveting - used to join two
pieces of metal together i.e. bimetallic strips,
car bodies, drum
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strips are used in thermostats (control temperature) -
electric iron box, alarm systems, car flasher units etc.

i | | |
o | vet 5
I ~! hamemnered
J hot tivet ( 3] fAat Ab/g
< L
revet ! | | b '\_ . | |
| plston l

Expansion of liquids and gases

Expansion of liquids

Liquids expand more than solids so it is easy to
observe and see cleatlly, as they expand. We use

er leve

the hot water betfle bbto mdemonstrate the
expansion of water. Water 1s put in the bottle as

shown below. e e

i
\ ; ri ' ' $ r
bath ——— ,

-:j\ _,-. D - e
Whm.-ﬂae 1s ~ighmersed - in hot atery,

initialli-ﬂarblj in the leyel of water in the
glass t "be—t"éi" cg a awhile, This
shows that liquids expand with increment in
volume as shown by the hot water bottle.

Different liquids expand at different rates as




shown below.

air flask

N\

v R
N

waler - - - (o}

Expansion of gases

They are the easiest to observe since they expand the
most.

Experiment: - Expansion of air

Procedure

1. Obtain an empty 500 ml round bottomed flask
fitted with a cork and a glass tubing.

2. Place a beaker with some water on a bench.

3. Rub your hands together thoroughly and
place them on the flask and place it in the
water as shown. ~ &> zl*l.»m 3

4. Observe what hap;%ﬂ/ U U

land

<}” 5 land

ujrPnysics rorm 1-4 leacner vaniel vniine



Discussion

The heat produced by the hands makes the air
inside the flask to expand. This makes the
volume to increase and therefore force the
excess air out as bubbles.

Applications of the expansion of gases and liquids
1. Land and sea breeze- during the day the
land is heated by the sun causing the air above
it to expand. The air becomes less dense
therefore it rises. The space left is quickly filled
by another cool air (generally from the sea since
the land gets hot faster). This causes a cool
breeze form the sea during the day. At night the
land loses heat faster than the sea. The air
above the sea rises since it is less dense and
cool air from the land rushes to fill the gap.
This causes a breeze blowing from the land to
the sea.

(
|
|
1
"

constriction
buib

normal body

temperature

Thermometers
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1. Liquid-in-glass thermometer-this
applies to the expansion of a liquid in a thin-
walled glass-tube. The liquid moves up the tube
when the bulb is heated. The liquid must be a
good conductor, visible and be able to contract
and expand quickly and uniformly over a wide
range of temperatures. It should also not stick
on the sides of the tube. Liquids commonly
used are mercury and coloured alcohol. The
scale is obtained by choosing two temperature
points called fixed points. In Celsius lower point
is taken to be 0°C (when placed in ice) and the
upper point as 100°C (boiling steam). The two
points are therefore divided into 100 equal
parts (calibration). The melting and boiling
points of both mercury and alcohol are (-39 °C -
357°C) and (-112°C - 78 °C) respectively.

2. Clinical thermometer- this is a special type
of mercury-in-glass thermometer used to
measure body temperature. Since body
temperature is normally 37 °C the scale is only

a few degrees below and above 37°C. It has a
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constriction which prevents mercury from
going back after expansion for convenient
reading of temperature.

This thermometer has a narrow
bore for greater sensitivity and accuracy.

8 saturated vapour

oil of creosote -

maximum index
- A

- minimum index

mercury

thermometer- it is used to measure
temperature of surroundinfgs of an area or a
place. It can record both maximum and
minimum temperatures attained. Consists of a
large bulb (A) containing oil of creosote
connected to U- shaped stem WwHhich connects

O

ot C same

mercury The ran
between -20°C ar d



0
4. Bimetallic thermometer- it is made up of a
bimetallic strip with one end fixed and the
other connected to a pointer. Metals used are
usually brass and invar. As temperatures
increase the strip unwinds and moves the
pointer over a calibrated scale. It is used to

measure high temperatures.

g l Variation of waler
= | volume with temperature
E -.

l NPT G BRI ST ——

0 4 10 15 temp. (...C)



S. Thermocouple thermometer- thermocouple
is a junction made of copper and iron
looped at both ends. In practice a
sensitive millivoltmeter is used instead of a
galvanometer. A cold junction is
maintained in melting ice (0°C) while the other
junction is heated steadily. This
thermometer does not apply the principle of
expansion.

Unusual expansion of water

If water is heated let’s say from -15°C it
expands normally like any solid but only up to
0°C.

At this point it starts to melt and it contracts.
This contraction will be observed up to 4 °C.
When heated further water starts to expand
up to boiling point. This is the unusual
expansion of water. This makes the top of
water to freeze (0°C) in temperate countries
allowing the one below to remain liquid (4°C).
This supports marine life during winter.

Molecules
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and heat.

1. Solids - when

heated molecules in solids absorb heat
energy and vibrate. They push against one
another and this causes expansion. Further
expansion may result to collapse as melting
in ice.

2. Liquids - besides vibrating particles in a
liquid move short distances. As they move
they collide by hitting each other and this
results to more expansion. For boiling to
occur molecules absorb enough energy to be
able to escape from the liquid.

3. Gases - individual particles are free of
one another and in rapid motion. When
heated there are collisions with the walls of
the container. This results to high pressure
in the container.

CHAPTER SEVEN

HEAT TRANSFER

Heat is transferred in matter through the
following methods: conduction, convection and
radiation.

Conduction

This is the transfer of heat in solids. Theirate of
conduction depeads-o8——— = 4 }- amacn

1. Amount of {¢mperatire==he/ ghET the
temperature th

2. Cross-sectiongl ares ger the cross-sectional

area the higher fthe tranisfer.
3. Length of maferial % the sho
higher the rate-oftsansfer.

ter the material the



4. Type of material - different materials

transfer heat at different rates. Good

and bad conductors

Conductivity is the ability of a material to

conduct heat. Good conductors of heat are

those materials which are able to transfer heat

easily and steadily. Bad conductors are those

which do not conduct heat.

Experiment: Comparing

thermal conductivity of

metals Procedure

1. Obtain four identical rods of copper, iron,
aluminium and brass.

2. At one end of each rod attach a matchstick using
paraffin wax and let it solidify.

3. Place the rods on a tripod stand with the free ends
close to one another as shown.

4. Heat the free ends strongly with a Bunsen burner.
S. Observe what happens.

Discussion

When done correctly and carefully the matchsticks will
fall off in the following order: copper, aluminium, brass
and finally iron. This shows that different metals
conduct heat at different rates.

NOTE - on a cold morning a metallic chair

would feel cold compared to a wooden chair at

the same temperature, this is because the

metallic chair absorbs heat from your body as
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opposed to wood which is a bad conductor of

heat.

Applications of conductors

Good conductors

1. They are used to manufacture cooking utensils

2. They are used as liquids suitable for thermometers
l.e. mercury

3. Used as heat dumps (metal clips) when soldering
delicate components in a circuit board i.e. transistors
Poor conductors

1. Used as insulators in handles of cooking utensils
2. Used in making good winter clothes i.e. wool

3. Hot water cylinders are lagged with fibre-

glass since glass is a poor conductor of heat.

4. Houses in cold countries have double walls

with air trapped in them to keep them warm.
Convection

This is the transfer of heat through fluids

(liquids and gases). This occurs when part of

the fluid is heated: they become less dense and

rise above the cold fluid. As they move they

carry heat with them. In convection we observe
streams of moving fluid called convectional

currents.

Convection.in dir S—
Experiment: mad¢ 1mney (smoke
box) | : '

2. Place a llgh.'ff“:;:~:;ean a nder one of the chimneys
3. Place a smouldermg cloth near the other chimney
and observe what happens.




Discussion ™ vaes bect upwants

Smoke will be see# going into the chimney and
coming out through the other chimney. The air

above the candle sqacated and rises up the
chimney causing Convectional currents which

carry the smoke oy with them.-,

Experiment: rev & paper-vane

Procedure

1. Make a paper-vane by cutting a thin card as shown
2. Put a string through the hole in the centre and hold
it above a lighted Bunsen burner.

3. Observe what happens.

1 _.._._.f— beaker

C _ _ _ _1— waler
A

e |
tripod stand




Discussion
As the air above the flame gets heated
convectional curr, '
upwards as these clirfents brush against
the paper-vane it

Experiment: heating blr'ater in a
beaker |
Procedure li.

2. Drop a cryste
through a tube tfo settle/at one corner at the
bottom of the flask. 5o

3. Heat the watenesgently using a Bunsen
burner and observe the movement of streams
of colour.

Discussion

A stream of colour will be seen moving upwards
and downwards again at the other side of the
beaker. This will continue gradually until all
the water becomes coloured. This shows that
convectional currents also exist in liquids.



Experiment: model of hot water system

Procedure

1. Obtain two flat bottomed flasks and set up the
apparatus as shown below.

2. Hold the flasks in place by use of clamp stands.
3. Heat the bottom of the lower flask and observe
what happens.

Discussion

When the water in the lower flask becomes hot
it rises up to the upper flask. After some time
the water in the upper flask will become hot
due to convectional currents.

Applications of convection
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Brings about the land and sea breezes.

Can be used to explain the weather phenomena.
Used in car radiators.

Used in immersion water heaters by placing them
at the bottom.

B eN -

Radiation
This is simply the flow of heat from one point
to another by means of electromagnetic waves.

Radiation from different surfaces

We use the Leslie cube to determine radiation
of different surfages. It is a rectangular metal
container of square b with small opening at
the top. One sideiT,—ﬁ with polished silver,
another dull blac 'cahdle:ﬂ' me soot), the
other grey and thg fourth ‘#v ite.

Experiment: Radiation from different surfaces
Procedure I \\

1. Place a Leslie clibe ofn a tripod stand and
attach a thermometer on QaCh of the four sides.
2. All thermometer/s shoulg be at least 5.0 cm
form the surface and should read the same
temperature.

3. Pour hot water (about 80 °C) until it is full
and note the reading of each thermometer after
1 minute.

4. Repeat the above procedure using boiling water
(100 °C).
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o o vacuum
Discussion

The thermometér against the black surface records the
highest teffipenature, followed by the one on the grey
side, thenfhe white surface*while the polished side

A :
recorded the lowest temperature. The readings when
the water is boiling were higher, indicating that
radiation depends on temperature. It also depends on

ant-Sshoo
the nature of sutface:

Applications of radiation
1. Electric kettl b/chrome coat to reduce
radiation. g
2. Electric iron are silver 'éoated to minimize radiation.
3. Green houses use radiation (heat trap) to grow
Crops.

4. Clouds reflect radiation back to the earth

hence cloudy nights are warmer than clear
nights.

Vacuum flask

It was developed by Sir James Ivarin 1890. It
keeps a liquid hot or cold (depends on what is



put in). The liquid stays at the temperature it
is poured in either hot or cold. It has the
following principle features:

(iThe vacuum between the double walls

(ii) The two interior walls coated with silver
(iii)Insulating cork supports (anti-shock pads)
(iv)Insulating cork stopper at the top.

CHAPTER EIGHT

RECTILINEAR PROPAGATION AND
REFLECTION AT PLANE SURFACES
Introduction

Objects that produce their own light are known
as luminous objects i.e. the sun, torch lamps
etc. objects that do not produce their own light
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are called non-luminous objects i.e. the moon.
Opaque objects are those which do not allow
light to pass through them.

Translucent materials are those which allow
light to pass through them but we cannot see
through them i.e. church glass and bathroom
glass. Transparent materials are those which
allow light to pass through them and we can
see through them i.e. window panes, car
windows etc. A ray is the direction of the path
followed by light. A beam is a group of rays
travelling together. / i
Experirr&, t: IMCLS in straight liyé;

o) g . AR'S

Procedur
1. Obtain thaee c eards withda hole‘at the
center &1t m un&&hbr%@ih%@;%orm a
straight line.

2. Arrange them as shown and place a lighted
candle at one end and make sure that you can
see the flame from the other end.

3. Move any of the cardboards and observe what
happens.

Discussion
When one g¢ardboard is displaced or moved



slightly the flame cannot be seen at the other

end. This shows that light travels in a straight

line. This principle is applied in the following:

Pinhole camera

It consists of a closed box with a small hole on one face
and a screen of tracing paper/ frosted glass on the
opposite face as shown. An image will be formed on the
screen. Since light travels from one point of the object
through the hole an image will be formed on the
opposite screen of the box. If the object is near the hole
it is magnified while diminished if away from the hole.
Magnification is therefore the ration of the image to
object height , expressed as,

Magnification = height of image/ height of object or

= distance of image from pinhole/ distance of object
from pinhole
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Shadows are formed when an opaque object is placed
between a source of light and a screen. When the
shadow is big a dark patch_at the centre is formed
(umbra) while a surrounding lightgr patch called

penumbra is formed. 9~ — sharp shadow

) Moon
T
Eclipse /’-

Eclipse of the sun (solar eclipgey™ =™

This occurs when the moon is between the
earth and #fiesearth. The shadow of the moon
falls on & LseebbliEface. Sometimes the
distance oe for the shadow to reach the

en this happens a ular
AtZ

Earth

)
Sun totally eclipsed @

U=Umbra P =Penumbra
Moon too small to hide
the sun completely

Ring of sunlight shows round
the edge of the moon
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Annular eclipse
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Eclipse of the moon

It is also known as lunar eclipse and occurs
when the earth is between the sun and the
moon. The shadow of the eawsthiofalls on the

Examples

1. Calculate the height of a building 300 m away from
a pinhole camera which produces an image 2.5 cm
high if the distance between the pinhole and the screen
is 5.0 cm.

Solution

Object distance = 300 m, image height = 2.5

cm, image distance = 5.0 cm. Object height/

image height = object distance/ image

distance

Object height = (30,000 x 2.5) / 5.0 = 15,000

cm = 150 m.

2. Thele

the height
magnification.
Solution

Image height = (image distance x object height) / object
distance

= (25 x200) / 10 = 500 cm or 5 m.

Magnification = image distance / object distance

=25 /10=2.5 , N B
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diffuse reflection occurs on rough surfaces where a
parallel beam of light is reflected in all directions.

Laws of reflection
1. The incident ray, the normal and the
reflected ray at the point of incidence must be
on the same plane

2. The angle of
incidence is equal
to the angle of
reflection.
segrch pin
mirror —F A \

R

surfaces

Q =)
Images formed by'féﬂgekjgi from plane
Characteristics of i i

f n a plane mirror
size as the object

"distance behind the mirror
as the object is in front

3. The image is laterally inverted

4. The image is virtual

S. The image is erect.

Location of an image by the non-parallax method
Parallax is the apparent relative motion of two objects
due to the movement of the observer. It only occurs
when the objects are at a distance from one another.
This can be used to find the position of images in plane
mirrors.

Experiment: To find the position of an



image of a pin by non-parallax method

Procedure

1. Obtain a sheet of paper and draw a mirror line
2. Place the mirror on the line as shown

3. Place the pin at least 5 cm from the mirror and
obtain another pin (search pin)

4. Move the pin till you get a point where
there is no parallax and place your second
pin.

S. Measure the distances (both image and object) and
confirm your results.

Mirrors at an angle

When mirrors are placed at an angle several
images are obtained depending on the angle
between them. If the angle is 60° the images
formed will be five. We use the following
formula to find the number of images
n=(3600/0)-1

When mirrors are parallel then the images formed are
infinite.
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Ss plate
glass for allowm ligh't.
through the tuble '
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This consists o ”-..%n%ors“aﬁéﬁg kl
angle of 45° as shown. This principle is din

periscopes (prisms) and telescOpes.

CHAPTER NINE
ELECROSTATICS I
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Some substances get charged when rubbed
against other substances i.e. nylon, plastic,
paper etc. the charge acquired stays within
the body i.e. it does not move and therefore
known as electrostatic charge or static
electricity.

The law of charges - types of charges

There are two types of charges i.e. negative and

positive charges. The negative charge consists of

electrons which 1€ THe law of charges in

summary stateg that“like €Batges repel, unlike

charges attractf” JuL‘ iride 4n mpagnetism attraction is
’reu\l;'

not a sure way o 161" CHATge but repulsion

— metal case

because it ﬁ:ﬂ ly occy i\i&the bodies are similarly
charged.

\YJ

ground
Charges, atoms and electrons
The atom is made up of a central part called
the nucleus, containing positively charged ions
called protons and outwardly surrounded by
negatively charged electrons. The nucleus also
contain the particles called neutrons which are
not charged. When an atom is not charged the
number of protons equals the number of
electrons. When a material is rubbed with
another i.e. acetate with silk, electrons are

posilively charged

transferre

+

(Coul.) .

1 Coul. = charge on 6.25 x 1018 electrons.
Charge on one electron = 1.60 x 10-1° Coul.



1 Coul. = 1 Ampere second (As).

The leaf electroscope

This is a sensitive instrument for measuring
charge. It consists of a metal cap connected to a
stem whose lower part is flattened into a plate
with a thin strip of aluminium foil attached to it.
The plate and the leaf are enclosed in a metal
casing which is earthed. The sides of the metal
are made of glass to allow the leaf to be seen.

Other leaf electroscopes are made using
gold strips and are referred to as gold leaf
electroscope.

Charging and discharging an electroscope

When a charged body is brought near the cap of the
electroscope the leaf diverges, and when removed it
collapses. When a negatively charged body is brought
near the metal cap electrons are repelled from the cap
to the lower parts of the stem and the leaf. This
concentration of negative charges makes the leaf to
diverge. Similarly when a positively charged body
comes near the metal cap the electrons are attracted
by the protons and move up the stem, leaving a high
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concentration of positive charges which make the leaf
to
diverge.

If you touch the metal cap with your finger the
leaf collapses showing that the charges have
been discharged through your body. An
uncharged body will always cause the leaf of a
charged electroscope to collapse regardless of
the charge on the electroscope. This shows that
charge moves from the charged electroscope to
the uncharged body.

Conductors and insulators

Conductors are those substances which allow
easy passage of a charge. Insulators do not
allow a charge to pass through easily. A
charged electroscope can be used to classify
objects into conductors and insulators.
Experiment: Arranging objects

into conductors and insulators.

Procedure

56| Physics Form 1-4 Teacher Daniel Online



1. Charge an electroscope by rubbing it with fur until
its leaf diverges.

2. Obtain a number of materials like
aluminium, paper, copper, iron, cloth, glass,

wood etc.

3. Hold these items in your hand in turns and

touch the charged electroscopes’ metal cap

with it.

4. Record your results in the table shown below.
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We have seen that when a charged body is
brought near a leaf electroscope, charges are
transferred to the electroscope and the leaf
diverges. This method of transferring charge
without actual contact is called induction.

Uses of the electroscope

1. To detect the presence of charge on a body

2. To test the quantity of charge on a charge body.
3. To test for insulation properties of a material.
4. To test the sign of charge on a charged body.

Applications of electrostatic charges

1. Electrostatic precipitator - they are used in
chimneys to reduce pollution by attracting pollutants
through electric ionization which then traps them by
use of plates (wire mesh). Finger printing and
photocopying uses the same principle.

2. Spray painting- as air cruises above the

paint droplets acquire similar charges
therefore spread out finely due to repulsion.

Little paint is then used.

Dangers of electrostatics

As liquid flows through a pipe its molecules get
charged due to rubbing against inner surface. If the
liquid is flammable then this can cause sparks and
explode. The same happens to fuels carried in plastic
cans therefore it is advisable to carry fuel in metallic
cans to leak out the continuously produced charges.

CHAPTER TEN
CELLS AND SIMPLE CIRCUITS
Introduction

Work done per unit charge is called electrical

potential. Current is the flow of charge. For
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current to be continuous, potential difference
between the two points must be sustained.

Sources of continuous currents
In this process work is continuously done in
moving electrons against a repulsive force. A
device in which the potential difference is
sustain-ned is called a cell . A cell is a source
of continuous ent.-Phe end of a cell with a
h1gher poter t1a ectrons)is called the
ile’the end with lower
cctrons) is called the

negative term1 ¥ 1

, electrode

A good examp _@ ,35 le elegtyochemical cell
where simuHtameowstosidation-reduction
process occurs between the electrolyte and the
electrodes. An external circuit is used to
transfer the electrons. Examples of
electrochemical cells are the primary cells i.e.
the dry cell and Daniel cell. The reactants must
be replaced after supplying a given amount of
energy. The second type is the secondary cell or
storage cell where the chemical reaction is
reversible i.e. the lead-acid battery and nickel-
cadmium cell. The third type is the fuel cell
where chemical

energy supphgd is co nuously converted into
electrical en@rgy i.e. ogen oxygen cell used
in spacecn_ft‘—L+ —. g =

k , Zw‘

feclrons e~  conducting switcli—
{ wire

J—




Device Sy,"bo,
Call —
Baltory — =
2 sblAETIMOCIECITiC SOUTCes > -
' ' Lh@;mgg&]? & where
ipn crouning wilh no-connoction

D OnESchi thieblon DY LI1G

COIMINMUOuy treating

whieshouslteens  the ter

Varlnblo ronjstor

minals at—different
~2o—

TR @I TS -

3. Fdolar sources

Tl %'p_acllo( ]
1wontol

Masessal called P and N type abs«

theit™t¥ansitionregion—-

Galvanomoler

to move electrons just

. They are‘

used in spaceships, calculators, lighting, etc.

DC circuits

Conventionally current is a flow of positive
charge and flows from the positive terminal to
the negative terminal. A dc current is the flow
of current in one direction that is from the
positive terminal to the negative terminal when

the loop is closed.



Circuit symbols
The following symbols are used in electrical circuits.

Potential difference and current

Pd is the work done by moving an electron
from one point of a conductor to another.
Current is by definition the rate of flow of
charge.

Current = charge / time

The SI unit for current is the

ampere, A.

1 A=1 Coul/sec

1 milliampere (mA) = 103 A

1 microampere (uA) = 106 A

Examples

1. The current in a single loop is 3.0 A. How
long would it take for a charge of 3600
coulombs to flow?

Solution
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Current = charge / time

Time = charge / current => 3600 / 3 = 1200 seconds =
20 minutes.
2.

Primary cells
This is a cell formed by
into an electrolytg,er —
Experiment: making a| €1 CLl e supnuri

Procedure ekl acid

1. Take a piece of copper strip and zinc strip and
clean thoroughly with emery paper.

2. Put the two strips in a beaker containing dilute
sulphuric acid.

3. Observe what happens to the strips.

4. Connect the strips externally to a milliameter and a
voltmeter.

ng two different metals
— beaker
4= 2inc

vent carbon

i §|I:§ zinc rod
s s manganese ,::'::.::n%u US\:" t
Discussion dioxide —F= N | | N i f|— olass jor
. « 1% N Na
Sulphuric acid i§He tten as, HoSO;4 -
-——[1 2H* + SO42. | ammonium

rous

The electrons libpérat
acid move to the zinc| lec :\_\;

-~ chloride
= solution

The hydrogen ions move to the



copper strip
2H* + 2e- ----[1 Ho
Copper strip therefore becomes positively charged while
the zinc becomes negatively charged electrode.
The accumulation of bubbles around the copper strip
is called polarization. The bubbles formed around the
zinc strip is the reaction of acid with zinc impurities
and is called local aqu@fg:@i%riza,tion produces
insulation between the-strip-aind the acid cutting off
production of Gusremnt eventually=This is known as the
an ¢ cell. Local action eats away
(
i

internal resistance of

the zinc strip and a pat is applied to prevent
this (amalgamation). tizationt"énd local action are
the main defects of simple-eells.
The Leclanche’ cell/——
In this cell carbon rod is used as the positive
terminal and zinc as the negative electrode. The
electrolyte is ammonium chloride solution
(NH4Cl). No polarization since it is reduced by
use of manganese (IV) oxide (MnOj) which
oxidizes hydrogen into water. Local action still
occurs. T hegy are use{ﬁl‘llﬁn operating bells and

telephone bdﬁies. '

%

o ®
w L

Lead piate

Ek

The dry cell

It is referred to as dry because it contains no
liquid. The ammonium solution is replaced with
ammonium chloride jelly or paste, the
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manganese (IV) oxide and carbon powder are
used as the depolarizer. The hydrogen gas
produced is oxidized to water which eventually
makes the cell wet after use. They are used in
torches, radios calculators etc.

Secondary cells

They are also called storage cells since they store
electrical charge as chemical energy.

Experiment: To charge and discharge a simple
secondary cell

Procedure

1. Set up the apparatus as shown below.

2. Close the switch S; and observe the changes in the
plates if any.

3. Note how the ammeter reading varies with time.
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Discussion

When charging oxygen is produced at the
anode and hydrogen at the cathode. The
oxygen reacts with lead to form lead (IV) oxide
which is deposited at the anode. The hydrogen
formed has no effect.

When discharging current flows in opposite
direction with oxygen being formed at the
cathode and hydrogen at the anode. The
colour of the positive electrode changes from
brown to grey.

Lead-acid accumulator

A 12V accumulator has six cells connected in series.
Each cell has several plates forming lattice grid with
positive plates carrying lead (IV) oxide and the negative
plates having spongy lead. They are placed close to one
another with an insulating sheet separating them.
They are rated in ampere-hours i.e. 30 Ah means that
it can supply 1 ampere for 30 hours or 2 amperes for
15 hours etc.

Nicke! = N ae e oe s
hydroxide v
N(OH)3

Example
A battery is rated at 30 Ah. For how long will it work if
it steadily supplies a current of 3 A?

Solution

Q=It,hencet=Q /1=>30/ 3 =10 hours.
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Alkaline accumulators

Potassium hydroxide (KOH).Nickel hydroxide
(Ni (OH) forms the positive electrode while iron
forms the negative electrode. They are two types
nickel cadmium (NiCd) and nickel iron (NiFe).
They are used in ships, hospitals and buildings
where large currents are required for
emergencies.
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Advantages of alkaline accumulators over lead-acid
accumulators

1. Large currents can be drawn from them

2. They require little maintenance

3. They are portable

4. They can remain discharged for a

long time without getting ruined.
Disadvantages

1. They are very expensive

2. They have lower e.m.f per cell.

FORM TWO NOTES

CHAPTER ONE

MAGNETISM

Introduction

Magnets are substances that are able to attract
and hold items. Lodestone is the only known
natural magnet which was discovered by the
Chinese 2,000 years ago. Other magnets produced
artificially by man are called artificial magnets.

Magnets and non-magnetic materials

Magnetic materials are those that are strongly
attracted by magnets while non-magnetic ones
are those that are not affected by magnets. Iron,
steel, cobalt and nickel are magnetic
substances, while wood, glass and copper are
examples of non-magnetic substances.
Substances that are repelled by magnets are said
to be diamagnetic whereas those which are
strongly attracted i.e. iron, nickel, cobalt are
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called ferromagnetic materials. The materials
that are so lightly attracted such that the magnet
seems to have no effect on them are called
paramagnetic materials (mostly non-magnetic
materials). Ferrites are a mixture of iron oxide
and barium oxide are the most newly developed
magnetic materials. Ceramic magnets or
magnadur magnets are made from ferrites and
are very strong.

Properties of magnets

1. They are doubl€ poled substances Wlth boths the
North and South peles.

2. Like poles Tepel and unlike poles attract
Repulsion is a sure method of determmmg
whether two substances are magnets.

3. The greatest magnetic force is concentrated around
the poles of a magnet.

Magnetic field patterns

Magnetic field is the space around a magnet where
magnetic field (force) is observed.

Plotting field patterns

A line of force gives the direction of the magnetic
field at each point along it. Their closeness is a
measure of the strength of the magnetic field or of
the force that would be exerted by the bar magnet.
Examples of field patterns
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The points marked X’ are called neutral points
where there is no magnetic field at such points.
Watches (non-digital), electron beams in cathode
ray tubes and TV sets are shielded from external
magnetic fields by placing a soft-iron cylinder
around the neck of the tube or watch.

Making magnets

The following are methods used to make magnets.

a) Magnetic induction - this is a process by which
magnets are made by placing ferromagnetic materials in
a magnetic field. Materials like iron lose their magnetism
easily and are said to be soft while others like steel gain
magnetism slowly but retain it longer and are therefore
said to be hard and_a}r_e_l_lsgd to make permanent
magnets. .

-

S ,‘ bar magnet
b) Magnetlzmg by stroking - the ObJCCt to be

magnetized is pldced on a bench then.a bar
magnet is drag long the-length-of the bar
from one end tq ghe other. This is regeated
several times and the object becomes™
magnetized. This method is known as single-
stroke method.

bar l ‘\

|
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c) Magnetizing using an electric current - this
is the use of magnetic effect of an electric current
through a solenoid (insulated wire of many

o

Demagnetizing is the process of removing
magnetic properties of a magnet. The following
methods are which &Eereiiagnet can lose its

magnetism: -
a) Hammerin
direction

oles facing E-W

\
\

magnet
b) Heating them strongly o i
c) Placing a gnet inside a noid and

passing an a.c. current through it for a short
time.



Caring for magnets

a) Magnets should be stored in pairs with unlike
poles adjacent to each other attached to pieces of
soft iron called keepers.

b) Magnets should not be hammered especially with
their poles facing E-W direction.

c) Magnets should not be heated strongly or dropped
roughly on hard surfaces.

d) Magnets should not be placed near alternating
currents.

e) Magnets should be kept dry and clean since rust can
make them lose their magnetism.

Uses of magnets

1. Used in making other magnets

2. Used in making loud speakers

3. Used in making moving coil meters
4. Used in making telephone speakers.
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Domain theory of magnetism.

In ferromagnetic substances small atomic
magnets form large groups called domains. These
atomic magnets face one direction where the
direction varies from one domain to another. In
an un-magnetized crystal the directions of these
domains are different hence their resultant
magnetism is zero.

When a magnetic material is placed in a magnetic field
the atomic magnets rotate and eventually all domains
face the same direction. When this happens then the
material becomes magnetized. When a material is
magnetized we say it is saturated. This means that the
magnetism of the material cannot be increased by any
other method and this is the domain

theory of magnetism.

CHAPTER TWO

MEASUREMENT II
Measuring length using vernier callipers
Vernier callipers is used when higher accuracy in

measurement is required and this cannot be
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done usmgﬁ/me#ﬁ

Vernier calhpers as two scaIGS'
scale. Outmdega, S

and extdrne T : RS for r;315‘1gﬁ’surmg,
internal diameters|whi tail is used for measuring
depths of\cqv 'tles /' The majn scale is divided into cm and
mm. The vernier scdle is d1v1ded into 10 equal divisions
of 0.9 mm each. The accuracy of vernier cdlipers is 0.10
mm.

3 &

- i]!l I"!l L
bl PR

D
E

The reading is ? lgéﬂ‘gin_f‘\ilf“o steps:

a) The main scale is read at zero mark of the vernier
scale. The values given in cm.

b) The vernier is read at the position where a

mark on the vernier scale is exactly lined up

with a mark on the main scale. The values are



given as a two decimal of a cm.
Examples
1. Give the reading in the following diagram.

Solution
Main scale reading: - 2.7 cm * thimble

sleeve

Vernier scale r ing: - Oj/cm ralchet
Zera adjustin @

ng-o gep2-74

2. What is\the reading /o ier calipers shown
b CIOW? thimble scale

marble

sleeve scale

Solution

Main scale reading - 7.6 cm
Vernier scale reading - 0.04 cm
Adding both readings we get 7.64 cm.

It is Mevicefused ffo measure small lengths. It

4of 0.01 mm. It has two scales;

the sleeve scale and—thimble—secal€. The sleeve



scale is divided into upper and lower scales with
the upper division in mm and lower divisions in
0.5 mm. Thimble scale is divided into 50 equal
divisions each division consisting of 0.01 mm.

The reading is taken in two steps;

a) The reading on the sleeve scale is read ta the
point where it touches the edge of the thimble
in mm and half mm.

b) The thimble scale is read at the point where the
centre line of the sleeve is parallel to the thimble
scale division.

Examples
1. Give the reading in the following.
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Solution
Sl ding|- 3.

Thg' bletieading - 0.45 m

Ad we get 3.95 mry
2. What is the reading in the following micrometer screw
gauge?

Solution

Sleeve scale reading - 4.0 mm

Thimble scale reading - 0. 32 mm

Adding up the two we get 4.32 mm.
Calculating the size of a molecule

Both the volume and area of a drop can be
calculated using the following formulas
Volume = 4/3 rir® and Area = nir2h.
Examples

1. A drop of olive oil, whose volume is 0.12
mm?3, was placed on a surface of clean water.



The oil spread and formed a patch of area 6.0 x

10* mm?2. Estimate the size of the olive oil.

Solution

Volume = 0.12 mm3. Area of the

oil patch = 6.0 x 10* mm?.

Volume = area x thickness of the

patch, therefore

Thickness of the oil patch =

volume /area

=0.12 / 6.0 x 104=2.0 x 10®* mm or 2.0 x 10 m.

2. Suppose an oil drop has a volume of 0.10 mm3

and forms a film with a radius of 10

cm.Calculate, the thickness of the oil film.

Solution

Area of the film = ir2 = 3.14 x 10 x 10 = 314 cm? =

31,400 mm?.

Thickness of the oil film = volume 4 area, hence 0.10 /

31,400 f‘B_O_Y_TG5'mﬁ e m———

(The thi¢kness of the oil film is called V_1_1’p£§r ﬂmt

to the 1ilze of molecule cause the molecule

cannot he bigger thai ickness of the oil film)
3N 3N

w

CHAPTER THREE

TURNING EFFECT OF A FORCE
Turning effects

The turning effect of a body is called the moment

of that force. Jhe. turning ‘effect Eroduce P

"k o - - - . -

depends. on_ both the size of the for _adT the N
distance frdm the pivet: -~ - & 4 i f_ : 17///;/,.
The momenfof & for: abopt@«-pomt 1S the S

product (Lf‘-%-ﬁ% force phed and ‘ehe- e s Ol

———— W - - , -



perpendicular distance from the pivot (or turning
point) to the line of action of the force. Hence,
Moments of a force = Force x perpendicular
distance from pivot.

The law of moments

The law of moments states that “when a body is
in balance or in equilibrium, the sum of the
clockwise moments equals the sum of anti-
clockwise moments”. The SI units of the moments
of a force is Newton metre (Nm).

Examples

1. A uniform rod of negligible mass balances
when a weight of 3 N is at A, weight of 3 N is at B
and a weight of W is at C. What is the value of
weight W?

Solution

Taking moments about

the fulcrum, O then

Anticlockwise moments

=(3x1)+(3x3)

=3+9=12 Nm

Anti-clockwise moments = clockwise moments
SW=12NmW=4N

2. The following bar is of negligible weight. Determine
the value of %X’ if the bar is balanced.
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Solution
The distance from th

can be determined as,
60 cm 1500

int to the line of action

40 cm Tzoclri x y 20cmy

10N 10N 15N 5N
Clockwise moments = 30 = 300 N cm, Anticlockwise
moments = 10 x X’ = 10 x. N cm. Using the principle of
moments
Anti-clockwise moments =
clockwise moments 10 x =
300, hence x = 30cm.
3. Study the diagram below and determine the value of
X and hence the length of the bar.

Solution
Clockwise moments = 15x N + 5(X x 20) N



800 n cm QG}X + 1()() .“ R ‘ . Z' - ‘
' ‘ QOX 700" Forse

X =35 cm.

Therefore, the length of the bar =40 + 20 + 35 + 20 =

115 cm. &3 "

7 77 T 7 T 77I7 777777 ]

}'" 56(.,\ . B TS : .
Ve

ROON 22
The lever
A lever is any device which can turn about a pivot
or fulcrum. The applied force is called the effort
and is used to overcome the resisting force called
the load. We use the law of moments in the
operation of levers.

C.G

40 i
Example / , =
Consiger the fiilowingfidiagram.ﬂ(The bar is of negligible
mass) "Deternihe the effort applied.
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Solution

Taking moments about O. Then,
clockwise moments = effort x 200
cm. Anticlockwise moments = 200 X
30 cm.

Effort = (200 x 30)/ 200 = 30 N.

CHAPTER FOUR
EQUILIBRIUM AND CENT
Centre of gravity

!1 OF GRAVITY

to act through. For regular shaped bodies the C.G
is at the geometric centre of the body. For irregular
bodies their weight still acts at the centre of the
gravity and the law of moments can be used to
determine the weight of the body.

Example

The figure below shows a uniform bar of weight ‘W’
and length 80 cm. If a force of 20 N keeps it in
balance, determine the weight ‘W’ of the bar.



Solution

Taking moments about the pivot,
clockwise moments = W x 20 N cm.
Anticlockwise moments = 20 x 30 N

cm.
Clockwise moments = anticlockwise
moments

20 W = 600, therefore W =
30 N.

Parallel forces and equilibrium

For a body to be in equilibrium (neither moving
nor rotating), under the action of parallel
forces, the following conditions will be
satisfied;

a) The sum of upward forces must be equal to the sum
of downward forces.

b) The sum of clockwise moments equals

the sum of anticlockwise moments. The

two are called the first and second

condition of equilibrium respectively.

Examples

1. A uniform rod of length 1.0 m is hung from a
spring balance as shown and balanced in
horizontal position by a force of 1.6 N.
Determine;

a) The weight of the rod

b) Reading of the spring balance.
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Solution
a) Let the weight of the rod be ‘W’. W acts at 50
cm mark, therefore taking moments about point
of suspension, clockwise moments
Nm = 0.2W Nm.

Anticlockwise moments = 1.6 x 0.3, =
Using the law of moments, then balance

0.48 = 0.2 W} hence W =

b) Upward fhgees=

1.6 N N

Upward force = reading of the spring balance = 4.0 N

2. A uniform rod is 1.0 m long weighs 5 N. It is
supported horizontally at one end by a

spring and the other end rests on a table as
shown below. A mass of 2kg is hung from the rod
as shown; determine,

a) Reading of the spring balance

b) Reaction force, F, from the table.



Solution

a) The 2kg mass and the weight of the rod (5 N)
gives clockwise moment while the spring balance
provides anticlockwise moments.

Clockwise moments = (2 x 10) x 0.4 + (5 x 0.5) = 10.5
Nm.

Anticlockwise moments = S x 1 (reading of the spring
balance)

1S = 10.5, hence S=10.5 N.

b) Upward forces = downward forces

Downward forces = (2 x 10) + 5=25 N

Therefore F+ 10.5 = 25, hence F = 14.5 N.

Stability

This is a term which explains how easy or
difficult it is for an object to topple over when a
force is applied to it. Factors affecting stability:

a) Base area - the bigger the base area the more the
stability.

b) Position of the centre of gravity - the higher

the centre of gravity the less stable the body will

be.

States of equilibrium
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1. Stable equilibrium - if a body is displaced by
a small amount of force it returns to its original
position.

2. Unstable equilibrium - if a body is displaced
by a small amount of force it toppled over and
does not return to its original position.

3. Neu‘gra wilibrium - _a body is at restrein
lcheve\lc /\ sition it is placEt in i.e. «#0 t
rise or fall ;vhen-displaced.

Stable equilibrium
Unstable equilibr

Neutral equilibrium

Applications of stability

[t is used mainly in the design of motor
vehicles i

& #ivered side

a) Racing cars - they s have a low and wide wheelbase to
increasetheir base irea.

b) Double-decker bises - they are manufactured

with aclngw centré of ravity by mounting their

(b) Concave

chassis and ¢ engmes as low as possible.



CHAPTER FIVE

REFLECTION AT CURVED SURFACES

Concave and convex mirrors

They are also known as spherical mirrors and are
formed when a spherical glass is silvered. If the
inside is silvered a convex or diverging is formed
while a concave or converging mirror is

formed when the outside is
silvered.
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Parts of a spherical mirror.

1. Centre of curvature (C) - this is the centre of
the sphere of which the mirror is part of. The
centre itself is called the pole (P).

2. Principal axis - this is the line joining the centre of
curvature (C) to the pole (P).

3. Principal focus (F) - is a point on the principal
axis through which a ray is reflected when it hits
a concave mirror. In a convex mirror the ray is
reflected and appears to originate from the point.
F is virtual for a convex mirror whlle 1t is real for

a concave mirrog
4. pyature (r) - s..t,hp_ dlstan@e
from the .- he centre of | u.rvature The

distance fromr ;pole to the™ pri
called the focal %gt'h

Concave mirror

‘___C1pal focus is

Convex mirror

\\\\

Parabolic mirrors

They produce a wide parallel beam or converge a large

beam of light to a point. They are widely used in making
car headlights or in spotlights.



concave mirror convex mirror

Images formed by spherical mirrors

Location of images using ray diagrams.

When drawing ray diagrams the following symbols are
used to represent the mirrors.

T N
\\\‘\ o

Q -

The image is loCate N cﬁw@ any two of the following
rays: =~ |




1)A ray parallel to the principal axis which is reflected

through the principal focus.

11)A ray through the centre of curvature which is
reflected along its own path since ithits the mirror

normally.
iii) A ray thro

74

s which is reflected

parallel to th

and as such the rays are extended

ys diverge
backwards

using dotted line till they meet. The image
formed is also dotted since it is not formed by

an intersection of real rays. A real%

formed by intersection of real ray
Concave mirror
a) Object at4
formed at F. Jti
diminished.

- F
, inverted

infinity: image is
and

e

P 3

b) Object at
C. It is real, inverted the same
object.

C: image formed at
and size as the

c) Object behind C: image is formed between C and F. It
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is real, inverted and diminished.

d) Object between F and C: Image is formed behind C. It
is real, inverted and magnified.

e) Object at F: Image formed is at infinity.
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f) Object between F and P: Image is formed
behind the mirror. It is virtual, erect and
magnified.
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Convex mirror
g) Image is always formed behind the mirror. It is
virtual, erect and always diminished.

Applications of curved reflectors

a) They are used in satellite dishes.

b) They are used in making shaving mirrors.

c) They are used in telescopes.

d) They are used in driving mirrors.

Magnification

Magnification is the ratio of the image size to the object
size.

Magnification (M) = height of the image / height of the
object.

When the ratio is greater than one we say the

image is magnified and when less than one we

say it is d1m1mslcr[ed.-!L I ~-~[—T— «?—T 17’}7

Also magmﬁcatm#\g@:‘ dista ;{cée? Eﬁ the mirror /
object distance frem theT QE—— |
Examples o 0 “—f—j;_-_ =T
1. Determine the= '€,~p081t1t0}’1 anéﬂat&re of the
image of an object’5.0 cm tall, plaCed of the
principal axis of a concave mirror of focal length
15 cm, at a distance 35 cm from the mirror.
Solution

Let 1 cm represent 5 cm. Then
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the focal length is 3 cm. Object
distance = 7 cm, object height =
1 cm.
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From the scale drawing,

Image position = 5.4 cm x 5 = 27
cm in front of the mirror. Image
size = 0.75 cm x 5 = 3.75 cm.
Image is real and inverted.

2. A vertical object 5 cm high is placed 10 cm in
front of a convex mirror of focal length 15 cm.
find the position, size and nature of image

formed. Determine the magnification of the
image.
Solution
Let 1 cm repres cim, then [the focal
length = 3 cin,-phjectisize 1 cm-Objec
distance = 27om- B :

Jf 0 I c

From the scale drawing,

Image position = 1.2 cm X 3 =

6.0 cm behind the mirror. Image

size = 0.6 cm x 5 = 3.0 cm.

The image is virtual and erect.

Magnification = image dist. / object dist. Hence 6 /10 =
0.6 (diminished).
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MAGNETIC EF
Introduction: O

AN ELECTRIC CURRENT
ted’s discovery

current

Hans Christian Qg¢rsted discovered the
magnetic effect of a current in 1819. The
direction of the field is dependent on the
direction of the current. This discovery brought
about the
development of electric bells, electric motors,
telephone receivers and radios.
hand gripping wire
Determmmg:&he directiop g)f tl};
ines

nes of force
lorce can be

determined usjng 9. cd the right-
hand screw rule. at “if a right-
hand screw ad direction of the

current, then the rotation of the screw is in the
direction of the field”.



Another rule is the right-hand grip rule which
states that “if the wire carrying a current is
gripped with the right hand, using the thumb
along the conductor and pointing in the
direction of the current, then the direction of

curled fingers is in the direction of the lines of
force”.
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Magnetic field due to a solenoid. The rule for polarity.
A solenoid is a cylindrical coil of wire acting as a magnet
when carrying electric current.

The direction of the field can be determined using

a simple rule stated as follows “if the coil

(solenoid) is viewed fr end and the current
flows in an anticlockwise direction at that end,
then that end\Q _ le the current

flowsinac R irection; th end is the
South Pole”. ‘//’U EEA

s
OO

Electromagnets

An electromagnet is a soft metal core made into a
magnet by passing an electric current through a coil
surrounding it. They only maintain their magnetism if
current continues to flow, if switched off they lose their
magnetism.

Factors affecting the strength of an electromagnet
1. Increasing current through the coil.

2. Increasing the number of turns of the coil.

3. Using iron of C- core shape which brings both
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magnetic poles together.

Some applications of electromagnets
a) Electric bell e

When the switch is closedvth<F current passing
through the solenoi gnetizes them and they

pull the soft iro 'h'makes the

between the springlanhidi ew is broken and
then stops the
core loses its m |
armature whic u ed back by the
screw. The contact between\the spring and the
screw is regained and eop cess repeats itself
again and again therefore the gong is struck
continuously.

magnetic alloy diaphragm

7 | permanent

74 magnet
AT )
A 4

leads

——
S———

soft-iron

pole
pieces

Bl B B
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b) Telephone receiver

It consists of a u-magnet made by attaching two soft-
iron bars to the end of a short permanent magnet. The
solenoids are wound in opposite directions around the
bars. When the phone is lifted the current flows through
the solenoids depending on the microphone on the other
end of the line. These varying current spasms induce
magnetism of varying

strengths in the iron bars which in turn causes the
magnetic alloy diaphragm to vibrate

differently producing sound.
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Force on a current-carrying conductor in a magnetic field.
When a conductor carries a current in a
magnetic field a force acts on it. The direction of

the force depends on the directions of the field

and current.

The factors affecting the magnitude of the force are:

a) The current flowing in the conductor

b) The strength of the magnet

c) The length of the conductor in the magnetic field.

The relationship between the directions of the current,
field and force are mutually perpendicular. They are
summarized in a law called Flenling’s right-hand rule or
the motor rule. This rule states tHZt®#f™ou hold the first
finger, the second finger and the|thumb ofyour left hand

mutually perpendicular tg)each er, so that the first
finger points in the direc%D

field (1st finger)
of the magnetic field and the gécond finger points in the
direction of the current in thereo@disetor, then the
thumb points in the direction of the force acting on the
conductor”.

Applications of the force on a conductor
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Simple D.C motor

Consists of a rectangular coil of wire mounted on
an axle which can rotate between the poles of a
magnet. For the rotation to be continuous the ends
of the coil is connected to half -rings called
the split-ring commutators. The battery terminals
are attached to brushes which slide on these half-
rings. D.C motors are useful as car starter motors,
hand drills, machine motors, fans etc.
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CHAPTER SEVEN

HOOKE’S LAW

Hooke’s law states that “the extension of a
spring is propo-rtional to the applied force,
provided that the force is not large enough
to deform the spring permanently”.
Mathematically expressed as Force a
extension.

Spring constant

Since Force a extension then

Force / Extension = constant (k).

The constant of proportionality

(k) is called the spring constant.

F / e =k or Force (N) =k e.

The spring constant is a measure of the
stiffness of a spring. The greater the constant
the stiffer the spring.

The spring constant varies with the following;-
a) Material - identical springs mad of different
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materials will have different constants i.e. steel
and copper.

b) Diameter - the stiffness decreases with the increase
in diameter.

c) Thickness of the wire - a spring made of a
thicker wire is stiffer than the one made of thin
wire of the same material.

d) Length of spring - a short spring is stiffer than a
longer one.

e) Number of turns per unit length - a spring with
higher number of turns per unit length is less stiff
than the one with fewer turns per unit length.
Example

1. If the springs shown below are similar and

the constant of proportionality (k) is 100 Nm-

1 determine total extension in each
arrangement.
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Solution

a) k=100 100 Nm-1, extension = force / k=10 / 100 =
0.1 m =10 cm.

b) Extension of the lower spring = 10 cm,
extension of the two parallel springs = 5 cm. Total

Upper two springs &
cmTotal extension f
cm.
The spring balance
It is made up efa\spring mounted in a metal or
plastic casing. The ®pring is fitted with a pointer
which moves alongy& calibrated scale divided into
ten equal parts. g&=s

s — weight
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Examples

1. A load of 4 N causes a certain copper wire to

extend by 1.0 mm. Find the load that will cause

a 3.2 mm extension on the same wire. (Assume
Hooke’s law is obeyed).

Solution

FaealsoF; /Fo=e1 /ex=F2=(4%x3.2)/ 1.0=12.8 N.
2. A body of 200 g was hung from the lower end of a
spring which obeys Hooke’s law.

Given that the spring extended by 100 mm, what is the
spring constant for this spring?
Solution

F=ae, F=ke F =005
108 kg x 10 N /kg = 2
Extension = 100 x 103 &
0.1 m.

Spring constant (k) = 2 /<8 ) N/m.

3. Two identical springs ) whose spring constant
is 6.0 N/cm, are used to ort a load of 60 N
as shown below. Determiné€ the extension of each
spring.

Solution
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Since the springs are parallel their
spring constant equals 2k.
Therefore extension = Force / k =2
F/k=60/2x6=5cm. Each
spring will extend by 5 cm.

CHAPTER EIGHT
WAVES I

A wave is simply a disturbance that moves
through a medium. Other waves do not require a
medium to travel i.e. they can travel in a vacuum,
are known as electromagnetic waves e.g.
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radio, X-rays, gamma rays UV rays etc. Other waves
require a material medium to be transferred and are
called mechanical waves i.e. water, sound waves etc.

Transverse and longitudinal pulses and waves
1. Transverse waves - they consist of a crest and
a trough. In this case the displacement of the
medium caused by these pulses are
perpendicular to the direction in which the wave
(disturbance) travels. A pulse is a single non-
repeated disturbance. If the pulses are repeated

periodically (regT s lyk)fthey produce a series of

-a 3 id .
waves called perjggic frafisverse wave train. They
can be produced &8 s owrﬂﬂmlowl Examples are
: 0
water waves, ligh e 0000

compression

VI 000000580500

-—— motion

rarefaction

(V0 00 DU Sg

2. Longitudinal wa¥8s - these are waves whereby the
particles of the medium vibrate parallel to the direction
of movement of the disturbance. When several turns of a
spring are pulled together (compression) and then
released they tend to spread out to their original
position. When pulled apart (rarefaction) they also turn



to their original

position. In this case the displacement of the spring is
parallel to the motion of the wave and this is known as
longitudinal. Examples are the sound waves.

Characteristics of waves
1. All waves have speed which depends on the nature of
disturbance.
2. All waves have wavelength (distance
between two successive points in a wave).
Represented by the symbol A and is measured
in metres.
0.6

3. All waves havg frtequency 1’ which is the number of

. < o
waves passing a po
cycles per secon

point. =
Therefore T = 1 / fo
(period is measured |in seconds).
The speed Vv’ is giv%‘ as;v=A/T,
since f=1 / T then
v=(1/T)xA=1£fA
or v = f A. This is the wave
equation.
4. All waves have amplitude which is the



maximum displacement of the particles of the
medium as the wave passes.

Examples

1. A rope is displaced at a frequency of 3 Hz. If
the distance between two successive crests of the
wave train is 0.8 m, calculate the speed of the
waves along the rope.

Solution

v=fA=3x0.8=24mHz=2.4m/s.

2. The figure below illustrates part of the
displacement-time graph of a wave travelling
across water at a particular place with a velocity
of 2 ms-1. Calculate the waves;

a) Amplitude

b) Frequency (f)

c) Wavelength (A)
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Solution

a) From the graph, maximum displacement (a) = 0.4 cm

b) From the graph, period T = time

for one cycle = 0.20 seconds
Sof=1/T=1/0.20

= 5 Hz.

c) Velocity =fA henceA=2/5=0.4 m.

CHAPTER NINE

SOUND

Sound is an important example of a longitudinal
wave which is composed of both compressions
and rarefactions. The frequency range in which
compressional disturbances occur is called the
sonic spectrum and is very large. Sound is a
range of compressi-onal wave frequencies
sensitive to human ear and is known as audio
range which ranges from 20 Hz to 20,000 Hz.
Compressional waves with frequencies above and
below the audio range are called ultrasonic and
infrasonic frequencies respectively.

Nature and transmission of sound waves

Sound waves require a material medium for
transmission from one point to another. Sound waves
therefore cannot be transmitted in a vacuum. The rate of
transmission diminishes as you move from solids, to
liquids then to gases.

Characteristics of sound waves
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1. Intensity and loudness - intensity of sound
refers to the rate of flow of energy through an
area. The loudness of a sound generally varies
with thesntensity. of sound..The frequency of
sound WE{PJ. res determines their iﬁt;Ety while

the amplitudé determines. their Toudness.

2. Frequeneyand pitch - pitch refers to the
sharpnes{?r,___pf--a"'soun.‘c_l,:__gnd-"iS"-dei;gﬂmined by its

frequeneys, T
3. Fundamental tones and harmonics -

wiremwhieh has the lowest possible frequency.
The fundamental frequeney and-thejtones with
the frequerncies that are whole multiples of the
fundamental are called harmonics. The
fundamental frequency is also the first
harmonic. The number of segments vibrating in
a string depends on the point at which the
string is plucked.
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4. Quality

115|Physics Form 1-4 Teacher Daniel Online



4. Quality of sound or timbre - quality of sound
can be improved by adding the second harmonic

-
-
-
-~
~

depends on E{ge’ﬁﬁfﬁben.gﬁhat’fﬁ i roduced
simultaneously ‘and: theitr relative intehgities.

By -
______
-----------

Echo

Echoes are produced by reflection of sound waves from
hard surfaces such as a wall or a cliff.
To hear an echo, the sound waves travels
double the distance between the source and the
reflector. So to determine the velocity of sound
Vv’ between two successive claps is given as v =
distance from the reflecting surface / half the
time taken between two successive claps

Hence; speed v’= distance / time =
m/s.
Example
A boy strikes a railway line (steel) with a hammer. If the
speed of sound in steel is 5,200 m/s, determine the time
taken for the sound to reach another boy 2.3 km down
the railway line with his ear on the rail.
Solution
Time taken = distance / speed = 2300 / 5200 = 0.44
seconds.



Factors affecting the speed of sound

a) Temperature - speed increases with increase
in temperature especially gases since the change
in liquids and solids is small it can be neglected.
b) Nature of transmitting medium - different
substances transmit sound waves at various
speeds as shown below

(i)Air - 346 m/s

(i)Hydrogen - 1339 m/s

(ii))Water - 1498 m/s

(iv)Aluminium - 5,000 m/s

(v)Iron - 5,200 m/s

(vi)Glass - 4,540 m/s

Example

A girl claps her hands once at a distance 250 m
from a vertical cliff. If the temperature in the
surrounding is 5°C, how long does it take for her
to hear the echo?

Solution

Distance travelled = 250 &b&ac;s 500 m

/s at 09) the speed in

air increaSes 1 otg7sper °C. Therefore speed at
S0C = 3315+ /s

Time takenmad'lstance / Spee --=...= / 334.5=1.5
SCCOHdS turbulent flow

CHAPTER TEN

FLUID FLOW

Fluid in unids and gases. To
study ﬂuia_ﬁbw make the following
assumptions: ! A v

1. We con31der¥ﬂa-tds t v ibfe
2. We assume that they’have little or no internal friction
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or viscosity. Streamline and turbulent flow
The path followed by a small element of a moving
fluid is called a line of flow. A streamline is a
curve whose tangent at any point is in the
direction of the fluid velocity at that point. A
streamline flow occurs when all elements of a
fluid passing a particular point follow the same
path or line of flow as the elements that passed
through that point previously. A streamline flow
is achieved only when the speed is low. If the
speed increases it is characterized by whirls and
eddies then it becomes a turbulent flow.
Turbulent flow generally occurs when the speed
is high and where there are sharp bends along
the path of the fluid.

Equation of continuity

Consider a fluid flowing (streamline flow) through a
horizontal pipe with different cross -sectional areas as
shown.
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Let the cross-sectional area in both sections be A; and A»
and the corresponding speeds of the fluid be V; and V3
respectively. The volume of fluid flowing per second in
each section is given by; V=AL=Avt=Av. Where L,
v t and v is the distance moved in one second.

Since the volumes in each section is the same, then

A1 Vi = Ay Vo, hence A v = constant.

The above equation is known as the equation of
continuity. Since A; > A, then V., > V;. i.e. the
speed increases when a tube narrows.

The quantity (A v) is called volume efflux i.e. volume
flowing per second.

Example
A horizontal pipe of cross-sectional area 50
cm? carries water at the rate of 0.20 litres per
second. Determine the speed;

a) Of the speed of water in the pipe.
b) When the tube narrows to

20 cm? jat another | point
Solution)-
a) Volume efflux = 0.20|l per second
From-V-H{v e) =Avjthenv=\V/,
x 10-4= 0.Q4 mrs =
b) Since A1 vy
m/s -

]”Av
=0.20 x 103 / 50

0.05 x 0.04) / 0.02 = 0.1

Bernoulli’s principle

Daniel Bernoulli (1700 - 1782) explained the
variation of pressure exerted by a moving fluid
when its speed is changed. The pressure is
lower where the speed is higher.
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Bernoulli’s principle states that “For a fluid
flowing through a tube, the sum of the pressure,
the kinetic energy per unit volume and the
potential energy per unit volume of the fluid is a
constant”. Mathematically expressed as:

P+ % pv?+ pgh =constant. Where P -
pressure, p - density, v= velocity, g -
acceleration due to gravity and h - height.
Bernoulli’s effect

When air is blown threug k _?t%nmeltformed, the
area marked ‘T’ cgHapses inwards’showing that
pressure outsidé V ore Al

tunnel. The pressurg”inside the tunnel decreases
as the air through it‘increases in speed.

To cylinders

throttie
——1— (accelerator)
control

Applications of Berneulli’s p
1. Car carburetor - iﬁsydﬁ ithe

passage is partially cétistrictet
petrol mixes with air hefi€e aj 'éln
ing t

reduced

retor.the air

he’péint where
e increases

the speed of air while decrea pressure
inside for petrol to vaporize eforecit gets
to the cylinder where combustion oc¢curs.

air
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2. Horizontal pipe - for a streamline
flow through a pipe the term p g h is eliminated
from the Bernoulli’s equation leaving P + Y2 p v2
= constant, indicating that pressure in liquid is
greatest when speed is least. When this is

combined DI continfuity, the
pressure i ipe is|widest
hence the,

3. hDanamfi’g lift - when air is blown
at the top a flat'sh o r the ends of the
a 1 se the speed

of the paperis greater
irig to Bernoulli’s prixiciple ]
ooy

pressure on
becomes sufticierit. enou
which moves the paper upwards. This i1s what is
referred to as the dynamic lift since it is caused
by motion. The upward force is equal to the
product of the pressure difference and the area of
the surface lifted. It is applied in the taking off of
airplanes, the trajectory of a spinning ball, paint
sprayer and Bunsen burner among others.
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? barrel
metal ring
air —:J k:— air from outside
jet — |
=t | '

/
/

gas supply
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PHYSICS FORM THREE
CHAPTER ONE
LINEAR MOTION
Introduction
Study of motion is divided into two;
1. Kinematics
2. Dynamics
In kinematics forces causing motion are disregarded
while dynamics deals with motion of objects and the
forces causing them.

L Displacement
Distance moved by a body in a specified direction is
called displacement. It is denoted by letter‘s’ and has
both magnitude and direction. Distance is the
movement from one point to another. The Si unit for
displacement is the metre (m).

IL. Speed
This is the distance covered per unit time.
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Speed= distance covered/ time taken. Distance is a
scalar quantity since it has magnitude only. The SI unit
for speed is metres per second(m/s or ms™)
Average speed= total distance covered/total time
taken
Other units for speed used are Km/h.
Examples
1. A body covers a distance of 10m in 4 seconds. It
rests for 10 seconds and finally covers a distance of 90m
in 60 seconds. Calculate the average speed.
Solution
Total distance covered=10+90=100m
Total time taken=4+10+6=20 seconds
Therefore average speed=100/20=5m/s
2. Calculate the distance in metres covered by a body
moving with a uniform speed of 180 km/h in 30 seconds.
Solution
Distance covered=speed*time
=180*1000/60*60=50m/s
=50*30
=1,500m

3. Calculate the time in seconds taken a by body
moving with a uniform speed of 360km/ h to cover a
distance of 3,000 km?
Solution
Speed:360km /h=360*1000/60*60=100m/s
Time=distance/speed

3000*1000/100

=30,000 seconds.

II. Velocity

This is the change of displacement per unit time. It
is a vector quantity.

Velocity=change in displacement/total time
taken
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The SI units for velocity are m/s
Examples
1. A man runs 800m due North in 100 seconds,
followed by 400m due South in 80 seconds. Calculate,
a. His average speed
b. His average velocity
c. His change in velocity for the whole journey
Solution
a. Average speed: total distance travelled /total time
taken
=800+400/100+80
=1200/180

=6.67m/s
b. Average velocity: total displacement/total time
=800-400/180
=400/180
=2.22 m/s due North
c. Change in velocity=final-initial velocity
= (800/100)-(400-80)
=8-5
=3m/s due North
2. A tennis ball hits a vertical wall at a velocity of
10m/s and bounces off at the same velocity. Determine
the change in velocity.
Solution
Initial velocity(u)=-10m/s
Final velocity (v) = 10m/s
Therefore change in velocity= v-u

=10- (-10)

=20m/s

IV. Acceleration

This is the change of velocity per unit time. It is a
vector quantity symbolized by ‘a’.
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Acceleration ‘a’=change in velocity/time taken= v-
u/t
The SI units for acceleration are m/s?
Examples
1. The velocity of a body increases from 72 km/h to 144
km/h in 10 seconds. Calculate its acceleration.
Solution
Initial velocity= 72 km/h=20m/s
Final velocity= 144 km/h=40m/s
Therefore ‘a’ =v-u/t
= 40-20/10
2m/s?
2. A car is brought to rest from 180km/h in 20 seconds.
What is its retardation?
Solution
Initial velocity=180km/h=50m/s
Final velocity= 0 m/s
A =v-u/t=0-50/20
= -2.5m/s?
Hence retardation is 2.5 m/s?

Motion graphs
Distance-time graphs
a)

>

b

Distance (m)

o Stationary body
Time (s)

b)
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Distance {m}

A body moving with
uniform speed

Time (8)

Ke)
Distance (m)

A body moving with
variable speed

Time (8)

Area under velocity-time graph
Consider a body with uniform or constant acceleration

for time‘t’ seconds;

<

Distance % travelled= average
velocity*t g
> =(0+v/2)*t
=1/2vt
This is equivalent to the

area under the graph. The area under velocity-time
graph gives the distance covered by the body under‘t’
seconds.
Example
A car starts from rest and attains a velocity of 72km/h in
10 seconds. It travels at this velocity for 5 seconds and
then decelerates to stop after another 6 seconds. Draw a
velocity-time graph for this motion. From the graph;

L Calculate the total distance moved by the car
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1. Find the acceleration of the car at each stage.
Solution

Velocity ms—
o n
@ 5 Q
} }

=
1
T

0 ; 1 1
5 10 16 21 Time (s)

a. From the graph, total distance covered= area of
(A+B+C)

=(1/2x10%20)+(1/2x6%20)+(5%x20)

=100+60+100

=260m

Also the area of the trapezium gives the same result.

b. Acceleration= gradient of the graph
Stage A gradient= 20-0/ 10-0 = 2 m/s?
Stage b gradient= 20-20/15-10 =0 m/s?
Stage c gradient= 0-20/21-15 =-3.33 m/s?

Using a ticker-timer to measure speed, velocity and
acceleration.

It will be noted that the dots pulled at different velocities
will be as follows;
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() ® & » & & & 0 © o 8 @ i Tape pulled with uniform

speed (dots equally spaced) Most
O feecee o 0 o 0§ edingspoed
(C) b - [ ] . o 88 ..s Tape DUIhdwﬁh

decreasing speed

ticker-timers operate at a frequency of SOHzi.e. 50

cycles per second hence they make 50 dots per second.

Time interval between two consecutive dots is given as,
1/50 seconds= 0.02 seconds. This time is called

a tick.

The distance is measured in ten-tick intervals hence

time becomes 10x0.02= 0.2 seconds.

Examples

a. A tape is pulled steadily through a ticker-timer of

frequency 50 Hz. Given the outcome below, calculate the

velocity with which the tape is pulled.

. A -_B—__C.-J

Solution

Distance between two consecutive dots= Scm
Frequency of the ticker-timer=50Hz

Time taken between two consecutive dots=1/50=0.02
seconds

Therefore, velocity of tape=5/0.02= 250 cm/s

b. The tape below was produced by a ticker-timer with
a frequency of 100Hz. Find the acceleration of the object
which was pulling the tape.

q
; A ' "< Solution
m 2.5 cm
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Time between successive dots=1/100=0.01 seconds
Initial velocity (u) 0.5/0.01 50 cm/s
Final velocity (v) 2.5/0.01= 250 cm/s
Time taken= 4 x0.01 = 0.04 seconds
Therefore, acceleration= v-u/t= 250-50/0.04=5,000
cm/s?
Equations of linear motion
The following equations are applied for uniformly
accelerated motion;

v=utat

s =ut + 2 at?

v?= u? +2as
Examples
1. A body moving with uniform acceleration of 10 m/s?
covers a distance of 320 m. if its initial velocity was 60
m/s. Calculate its final velocity.
Solution
V2 =u? +2as

= (60) +2x10x320

=3600+6400
= 10,000
Therefore v= (10,000)!/2
v=100m/s

2. A body whose initial velocity is 30 m/s moves with a
constant retardation of 3m/s. Calculate the time taken
for the body to come to rest.
Solution
v = utat
0= 30-3t
30=3t
t= 30 seconds.
3. A body is uniformly accelerated from rest to a final
velocityof 100m/s in 10 seconds. Calculate the distance
covered.
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Solution
s=ut+ 2 at?
=0x10+ Y2 x10%x102
= 1000/2=500m
Motion under gravity
1. Free fall
The equations used for constant acceleration can be
used to become,
v =utgt
s =ut + 2 gt?
v?= ut2gs
2. Vertical projection
Since the body goes against force of gravity then the
following equations hold

U =UQGEL cccvvveennnenes 1

s =ut- 72 gt? ...... 2

V%= U-2gS .cccveeee... 3

N.B time taken to reach maximum height is given by the
following

t=u/g since v=0 (using equation 1)

Time of flight

The time taken by the projectile is the timetaken to fall
back to its point ofprojection. Using eq. 2 then,
displacement =0

0= ut- 72 gt?

0=2ut-gt?

t(2u-gt)=0

Hence, t=0 or t= 2u/g

t=0 corresponds to the start of projection
t=2u/gcorresponds to the time of flight
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The time of flight is twice the time taken to attain
maximum height.

Maximum height reached.
Using equation 3 maximum height, Hmax is attained
when v=0 (final velocity). Hence
vZ= u?-2gs;- 0=u?-2gHn.x, therefore
2gH max=1u?
Hmnac=u?/2g

Velocity to return to point of projection
At the instance of returning to the original point, total
displacement equals to zero.
v? =u?-2gs hence v?= u?
Thereforev=u or v=tu
Example
A stone is projected vertically upwards with a velocity of
30m/s from the ground. Calculate,
a. The time it takes to attain maximum height
b. The time of flight
c. The maximum height reached
d. The velocity with which it lands on the ground. (take
g=10m/s)
Solution
a. Time taken to attain maximum height
T=u/g=30/10=3 seconds

b. The time of flight
T=2t= 2x3=6 seconds
Or T=2u/g=2%x30/10=6 seconds.

c. Maximum height reached
Hmax= u?2/2g= 30x30/2x10= 45m
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d. Velocity of landing (return)
v2= u2-2gs, but s=0,
Hence v2=u?
Thereforev=(30%x30)1/2=30m/s
3. Horizontal projection
The path followed by a body (projectile) is called
trajectory. The maximum horizontal distance
covered by the
e | projectile is called
: range.

The horizontal

displacement ‘R’ at a
| time‘t’ is given by
- v s=ut+l/2at?
F = Taking u=u and a=0

| hence R=ut, is the

horizontal displacement and h=1/2gt? is the vertical
displacement.
NOTE
The time of flight is the same as the time of free fall.
Example
A ball is thrown from the top of a cliff 20m high with a
horizontal velocity of 10m/s. Calculate,
a. The time taken by the ball to strike the ground
b. The distance from the foot of the cliff to where the
ball strikes the ground.
c. The vertical velocity at the time it strikes the ground.
(take g=10m/'s)
Solution
a. h= % gt2
20= Y2 x10xt2
40=10t2
t2=40/10=4
t=2 seconds
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b. R=ut

=10%2

=20m
c. v=utat=gt

= 2x10=20m/s
CHAPTER TWO
REFRACTION OF LIGHT
Introduction
Refraction is the change of direction of light rays as
they pass at an angle from one medium to another
of different optical densities.
Exp. To investigate the path of light through rectangular
glass block.
Apparatus: - soft-board, white sheet of paper, drawing
pins (optical), rectangular glass block.
Procedure
1. Fix the white plain paper on the soft board using
pins.
2. Place the glass block on the paper and trace its
outline, label it ABCD as shown below.
3. Draw a normal NON at point O.
4. Replace the glass block to its original position.
S. Stick two pins P; and P> on the line such that they
are at least bcm apart and upright.
6. Viewing pins P; and P> from opposite side, fixpins Ps
and P4 such that they’re in a straight line.
7. Remove the pins and the glass block.
8. Draw a line joining P3 and P4 and produce it to meet
the outline face AB at point O
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Explanation of refraction

Light travels at a velocity of 3.0x10%n a vacuum. Light
travels with different velocities in different media. When
a ray of light travels from an optically less dense media to
more dense media, it is refracted towards the normal. The
glass block experiment gives rise to a very important law
known as the law of reversibility which states that “if
a ray of light is reversed, it always travels along its
original path”. If the glass block is parallel-sided, the
emergent ray will be parallel to the incident ray but
displaced laterally as shown

Incident ray
k&’ X - Parallel-sided glass biock
‘\ (' v r)
r -~
t s
[ R 4
o'v~\
Y
e ‘N
-
Emergent ray

‘e’ is called the angle of emergence. The direction of the
light is not altered but displaced sideways. This
displacement is called lateral displacement and is
denoted by‘d’. Therefore

XY= t/Cos r YZ= Sin (i-r) xxy

So, lateral displacement, d = t Sin (i-r)/Cos r
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Laws of refraction

1. The incident ray, the refracted ray and the
normal at the point of incidence all lie on the same
plane.

2. The ratio of the sine of the angle of incidence to
the sine of the angle of refraction is a constant for a
given pair of media.

Sin i/sin r = constant (k)

Refractive index

Refractive index (n) is the constant of

proportionality in Snell’s law; hence
Sini/sinr=n

Therefore sin i/sin r=n=1/sin r/sin i

Examples

1. Calculate the refractive index for light travelling from

glass to air given that.ng= 1.5

Solution

Na=1/ang=1/1.5=0.67

2. Calculate the angle of refraction for a ray of light

from air striking an air-glass interface, making an angle

of 60° with the interface. (ang= 1.5)

Solution

Angle of incidence (i) = 90°-60°=30°

1.5=sin 30°/sin r, sin r =sin 30°/ 1.5=0.5/1.5

Sin r=0.3333, sin10.3333= 19.59

R= 19.59

Refractive index in terms of velocity

Refractive index can be given in terms of velocity by the

use of the following equation;

1nz = velocity of light in medium 1/velocity of light

in medium 2
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When a ray of light is travelling from vacuum to a
medium the refractive index is referred to as absolute
refractive index of the medium denoted by ‘n’
Refractive index of a material ‘n’=velocity of light
in a vacuum/velocity of light in material ‘n’

The absolute refractive indices of some common
materials is given below

Material | Refractive
index

1 |Air (ATP) | 1.00028

2 |Ice 1.31

3 |Water 1.33

4 |Ethanol |1.36

S |Kerosene|1.44

6 |Glycerol |1.47

7 |Perspex |1.49

8 |Glass 1.55
(crown)

9 |Glass 1.65
(flint)

10 | Ruby 1.76

11 | Diamond |2.72

Examples

1. A ray of light is incident on a water-glass interface as
shown. Calculate ‘r’. (Take the refractive index of glass
and water as 3/2 and 4/ 3 respectively)
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30°
Water
Glass

Solution

Since any sin Bw=ang sing

4/3 sin 30°=3/2 sinr

3/2sinr=4/3x%x 0.5

Sin r =4/6%x2/3=4/9= 0.4444

r =26.40

2. The refractive index of water is 4/3 and that of glass
is 3/2. Calculate the refractive index of glass with
respect to water.

Solution

wlg= gNaXaNg, but wna = 1/ anw=3/4
wng=3/4%x3/2=9/8=1.13

Real and apparent depth

Consider the following diagram

Q N S
N \' * s
P M R

ST 5 s ot 4 S
glinpdisieetn nchl yooh v Pt poly s el — )
Lo i o' g o :T_ Z.: s AT
E = o= S IR - — = o
SRR L o e The depth of the
gt ke ) e Tt | gl .
R\ ATt water OM is the real

- - - — - -

depth, and the
distance IM is known as the apparent depth. Ol is the
distance through which the coin has been displaced and
is known as the vertical displacement. The relationship
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between refractive index and the apparent depth is
given by;

Refractive index of a material=real depth/apparent
depth

NB: This is true only if the object is viewed normally.
Example

A glass block of thickness 12 cm is placed on a mark
drawn on a plain paper. The mark is viewed normally
through the glass. Calculate the apparent depth of the
mark and hence the vertical displacement. (Refractive
index of glass =3/2)

Solution

ang= real depth/apparent depth

apparent depth= real depth/ .ny,=(12x2)/3= 8 cm
vertical displacement= 12-8=4 cm

Applications of refractive index

Total internal reflection

This occurs when light travels from a denser optical
medium to a less dense medium. The refracted ray
moves away from the normal until a critical angle is
reached usually 90° where the refracted ray is parallel
to the boundary between the two media. If this critical
angle is exceeded total internal reflection occurs and at
this point no refraction occurs but the ray is reflected
internally within the denser medium.

Relationship between the critical angle and
refractive index

Consider the following diagram
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Water ] >
Glass

From Snell’s law

Ny = sin C/sin 90° but .n, =
1/.n, since sin 90° = 1

Thereforeang= 1/sin C, hence sin C=1/n or n=1/sin C
Example

Calculate the critical angle of diamond given that its
refractive index is 2.42

Solution

Sin C=1/n=1/ 2.42= 0.4132= 24.40

Effects of total internal reflection

1. Mirage: These are ‘pools of water’ seen on a tarmac
road during a hot day. They are also observed in very
cold regions but the light curves in opposite direction
such that a polar bear seems to be upside down in the
sky.

2. Atmospheric refraction: the earths’ atmosphere
refracts light rays so that the sun can be seen even
when it has set. Similarly the sun is seen before it
actually rises.

Applications of total internal reflection

1. Periscope: a prism periscope consists of two right
angled glass prisms of angles 45°2,90° and 45° arranged
as shown below. They are used to observe distant
objects.
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2. Prism binoculars: the arrangement of lenses and
prisms is as shown below. Binoculars reduce the
distance of objects such that they seem to be nearer.

Ohjective lens

¥ +

< P

'

Frismg-;: 1 ¥ * == Prism

|
|

B | ! Eyepiece lenses

3. Pentaprism: used in cameras to change the inverted
images formed into erect and actual image in front of
the photographer.
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4. Optical fibre: this is a flexible glass rod of small
diameter. A light entering through them undergoes

Cladding {lower refractive index)

Cora (higher refractive indey)

repeated internal reflections. They are used in medicine
to observe or view internal organs of the body

5. Dispersion of white light: the splitting of light into
its constituent colours is known as dispersion. Each
colour represents a different wavelength as they strike
the prism and therefore refracted differently as shown.

light spiit
into eolours

: s

CHAPTER THREE

NEWTON’S LAWS OF MOTION

Newton’s first law (law of inertia)

This law states that “A body continues in its state of
rest or uniform motion unless an unbalanced force
acts on it”. The mass of a body is a measure of its
inertia. Inertia is the property that keeps an object in its
state of motion and resists any efforts to change it.
Newton’s second law (law of momentum)

Momentum of a body is defined as the product of its
mass and its velocity.
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Momentum ‘p’=mv. The SI unit for momentum is
kgm/s or Ns. The Newton’s second law states that “The
rate of change of momentum of a body is
proportional to the applied force and takes place in
the direction in which the force acts”
Change in momentum= mv-mu
Rate of change of momentum= mv-mu/At
Generally the second law gives rise to the equation of
force F=ma
Hence F=mv-mu/At and FAt=mv-mu
The quantity FAt is called impulse and is equal to the
change of momentum of the body. The SI unit for
impulse is Ns.
Examples
1. A van of mass 3 metric tons is travelling at a velocity
of 72 km/h. Calculate the momentum of the vehicle.
Solution
Momentum=mv=72km /h=(20m/s)x3x10°3 kg
=6.0x10%kgm/s

2. A truck weighs 1.0x10> N and is free to move. What
force willgiveit an acceleration of 1.5 m/s?? (take
g=10N/kg)
Solution
Mass of the truck = (1.0x10%)/10=6.0x104
Using F=ma

=1.5x10x104

=1.5x104 N
3. A car of mass 1,200 kg travelling at 45 m/s is
brought to rest in 9 seconds. Calculate the average
retardation of the car and the average force applied by
the brakes.
Solution
Since the car comes to rest, v=0, a=(v-u)/t =(0-45)/9=-
Sm/s (retardation)
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F=ma =(1200%x-5) N =-6,000 N (braking force)
4. A truck of mass 2,000 kg starts from rest on
horizontal rails. Find the speed 3 seconds after starting if
the tractive force by the engine is 1,000 N.
Solution
Impulse = Ft=1,000x3= 3,000 Ns
Let v be the velocity after 3 seconds. Since the truck
was initially at rest then u=0.
Change in momentum=mv-mu
= (2,000xv) - (2,000x%0)
=2,000 v
But impulse=change in momentum
2,000 v = 3,000
v=3/2=1.5m/s.
Weight of a body in a lift or elevator
When a body is in a lift at rest then the weight
W=mg
When the lift moves upwards with acceleration ‘a’ then
the weight becomes
W =m (a+g)
If the lift moves downwards with acceleration ‘a’ then
the weight becomes
W =m (g-a)
Example
A girl of mass stands inside a lift which is accelerated
upwards at a rate of 2 m/s?. Determine the reaction of
the lift at the girls’ feet.
Solution
Let the reaction at the girls’ feet be ‘R’ and the weight
W’
The resultant force F= R-W
= (R-500) N
Using F = ma, then R-500= 50x2, R= 100+500 = 600 N.
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Newton’s third law (law of interaction)
This law states that “For every action or force there
is an equal and opposite force or reaction”
Example
A girl of mass 50 Kg stands on roller skates near a wall.
She pushes herself against the wall with a force of 30ON.
If the ground is horizontal and the friction on the roller
skates is negligible, determine her acceleration from the
wall.
Solution
Action = reaction = 30 N
Force of acceleration from the wall = 30 N

F = ma

a=F/m=30/50=0.6 m/s?

Linear collisions

Linear collision occurs when two bodies collide
head-on and move along the same straight line.
There are two types of collisions;

a) Inelastic collision: - this occurs when two bodies
collide and stick together i.e. hitting putty on a wall.
Momentum is conserved.

b) Elastic collision: - occurs when bodies collide and
bounce off each other after collision. Both momentum
and kinetic energy are conserved.

Collisions bring about a law derived from both Newton’s
third law and conservation of momentum. This law is
known as the law of conservation of linear
momentum which states that “when no outside
forces act on a system of moving objects, the total
momentum of the system stays constant”.
Examples
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1. A bullet of mass 0.005 kg is fired from a gun of mass
0.5 kg. If the muzzle velocity of the bullet is 300 m/'s,
determine the recoil velocity of the gun.
Solution
Initial momentum of the bullet and the gun is zero since
they are at rest.
Momentum of the bullet after firing = (0.005%x350) =
1.75 kgm/s
But momentum before firing = momentum after firing
hence
O=1.75+ 0.5 v where Vv’ = recoil velocity

0.5v=-1.75

v=-1.75/0.5 = - 3.5 m/s (recoil velocity)
2. A resultant force of 12 N acts on a body of mass 2 kg
for 10 seconds. What is the change in momentum of the
body?
Solution
Change in momentum = AP = mv — mu= Ft

= 12x10 = 12 Ns

3. A minibus of mass 1,500 kg travelling at a constant
velocity of 72 km/ h collides head-on with a stationary
car of mass 900 kg. The impact takes 2 seconds before
the two move together at a constant velocity for 20
seconds. Calculate
a) The common velocity
b) The distance moved after the impact
c) The impulsive force
d) The change in kinetic energy
Solution
a) Let the common velocity be ¥’
Momentum before collision = momentum after collision

(1500%x20) + (900x%0) = (1500 +900)v

30,000 = 2,400v

v = 30,000/2,400 = 12.5 m/s (common velocity)
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b) After impact, the two bodies move together as one
with a velocity of 12.5 m/s
Distance = velocity X time

= 12.5%x20

= 250m
c) Impulse = change in momentum
= 1500 (20-12.5) for minibus or
=900 (12.5 - 0) for the car
= 11,250 Ns

Impulse force F = impulse/time = 11,250/2 = 5,625
N
d) K.E before collision = 2 x 1,500 x 202 =3 x 105J
K.E after collision = Y2 x 2400 x 12.52 = 1.875x10%J
Therefore, change in K.E =(3.00 — 1.873) x 105 = 1.25x
105J

Some of the applications of the law of conservation of
momentum

1. Rocket and jet propulsion: - rocket propels itself
forward by forcing out its exhaust gases. The hot gases
are pushed through exhaust nozzle at high velocity
therefore gaining momentum to move forward.

2. The garden sprinkler: - as water passes through the
nozzle at high pressure it forces the sprinkler to rotate.

Solid friction
Friction is a force which opposes or tends to oppose
the relative motion of two surfaces in contact with
each other.

Measuring frictional forces
We can relate weight of bodies in contact and the force
between them. This relationship is called coefficient of
friction. Coefficient of friction is defined as the ratio
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of the force needed to overcome friction Fs to the
perpendicular force between the surfaces F,. Hence
un= Ff/ Fn
Examples
1. A box of mass 50 kg is dragged on a horizontal floor
by means of a rope tied to its front. If the coefficient of
Kinetic friction between the floor and the box is 0.30,
what is the force required to move the box at uniform
speed?
Solution
Fr= uFq
Fn= weight = 50x10 = 500 N
Fr=0.30 x 500 = 150 N
2. A block of metal with a mass of 20 kg requires a
horizontal force of 50 N to pull it with uniform velocity
along a horizontal surface. Calculate the coefficient of
friction between the surface and the block. (take g = 10
m/'s)
Solution
Since motion is uniform, the applied force is equal to
the frictional force
Fn = normal reaction = weight = 20 x10 = 200 N
Therefore, u =F¢/ F, = 50/ 200 = 0.25.

Laws of friction

It is difficult to perform experiments involving friction
and thus the following statements should therefore be
taken merely as approximate descriptions: -

1. Friction is always parallel to the contact surface and
in the opposite direction to the force tending to produce
or producing motion.

2. Friction depends on the nature of the surfaces and
materials in contact with each other.
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3. Sliding (kinetic) friction is less than static friction
(friction before the body starts to slide).

4. Kinetic friction is independent of speed.

S. Friction is independent of the area of contact.

6. Friction is proportional to the force pressing the two
surfaces together.

Applications of friction

Match stick

Chewing food

Brakes

Motion of motor vehicles

. Walking

Methods of reducing friction

1. Rollers

2. Ball bearings in vehicles and machines

3. Lubrication / oiling

4. Air cushioning in hovercrafts

R w N

Example
A wooden box of mass 30 kg rests on a rough floor. The
coefficient of friction between the floor and the box is 0.6.
Calculate
a) The force required to just move the box
b) If a force of 200 N is applied the box with what
acceleration will it move?
Solution
a) Frictional force F= uF, = p(mg)
= 0.6x30x10 = 180 N
b) The resultant force = 200 — 180 = 20 N
From F =ma, then 20 = 30 a
a=20/30=0.67m/s?

Viscosity
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This is the internal friction of a fluid. Viscosity of a
liquid decreases as temperature increases. When a body
is released in a viscous fluid it accelerates at first then
soon attains a steady velocity called terminal velocity.
Terminal velocity is attained when F + U = mg where F
is viscous force, U is upthrust and mg is weight.

CHAPTER FOUR

ENERGY, WORK, POWER AND MACHINES

Energy

This is the ability to do work.

Forms of energy

1. Chemical energy: - this is found in foods, oils
charcoal firewood etc.

2. Mechanical energy: - there are two types;

i. Potential energy — a body possesses potential energy
due to its relative position or state

ii. Kinetic energy — energy possessed by a body due to
its motion i.e. wind, water

iii. Wave energy — wave energy may be produced by
vibrating objects or particles i.e. light, sound or tidal
waves.

iv. Electrical energy — this is energy formed by
conversion of other forms of energy i.e. generators.
Transformation and conservation of energy
Any device that facilitates energy transformations is
called transducer. Energy can be transformed from one
form to another i.e. mechanical — electrical — heat
energy. The law of conservation of energy states that
“energy cannot be created or destroyed; it can only
be transformed from one form to another”.

Work

Work is done when a force acts on a body and the
body moves in the direction of the force.
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Work done = force x distance moved by object
W=Fxd

Work is measured in Nm. 1 Nm = 1 Joule (J)
Examples
1. Calculate the work done by a stone mason lifting a
stone of mass 15 kg through a height of 2.0 m. (take
g=10N/kg)
Solution
Work done = force x distance

= (15% 10) x 2 = 300 Nm or 300 J
2. A girl of mass 50 kg walks up a flight of 12 steps. If
each step is 30 cm high, calculate the work done by the
girl climbing the stairs.
Solution
Work done = force x distance

= (50%x 10) x (12 x30) + 100 = 500 x 3.6 = 1,800
J
3. A force of 7.5 N stretches a certain spring by 5 cm.
How much work is done in stretching this spring by 8.0
cm?
Solution
A force of 7.5 produces an extension of 5.0 cm.
Hence 8.0 cm = (7.5 x8)/ 5=12.0 N
Work done = 2 x force x extension

=1 x 12.0x0.08=0.48J
4. A car travelling at a speed of 72 km/h is uniformly
retarded by an applicationof brakes and comes to rest
after 8 seconds. If the car with its occupants has a mass
of 1,250 kg. Calculate;
a) The breaking force
b) The work done in bringing it to rest
Solution
a) F=maanda=v-u/t
But 72 km/h = 20m/s
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a=0-20/8=-2.5m/s
Retardation = 2.5 m/s
Braking force F = 1,250 x 2.5
= 3,125 N

b) Work done = kinetic energy lost by the car
= 2 mv? — /2 mu?
=12 x 1250 x 02 - 2 x 1250 x 202
=-2.5x10%J
5. A spring constant k = 100 Nm is stretched to a
distance of 20 cm. calculate the work done by the spring.
Solution
Work = % ks?

= 1% x 100 x 0.22

=2J
Power
Poweris the time rate of doing work or the rate of
energy conversion.
Power (P) = work done / time

P=W/t

The SI unit for power is the watt (W) or joules per
second (J/s).
Examples
1. A person weighing 500 N takes 4 seconds to climb
upstairs to a height of 3.0 m. what is the average power
in climbing up the height?
Solution
Power = work done / time = (force x distance) / time

= (500 x3) / 4 =375 W
2. A box of mass 500 kg is dragged along a level
ground at a speed of 12 m/s. If the force of friction
between the box and floor is 1200 N. Calculate the power
developed.
Solution
Power = F v
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= 2,000 x 12
= 24,000 W = 24 kW.
Machines
A machine is any device that uses a force applied
at one point to overcome a force at another point.
Force applied is called the effort while the resisting
force overcome is called load. Machines make work
easier or convenient to be done. Three quantities dealing
with machines are;-
a) Mechanical advantage (M.A.) - this is defined as
the ratio of the load (L) to the effort (E). It has no units.
M.A = load (L) / effort (E)
b) Velocity ratio — this is the ratio of the distance
moved by the effort to the distance moved by the load
V.R = distance moved by effort/ distance moved by
the load
c) Efficiency - is obtained by dividing the work output
by the work input and the getting
percentage
Efficiency = (work output/work input) x 100

= (M.A/ V.R) x 100

= (work done on load / work done on
effort) x 100
Examples
1. A machine; the load moves 2 m when the effort
moves 8 m. If an effort of 20 N is used to raise a load of
60 N, what is the efficiency of the machine?
Solution
Efficiency = (M.A / V.R) x 100 M.A = load/effort
=60/20 =3

V.R=Dg/ DL=8/2=4

Efficiency = 3% x 100 = 75%

Some simple machines
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a) Levers— this is a simple machine whose operation
relies on the principle of moments

b) Pulleys — this is a wheel with a grooved rim used for
lifting heavy loads to high levels. The can be used as a
single fixed pulley, or as a block-and-tackle system.

E

W8]

(a) Single fixed pulley

(b) Single moveable pulley

(c) Block-and-tackle system

M.A = Load/ Effort

V.R = no. of pulleys/ no. of strings supporting
the load
Example
A block and tackle system has 3 pulleys in the upper
fixed block and two in the lower moveable block. What
load can be lifted by an effort of 200 N if the efficiency of
the machine is 60%?
Solution
V.R = total number of pulleys = 5
Efficiency = (M.A /V.R) x 100 = 60%

0.6 = M.A/ 5 =3, but M.A = Load/Effort
Therefore, load = 3 X200 = 600 N
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c) Wheel and axle- consists of a large wheel of big
radius attached to an axle of smaller radius.

\—

V.R = R/r and M.A = R/r

Example

A wheel and axle is used to raise a load of 280 N by a
force of 40 N applied to the rim of the wheel. If the radii of
the wheel and axle are 70 cm and 5 cm respectively.
Calculate the M.A, V.Rand efficiency.

Solution

M.A=280/40=7

VR=R/r=70/5=14

Efficiency = (M.A/ V.R) x 100 =7/14 x 100 = 50 %

d) Inclined plane: -

V.R=1/sin O M.A = Load/ Effort

Example

A man uses an inclined plane to lift a 50 kg load through
a vertical height of 4.0 m. the inclined plane makes an
angle of 300 with the horizontal. If the efficiency of the
inclined plane is 72%, calculate;
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a) The effort needed to move the load up the inclined
plane at a constant velocity.

b) The work done against friction in raising the load
through the height of 4.0 m. (take g= 10 N/ kg)

Solution

a) V.R=1/sinC=1/sin30°=2 M.A = efficiency x
V.R=(72/100)x 2 = 1.44

Effort = load (mg) / effort (50x10)/ 1.44 = 347.2 N

b) Work done against friction = work input — work
output
Work output = mgh = 50x10x4 = 2,000 J
Work input = effort x distance moved by effort
347.2 x (4x sin 309) = 2,777.6 J
Therefore work done against friction = 2,777.6 — 2,000 =
777.6J
e) The screw: - the distance between two successive
threads is called the pitch
V.R of screw = circumference of screw head / pitch P
=2nr /P
Example
A car weighing 1,600 kg is lifted with a jack-screw of 11
mm pitch. If the handleis 28 cmfrom the screw, find the
force applied.
Solution
Neglecting friction M.A = V.R
VR=2nr /P=MA=L/E
1,600 / E = (2rix 0.28) / 0.011
E =(1,600 x 0.011 x 7) / 22x2x0.28 =10 N
f) Gears: - the wheel in which effort is applied is called
the driver while the load wheel is the driven wheel.
V.R = revolutions of driver wheel / revolutions of
driven wheel
Or
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V.R = no.of teeth in the driven wheel/ no. of teeth in
the driving wheel

Example

g) Pulley belts: -these are used in bicycles and other
industrial machines

V.R = radius of the driven pulley / radius of the
driving pulley

h) Hydraulic machines
V.R = R?2 / r?2 where R- radius of the load piston and
r- radius of the effort piston
Example
The radius of the effort piston of a hydraulic lift is 1.4 cm
while that of the load piston is 7.0 cm. This machine is
used to raise a load of 120 kg at a constant velocity
through a height of 2.5 cm. given that the machine is 80%
efficient, calculate;
a) The effort needed
b) The energy wasted using the machine
Solution
a) V.R=R2/1r2=(7x7)/ 1.4x%x 1.4 =25

Efficiency = M.A / V.R = (80 /100) x 25 = 20

But M.A = Load / Effort = (120x10) / 20 =60 N
b) Efficiency = work output / work input = work done
on load (m g h) /80

= (120 x 10x 2.5) / work input

80 / 100 = 3,000 / work input
Work input = (3,000 x 100) /80 = 3,750 J
Energy wasted = work input — work output

= 3,750 - 3,000 = 750 J

CHAPTER FIVE
CURRENT ELECTRICITY
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Electric potential difference and electric current

Electric current

Electric potential difference (p. d) is defined as the
work done per unit charge in moving charge from
one point to another. It is measured in volts.
Electric current is the rate of flow of charge. P. d is
measured using a voltmeter while current is measured
using an ammeter. The SI units for charge is amperes
(A).

Ammeters and voltmeters

In a circuit an ammeter is always connected in series
with the battery while a voltmeter is always connected
parallel to the device whose voltage is being measured.

Ohm’s law

This law gives the relationship between the voltage
across a conductor and the current flowing through it.
Ohm’s law states that “the current flowing through a
metal conductor is directly proportional to the
potential difference across the ends of the wire
provided that temperature and other physical
conditions remain constant’

Mathematically V a I

So V /I = constant, this constant of proportionality is
called resistance

V /I = Resistance (R)

Resistance is measured in ohms and given the symbol
Q

Examples

1. A current of 2mA flows through a conductor of
resistance 2 kQ. Calculate the voltage across the
conductor.

Solution
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V=IR=(2x 103 x (2 x 103 =4V,

2. A wire of resistance 20Q is connected across a
battery of 5 V. What current is flowing in the circuit?
Solution

[=V/R=5/20=0.25A

Ohmic and non-ohmic conductors

Ohmic conductors are those that obey Ohms law(V a
I) and a good example is nichrome wire i.e. the
nichrome wire is not affected by temperature.
Non-ohmic conductors do not obey Ohms law i.e.
bulb filament (tungsten), thermistor couple, semi-
conductor diode etc. They are affected by temperature
hence non-linear.

Factors affecting the resistance of a metallic
conductor
1. Temperature — resistance increases with increase in
temperature
2. Length of the conductor- increase in length increases
resistance
3. Cross-sectional area— resistance is inversely
proportional to the cross-sectional area of a conductor
of the same material.
Resistivity of a material is numerically equal to the
resistance of a material of unit length and unit cross-
sectional area. It is symbolized by p and the units are
ohmmeter (2m). It is given by the following formula;

p = AR /lwhere A — cross-sectional area, R —
resistance, | — length
Example
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Given that the resistivity of nichrome is 1.1x 10-°Qm,
what length of nichrome wire of diameter 0.42 mm is
needed to make a resistance of 20 Q?

Solution

p=AR /[, hencel =RA/ p =20 x 3.142 x (2.1x104) /
1.1 x 106=2.52m

Resistors

Resistors are used to regulate or control the
magnitude of current and voltage in a circuit
according to Ohms law.

Types of resistors

i) Fixed resistors — they are wire-wound or carbon
resistors and are designed togive a fixed resistance.

1) e ed AW Variable resistors — they
\( ( { W\ 'i ( ﬁ/ *J=  con: @enresstr rheostat and
o potentiometer. The
resistance can be varied by sliding a metal contact to

generate desirable resistance.

sliding contact
melal rod
gz current __ current out
T s e—

u"gi I L&I
Y O

insulate-inductive coil of nichrome wire
constantan wire

Wire-wound resistor

Resistor combination
a) Series combination
Consider the following loop
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Since it is in series then,

Vr=V:1+ Vy + V3

The same current (I) flows through the circuit
(resistors), hence

IRr=1I (R;: + Rz + R3), dividing through by I, then
Rr=R; + R; + R3

Therefore for resistors connected in series the
equivalent resistance (Reg) is equal to the total sum of
their individual resistances.

Req = R1 + R2 + Rs

b) Parallel combination
Consider the following circuit

/—M.L

Total current is given by;
It =1, +I2 + Is. But I+ = V1/Rr = V1/R1 + V2/R2 + V3/R3
Since in parallel, Vr = V1 =V, = V3
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Then 1/Rr=1/R; + 1/R; +1/R3, for ‘n’ resistors in
parallel

1/Rr=1/R; +1/R; +1/R3;............ 1/R,
If only two resistors are involved then the equivalent
resistance becomes

1/Req=1/R;1 + 1/R2=(R:1 + R2)/ R1 R2

Examples
1. Calculate the effective resistance in the following

580 7Q
4Q \ \
1
e
8 Q
Solution
This reduces to
A28
4Q B c
- c
4Q 488
—f = 1 .

80
{a) (D)

Combining the two in parallel;

1/Req = (R1 + R2)/Ri R2 =20/96

1/Req = 20/96, therefore Req = 96/20 = 4.8 Q
Lastly combining the two in series;
Then R =4 Q +4.8Q =8.8Q
2. In the diagram below, a current of 0.8 A, passing
through an arrangement of resistors as shown below.
Find the current through the 10 Q resistor.
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10 Q2

A T

30 Q[] 400
Solution
Combining those in series
=0.8A 209 then this can be replaced by
12 [} .
P two resistors of 60 Q and 40

Q.

Current through 10 Q = (p.d. between P and R)/ (30 +
10) Q

p.d between P and R = 0.8 x Req. Req = (40 X 60)/ 40 +
60 = 2400/ 100 = 24 Q

p.d across R and P = 0.8 x 24 (V=IR)

therefore, current through 10 Q =19.2 / 10 + 30 = 0.48
A

Electromotive force and internal resistance
Electromotive force (e.m.f.) is the p.d across a cell
when no current is being drawn from the cell. The
p.d across the cell when the circuit is closed is referred
to as the terminal voltage of the cell. Internal resistance
of a cell is therefore the resistance of flow of current that

The current flowing through the circuit is given by the
equation,

Current = e.m.f / total resistance

I=E/R + rwhere E — e.m.f of the cell
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Therefore E=I(R+r)=IR+Ir=V+1Ir
Examples
1. A cell drives a current of 0.6 A through a resistance
of 2 Q. if the value of resistance is increased to 7 Q the
current becomes 0.2 A. calculate the value of e.m.f of the
cell and its internal resistance.
Solution
Let the internal resistance be T’ and e.m.f be ‘E’.
UsingE=V+Ir=IR+1Ir
Substitute for the two sets of values for I and R
E=0.6x(2+0.61r)=12+0.36r
E=0.6x(7x02r)=14+0.12r
Solving the two simultaneously, we have,
E=15vand R=0.5Q
2. A battery consists of two identical cells, each of e.m.f
1.5 v and internal resistance of 0.6 Q, connected in
parallel. Calculate the current the battery drives through
a 0.7 Q resistor.
Solution
When two identical cells are connected in series, the
equivalent e.m.f is equal to that of only one cell. The
equivalent internal resistance is equal to that of two
such resistance connected in parallel. Hence Req = R1 Ro
/ Ri+R,=(0.6%x0.6) /0.6+0.6=0.36/1.2=0.3Q
Equivalent em.f=1.5/ (0.7 +0.3) = 1.5 A
Hence current flowing through 0.7 Q resistoris 1.5 A

CHAPTER SIX

WAVES II

Properties of waves

Waves exhibit various properties which can be
conveniently demonstrated using the ripple tank. It
consists of a transparent tray filled with water and a
white screen as the bottom. On top we have a source of
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light. A small electric motor (vibrator) is connected to
cause the disturbance which produces waves.

3577) The wave
: - fronts
/ | represent
. wave
patterns as

they move
; along.

Rectilinear
propagation
This is the
property of the waves travelling in straight lines and
perpendicular to the wave front. The following diagrams
| represent rectilinear
mddent waves % propagation of water
waves.
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Refraction

This is the change of direction of waves at a
boundary when they move from one medium to
another. This occurs when an obstacle is placed in the
path of the waves. The change of direction occurs at the
boundary between deep and shallow waters and only
when the waves hit the boundary at an angle.
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(d)

Diffraction of waves

This occurs when waves pass an edge of an obstacle or a
narrow gap, they tend to bend around the corner and
spread out beyond the obstacle or gap.
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(c)

(@) (f)

Interference of waves

This occurs when two waves merge and the result
can be a much larger wave, smaller wave or no
wave at all. When the waves are in phase they add up
and reinforce each other. This is called a constructive
interference and when out of phase they cancel each
other out and this is known as destructive interference.
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A ripple tank can be used to produce both constructive
anddestructive waves as shown below in the following
diagram.

Interference in sound

Two loud speakers L; and L, are connected to the same
signal generator so that sound waves from each of them
are in phase. The two speakers are separated by a
distance of the order of wavelengths i.e. 0.5 m apart for
sound frequency of 1,000 Hz.
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signal

generator l LA

If you walk along line AB about 2m away from the
speakers, the intensity of sound rises and falls
alternately hence both destructive and constructive
interference will be experienced.
Stationary waves
They are also known as standing waves and are formed
when two equal progressive waves travelling in opposite
direction are superposed on each other. When the two
speakers are placed facing each other they produce
standing waves. A rope tied at one end will still produce
stationary waves.

(a)

(b)

CHAPTER SEVEN

ELECTROSTATICS II

Electric fields

An electric field is the space around a charged body
where another charged body would be acted on by a
force. These fields are represented by lines of force. This
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line of force also called an electric flux line points in the
direction of the force.

Electric field patterns

Just like in magnetic fields, the closeness of the electric
field-lines of force is the measure of the field strength.
Their direction is always from the north or positive to
the south or negative.

. | ;
N ‘ b4
- B \\ /
;'/ | AN e _":'7“'\_-4
L PARN

Electric field pattern for an isolated
Electric field pattern for an isolated negative charge

positive charge

4

Pc >
/ e —
{ - \
|V \
S =
[\ =
, Vi TSR A - e
Electric field pattern for appositive

Electric field pattern for a dipole charge and a line of charge

Charge distribution on conductors’ surface

A proof plane is used to determine charge distribution
on spherical or pear-shaped conductors. For an isolated
sphere it is found that the effect is the same for all
points on the surface meaning that the charge is evenly
distributed on all points on the spherical surface. For
appear-shaped conductor the charge is found to be
denser in the regions of large curvature (small radius).
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The density of charge is greatest where curvature is
greatest.

insulating stand

stand

Charge distribution for an isolated spherical Charge distribution for an isolated pear-shaped
conductor conductor

Charges on or action at sharp points

A moving mass of air forms a body with sharp points.
The loss of electrons by molecules (ionization) makes
the molecules positively charged ions. These ions tend
to move in different directions and collide producing
more charged particles and this makes the air highly
ionized. When two positively charged bodies are placed
close to each other, the air around them may cause a
spark discharge which is a rush of electrons across the
ionized gap, producing heat, light and sound in the
process which lasts for a short time. Ionization at sharp
projections of isolated charged bodies may sometimes
be sufficient to cause a discharge. This discharge
produces a glow called corona discharge observed at
night on masts of ships moving on oceans. The same
glow is observed on the trailing edges of aircrafts. This
glow in aircrafts and ships is called St. Elmo’s fire.
Aircrafts are fitted with ‘pig tails’ on the wings to
discharge easily.

The lightning arrestors
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Lightning is a huge discharge where a large
amount of charge rushes to meet the opposite
charge. It can occur between clouds or the cloud and
the earth. Lightning may not be prevented but
protection from its destruction may be done through
arrestors. An arrestor consists of a thick copper strip
fixed to the outside wall of a building with sharp spikes.

H  fcm o

1

y

oppe: plets. (unBergmnd)

Capacitors and capacitance

A capacitor is a device used for storing charge. It
consists of two or more plates separated by either a
vacuum or air. The insulating material is called
‘dielectric’. They are symbolized as shown below,

Aapacitor Q:E’IT!_!'FPﬂJl .

Capacitance C = Q / V where Q- charge and V —
voltage.

The units for capacitance are coulombs per volt (Coul
/volt) and are called farads.

1 Coul/ volt = 1 farad (F)

1 uF = 10°F and 1pF = 10'?

Types of capacitors are;

a) Paper capacitors

b) Electrolyte capacitors

c) Variable capacitors

d) Plastic capacitors
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e) Ceramic capacitors

f)  Mica capacitors

Factors affecting the capacitance of a parallel-plate
capacitor

1. Distance between the plates: - reducing separation
increases capacitance but the plates should not be very
close to avoid ionization which may lead to discharge.
2. Area of plate: - reduction of the effective area leads
to reduction in capacitance.

3. Dielectric material between plates: - different
materials will produce different capacitance effects.
Charging and discharging a capacitor

1| = 1
S, l o
S, "“—®__& i I | When the switch S; is
o closed the capacitor
.

charges through

— resistor R and
discharges through the

same resistor when switch S» is closed.

Applications of capacitors

1. Variable capacitor: - used in tuning radios to enable
it transmit in different frequencies.

2. Paper capacitors: - used in mains supply and high
voltage installations.

3. Electrolytic capacitors: - used in transistor circuits
where large capacitance values are required.

Other capacitors are used in reducing sparking as a car
is ignited, smoothing rectified current and increasing
efficiency in a. c. power transmission.

Example
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A capacitor of two parallel plates separated by air has a
capacitance of 15pF. A potential difference of 24 volts is
applied across the plates,

a) Determine the charge on the capacitors.

b) When the space is filled with mica, the capacitance
increases to 250pF. How much more charge can be put
on the capacitor using a 24 V supply?

Solution

a) C=Q / Vthen Q=VC, hence Q = (1.5 x 10-12) x 24
= 3.6 x 10-10 Coul.

b) Mica C = 250pF, Q = (250 x 10-12) x 24 = 6 x 10-°
Coul.

Additional charge = (6 x 109) — (3.6 x 10-19) = 5.64 x 109
Coul.

Capacitor combination
1. Parallel combination — for capacitors in parallel the
total capacitance is the sum of all the separate

capacitances.
Cr=C;+Co+C3 +...0u0ueeee

2. Series combination — for capacitors in series, the
reciprocal of the total capacitance is equal to the sum of
the reciprocals of all the separate capacitances.
1/Cr=1/C;1+1/Cx+1/C3

For two capacitors in series then total capacitance
becomes,

Cr=(C1Cz) / (C1 + C3)

Examples
1. Three capacitors of capacitance 1.5uF, 2uF and SuF
are connected to a potential difference of 12 V as shown.
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Find;
a) The combined capacitance
b) The charge on each capacitor
c) The voltage across the 2 uF capacitor
Solution
a 1/Cr=1/15+1/3.0+1/20=3/2 hence Cr =
0.67 uF
b) Total charge, Q =V C, (2/3 x 10¢) x 12.0V = 8 x
106 =8 uC.
c) The charge is the same for each capacitor because
they’re in series hence = 8 uC.
d V=0Q/C,thenV=8uC/2uF=4V.
2. Three capacitors of capacitance 3 uF, 4 uF and 5 uF

are arranged as shown.
. 4 pF .
Find ) the effective
capacitance.
— —
3 uF
| F
S5 uF
Solution

Since 4 uF and 5 uF are in parallel then, Cr = 9 uF,
then the 9 uF is in series with 3 uF,

Hence Cr =27/ 12 = 2.25 uF
3. Calculate the charges on the capacitors shown
below.
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2 uF
{ll 3 uF

L

4 uF

| Solution
1'(')'0'1\'7 The 2 uF and 4 uF are
in parallel then combined
capacitance = 6 uF

The 6 uF is in series with the 3 uF capacitor hence
combined capacitance = 18 / 9 = 2 uF

Total charge Q = CV then Q = (2.0 x 10%) x 100 =
2.0 x 104C

The charge on the 3 uF capacitor is also equal to 2.0
x 104 C

The p.d across the 3 uF capacitor=>V=Q / C =>
(2.0 x 104)/ 3.0 x 10-6

=2/3%x10%2=66.7V

The p.d across the 2 uF and 4 uF is equal to 100 V -
66.7 V=33.3V,

Hence Q; = CV =2.0 x 106 x 33.3 = 6.66 x 10°5C

Q2=CV=40%x10°x33.3=1.332x%x 104C
N.B
Energy stored in a capacitor is calculated as;
Work done (W) = average charge x potential
difference

W=7 QV or ¥= CV?

Example
A 2 uF capacitor is charged to a potential difference of
120 V. Find the energy stored in it.
Solution
W=11%LCV2="Y%x2x10°6x 1202=1.44 x 102 J

CHAPTER EIGHT
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HEATING EFFECT OF AN ELECTRIC CURRENT
When current flows, electrical energy is transformed
into other forms of energy i.e. light, mechanical and
chemical changes.

Factors affecting electrical heating
Energy dissipated by current or work done as current
flows depends on,

a) Current
b) Resistance
c) Time

This formula summarizes these factorsas, E=I2R t, E
=IVtorE=V2t/R

Examples

1. Aniron box has a resistance coil of 30 Q and takes a
current of 10 A. Calculate the heat in kJ developed in 1
minute.

Solution
E=12Rt=102x30x60=18 x 104 =180 kJ

2. A heating coil providing 3,600 J/min is required
when the p.d across it is 24 V. Calculate the length of the
wire making the coil given that its cross-sectional area is
1 x 107 m? and resistivity 1 x 106 Q m.

Solution

E=Pthence P=E /t=3,600 / 60 =60 W

P = V2 / R therefore R = (24 x 24)/ 60 = 9.6 Q
R=pl/A, I=(RA)/p=(9.6x1x107) /1x10°=0.96
m

Electrical energy and power
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In summary, electrical power consumed by an electrical
appliance is given by;

P=VI
P=I°’R
P=V?/R

The SI unit for power is the watt (W)

1W=1J/sand 1kW = 1,000 W.
Examples
1. What is the maximum number of 100 W bulbs which
can be safely run from a 240 V source supplying a
current of 5 A?
Solution
Let the maximum number of bulbs be ‘n’. Then 240 x 5
= 100 n
So ‘n’ = (240 x 3)/ 100 = 12 bulbs.
2. An electric light bulb has a filament of resistance 470
Q. The leads connecting the bulb to the 240 V mains have
a total resistance of 10 Q. Find the power dissipated in
the bulb and in the leads.
Solution
Req = 470 + 10 = 480 Q, therefore I = 240 / 480 = 0.5 A.
Hence power dissipated =12 R = (0.5)2x470=117.5 W
(bulb alone)
For the leads alone, R=10Q andI=0.5 A
Therefore power dissipated = (0.5)2 x 10 = 2.5 W.

Applications of heating of electrical current

1. Filament lamp — the filament is made up of
tungsten, a metal with high melting point (3.400 °C). It
is enclosed in aglass bulb with air removed and argon or
nitrogen injected to avoid oxidation. This extends the life
of the filament.

2. Fluorescent lamps — when the lamp is switched on,
the mercury vapour emits ultra violet radiation making
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the powder in the tube fluoresce i.e. emit light. Different
powders emit different colours.

Electrodes

= TR
— /L\g/z

é// //Z A //é

Mercury/ / Fluorescent

vapour Glass powder

3. Electrical heating — electrical fires, cookers e.tc.
their elements are made up nichrome ( alloy of nickel
and chromium) which is not oxidized easily when it
turns red hot.

Bright metal reflector

TS
Mains I\oad (N AN

\Hoalmconl
(a) Radiant heator (b} Electric cooker cofl 4 Fuse _ thlS
is a short length ) of wire of a
material with low Q F]'—*? | ) melting point
(often thinned A e wire camage  COpPpeET) which

melts when current through it exceeds a certain value.
They are used to avoid overloading.

CHAPTER NINE

QUANTITY OF HEAT

Heat is a form of energy that flows from one body to
another due to temperature differences between them.
Heat capacity

Heat capacity is defined as the quantity of heat required
to raise the temperature of a given mass of a substance
by one degree Celsius or one Kelvin. It is denoted by ‘C’.
Heat capacity, C = heat absorbed, Q / temperature
change 0.
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The units of heat capacity are J / °Cor J / K.
Specific heat capacity.
S.H.C of a substance is the quantity of heat
required to raise the temperature of 1 kg of a
substance by 1 °C or 1 K. It is denoted by ‘c’, hence,

c = Q / m O where Q — quantity of heat, m — mass
and® — change in temperature.
The units for ‘¢’ are J kg! K1. Also Q = m c 0.
Examples
1. A block of metal of mass 1.5 kg which is suitably
insulated is heated from 30 °C to 50 °C in 8 minutes and
20 seconds by an electric heater coil rated54 watts. Find;
a) The quantity of heat supplied by the heater
b) The heat capacity of the block
c) lIts specific heat capacity
Solution
a) Quantity of heat = power x time = P t
= 54 x 500 = 27,000 J
b) Heat capacity, C=Q / 6 = 27,000 / (50 — 30) =
1,350 J Kg1 K-!
c) Specific heat capacity,c=C /m=1,350/ 1.5 =
900 J Kg1 K1
2. If 300 g of paraffin is heated with an immersion
heater rated 40 W, what is the temperature after 3
minutes if the initial temperature was 20 °C? (S.H.C for
paraffin = 2,200 J Kg! K!).
Solution
Energy = Pt=m c 0 = Q = quantity of heat.
Pt=40x 180 =7,200d
m = 0.30 kg c = 2,200, 0 = ..?
Q=mcH6,06=Q / mc=7,200 / (0.3 x 2,200) = 10.9 °C
3. A piece of copper of mass 60 g and specific heat
capacity 390 J Kg! K! cools from 90 °C to 40 9C. Find the
quantity of heat given out.
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Solution
Q=mcH,=60x103x390x50=1,170J.

Determination of specific heat capacity

A calorimeter is used to determine the specific heat
capacity of a substance. This uses the principle of
heat gained by a substance is equal to the heat lost by
another substance in contact with each other until
equilibrium is achieved. Heat losses in calorimeter are
controlled such that no losses occur or they are very
minimal.

(e
Y|

e thermomater

stirrer —( ‘——*'Wﬁ._ !
3 { cover
e = r—'__—:é)
TR | y
3 N A
inner container b ’ \
(aluminium or \1%‘. | L ~——lagging

copper)

hot or cold Y
liquid - —outer
jacket

Examples

1. A 50 W heating coil is immersed in a liquid contained
in an insulated flask of negligible heat capacity. If the
mass of the liquid is 10 g and its temperature increases
by 10 °C in 2 minutes, find the specific heat capacity of

the liquid.

Solution

Heat delivered (P t) = 50 x 2 x 60 = 2,400 J

Heat gained =0.1xcx10d

Therefore ‘c’ =2,400 / 0.1 x 10 = 2,400 J Kg'!
K-1
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2. A metal cylindermass 0.5 kg is heated electrically. If
the voltmeter reads 15V, the ammeter 0.3A and the
temperatures of the block rises from 20 9C to 85 °C in ten
minutes. Calculate the specific heat capacity of the metal
cylinder.

Solution

Heat gained = heat lost, VIt=mc 0
15x3%x10x60=0.5%cx65

c=(15x3 x600)/ 0.5 x65=3831J Kg! K!

Fusion and latent heat of fusion
Fusion is the change of state from solid to liquid.
Change of state from liquid to solid is called
solidification. Latent heat of fusion is the heat energy
absorbed or given out during fusion. Specific latent heat
of fusion of a substance is the quantity of heat energy
required to change completely 1 kg of a substance at its
melting point into liquid without change in temperature. It
is represented by the symbol (L), we use the following
formula,

Q=mlLy
Different substances have different latent heat of fusion.
Factors affecting the melting point
a) Pressure
b) Dissolved substances
Specific latent heat of vaporization is the quantity of heat
required to change completely 1 kg of a liquid at its
normal boiling point to vapour without changing its
temperature. Hence

Q=mL,
The SI unit for specific latent heat of vaporization is J /
Kg.
Example
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An immersion heater rated 600 W is placed in water.
After the water starts to boil, the heater is left on for 6
minutes. It is found that the mass of the water had
reduced by 0. 10 kg in that time. Estimate the specific
heat of vaporization of steam.

Solution
Heat given out by the heater = Pt = 600 x 6 x 60
Heat absorbed by steam =0.10 x Ly

Heat gained = heat lost, therefore, 600 x 6 x 60 = 0.10 x
L,=2.16 x 106J / Kg

Evaporation

Factors affecting the rate of evaporation

a) Temperature

b) Surface area

c) Draught (hot and dry surrounding)

d) Humidity

Comparison between boiling and evaporation
Evaporation Boiling

1. Takes place at all temperature - takes

place at a specific temperature

2. Takes place on the surface (no bubbles formed)-
takes place throughout the liquid ( bubbles formed)

3. Decrease in atmospheric pressure increases the rate
—decreases as atmospheric pressure lowers
Applications of cooling by evaporation

a) Sweating

b) Cooling of water in a porous pot

c) The refrigerator

CHAPTER TEN
THE GAS LAWS
Pressure law
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This law states that “the pressure of a fixed mass of
a gas is directly proportional to the absolute
temperature if the volume is kept constant’. The
comparison between Kelvin scale and degrees Celsius is
given by; 0° = (273 + ) K, and T (K) = (T - 273) °C.
Examples

1. A gas in a fixed volume container has a pressure of
1.6 x 10° Pa at a temperature of 27 9C. What will be the
pressure of the gas if the container is heated to a
temperature of 277°C?

Solution

Since law applies for Kelvin scale, convert the
temperature to kelvin

Ty =270C = (273 + 27) K=300 K

Ty = 2270C = (273 + 277) = 350 K

P; / Ti1 = P2 / Ty, therefore P2 = (1.6 x 105 x 550 / 300 =
2.93 x 105 Pa.

2. At 20°C, the pressure of a gas is 50 cm of mercury.
At what temperature would the pressure of the gas fall to
10 cm of mercury?

Solution

P / T = constant, P1 / T1 = P2 / Ta, therefore T2 = (293 %
10) / 50 = 58.6 K or (— 214.4 °C)

Charles law

Charles law states that “the volume of a fixed mass of
a gas is directly proportional to its absolute
temperature (Kelvin) provided the pressure is kept
constant’. Mathematically expressed as follows,
Vi/Ti1=V2 /[ T>

Examples

1. A gas has a volume of 20 cm?3 at 27°C and normal
atmospheric pressure. Calculate the new volume of the
gas if it is heated to 549C at the same pressure.
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Solution

Using, Vi1 / T1 = V2 / Ty, then V, =(20 x 327) / 300 =
21.8 cms3.

2. 0.02m3 of agas is at 27 9C is heated at a constant
pressure until the volume is 0.03 m3. Calculate the final
temperature of the gas in °C.

Solution

Since Vi / T1 =Va / Ts, T2 = (300 x 0.03) / 0.02 =450 K
Or 177°C

Boyle’s law
Boyle’s law states that “the pressure of a fixed mass
of a gas is inversely proportional to its volume
provided the temperature of the gas is kept
constant’. Mathematically expressed as,

P1 V1 = Pz Vz
Examples
1. A gas in a cylinder occupies a volume of 465 ml
when at a pressure equivalent to 725 mm of mercury. If
the temperature is held constant, what will be the volume
of the gas when the pressure on it is raised to 825 mm of
mercury?
Solution
Using, P1 V1 = Py Vg, then Vy = (725 x 4635) / 825 = 409
ml.

2. The volume of air 26 cm long is trapped by a mercury
thread 5 cm long as shown below. When the tube is
inverted, the air column becomes 30 cm long. What is the
value of atmospheric pressure?
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Air
30 cm

Mercury

5cm |

Solution  Ar—
Before inversion, gas
pressure = atm. Pressure + hpg

After inversion, gas pressure = atm. Pressure - hp g
From Boyle’s law, P; Vi = P> V5 then let the atm.
Pressure be %,

So (x +5) 0.26 = (x-5) 0.30

0.26x+ 1.30=0.3x-1.5,x=2.8/ 0.04 =70 cm.

5cm

A general gas law
Any two of the three gas laws can be used derive a
general gas law as follows,

P, Vi / T1= P> V> / TzOT

P V /T = constant — equation of state for an ideal
gas.
Examples
1. A fixed mass of gas occupies 1.0 x 103 m3 at a
pressure of 75 cmHg. What volume does the gas occupy
at 17.0 9C if its pressure is 72 cm of mercury?
Solution
PV / T = constant so Vi = (76 x 1.0 x 103 x 290) / 273
x72 =1.12 x 10-3 m3.
2. A mass of 1,200 cm3 of oxygen at 27°C and a
pressure 1.2 atmosphere is compressed until its volume
is 600 cm3 and its pressure is 3.0 atmosphere. What is
the Celsius temperature of the gas after compression?
Solution
Since P; V3 / Ti=Py Vs / TQ, then Ty = (3 x 600 x 300) /
1.2 x 1,200 = 375 K or 102 °C.
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PHYSICS FORM FOUR NOTES

CHAPTER ONE

THIN LENSES

A lens is conventionally defined as a piece of glass which
is used to focus or change the direction of a beam of
light passing through it. They are mainly made of glass
or plastic. Lens are used in making spectacles, cameras,
cinema projegtors, microscopes and telescopes.

Types of thinilens

A lens which\s thicker at itsgentre than at its
edges converges lightvand.issatled convex or
converging lerig@ Aderssowbiich is thicker at its
edges than a¥ts cefiffe diverg€s light and is
known as congave of diverging lens.

biconcave plano-concave diverging meniscus
Fig. 1.1(b) Diverging lenses

Properties of lenses



1. Optical centre - this is the geometric centre of a lens
which is usually shown using a black dot in ray
diagrams. A ray travelling through the optical centre
passes through in a straight line.

2. Centre of curvature - this is the geometric centre of
the circle of which the lens surface

is part of. Since lenses have two surfaces there are two
centres of curvature. C is used to denote one centre
while the other is denoted by C!.
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3. Principal axis - this is an imaginary line
which passes through the optical centre at right
angle to the lens.

4. Principal focus - this is a point through
which all rays travelling parallel to the principal
axis pass after refraction through the lens. A lens
has a principal focus on both its sides. F is used

to denote the prmmpa%u% LLS
S. Fogat leﬂgth - thig/ls the 1stance between

thz({ptlcal centie a the\Prmmpal focus. It is
def ted by T f \
T ’ 3

c‘: éh‘?’rF c /

! //

IS .~ principal

-
- -
---------

0 axis

The pr1nc1pa1 focus for a convergmg ns is 1

o\ o

5\ & drvergmg ortant-te-

2 al foc - il
een the optical centre-and the _ge_:_r_ljt.l;e__

ire as it :1s in mlrrors Y

s.——-!——o' :' 7

Fig. 1.4 (a) Principal foci of a converging
lens

(b) Principal foci of a diverging lens



Images formed by thin lenses

The nature, size and position of the image

formed by a particular lens depends on the

position of the object in relation to the lens.
Construction of ray diagrams

Three rays are of particular importance in the
construction of ray diagrams.

1. A ray of light travelling parallel to the principal axis
passes through the principal focus on refraction through
the lens. In case of a concave lens the ray is diverged in
a way that it appears to come from the principal focus.
2. A ray of light travelling through the optical

centre goes un-deviated along the same path.

3. A ray of light travelling through the principal

focus is rfefracted parallel to the principal axis

on passing through the lens. The construction

e
v

¢

Imaées formed by a converging lens.
IWQetween the lens and the principal focus.

2| P \N

'
i
¢
\J



-Image formed behind the object

-Virtual
-Erect
-Magnified
2. Object at infinity.
&

Of . F 2F

2F F N
-Image formed at the prindipal foc f the lens
-Real
-Inverted !
-Diminished

3. Object at the principal focus (at F).

2F  F i

-Image is at infinity.
4. Object between the principal focus (F) and 2 F.

—ImagE"situated' beyond 2 F



-Real
-Inverted
-Magnified

5. Object at 2 F.

-Image is formed at 2 F
-Real

-Inverted

-Same size as the object
6. Object beyond F.

-Image moves nearer to F as object shifts further beyond
2 F

-Real

-Inverted

-Diminished

196 |Physics Form 1-4 Teacher Daniel Online



Images formed by a diverging lens.

Images formed by diverging lens are always erect,
virtual and diminished for all positions of the
object.

2F O F | F

Linear magnification

The linear magnification produced by a lens defined as the ratio
of the height of the image to the height of the object, denoted by
letter ‘m’, therefore; m = height of the image / height of the
object. Magnification is also given by = distance of the image
from the lens/ dist. of object from lens. m=v / u

Example

An object 0.05 m high is placed 0.15 m in front of a convex

lens of focal length 0.1 m. Find by construction, the position,
nature and size of the image. What is the magnification?
Solution

Let 1 cm represent 5 cm. hence 0.05 m = 5 cm = 1 cm - object height
0.15m=15cm =3 cm

0.1 m = 10 cm = 2 cm - focal length.
3 3 P — F 4 '
- oF
;
a) Image formed is - image is beyond 2 F

-Inverted



-Real
-Magnified

b) Magnification=v /u=30cm / 15 cm = 2.
The lens formula

Let the object distance be represented by ‘u’, the
image distance by v’ and the focal length by 1,
then the general formula relating the three
quantities is given by;

1 /f=1/u+ 1/ v-thisis the lens formula.

Examples

1.An object is placed 12 cm from a converging lens of
focal length 18 cm. Find the position of the image.
Solution

Since it is a converging lens f = +18 cm (real-
is-positive and virtual-is-negative rule)

The object is real therefore u = +12 cm,
substituting in the lens formula, then 1 / f=1
/u+l/vorl/v=1/f-1/u=1/18-1

/ 12=-1/ 36

Hence v = - 36 then the image is virtual, erect
and same size as the object.

2. The focal length of a converging lens is found

to be 10 cm. How far should the lens be placed

from an illuminated object to obtain an image

which is magnified five times on the screen?

Solution

f=+10cmm=v/u=5hencev=5u

Using the lens formula 1 /f=1/u+1/v=>1/10=
1/u+1/5u(replacingvwithd5u)1/10=6/ 5u,
hence 5 u = 60 giving u = 12 cm (the lens should be
placed 12 cm from the illuminated object)
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3. The lens of a slide projector focuses on an
image of height 1.5m on a screen placed 9.0 m
from the projector. If the height of the picture on
the slide was 6.5 cm, determine,

a) Distance from the slide (picture) to the lens
b) Focal length of the lens

Solution

Magnification = height of the image / height of
the object=v /u =150/ 6.5=900 /uu =39
cm (distance from slide to the lens). m = 23.09
1/f=1/u+1/v=1/39+

1 /90 =0.02564 + 0.00111 1

/ £=0.02675 (reciprocal

tables)

f=37.4 cm.
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Determining focal lengths

1. Determining focal length of a converging lens
Experiment: To determine the focal length of a
converging lens using the lens formula.
Procedure

1. Set np. thg apparatug as hown below

nate:
object

ray
box I

u v
metre rule

2. Place the object at reasonable length from the screen

until a real image is formed on the screen. Move the lens

along the metre rule until a sharply focused image is
btained

3By changmg-the polsition of the object obtain several

pairs of value of u and v and record your results as

shown.

U v uv uv/u+v

Discussion ¥
The value

u + v is the focal length of the lens and the
different sets of values give the average value of 1. Alternatively
the value fynay be obtained by plotting a graph of 1 / v against
1 / u. When jplotted the Tellowing graph is obtained.




Sincel /f=1/u+1 /v, atthe y-intercept 1 / u =0,
sothat1/f=1/vorf=vwv.

The focal length may therefore be obtained by reading off
the y-intercept and finding the reciprocal. Similarly at
the x-intercept, 1 / v=0, therefore 1 /f=1/uorf=u
hence the focal length can also be obtained by reading
off the x-intercept and finding the reciprocal.

Uses of lenses on optical devices

1. Simple microscope- it is also referred to as
magnifying glass where the image appears clearest at
about 25 cm froms: the eye- This distance is known as the
least distance of distt i @ or near vision.

| F! o)
D

Magnification in a simple microscope
Magnification produced depends on the focal length of
the lens. Lens of short focal give greater magnification
than those of long focal length. The angle 8 subtended
by the i image at the gye is much greater than a which is

_____ ‘t?ﬁyect would subtend at the eye when

viewed Wlthout thes . The ratip of the 8 toa is known
as ang i n a&fymg power of an
instrument. The angular'magnification is equal to linear

magnification.
(@)

le
g

X




Uses of a simple microscope

1. To study the features of small animals in biology
2. To look closely at small print on a map

3. To observe crystals in physics and chemistry

4. For forensic investigation by the police

2. Compound microscope - It consists of two
lenses with one nearer the object called the
objective lens and the other ngeagg‘l;n;the eye

called the eyepigge Jen C

L F, E, 1, ) /F_ '
. ° \‘//

e

e
e ——
o
—

o

Compound microscope

Uses of compound microscope

1. Used to observe Brownian motion in science
2. To study micro-organisms and cells in biology
3. Analyze laboratory tests.indospital.

4. The astronomlcal telesﬁ%’ﬂ[t is used to view distant
stars .cditco s ‘objeetive-and eye-piece
lenses Abj al length while
the SCAD ength.
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S. The camera - consists of a converging lens
system, clicking button, shutter, diaphragm and
a mounting base for the film all enclosed in a
light proof box. The distance is adjusted to
obtain a clear focus. The diaphragm has a hole
called the aperture with an adjusting control
knob to control the gmount of hght rervtering the
camera. The shuttef;¥petrgeto a@ light and
close at a given timg,inte ai ;

diaphragm 2

adjusting ring /
shutter

Uses of a camera

1. The sine camera is used to make motion pictures

2. High speed cameras are used to record movement of
particles

3. Close circuit television cameras (CCTV) are

used to protect high security installations like

banks, supermarkets etc.

4. Digital cameras are used to capture data that can be
fed to computers.

5. Human eye - It consists of a transparent

cornea, aqueous humour and a crystal-like lens

which form a converging lens system. The ciliary
muscles contract or relax to change the curvature
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of the lens. Though the image formed at the
retina is inverted the brain ‘sees’ the image as
upright. For distant objects ciliary muscles relax
while near objects it contracts to control the focal
length and this is knowg,assaccommodation.

- vitreous
humour

optic

aqueous N\ ¥ nerve

humour

Common gye defects

rays from a point : ::’Qnectlor're ns
1. 8§ ’ 1o by NESS1OT 3 d:vergoasysw
: N hted - o
eyeball is to@. e the el ocal lepeth’

of the eye. The-d efect is corrected b37 E}aeing a

Fig. 1.26~ Short-sightedn Fig. 1.27 Correction of short-sightedness
conéave lens 1n tront of thé&

eye.

s

normal near point long-sightedness comvelion

2. Long sightédness 6f myopia- immo
Fﬁfﬁqe&nﬁém%he retina' ’I;l:.l?29%€§e(¢::1;oé%ng-sigmodnou

corrected by placing a converging lens in front
of the eye.



3. Presbyopia - this is the inability of the eye to
accommodate and this occurs as the eye ages

due to the weakening of the ciliary muscles. It

can be corrected by the use a pair of spectacles.

4. Astigmatism - this is a defect where the eye

has two different focal lengths as a result of

the cornea not being spherical. Corrected by

the use of cylindrical lens.

5. Colour blindness- caused by deficiency of colour
detecting cells in the retina.

Power of lens

The power of a simple lens is given by the

formula: Power = 1 / f. The unit for power of a

lens is diopter (D).

Example

Find the power of a concave lens of a focal length 25 cm.
Solution

Power=1/f=1/-0.25 =-4 D.

CHAPTER TWO

UNIFORM CIRCULAR MOTION

Introduction

Circular motion is the motion of bodies travelling
in circular paths. Uniform circular motion occurs
when the speed of a hody moving in a circular
path is constant. This can be defined as motion of
an object at g eor
of constant pa
of velocities)|is &ffect¢dl towards the centre of the
path of motioq it is Known as centripetal
acceleration and the force producing this
centripetal acceleration which is also directed




towards the centre of the path is called
centripetal force.

Angular motion

This motion can be described as the motion of a
body moving along a circular path by giving the
angle covered in a certain time along the path of
motion. The angle covered in a certain time is
proportional to the distance covered along the
path of motion.

The radian
One radian is the angle subtended at the centre of the
circle by an arc of length equal to the radius of the circle.
Since one circle = 360%nd has 2 it radians therefore 1
radian = 3600 / 2 it r=
57.2969 or 57.39.
Example
A wheel of radius 50 cm is rolled through a quarter turn.
Calculate
(i)The angle rotated in radians
(ii) The distance moved by a point on the circumference.
Solution
() A quarter turn = 360° / 4= 900°. Since 360° = 2 &t
radians.
Alternately since 1 radian = 57.30
hence 90° 1.57 radii. (ii) A point
on the circumference moves
through an arc,

Arc = radius %0 (0
in radians)
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=50 cm x 1.57

=78.5 cm.

Angular velocity

If a body moving in a circular path turns through an
angle 6 radians in time ‘t’, we define angular velocity
omega (), as the rate of change of the angle 6 with time.
»= 0 / t, unit for angular velocity is radians per second
(rads-1). Since the radian measure is a ratio we can write
it as second-! (s'!). We can establish the relationship
between angular velocity ‘@’ and linear velocity v’, from
the relation, 6 = arc / radius, arc = radius x

0.Dividing the expression by t’, then arc / t =

radius, but arc / t = v (angular velocity). So Vv’ =

radius x ®. This expression gives us the

relationship between angular and linear velocity.

Angular acceleration

If the angular velocity for a body changes

from ‘®;’ to ‘w2’, in time 1’ then the angular
acceleration, a can be expressed as;

a= (02 -wi1) / t

Units for angular acceleration are radians per
second squared (rad s2) or second (s2). When a
is constant with time, we say the body is moving
with uniform angular acceleration.

Note: In uniform circular motion a is equal to
Zero.

To establish the relationship between angular
acceleration and linear acceleration, from the
relation, v = radius x o, then dividing by t’, we
get (v / t) =radius x @ / t.

Butv / t = a (linear acceleration)and w / t = a
(angular acceleration).
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So a = radius x q.

Centripetal force

This is a force which acts on a body by
directing the body towards its centre . Since
the direction is continuously changing, the
velocity therefore cannot be constant.

v m

Applying Newton’s law of motion (F =

ma), the centripetal force F. is given by;

Fc = ma =mv?/R. Since v = radius o,

then Fc = mv? - ®¥/R = mR®2. The

centripetal acceleration ‘a’ in relation to

angular velocity, , is given by a = R®?2.

Motion in a vertical circle

Con31der a mass ‘m’ tied to a string of length ¢’ and
movin vertical circle as shown below.

%

At position 1- both weight (mg) and tension T are in the



same direction and the centripetal

force is provided by both, hence Ti1 + mg = mv2/r. T; =
mv?/r - mg.(The velocity decreases as

Tidecreases since mg is constant).Tiwill be zero when
mvZ/r = mg and thus v = y- this is the

value of minimum speed at position 1 which

keeps the body in a circle and at this time when

T = 0 the string begins to slacken.

At position 2- the ‘mg’ has no component

towards the centre thus playing no part in

providing the centripetal force but is provided by

the string alone.

To = mv2/r

At position 3- ‘mg’ and T are in opposite directions,
therefore;

T3 - mg = mv2/r; Ts = mv2/r + mg- indicates that

the greatest value of tension is at Ts or at the

bottom of the circular path.

Examples

1. A ball of mass 2.5 x 102 kg is tied to a string

and whirled in a horizontal circular path at a

speed of 5.0 ms2. If the string is 2.0 m long,

what centripetal force does the string exert on

the ball?

Solution

Fc=mv?/r=(2.5x 102 x 52/ 2.0=0.31 N.

2. A car of mass 6.0 x 103 kg is driven around a
horizontal curve of radius 250 m. if the force of friction
between the tyres and the road is 21,000 N. What is the
maximum speed that the car can be driven at on a bend
without going off the road?

Solution

Fc = force of friction = 21,000, also Fc = mvZ2/r, hence
21,000 = (6.0 x 103) x v2 / 250, v2 = (21,000 x 250) /6.0
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x 108

3. A stone attached to one end of a string is
whirled in space in in a vertical plane. If the
length of the string is 80 cm, determine the
minimum speed at which the stone will

describe a vertical circle. (Take g = 10 m/s?).
Solution

Minimum speed v = V =y x10=2.283 m/s.

The conical pendulum

It consists of a small massive object tied to the end of a
thin string t1ed to affixed rigid support.

The objectis‘thetrpulled at an angle then made to whirl

in a h@f'zo al circle.

horizontal

'
'
)
4 i
--_____‘:____/ circle
A S
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When speed of the object is constant the angle 0
becomes constant also. If the speed is

increased theangle 6 increases, that is the
object rises and describes a circle of bigger
radius. Therefore as the angular velocity
increases T’ also increases.

The centrifuge

It consists of a small metal container tubes
which can be electrically or manually rotated in a
circle. If we consider two particles of different
masses miand ma each of them requires a
centripetal force to keep it in circular motion, the
more massive particle require a greater force and

so & grepterradius-and-therefore it moves to the

@ particle of larger mass = m,
e particle of smaller mass = m,

This method is used to separate solids and liquids faster
than using a filter paper.

Banked tracks

As a vehicle moves round a bend, the
centripetal force is provided by the sideways
friction between the tyres and the surface, that
is;

Centripetal force = mv?/r = frictional force

To enable a vehicle to turn along a bend at high
speed the road is raised on the outer edge to



attain a saucer-like shape and this is known as
banking, where part of the centripetal force
necessary to keep the vehicle on track is
provided by the weight of the vehicle. This allows
cars to negotiate bends at critical speeds.

Application of uniform circular motion

1. Centrifuges - they are used to separate liquids of
different densities i.e. cream and milk

2. Drying clothes in spin dryer- clothes are

placed in a perforated drum rotated at high

speed, water is expelled through the holes and

this makes the clothes dry.

3. Road banking- especially for racing cars

which enables them to move at critical speed

along bends without going off the tracks.
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4. Speed governor- the principle of conical pendulum is
used here to regulate the speed by controlling the fuel
intake in the combustion chamber. As the collar moves
up and down through a system of levers it thereby
connect txcjlevice which controls the fuel intake.

m

from
fuel pump

collar___g//f/?: Z 2
. /a levers - D 4——L
A==

\ l /‘__ rotation

to driver

CHAPTER THREE

FLOATING AND SINKING

Any object in a liquid whether floating or submerged
experiences an upward force from the liquid; the force is
known as upthrust force. Upthrust force is also known
as buoyant force and is denoted by letter u’.

Archimedes’ principle

Archimedes, a Greek scientist carried out first
experiments to measure upthrust on an object in
liquid in the third century. Archimedes principle
states that ‘When a body is wholly or partially
immersed in a fluid (liquid/ gas), it experiences
an upthrust equal to the weight of the

displaced fluid”.

Experiment: To

demonstrate

Archimedes principle
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Procedure

1. Pour water into an overflow can (eureka can) until it starts
to flow out then wait until it stops dripping

2. Tie a suitable solid body securely and suspend it
on a spring balance. Determine weight in air.

3. Lower the body slowly into the overflow can while
still attached to the spring balance then read off its
weight when fully submerged.

4. Weigh the displaced water collected in a beaker.
Record your readings as follows;

Weight of body in air = W)

Weight of body in water = W»

Weight of empty beaker = W3

Weight of beaker and displaced liquid =

W4 Upthrust of the body = Wi-W2

Weight q displacec%’?water = W4 - W3
o, weight

in water " l]
L weight J
,ﬁin a?rh ”7;'

Qerﬂow can
o : - beaker
liquid
displaced
Discussion

The upthrust on the solid body will be found to be

equal to the weight of displaced water therefore
demonstrating the Archimedes principle.

Example

A block of metal of volume 60 cm?3 weighs 4.80 N

in air. Determine its weight when fully submerged

in a liquid of density 1,200 kgm-3.

Solution

Volume of liquid displaced = 60 cm3 = 6.0 x 10-> m3.

spring
balance

e



Weight of the displaced liquid = volume x density X
gravity =vxpxg
= 6.0 x 105 x 1200 x 10 =
0.72 N
Upthrust = weight of the liquid displaced.
Weight of the block in the liquid = (4.80 - 0.72) = 4.08 N.
Floating objects
Objects that float in a liquid are less dense
than the liquid in which they float . We have to
determine the relationship between the weight
of the displaced liquid and the weight of the
body.
Experiment: to demonstrate the law of
floatation Procedure
1. Weigh the block in air and record its weight as W;.
2. Put water into the overflow can (eureka can) up to the
level of the spout.
3. Collect displaced water in a beaker. Record
the weight of the beaker first in air and record as
W,. Weigh both the beaker and the displaced
water and record as Ws.

4. Rﬁmme procedure-with-keyosene and record
yout| oWy below:.

W, Wo | W3 W - W,

Water
Kerosene

5. What” ou notice between W; and W3 - W,

block of wood

e S I I I o



Discussion

The weight of the displaced liquid is equal to the
weight of the block in air. This is consistent
with the law of floata-tion which states that “A
body displaces its own weight of the liquid in
which it floats”. Mathematically, the followi-ng
relation can be deduced

Weight = volume x density X gravity =v x p x g,
therefore

W = v 4 X p x gwhere vq4is the volume of
displaced liquid.

NOTE - Floatation is a special case of
Archimedes principle. This is because a floating
body sinks until the upthrust equals the weight
of the body.

Example

A wooden block of dimensions 3 cm x 3 cm x 4

cm floats vertically in methylated spirit with 4 cm

of its length in the spirit. Calculate the weight of

the block. (Density of methy-lated spirit = 8.0 X

102 kgm-3).

Solution

Volume of the spirit displaced = (3 x 3 x 4) = 36 cm3= 3.6
x 10> m3

Weight of the block =v 4 x p x g= (3.6 x 10-°) x 8.0 x 102
x 10 =2.88 x 10-1 N.

Relative density

We have established the relative density as the
ratio of the density of a substance to the
density of water. Since by the law of floatation
an object displaces a fluid equal to its own
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weight hence the following mathematical
expressions can be established.
Relative density = density of substance / density of
water.
= weight of substance / weight of equal volume of
water

= mass of substance / mass of
equal volume of water
Applying Archimedes principle, the relative
density‘d’; d = weight of substance in air / upthrust
in water or d = W / u Since upthrust is given by (W2
- Wi)where W, - weight in air, W2- weight when
submerged. Henced =W /u=W / W, - Wy, the

acfapal-density, p—pf an(@bjeet can be obtained as
follows ) ,000 kgm-3

Rélati f a floating body

EXperl 1Nn€

the rel

cork .F

Lsink@E1EX eavy enough to make the
Coadt
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3. Record the results obtained as follows
Weight of the sinker in water = W,
Weight of the sinker in water and cork in
air = Wy Weight of the sinker and cork in
water = W3

Weight of the cork in air = W -W;
Upthrust on the cork = W3 - W3

The relative density of the cork in air is determined as
follows;
d = weight of the cork in air / upthrust on the cork.

Applications of Archimedes principle and relative density
1. Ships - steel which is used to make ships is

6-7 times dense than water but a ship is able to

float on water because it is designed to displace

more water than its volume. Load

lines called plimsoll marks are marked on the

side to indicate the maximum load at different
seasons to avoid overloading.

2. Submarines - they are made of steel and

consists of ballast tanks which contain water

when they have to sink and filled with air when

they have to float. This makes the submarines

to balance their weight and be able to rise

upwards.

3. Balloons - when they are filled with helium gas
balloons become lighter and the upthrust on the balloon
becomes greater than their weight therefore becoming
able to rise upwards.

4. Hydrometers - they are used to measure the
relative densities of liquids quickly and conveniently.
Various types of hydrometers are made to measure
different ranges of different densities i.e. lactometer -

219 |Physics Form 1-4 Teacher Daniel Online



for measuring milk water (range 1.015 - 1.045),
battery acid tester - used to test the charge in a lead-
acid battery.

Examples

1. A solid of mass 1.0 kg is suspended using a
thread and then submerged in water. If the
tension on the thread is 5.0 N, determine the
relative density of the solid.

Solution

Mass of solid = 1.0 kg

Weight of solid W =mg =10 N

Tension on the string (T) =5 N

Upthrust on solid (u) =

W-T=10-5=35

Relative density (d) = W

/u=10/5=2.

2. A balloon made up of a fabric weighing 80 N
has a volume of 1.0 x 107 cm. the balloon is filled
with hydrogen of density 0.9 kgm-3. Calculate the
greatest weight in addition to that of the
hydrogen and the fabric, which the balloon can
carry in air of average density

1.25 kgm-3.

Solution

Upthrust = weight of the air displaced

= volume of air x density

x gravity = (1.0 x 107 x

106) x (1.25 x 10) = 10 %

1.25 x 10=125 N

Weight of hydrogen = 10 x 0.09 x 10 =9 N
Total weight of hydrogen and

fabric=80+9 =89 N

Total additional weight to be
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lifted = 125 - 89 = 36 N.

3. A material of density 8.5 gcm™3 is attached to a piece
of wood of mass 100g and density 0.2 gcm=3. Calculate
the volume of material X which must be attached to the
piece of wood so that the two just submerge beneath a
liquid of density 1.2 gcm -3.

Solution

Let the volume of the material be V cm3

The mass of the material be 8.5 V grams

Volume of wood = 100 g / 0.2 g/cm = 500 cms3.

In order to have an average density of 1.2

gcm-3 = total mass / total volume

Therefore (100 + 8.5V) / (500 +V) =1.2

gcm3

Hence V = 68.5 cm3.

CHAPTER FOUR
ELECTROMAGNETIC:SPEETRUM
Electron}zagnetio spectgiiy, ig,g continuum of all

electrg:mé‘éﬁ%a&”&@“ rranged according to

freq y and wagpelength. It includes visible
light, a-vi ays, mj aves, X-rays, radio
W : omagnetic waves
ar¢produ en elegtrnigally charged particles

oscillate or chhange energy in some way. The
waves travel perpendicularly to both electric and
magnetic fields.
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Wavelength, frequency and energy of electromagnetic
waves.

X-rays and gamma rays are usually described in
terms of wavelength and radio waves in terms of

frequency.

The electromagnetic spectrum

It is divided into seven major regions or bands. A

band consists of a range of frequencies in the

spectrum in terms of frequencies i.e. radio,

microwaves, infra -red.

Properties of electromagnetic waves

Common properties

1.They do not require a material medium and can travel
through a vacuum.

ii. They undergo reflection, refraction and diffraction.
iii. All electromagnetic waves travel at the speed of light
i.e. 3 x 108 ms-1.

iv. They cargy no ele’g ric chargﬁwave,en

v. They transfer edergy from a sourpeg'f’dh)a receiver in the

. 0»] i L 10.
ondQrm of oscillafing electric and magnetic fields. _ 4.,
- amma @ys——| [*
v vie They,obey the 2 (F100 oo 10n 107 100
| 100 . L 10 1 1 1 1
A /\ 0% = 10 W1
radio 10w : L 10-
Lw MW sv;va\: 107 X3 :g' :
s ) RTTTHITT VIO
v \/ 100 ultraviolet L_ 10+ ke
T T ] ; 101 4 T
10° 100 100 100 10% VISIBLE . 10+ ;
low —— S infrared L 10+ ;
7 - 10+
10n .
18: | [ 1os
10‘: microwaves - 10+ 1oy
il short radio waves L 10+

100 -

:g:l }~ television and FM radio—( : :0| m
1 MHZ10¢ 8 i‘*— AM radio — - 102
L 10° 1km

10° -
100 A ).

10¢ + b long radio waves

equation (Vs 400

J

N
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Examples

1. A VHF radio transmitter broadcasts radio waves

at a frequency of 30 M Hz. What is their wavelength?
Solution

v=fA=>thenA=v /{=3.0x 108 / 300 x 10% = 1.00 m.
2. Calculate the frequency of a radio wave of wavelength
150 m.

Solution

v=fA=>f=v /A=2.0x%x10%=2 M Hz.

Unique properties

1. Radio waves- they are further divided into
long waves (LW), medium waves (MW) and short
waves (SW). They are produced by electrical
circuits called oscillators and they can be
controlled accurately. They are easily diffra-cted
by small objects like houses but not by large
objects like hills.

2. Microwaves - they are produced by oscillation

of charges in special aerials mounted on dishes.

They are detected by special receivers which

convert wave energy to sound i.e. ‘RADAR’ -
Radio Detection and Raging.

3. Infra-red radiation - infra-red radiations close to
microwaves are thermal (produce heat) i.e. sun, fire
but those closer to the visible light have no thermal
properties i.e. TV remote control system. Detectors of
infra-red radiation are the human skin, photographic
film etc.

4. Optical spectrum (visible light) - they form a tiny
part of the electromagnetic spectrum. Sources include
the sun, electricity, candles etc. these have
wavelengths visible to the human eye and includes the

224 |Physics Form 1-4 Teacher Daniel Online



optical spectrum (ROYGBIV). It is detected through

the eyes, photographic films

and photocells.

S. Ultra-violet rays (UV) - has shorter wavelength than
visible light. It is emitted by very hot objects i.e. the sun,
welding machines etc. Exposure to UV rays may cause
skin cancer and cataracts. They can be detected through
photographic film.

6. X-rays - they have very short wavelength but

are high energy waves. They are produced in X-

ray tubes when high speed electrons are stopped

by a metallic object. They are detected by the use

of a photographic film or a fluorescent screen.

7. Gamma rays - produced by some radioactive
materials when large changes of energy occur

inside their nuclei. They can be detected by the

use of photographic films, Geiger Muller tube or

a cloud chamber.

Applications of electromagnetic radiation

1. Radio waves - they are used in radio, TV and cellular
mobile communications.

-Used in military communications (satellite

imagery) to form an image of the ground even

when there are clouds.

2. Microwaves - used in radar communications by
giving direction and distance.

-Used in speed guns by the police to detect over
speeding.

-Used in microwave ovens to warm food. The

food becomes warm by absorbing energy.

-Used reliably for communication (telephone and
computer data).

3. Infra-red radiation - used to produce images of hot
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objects through the colours

-Produced by the amount of heat dissipated by an object.
-Images produced by satellites give important
information on vegetation cover in all areas of

the globe. They can also detect fires.

-They are used in hospitals to detect illnesses
(diagnosis)

-Used in warfare missiles and burglar alarm

systems

-Used in green houses to grow crops

4 .Visible light - used by plants in remote sensing
and humans in the identification of things

-Used by plants in the process of photosynthesis

5. Ultra-violet (UV) radiation - used to make reflective
materials which absorb light and re-emit it as visible
light.

-Used in banks to detect fake currency

6. X-rays - used in hospitals to detect fractures, broken
bones and in treatment of cancer (radiotherapy).

-Used to detect foreign materials in the body i.e. metals
-Used to detect invisible cracks in metal castings and
welding joints

7. Gamma rays - used to sterilize medical instruments
-Used to kill weevils in grain

-Used to take photographs same way like X-rays.

motion
4

CHAPTE Z—s
ELECT IC INDUCTION
Electromagnetism is the geffect resulting from the
interaction |between an el¢ctric current and a
magnetic field. Thiseffelt brings about induced
electromagnetic € (e.m.f) and the

resulting current is called induced current.




Experiments on electromagnetic induction
Consider the following diagram

When the wire is moved up the galvanometer deflects in
one direction then the opposite direction when moved
downwards. When moved horizontally or held in a fixed
position there is no deflection in the galvanometer. This
shows that e.m.f is induced due to the relative motion of
the wire or the magnet.

Factors affecting the magnitude of the induced e.m.f
1. The rate of relative motion between the

conductor and the field - if the velocity of the
conductor is increased the deflection in the

conductor increases.

2. The strength of the magnetic field - a stronger
magnetic field creates a bigger deflection

3. The length of the conductor - if the length is
increased in the magnetic field the deflection

increases.

Faraday’s law of magnetic induction

After considering the factors affecting the
magnitude of the induced e.m.f, Michael
Faraday came up with a law which states that
“The induced e.m.f in a conductor in a magnetic
field is proportional to the rate of change of the
magnetic flux linking the conductor”.
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Lenz’s law of electromagnetic induction

This law is used to determine the direction of the
induced current in a conductor. It states that “An
induced current flows in such a direction that its
magnetic effect opposes the change through which the
current has been produced”. It is applied similarly when
a wire is.beén moyed,in magnetic field.

(thumb)
f'eld G\
fieid

(1st finger)
\eurr ent
current
(2nd finger)

Fleming’s right hand rule.

The law states that “The first finger, the second
finger and the thumb of the right hand when
placed mutually perpendicular to each other, the
first finger points in the direction of the field and
the thumb in the direction of motion then second
finger points in the direction of the induced
current”. This law is also called the generator
rule.

Applications of electromagnetic induction
1. A.c generator/alternator- a generator is a
device which produces electricity on the basis
of electromagnetic induction by continuous
motion of either a solenoid or a magnet. It
consists of an armature made of several turns
of insulated wire wound on
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field magnet
armature

soft iron core and revolving freely on an axis between the
poles of a powerful magnet. Two slip rings are connected
to the ends of the armature with two carbon brushes
rotating on the slip ring.

coil

90° 4nd minimum value at270°. This brings about
commutator i

alternating ®ftrent and the corresponding voltage (e.m.{)
is the alternating voltage. They are used in car
alternators and H.E.P.

2. D.c generator/alternator- in this case the
commutators replaces the slip rings to enable

the output to move in one direction. After a
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rotation of 1809, instead of current reversing, the
connections to the external circuit are reversed
so that currentdirection flows in one direction.
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3. Moving coil microphone- it consists of a coil wound
on a cylindrical cardboard which opens into a
diaphragm. The coil is placed between the poles of a
magnet as.shown.

diaphragm [§_——|-——

coil

to
loudspeaker

As sound waves hit the diaphragm, they

vibrate and move the coil which produces

induced current into the coil and then it flows

to the loudspeakers.

Eddy currents

They are composed of loops of current which have a

magnetic effect opposing the force producing them.
~plate with slits is used the loops are cut

effective current icall

N
N\ copper plate copper plate

g. 5.17 Eddy currents in a plate ig. 5.18 Eddy currents in a plate with slits

Practically eddy currents are reduced by laminating
metal plates. Armatures of electric generators and
motors are wound on laminated soft iron cores. The
lamination slices, which are quite thin are glued together
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by a non-conducting glue and this reduces eddy
currents to an almost negligible value. Eddy currents are
useful in moving coil meters to damp the oscillations of
the armature when the current is switched off.

Mutual induction

Mutual induction is produced when two coils are
placed close to each other and a changing
current is passed through one of them which in
turn produces an induced e.m.f in the second
coil. Therefore mutual induction occurs when a
changing magnetic flux in one coil links to
another coil.

Applications of mutual induction

1. The transformer- it converts an alternating voltage
across one coil to a larger or smaller alternating voltage
across the other. Since H.E.P is lost through
transmission lines therefore it is stepped down before it
being transmitted and stepped up again at the point of
supply lines. In a step up transformer the number of
turns in the secondary

0011 (Ns) is hlghqr than the number of turns in the




Step down transformer

Examples

1. A current of 0.6 A is passed through a step up
transformer with a primary coil of 200 turns and a
current of 0.1 A is obtained in the secondary coil.
Determine the number of turns in the secondary coil and
the voltage across if the primary coil is connected to a
240 V mains.

Solution

Np /Ns=Vp /Vs=Ip/Is=Ns

= (0.6 x 200) / 0.1 = 1200 turns

Vp = 240 V hence Vs = (240 x

1200) / 200 = 1440 V

2. A step-up transformer has 10,000 turns in the
secondary coil and 100 turns in the primary coil. An
alternating current of 0.5 A flows in the primary circuit
when connected to a 12.0 V a.c. supply.

a) Calculate the voltage across the secondary coil

b) If the transformer has an efficiency of 90%, what is
the current in the secondary coil?

Solution

a) Vs =(Ns / Np) xV,=(10,000 x 12) / 100 = 1200 V
b) Power in primary = P, = [, xVp,=5.0 x 12 =60 W
Efficiency = Ps / P, x 100% but Ps = I Vi

Is = (60 x 90) / (1200 x 100) = 0.045 A

Energy losses in a transformer.

Loss of energy in a transformer is caused by;

1) Flux leakage- this may be due to poor transformer
design
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i1))Resistance in the windings-it is reduced by using
copper wires which have very lowresistance

iii) Hysteresis losses- caused by the reluctance of the
domains to rotate as the magnetic field changes polarity.
Reduced by using materials that magnetize and
demagnetize easily like soft iron in the core of the
transformer.

iv)Eddy currents- reduced by using a core made of thin,
well insulated and laminated sections.

Uses of transformers

1. Power stations - used to step up or down to curb
power losses during transmission

2. Supplying low voltages for school laboratories

3. Low voltage supply in electronic goods like radios,
TVs etc.

4. High voltage supply in cathode ray oscilloscope (CRO)
for school laboratories.

3. Induction coil -was developed in 1851 by
Heinrich Ruhmkortt. It has both secondary
and primary coils with an adjustable spark gap.
4. Car ignition system - it is applied in petrol
driven engines where a spark plug is used to
ignite petrol vapour and air mixture to run the
engine.
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CHAPTER SIX
MAINS ELECTRICITY

Sources of mains electricity

Mains electricity comes from a power station and its current is the
alternating current which can either be stepped up or down by a
transformer. A.c is produced when a conductor is rotated in a magnetic
field or when a magnetic field is rotated near a conductor. This method is
known as electromagnetic induction. The source of energy for rotating the
turbine is the actual source of electrical energy. Most of the electricity in
East Africa is generated from water.

Power transmission

This is the bulk transfer of electric power from one place to

another. A power transmission system in a country is referred

to as the national grid. This transmission grid is a network of

power generating stations, transmission circuits and sub-

stations. It is usually transmitted in three phase alternating

current. generator 3-phase step-down transformer  step-down  substation  substation
Grid input “'3“5'“'53‘0“ grid swilching and \ransformer  step-down  slep-down
P . sub-transmission and distribution transformer lransformer

At the generatingiidht -“ o QWER, js produced at a gelatively low voltage
of up to 25 kV then ste ped b By e po hn— lon rgmgf Amer ngi?v

400 L for fran$iiegion A iskrationified By Avaktedganbibsm{ligh -+
voltage to mmﬁzemr@ 0S$a%dl NE CADIRSKAEe Thad 5 “aluminium

because it i gFé s derise thamrcopper—Metallic poles (pyl caUrry fourn
cables, one|f se-and the fourth is the ne J g (Wwhichl|is
thinner anc i it't6°thle generatpt
Grid exit heavy industry light industry
At sub-stat 't O”e
a lower voltag dndus wes}e?dnqodomesu@man users -
users. The ¢ <ok SUD-tramsapssIon ( C% kV to 132 kV) 3@“
and distriblition (11 ¥¥V) which is then finally hv/e' wires

transforme(ﬁl to a vol '. -mé OV for the neutral or return wire is
Zezzz v not shown on the diagram

to step down volta;
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Electricity distribution

This is the penultimate process of delivery of electric
power . It is considered to include medium voltage (less
than 50 kV) power lines, low voltage (less than 1,000 V)
distribution, wiring and sometimes electricity meters.

Dangers of high voltage transmission

1. They can lead to death through electrocution

2. They can cause fires during upsurge

3. Electromagnetic radiations from power lines elevate
the risk of certain types of cancer

Electrical power and energy

Work done = volts X coulombs = VQ, but Q =
current x time =1 t. So work done =V It

Other expressions for work may be obtained by
substituting V and I from Ohms law as below V
=IRandI=V /R,workdone=1IRxIt=12Rt,
or work done=VxVt/R=V2t /R

The three expressions can be used to calculate
work done. Electrical power may be computed
from the definition of power. Power = work /
time =12Rt/t=12RorV2t/Rt=V2 /R
Using work done = V1t, then Power =V I.

These expressions are useful in solving problems
in electricity. Work done or electrical energy is
measured in joules (J) and power is measured in
watts (W). 1 W=1J/s.

Example

An electric heater running on 240 V mains has a current
of 2.5 A.

a) What is its power rating?

b) What is the resistance of its element?
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Solution

a) Power =V I=240 x 2.5 =600 W. Rating is 600 W,
240 V.

b) Power=V / R=600W.R=V /I.R=240/ 2.5 =96
Q.

Costing electricity

The power company uses a unit called kilowatt
hour (kWh) which is the energy transformed by a
kW appliance in one hour. 1 kW = 1,000 W x 60 x
60 seconds = 3,600,000 J. The meter used for
measuring electrical energy uses the kWh as the
unit and is known as joule meter.

Examples

1. An electric kettle is rated at 2,500 W and uses a
voltage of 240 V.

a) If electricity costs Ksh 1.10 per kWh, what is the cost
of running it for 6 hrs?

b) What would be its rate of dissipating energy if
the mains voltage was dropped to 120 V?

Solution

a) Energy transformed in 6 hrs = 2.5 x 6 = 15 kWh.
Cost =15 % 1.10 x 6 = Ksh 99.00

b) Power = V2 / R =2500. R = (240 x 240) /2500 =
23.04 Q.

Current =V / R = (240 x 2500) / (240 x 240) = 10.42
A Power =V I= (2500 x 120) / 240 = 1,250 W.

2.An electric heater is made of a wire of resistance 100 Q
connected to a 240 V mains supply. Determine the;
a) Power rating of the heater

b) Current flowing in the circuit

c) Time taken for the heater to raise the
temperature of 200 g of water from 23°C to
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959C. (specific heat capacity of water = 4,200 J

Kg! K-1)

d) Cost of using the heater for two hours a

day for 30 days if the power company charges

Ksh 5.00 per kWh.

Solution

a) Power =V2 / R= (240 x 240) / 100 =576 W

b) P=VI=>>1=P/V=5376/240=24A

c) P xt=heat supplied = (m c9) =576 xt=0.2 x 4200
X 72.

Hence t = (0.2 x 4200 x 72) / 376 = 105 seconds.

d) Cost = kWh x cost per unit = (0.576 x 2 x 30) x 5.0 =
Ksh 172.80

3.A house has five rooms each with a 60 W, 240 V bulb.
If the bulbs are switched on fro7.00 pm to 10.30 pm,
calculate the;

a) Power consumed per day in kWh

b) Cost per week for lighting those rooms if it costs 90
cents per unit.

Solution

a) Power consumed by 5 bulbs = 60 x 5 = 300

W = 0.3 kWh. Time = 10.30 - 7.00 = 3 -

hrs.Therefore for the time duration = 0.3 x 3 %2 =

1.05 kWh.

b) Power consumed in 7 days = 1.05 x 7 = 7.35 kWh.
Cost = 7.35 x 0.9 = Ksh 6.62

Domestic wiring system

Power is supplied by two cables where one line is
live wire (L) and the other is neutral (N).
Domestic supply in Kenya is usually of voltage
240 V. The current alternates 50 times per
second hence the frequency is 50 Hz. The neutral
is earthed to maintain a zero potential. The main
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fuse is fitted on the live wire to cut off supply in
case of a default. A fuse is a short piece of wire
which melts if current of more value flows
through it. Supply to the house is fed to the joule
meter which measures the &b%mg .

From the meter both L and N ca m
' 1
ablée a{2way switch

x (fusesesguthso

bl -

] a8 Ny
| ( Consumer

circuit breake

default 11;}1
controlled by a si

In n W‘NII'lng systerhs-the mauii—g ckets dre
tEtto Rk trhi ol %

which starts and end at the con
used are the three- pin type.

CHAPTER SEVEN

CATHODE RAYS

These are streams of electrons emitted at the
cathode of an evacuated tube containing an
anode and a cathode.

Production of cathode rays



They are produced by a set up called a discharge
tube where a high voltage source usually
referred to as extra high tension (EHT) supply
connected across a tube conta-ining air at low
pressure thereby producing a luminous electron
discharge between the two brass rods placed at
opposite ends of the tube. These electron
discharges are called cathode rays which were
discovered by J.J Thomson in the 18t century.
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1. They t]khvel in straight lines

2. They ar@pampulate—m nature i.e. negatively charged
electrons o vamm

3. They are affected by both magnetic and

electric fields since they are deflected towards

the positive plates

4. They produce fluorescence in some materials

5. Depending on the energy of the cathode rays

they can penetrate thin sheets of paper, metal

foils

6. When cathode rays are stopped they produce X-rays.
7. They affect photographic plates.

Cathode ray oscilloscope (CRO)

[t is a complex equipment used in displaying waveforms
from various sources and measuring
p.d. It comprises of the following main

components - The %%E.ode ray tubes (CRPprescent screm

con of
grid anodes X-plates
at ates and the
tinfe\bhe (PBK-Thetabdis made of strong gl
to ™ ,/ sieciron beem st
/ S
— +
vacuum

cathode

withstand the pressure difference between the



outside atmospheric pressure and the vacuum
inside. It has a square grid placed in front of it to
allow measurements to be made. The electron
gun produces the electrons with main parts
consisting of a filament, a cathode, a grid and the
anode. Electrons are produced by the cathode
when heated by the filament. The grid is a control
electrode which determines the number of
electrons reaching the screen therefore
determining the brightness of the screen. The Y-
deflection plates deflects the beam up or down.
Clearly observable when low frequency inputs are
applied i.e. 10 Hz from a signal operator. The X-
deflection plates are used to move the beam left or
right of the screen at a steady speed using the
time base circuit which automatically changes
voltage to an a.c. voltage.

When time base control is turned the speed can
be adjusted to produce a waveform.

Examples

1. If the time base control of the CRO is set at 10
milliseconds per cm, what is the frequency of the
wave traced given wavelength as 1.8 cm?
Solution

Wavelength = 1.8 cm. time for complete wave = period =
1.8 x 10 milliseconds / cm

= 18 milliseconds

= 1.8 x 102 seconds.

Frequency T, isgiven by f=1/T=1/ 1.8 x 102 =100
/ 1.8 = 56 Hz.

NOTE: -
The television set (TV) is a type of a CRT with
both Y and X-deflection plates which control the
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formation of a picture (motion) on the screen.
The colour television screen is coated with
different phosphor dots (chemicals) which
produce a different colour when struck by an
electron beam.

CHAPTER EIGHT

X-RAYS

X-rays were discovered by a German scientist
named Roentgen in 1985. They can pass

through most substances including soft tissues
of the body but not through bones and most
metals. They were named X-rays meaning
'unknown rays'.

X-ray production

They are produced by modified discharge tubes
called X-ray tubes. The cathode is in the form of a
filament which emits electrons on heating. The
anode is made of solid copper molybdenum and is
called the target. A high potential difference
between the anode and the cathode is maintained
(10,000 v to 1 OOO OOO ,Q,;,nme) by an external

source S effament is de yp of tungsten and
The elec i @’ s produé 3

changed/intd x-rays 61}1\]@%@ the anode and
getting stopped. Onlyﬂa’ 2% of the energy is
converted into x-rays. Cooling oil is led in and out
of the hollow of the anode to maintain low
temperature. The lead shield absorbs stray x-rays.

supply o
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Energy changes in an X-ray tube.

When the cathode is heated electrons are emitted by
thermionic emission. They acquire electrical energy
which can be expressed as E = e V. Once in motion
the electrical energy is converted to kinetic energy,
that is eV = Y2 me V2.

The energy of an electromagnetic wave can be
calculated using the following equation Energy = h f,
where h- Planck’s constant, f - frequency of the wave.
The highest frequency of the X-rays released

after an electron hits the target is when the

greatest kinetic energy is lost, thatis h f max =

eV.

Lower frequencies are released when the electrons
make multiple collisions losing energy in stages, the
minimum wavelength, A nin, of the emitted X-rays is
given by;

(hc) / A min = €V.

These expressions can be used to calculate the energy,
frequencies and wavelengths of X-rays.

Examples

1.Determine the energy possessed by X-rays whose
frequency is 4 x 1017 Hz.

Solution

E=hf=>6.63 x 1034 x4 x 1017 = 2.652 x 10-16 J.

2. An x-ray tube operates at 60 kV and the current
through it is 4.0 mA. Calculate the,

a) Number of electrons striking the target per second.
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b) Speed of the electrons when they hit the target.
Solution

a) Current through the tube is given by I = ne,

where n- number of electrons striking target

per second and e-electronic charge (e = 1.6 x
10-1°coulombs)

So,n=1/e=(4.0x103) / 1.6 x 1019 =2.5 x

1016 electrons.

b) Kinetic energy = electrical energy

s me v2 = €V, then v = = =2.13 x 108 m/s.
3. An 18 kV accelerating voltage is applied across an X-
ray tube. Calculate;

a) The velocity of the fastest electron striking the target
b) The minimum wavelength in the continuous
spectrum of X-rays produced. (mass of electron-9 x 10-3!
kg, charge on an electron-1.6 x 1019 C, h- 6.6 x 10-34
J/s,c-3 x108m/s)

Solution

a) V=18 x 103V

me = 9 x 1031 kg

e=1.6x1019C

h=6.6x103%J/s

c=3x108m/s

5 me v2 = e v; therefore v = = =8 x 107
m/s’

b)(hc) / A min =€V; A min=hc / eV

A min = (6.6 X 1034x 3 x 108) / (1.6 x 10-19x 18 x 109) =
6.9 x 10-11 m.

Properties of X-rays

i)They travel in straight lines

i1))They undergo reflection and diffraction

iii)They are not affected by electric or magnetic fields
since they are not chargedparticles.

iv)They ionize gases causing them to conduct electricity
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v)They affect photographic films

vi)They are highly penetrating, able to pass easily
through thin sheets of paper, metal foils and body
tissues

vii) They cause fluorescence in certain substances for
example barium platinocynide.

Hard X-rays

These are x-rays on the lower end of their range
(10-11 - 10-8 m) and have more penetrating
power than normal x-rays. They are capable of
penetrating flesh but are absorbed by bones.

Soft X-rays

They are on the upper end of the range and are
less penetrative. They can-enly penetrate soft
flesh and can be used toshow malignant growth
in tissues.

Dangers of X-rays and the precautions

1. They can destroy or damage living cells when over
exposed.

2. Excessive exposure of living cells can lead to genetic
mutation.

3. As a precautionary measure X-ray tubes are shielded
by lead shields.

Uses of X-rays

1. Medicine - X-ray photos called radiographs are
used as diagnostic tools for various diseases. They are
also used to treat cancer in radiotherapy.

2. Industry - they are used to photograph

and reveal hidden flaws .i.e. cracks in metal

casting and welded joints.
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3. Science - since the spacing of atomic

arrangement causes diffraction of x-rays then

their structure can be studied through a process

called X-ray crystallography.

4. Security - used in military and airport installations to
detect dangerous metallic objects .i.e. guns, explosives,
grenades etc.

CHAPTER NINE

PHOTOELECTRIC EFFECT

Photoelectric effect was discovered by Heinrich Hertz in
1887. Photoelectric effect is a phenomenon in which
electrons are emitted from the surface of a substance
when certain electromagnetic radiation falls on it. Metal
surfaces require ultra-violet radiation while caesium
oxide needs a visible light i.e. optical spectrum (sunlight).

Work function

A minimum amount of work is needed to remove an
electron from its energy level so as to overcome the
forces binding it to the surface. This work is known as
the work function with units of electron volts (eV). One
electron volt is the work done when one electron is
transferred between points with a potential difference of
one volt; that is,

1 eV =1 electron x 1 volt

1eV=1.6x101 x 1 volt

1 eV =1.6x 1012 Joules (J)

Threshold frequency

This is the minimum frequency of the radiation that will
cause a photoelectric effect on a certain surface. The
higher the work function, the higher the threshold
frequency.
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Factors affecting the photoelectric effect

1. Intensity of the incident radiation- the rate

of emission of photoelectrons is directly

proportional to the intensity of incident

radiation.

2. Work function of the surface- photoelectrons

are emitted at different velocities with the

maximum being processed by the ones at the

surface.

3. Frequency of the incident radiation- the cut-off
potential for each surface is directly proportional to the
frequency of the incident radiation.

Planck’s constant

When a bunch of oscillating atoms and the energy of
each oscillating atom is quantified i.e. it could only take
discrete values. Max Planck’s predicted the energy of an
oscillating atom to be E = n h f, where n - integer, f -
frequency of the source, h - Planck’s constant which has
a value of 6.63 x 1034 Js.

Quantum theory of light

Planck’s published his quantum hypothesis in 1901
which assumes that the transfer of energy between light
radiation and matter occurs in discrete units or packets.
Einstein proposed that light is made up of packets of
energy called photons which have no mass but they have
momentum and energy given by; E =h f

The number of photons per unit area of the cross -
section of a beam of light is proportional to its intensity.
However the energy of a photon is proportional to its
frequency and not the

intensity of the light.
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Einstein’s photoelectric equation

As an electron escapes energy equivalent to the work
function ‘@’ of the emitter substance is given up. So the
photon energy ‘h f must be greater than or equal to &. If
the ‘h f’ is greater than & then the electron acquires some
kinetic energy after leaving the surface. The maximum
kinetic energy of the ejected photoelectron is given by;
KEmx="2mvmax=hf-®d .. ............... (i), where m
v2max = maximum velocity and mass. This is the
Einstein’s photoelectric equation.

If the photon energy is just equivalent to work function
then, m v2max = (, at this juncture the electron will not be
able to move hence no photoelectric current, giving rise
to a condition known as cut-off frequency, h f., =
Do (ii)

Also the p.d required to stop the fastest photoelectron is
the cut-off potential, V cswhich is given by E = e V
electron volts, but this energy is the maximum kinetic
energy of the photoelectrons and therefore, 2 m v?max = ¢
Vo voennennnnnnn. (iii).

Combining equations (i), (ii) and (iii), we can write
Einstein’s photoelectric equation as, e Vo, =h f- h f
....................... (iv)

NOTE: -- Equations (i) and (iv) are quite useful in solving
problems involving photoelectric effect.

Examples

1.The cut-off wavelength for a certain material is 3.310 X
107" m. What is the cut-off frequency for the material?
Solution

Speed of light ‘c’= 3.0 x 108

m/s. Since f=c / A, then f

= 3.0 x 108 / 3.310 x 107 =

9.06 x 1014 Hz.
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2. The work function of tungsten is 4.52 e V. Find
the cut-off potential for photoelectrons when a
tungsten surface is illuminated with radiation of
wavelength 2.50 x 107 m. (Planck’s constant, h =
6.62 x 10-34 Js).
Solution
Frequency =c /A =3.0x 108 / 2.50 x 10-7.
Energy of photon =h f=6.62 x 10-34 x
(3.0 x 108 / 2.50 x 107) x (1 / 1.6 x 10"
19) = 4,97 eV.
Hence h f, =4.52eV. eV, =4.97¢
V-452eV=045eV=7.2x1020J
Veo=72%x102 /1.6 x 1019=0.45€
V.
3.The threshold frequency for lithium is 5.5 x 104 Hz.
Calculate the work function for lithium. (Take’h’ = 6.626
x 1034 Js)
Solution
Threshold frequency, f, = 5.5 x
1014 Hz, h’ = 6.626 x 1034 Js

®=h{f=25.5x
1014x 6.626 x 1034 = 36.4 x 10-
20
4. Sodium has a work function
of 2.0 e V. Calculate
a) The maximum energy and velocity of the emitted
electrons when sodium is [lluminated by a radiation of
wavelength 150 nm.
b) Determine the least frequency of radiation by which
electrons are emitted.
(Take ‘h’ = 6.626 x 103*Js, e = 1.6 x 10-
19 ¢ =3.0 x 108 m/s and mass of electron
= 9.1 x 1031 kg).
Solution
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a) The energy of incident photon is given by hf=c / A
= (6.626 x 1034 x 3.0 x 108) / 1.50 x 102 = 1.325 x 10-18
J

KE max=hf-®&=(1.325%x 1018) - (2 x 1.6 x 10-19) = 1.0
x 10 -18 J (max. K.‘%hof the emitted electrons)

But K.E max=%mv JThetefore; 1.0 x 10 -18 =1 x 9]
X 10-31 x V2max anode '
Vzmax = (1. Qauh Qinen A9-
velocity of entirrecdsedec
b) d=hfiandfo=d /A, P=2x%x1.6%x 101
fo=(2x 1.6 x1019 / (6.626 x 1034 = 4.8 x
1014 Hz (min. threshold frequency of the
emitted electrons)

0-31)1/2= 1.5 x 106 m/s (max.
.glassbutb

o

light
Applications of p
1. Photo-e

nissive cells- they %,

containing irre perature). The

cathode is a curved metal plate while the anode is
normally a single metal rod)
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They are used mostly in controlling lifts (doors) and reproducing
the sound track in a film. Photoconductive cells - some semi-
conductors such as cadmium sulphide (cds) reduces their
resistance when light is shone at them (photo resistors). Other
devices such as photo-diodes and photo-transistors block
current when the intensity of light increases. Photo-conductive
cells are also known as light dependent resistors (LDR) and are
used in alarm circuits i.e. fire alarms, and also in cameras as
exposure metres.

2. Photo-voltaic cell- this cell generates an e.m.f using light
and consists of a copper disc oxidized on one
surface and a very thin film of gold is deposited over the
exposed surfaces (this thin film allows light). The current
increases with light intensity.
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They are used in electronic calculators, solar panels etc.

CHAPTER TEN

RADIOACTIVITY

Introduction

Radioactivity was discovered by Henri Becquerel in

1869. In 1898, Marie and Pierre Curie succeeded in
chemically isolating two radioactive elements, Polonium
(z=84) and Radium (z=

88). Radioactivity or radioactive decay is the
spontaneous disinter-gration of unstable nuclides to
form stable ones with the emission of radiation. Unstable
nuclides continue to disintegrate until a stable atom is
formed.Alpha (a) and beta (8) particles are emitted and
the gamma rays (Y) accompany the ejection of both alpha
and beta particles.

The nucleus

The nucleus is made up of protons and neutrons. They
are surrou-nded by negatively charged ions known as
electrons. The number of protons is equal to the
number of electrons. Both protons and neutrons have
the same mass. The weight of an electron is relatively
small compared to neutrons and protons. The number
of protons in an atom is referred to as the proton
number (atomic number) and denoted by the symbol Z
. the number of neutrons is denoted by the symbol N.
Protons and neutrons are called nucleons since they
form the nucleus of an atom. The sum of both the
protons and neutrons is called the mass number A or
nucleon number. Therefore;

A=Z+Nand N=A-Z.

The masses of atoms are conveniently given in terms of
atomic mass units (v) where (uv) is 1/12th the mass of one
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atom of carbon-12 and has a value of 1.660 x 10-27 kg.
Hence the mass of one proton is equal to 1.67 x 10-27
and is equal to 1u.

Radioactive isotopes

[sotopes are elements with different mass
numbers but with equal atomic numbers i.e.
uranium with mass numbers 235 and 238.

Properties of radioactive emissions

a)Alpha (a) particles

They are represented as, hence with a nucleus number 4
and a charge of +2.

Properties

1. Their speeds are 1.67 x 107 m/s, which is 10% the
speed of light.

2. They are positively charged with a magnitude of a
charge double that of an electron.

3. They cause intense ionization hence loosing
energy rapidly hence they have a very short

range of about 8 cm in air.

4. They can be stopped by a thin sheet of paper,
when stopped they capture two electrons and

become helium gas atoms

5. They can be affected by photographic

plates and produce flashes when incident on

a fluorescent screen and produce heating

effect in matter.

6. They are slightly deflected by a magnetic field
indicating that they have comparatively large

masses.

b)Beta (8) particles

They are represented by meaning that they have no mass
but a charge of -1.
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Properties

1. Their speeds are as high as 99.9% or more the speed
of light

2. They are deflected by electric and magnetic

fields but in a direction opposite to that of alpha
particles.

3. Due to their high speed they have a higher
penetrative rate than alpha particles (about 100
times more)

4. They can be stopped by a thin sheet of aluminium
S. Their ionization power is much less intense about
1/100t that of alpha particles.

c)Gamma (Y) particles

They have very short wavelengths in

the order of 10-19 m and below.

Properties

1. They travel at the speed of light.

2. They have less ionization power than that of both
alpha and beta particles

3. They accompany the emission of alpha and beta
particles

4. They carry no electric charge hence they are

not defle-cted by both electric and magnetic

fields.

S. They have more penetrating power than X-rays.
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Fig. 10.2 Effect of an electric field on alpha,
beta and gamma radiations

+
+
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Fig. 10.1 Effect of a magnetic field on
alpha, beta and gamma radiations

L

Detecting nuclear radiation

1. Gold leaf electroscope-the rate of collapse of the leaf depends on the nature and
intensity of radiation. The radioactive source ionizes the air around the electroscope. Beta
particles discharges a positively charged electroscope with the negative charge neutralizing
the charge of hhe:electn%oe. Alpha pa@p&grs%‘ézﬁld similarly discharge a negatively
charged electPEEaPET "S-~ —
To detect both alpha a i irged glectroscope may not be suitable

te
because their ionizatio y not be su@eiently intense making the leaf not to fall
noticeably. copp/er strip T

2. The spark counter - the detector is shown below
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o

’f’ﬁgﬁetector 1S § > fO¥ poha souaycgs due to the
inadéq'u'a:cy‘offl‘lp“ronyzation by both bete and gamma
radiatiQi¥eByw PUtting the source away from the gauze or
placing a sheet of paper between the two one can
determine the range and penetration of the alpha
particles.

3. Geiger Muller (GM) tube- it is illustrated as below

The mica window allows passage of alpha, beta and gamma radiations.
The radiations ionize the gas inside the tube. The electrons move to the
anode while the pb;sEtWe 10nssmeme to the cathode. As the ions are
produced, therg e 8lisi
turn amphﬁr@
shows the totel] on .-' SA‘ff@r each pulse the gas returns to
normal ready f 1 tos‘éﬁféh A small presence of halogen
gas in the tube he s 1n bsormg thepositive ions to reduce further
ionization and het ] n to normal. This is called quenching
the tube.

4. The solid state detector- this detector can be used to detect alpha,
beta and gamma radiations where the incoming radiation hits a reverse
biased p-n junction diode momentarily conducting the radiation and the
pulse of the current is detected using a scaler.

5. The diffusion cloud chamber- this chamber is simplified as shown
below
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The bottom of the chamber is cooled by solid carbon (V)
oxide to around -80° C and the alcohol vapour from the
felt ring spreads downwards. It is cooled below its
normal condensing temperature. As a particle enters the
chamber it ionizes the air in its path

and alcohol condenses around the path to form millions
of tiny alcohol droplets leaving a trail visible because it
reflects light from the source. Alpha particles leave a
thick, short straight tracks. Beta particles leave thin
irregular tracks. Gamma particles do not

produce tracks and since they eject electrons from atoms
the tracks are similar to those of beta particles.

Activity and half-life of elements

The activity of a sample of radioactive element is the rate
at which its constituent nuclei decay or disintegrate. It
is measured in disinter-grations per second or Curie (Ci)
units, where 1 Ci = 3.7 x 1010 disintegrations per second
1 micro Curie (u C) = 3.7 x 104 disintegrations per
second.

The law of radioactive decay states that “the activity of a
sample is proportional to the number of undecayed
nuclei presento n the sample”. The half-life of a
radioactive ‘elehent is the time required for its one-half
of the sample o decay. It is important to note that
although the ac¢tivity approaches zero, it never goes to

Z€ero. |

0.2+




Examples

1. The half-life of a sample of a radioactive
substance is 98 minutes. How long does it take
for the activity of the sample to reduce to 1/16th
of the original value?

Solution

Time (minutes) Activity

o) 1

98 2

196 Ya

294 1/8

392 1/16 =>> time taken =

392 minutes.

2.An isotope has a half-life of 576 hours. Complete the
following table and show how mass
varies with time from an initial mass of 1280 g?

Time (hrs) 576 1152 1728 2304
Mass (g) 640

Solution

1152 ------ 320 g

1728 ------ 160 g

2304 ------ 80 g.

3. The initial number of atoms in a sample is 5.12 x
1020, If the half-life of the sample is 3.0 seconds,
determine the number of atoms that will have decayed
after six seconds.

Solution

After the first half-life, then Y2 (5.12 x 1029) = 2.56 x 1020
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will have decayed.

The second half-life, then %2 (2.56 x 1020) = 1.28 x 1020
will have decayed.

The total number of decayed atoms = (2.56 + 1.28) x 1020
= 3.84 x 1020 atoms.

4. A radioactive element has an initial count rate of
2,400 counts per minute on a scaler. The count rate
falls to 300 units per minute in 30 hours,

a) Calculate the half-life of the element

b) If the initial number of atoms in another sample of
the same element is 6.0 x 1029, how many atoms will
have decayed in 50 hours?2 —

Solution

a) 2,400 x 2 x Y5 x Y5 =300

Three half-lives have a total of 30 hours, thus half-life =
30 /3 = 10 hours

b) Since half-life = 10 hrs half-lives in 50 hrs = 50/10 =
S hrs.

So the remaining undecayed atoms are Y2 X %2 x 2 x 1,
2 x 6.0 x 1020

= 0.1875 x 1029, thus

The number of atoms which have decayed = (6.0 -
0.18735) x 1020

= 5.812 x 1020

X

Nuclear equations

Particles making an atom can be written using
upper and lower subscripts where a proton, ‘p’
with charge +1 and mass 1u, is written as . A
neutron ‘n’ with no charge but with mass 1u, is
written as, while an electron with a charge of -1
and negligible mass is written as. It isimportant
to note that the principles of conservation apply
in radioactive decay. That means that the total
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number of nucleons (neutrons + protons) must
be the same before and after decay. The L.H.S of
the equation must be equal to the R.H.S for both
total mass and charge.

Effects of radioactive decay on the nucleus

Alpha decay

A nucleus emitting an alpha particle reduces its mass by
4 atomic mass units and its proton number by 2. The
equation can be written as follows,

—————————— [] +aor --

________ (] +

Example ) by emitting an alpha par
Uranium- 235 ( ) changes to Write a nuclear

Thorium (equation to represent

the decay.

Solution
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The change of an element (nucleus) to another is called
transmutation.

Beta decay

The beta particle is an electron. Beta particles
are produced by changing a neutron to a proton
and later to an electron as shown,

________ D +

The electron is then ejected from the nucleus
and the number of protons increases by 1 while
the mass number remains the same (an electron
is of negligible mass).

__________ ] +
Examples
1. Thorium ) changes to Proctanium (P,) with

the emission of a beta particle. Show the decay using
nuclear equation.

Solution

---------- L o+

2. Write an equation to show how a radioactive
isotope of cobalt ( 0) undergoes a beta decay
followed by the emission of gamma rays to form a
new nuclide X.

Solution

0 ----—--- 18 +Y + or o+ +Y +

3. A radioactive carbon-14 decays to

nitrogen by emitting a beta particle as

shown.

Determine the values of X’ and ¥’ in the
equation below.

______ D +

Solution

X+ 0=14 hence x = 14

7 +y=6hencey=-1
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Nuclear fission

Nuclear fission is a process in which a nucleus splits
into two or more lighter nuclei . This process generates
large amounts of energy together with neutron emission.
Nearly 80% of the energy produced appears as kinetic
energy of the fission fragments. For example Uranium-
235 undergoes nuclear fission when bombarded with
slow neutrons releasing 2-3 neutrons per Uranium
molecule and every neutron released brings about the
fission of another Uranium-

235nuclei. Another substance which undergoes the
same process is Plutonium-239. Substances which
undergo fission directly with slow neutrons are known as
fissile substances or isotopes. Applications of nuclear
fission

1. They are used in the manufacture of atomic bombs
where tremendous amount of energy is released within a
very short time leading to an explosion.

2. When this release of energy is controlled such that it
can be released at a steady rate then it is converted into
electrical energy hence the principle in nuclear reactors.

Nuclear fusion

Nuclear fusion is the thermal combining of light
elements to form relatively heavier nuclei . The process
requires very high temperatures for the reacting nuclei to
combine upon collision. These temperatures are provided
by ordinary fission bombs. These reactions sometimes
known as thermonuclear reactions. A fusion reaction
releases energy at the rate of 3-23 MeV per fusion event
i.e. two deuterium (heavy hydrogen) nuclei to form
helium.

This 3.3 MeV (energy)

264 | Physics Form 1-4 Teacher Daniel Online



produced is equal to 5.28 x

10-13 J. Application of

nuclear fusion

1. Used in the production of hydrogen bomb.
Possible reactions for an hydrogen bomb
include;

Hazards of radioactivity and their precautions

(ijDue to the ionizing radiation emitted by radiation
materials, they affect living cellsleading to serious
illnesses. Symptoms of radiation exposures are
immature births, deformations, retardedness, etc.

(ii) Their exposure to the environment through leaks may
lead to environmental pollution leading to poor crop
growth and destruction of marine life.

Applications of radioactivity

1. Carbon dating - through the identification of carbon-
14 and carbon-12 absorbed by dead plants and animals.
Scientists can be able to estimate the age of a dead
organism. Since carbon is a radioactive element with a
half-life of 5,600 years archeologists can be able to
estimate the ages of early life through carbon dating.

2. Medicine - radiation is used in the treatment of
cancer, by using a radioactive cobalt-60 to kill the
malignant tissue. Radiations are used in taking x-ray
photographs using cobalt-60. Radiations are used to
sterilize surgical instruments in hospitals. Radioactive
elements can also be used as tracers in medicine where
they determine the efficiency of organisms such as
kidneys and thyroid glands.
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3. Biology and agriculture - radioactive sources are used
to generate different species of plants with new
characteristics that can withstand diseases and drought.
Insects are sterilized through radiation to prevent the
spread of pests and diseases. Potatoes exposed to
radiation can be stored for a long time without perishing.
4. Industry - thickness of metal sheets is measured
accurately using radiation from radioactive sources.
Recently the manufacture of industrial diamonds is
undertaken through transmutation.

5. Energy source - in N. America, Europe and Russia
nuclear reactors are used to generate electricity. The
amount of fuel used is quite small hence an economical
way of generating electricity energy as compared to H.E.P
generation.

CHAPTER ELEVEN
ELECTRONICS

Conductors, insulators and semi-conductors

1))An insulator is a material or object which resists flow of
heat (thermal insulator) or electrical charges (electrical
insulators). Examples are paraffin, wood, rubber,
plastics etc.

i1))Conductor are materials that contain free electrons
which carry an electrical charge from one point to
another. Examples are metals and non-metals like
carbon, graphite etc.

iii) Semi-conductors are materials or objects which allow
the flow of electrical heat or energy through them under
certain conditions i.e. temperature. Examples are
germanium, silicon, cadmium sulphide, gallium arsenide
etc.
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Electronic bond structure

This is the series of “allowed” and “forbidden” energy
bands that it y bands that it contains according to the
band theory which postulates the existence of
continuous ranges of energy values (bands) which
electron may occupy “allowed” or not occupy ‘forbidden”.
According to molecular orbital theory, if several atoms
are brought together in a molecule, their atomic orbitals
split, producing a number of molecular orbitals
proportional to the number of atoms.

However when a large number of atoms are brought
together the difference between their energy levels
become very small, such that some intervals of energy
contain no orbitals and this theory makes an

assumptigaghat these energy levels are as numerous as
. conduction {
to be indizEE |

Number;|s cing of bands
Any solid| kas a lasgenumijaraensands (theoretically
infinite) *Bamds have. différ MMM} s based upon the

. band band . . .
properties-of-the-atomic orbitdl$-from which they arise.
Bands may aiso overiap to produce a bigger single band.
Valence and conduction bands
Valence band is the highest range of electron energies
where electr-ons are normally present at zero
temperature. Conduction band is the range of electron
energy higher than that of the valence band sufficient to
make electrons free (delocalized); responsible for transfer
of electric charge. Insulators and semi-conductors have a
gap above valence band followed by conduction band

above it. In metals, the conduction band is the valence
band.
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Band structure of a semi-conductor

Electrons in the conduction band break free of the covalent
bonds between atoms and are free to move around hence
conduct charge. The covalent bonds have missing electrons or
‘holes’ after the electrons have moved. The current carrying
electrons in the conduction band are

known as free electrons.

Doping of semi-conductors

Doping is the introduction of impurities in semi-conductors to alter their
electronic properties. The impurities are called dopants. Doping heavily
may increase their conductivity by a factor greater than a million.
Intrinsic and extrinsic semi-conductors

An intrinsic semi-conductor is one which is pure enough such that the
impurities in it do not significantly affect its electrical behavior. Intrinsic
semi-conductors increase their conductivity with increase in
temperature unlike metals.An extrinsic semi-conductor is one which has
been doped with impurities to modify its number and type of free charge
carriers present.

N-type semi-conductors
In this case the®semi-gonductor is given atoms by an
impurity ang thjs ig ffm ¥ own as donor so it is given

butes
donor atgms ‘donat d), free electrons
q Si :_; Sbi: Si e
¢ Si e
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P-type semi-conductors

The impurity within the semi-conductor accepts
atoms with free electrons (dopants). This forms a
‘hole’ within the semi-conductors.

D-lyp& reduced depletion layer n-type

B
N o M4 PP 4
O O—P il -9 —t—o
O —- e
= O Ot - -
O ---®
O o—b - o -—e
. J

Junction diodes

Junction refers the region where the two types of semi-
conductors meet. The junctions are made by combining
an n-type and p-type semi-conductor. The n-region is
the cathedevdiitd ¥eie paregion.ds the anode.

O0O0: : ee®®
Q00! | ee®
ONOXORNNINE X X

Forward bias of a p-n junction
It occurs when the p-type block is connected to



the positive terminal and the n-type block is
connected to the negative terminal of a battery.
The depletion layer of the junction reduces to be
very thin to allow the flow of electric current.

Reverse bias of a p-n junction
The negative terminal of ‘l;he battery is

Input

cOnnected to the p-ty Eé:@g]‘m? while the n-

%ﬁ\lscon teda to ive twpﬁfrﬁk
AV, -

‘—r

-

time .
T

B
Step-down {ransformer

Rectification
D'

AisVAVAVA

A

The depletion layer widens and resists the flow of electrons to
minimal or zero (no currentflowing through) when the electric
field increases beyond critical point the diode junction



eventually do n afdAt t@ovoltage it is referred to as

the breakd ta ? Digdes are intended to operate below the
éakdown

Appllcatlon nc ion &h es

They are m se for tecti rRcurrent for use by

he conversion of
-zero) waveform.

many electric 1app11&nce§ Rectlﬁcatlo
sinusoidad seayefonm ote
Half wave rectification
In this case the first half cycle of a sinusoidal waveform is
positive and the inclusion of a reverse biased diode makes the
current not to flow to the negative side of the wave. The current
therefore conducts on every half cycle hence a half wave
rectification is achieved. The voltage is d.c. and always positive
in value though it is not steady and needs to be smoothed by
placing a large capacitor in parallel to the load as shown.

Thmmhung
aorial

R.F. cacimor e —

RF. powor

omplifiar

entrerta 1 ve rectification
1S 1S pchiiamgshy sing a transformer whose output has a

? aaaaotgﬁstmlsutaken at two points where one is half the other
as shown.

Ly ]

Detactor or "
R.F. ampiifier demodulator AF. o

Bridge full wave rectifiqatignor‘!]———— ot

In this case a bridge rectifier is USed to achieve a full
wave rectification. The current flows in the same
direction in both half cycles.




Radio transmitter and receiver

Radio waves are produced by circuits that make electrons vibrate
and they are known as oscillators which produce varied frequencies.
Since radio waves have greater range in air than sound or even light
waves they are used as carriers of audio (sound) and visual
information (TV) waves. The sound is first changed into electrical
vibrations by use of a microphone or other device then added to the
radio carrier wave and this changes the amplitude of the carrier and
is

called amplitude modulation. The modulated wave is given out by
the transmitting aerial and received by another aerial in a radio or
TV when they cause vibrations between the earth and

the aerial. They are then demodulated by a diode and hence heard
as a sound or image.
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