PHYSI CS NOTES FOR

(S.2 WORK)

0 00




STRUCTURE OF MATTER

Matter is anything that occupies space and has weight. It exists in different forms/states of small ite
called atoms.

The three states are

M Solids
1 Liquids
I Gas

Acording to kinetic theory matter is made up of small particleaddroulesag/hich are in a state
of continuous random motion. The speed of molecule is increased by increase in temperature.

FORCE BETWEEN MOLECULES
9 Cohesion /Cohesive force

This ighe force of attraction of molecules of the same substanegvatgrwadégcules, mercury
mercury molecules

1 Adhesion/Adhesive force;

This is the force of attraction between the molecules of different substahggsss.g water
molecules.

STAES OF MATTER
Solids;

The molecules are closely packed together, their particles are not free to move from place to
another but can vibrate along their mean positions ie move to and fro about their mean position:
This is because their cohesive forceghetalecules are strong. Molecules in solids are

arranged in a regular pattern called lattice. They have shape and size.

Liquids;

The molecules in liquids are slightly further apart than in solids. Particles are free to move abou
colliding with eaatfier and with the walls of the container. The cohesive force holding the
molecules are weaker than in solids.

They have no definite shape but take up shape of the container.
Gases;

In gases the molecules are much further afpeet emahpared to those in liquids and so
free that they are in constant random motion moving with high speed as they collide with one
another and with the walls of a container. The cohesive force is much weaker in gas and can
spread easily to occupy ti@ewolume of a container. Gases lack definite shape and size.
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Diffusion;
It is the movement of molecules of a substance from a region of high conegitratiblowo a r
concentration.

Demonstration of Diffusion in Gases;

a) = b) Gas W
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o0 o molecules o o M7 molecules
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. nitrogen .+ oL nitrogen
o2 dioxide 2 dioxide
Foeo. molecules v meiecules
“ll—gas jar - “ll—gas jar

Two Gagars one full of nitrogen dioxide and the other gas full of air as shown in (a) above.

When the gas cover is removed as shown in (b) the gases mix up and the whole become filled with

Brown gas(Nitrogen dioxide)
NB: The lighter gas diffuses fthste the heavier gas.

Demonstration of diffusion in liquids:

f?-—— thistle funnel
—

water

-—— copper sulphate
soluticn




Half fill a glass beaker with water

Using a funnel with a long tube reaching the bottom, slowly pour sat(ifatedpt@teer
solution down the tube to form a separate layer.

Carefully remove the funnel so that the liquids are mixed.

After some time, the blue colour spreads throughout the beaker. This is due to diffusion of
liquid molecules.
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Note The rate of dgfan increases when temperature is increased.
Behavior of liquids on the surface;

When water is dropped on a glass surface it wets it and spreads out in a thin surface because adhe
force between the water molecules and glass is grasenthnesive force between water
molecules.

/

When mercury is dropped on a glass surface it forms spherical droplets or large flatten drop becau
cohesive forces between mercury molecules is greater than adhesive forces between mercury anc
glass.

Spherical droplets of mercury

Large flattened/drop =
@ .
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SURFACE TENSION
This is the effect of force on theewifa liquid which makes it behave like a stretched elastic skin.

Or it is a tangential force on surface of a liquid acting perpendicularly per unit length across any line
the surface.

Effects of surface tension;
Because of surface tension,

1. Steéneedle when carefully placed on top of water floats, despite its greater density.
2. Some birds and insects can walk on the surface of water.

3. Some drops of water from the top are in form of a spherical shape.

4. Soap film inside the cotton loop when brokeomfiatns a circle as shown below

thread

) (i)
@ §mmm

Make a ring of thin wire. Tie a thread loosely across the middle as shown in (i). Dip the ring in soe
sdution or liquid detergent so that a film forms across it. Break the film on one side of the thread. T
thread pulls tight, forming a circle as shown in (ii). This because surface tension stretches molecule
on the liquid surface fadbpart than rnoal.
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Explanation on surface tension:

Surface tension is due to molecules on liquid surface being slightly further apart like those in a stret
wire. Therefore experience attractive forces from their neighbours in liquid surfacécihe forces str
the molecules on the surface, making it behave like a stretched elastic skin.

Reduction of surface tension;
Surface tension can be reduced by;

1. Increasing the temperature of the liquids
2. Addition of detergents or soap solution.

Experiment to demonstraterface tension

- Some water is poured in a clean trough
- Itis then left to settle and a filter paper (blotting paper) is placed on the water surface.
- A pin smeared with Vaseline is carefully placed on top of the filter paper as shown below.

pin

After sometie, the filter paper will absorb water and sink while the pin will remain floating on the
water surface.

CAPPILARITY/CAPPILLARY ACTION:

This is the rise or depression of a liquid in a capillary tube.
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The rise of water in a capillary tube isd#taaohesive force between the water molecules is less
than the adhesive force between molecules of glass and water. It is also for this reason that water
spreads over glass surface

Water spreads

7
Glass surface

When similar capillary tubes are dipped in mercury, each surface is depressed below the outside le
of the beaker and the surface curves down wards as shown below.

/Depression

-~

Mercury

Mercury is depressedre in narrow tube than in a large one. This is because cohesive forces betwee
molecules of mercury are greater than adhesive forces between molecules of mercury and glass.
also for this reason that mercury does not wet glass but formgldsspéssbawn.

Mercury droplets
® c%o ®

Glass surface

Application of capillarity;

1. The rise of oil in a lamp wick upwards.

2. Absorption of water in a towel.

3. The rise of water in mineral salts in plants
4. Action of a blotting paper.

Disadvantages of capillarity;
Housdricks and concrete are porous. Capillary action is likely to draw water upwards from
The ground through them, making the building dump (wet).This problem is overcome by putting

Water proof layer made from plastic that is placed in the layertheflimttks atf the house.




BROWNIAN MOTION
It is the random movement of the molecules of a substance in a gaseous stage.

When smoke particles are suspended in air and observed through a microscope. They seem to be
a state of continuous random motion.
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The smoke particles are seen as bright specks moving in continuous random motion. The bright spe
are due to collision between smoke particles and gas molecules.

The random matiis due to smoke particles colliding with air molecules which were moving randomly.

When the temperature of the glass cell is increased the random motion increases (smoke particles a
seen to move faster), showing that increase in temperaéutiecrkinesis energy of molecules.

OIL DROP EXPERIMENT
Estimation of the size of an oil molecule.

A trough is cleaned thoroughly and clean water poured on it.
Lycopodium powder is sprinkled on the water surface.

Using a burette a drop of oil of knowa iallowed to gently fall on the surface of water.
The oil spreads forming a circular film.

= =4 -8
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Since the patch is cylindrical, the volume of the patch is;

Where fi is the thickness of the oil patch.

VAR S
= N

V —h=

4V % d

Therefore the thickness of oil drop
h=—-
Assumptions made in the experiment;

The oil spreads to form a film of one molecule thick.
Theoil patch is cylindrical in shape.

There are no air spaces between the molecules.
The oil drop is spherical in shape.

The volume of the oil drop is equal to the volume of oil patch.

= =4 =4 -4

Example;

In an oil drop experiment the radius of the oil welsddidmin and the volume of the used was
1.1 x 16cn®.Calculate;

(i) The diameter of the film
(i) The thickness of the patch
(i) The size of the molecule




Answer

Diameter of the patch d =2r=2 x 10 =20cm
Thickness of the patch-hr—=

or Thicknessh =——

8
8

=3.5x1&m
The size of the drop = thickness of the patch

=3.5x ¥m

Note:Thickness h =

i.e h =
2. A student made an oleic acidohiimé&\).0058me make an oil film on the surface of water.

The average diameter of the oil film was found to be 10cm.Find the thickness of the oil film.

Thickness h®T" 'Q

8

8

=6.37x1tm

3. Niah, picked on oleic acid oil drop of diameter 0.5mm using a wire and allowed it to drop on a w.
surface containing lycopodium powder in a circular patch had an average diameter of 200mm.Finc
thickness of oil film.

Diameter = 0.5mm

Volume of spherical dropV'#

=- (0.2
=0.0208mn¥
Volume of the patch = volume of spherical drop
“r’h = 0.208
“ (100h = 0.0208
h =2.08 x ¥dm




4. 1f 1.8 x #on? of oil spreads to form a patch of aredTHcolate the thicknesses of the oll
patch.

Thicknessh==1.8 x—

8

=1.2xI&m

Moments and equilibrium

The turning of a force is the moment of force.

Moment of a force about a pointdiepen
i) The size of force
i) On perpendicular distance from a line of action of force from the pivot.

Moment of a force is = force x perpendicular distance
M = f x d where m is moment of force f is the force and d is the perpendicular distance.

Definition

Moment of a force about a point is the proc
of action from the pivot S.I unit is Nm

ILLUSTRATION

Pivot p line of action of force
|

I
-
1

Moment of force about p

[« B

m=Fxd
Types of moments

i) Clock wise moment
These are moments produce clockwiag tffects

i) Ant clock wise effects
These are moments produce anti clock turning effects.
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Static equilibrium

A body acted upon by a number of several forces in a static equilibrium when sum of clock wise
moment about any point = sum of anti daabonithe same point.

F1 F3 F4

A D—, C r1 E B

If AB is in equilibrium then:
1. Sum of upward forces = sum of downward forces
R+B+tR=Fk
2. Sum of clockwis sum of anti clock wise moment

FAC = BDC + KCE

Conditions of a body to be in a mechanical equilibrium
1. The resultant force on body must be zero

2. The sum of clock wise moment about a turning point must the egualof anti clock
wise moments.

PRINCIPAL OF MOMENTS

It states that for a body in equilibrium , under the action of several forces , the sum of clock wise
moments about a point is equal to the sum of anti clockwise moment about the same point.

,
v
A
y

Sum of clock wise moment = sum of anti clock wise moment.
RXd= £Xd
Example.1

Forces of 8Np and 4n act on a body as shown.

8N

»

4N

30cm 40cm
—> <« >

20cm /\

v
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Find the value of P if the system is in equilibrium.
Anti clock véismnoment = clock wise moment
4x40+px20=8x30
P = 4N

3. Forces below act on the plant as shown.

1m 1m X
—————pl———————|

Wb b

If the body is in equilibrium find the distance x

8N

Anti clock wise = clock wise moment
6x2+4x1 =8x
X=2m

Center of gravity

Centre of gravity is a point on the body through which the weight of the body acts.

Object Centre of gravity
Cube or Cuboid It is the intersection of diagonals
Uniform rectgular square sheet. At the intersectional of the diagonal
Uniform cylinder At the centre of its axis
Uniform sphere At the centre
Uniform rod or bar At the centre

Example:

(@ What is meant by centre of gravity?

(b) (i) Define the moment of a force.

0) A uniformrmetre rule is balanced at 30cm mark. When a load of 8N is hang at zero mark. Finc
the weight of a metre ruler

Ocm 30ch 50cm 100cm

30c 2Dcm

8N W
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Sum of clockwise moment = Sum of anticlockwise moment
Wx2 =8x30
W = 12N W is the weigpietic rule.

2. A uniform metre rule pivoted at 10cm mark balances when a mass of 4009 is suspended at O«
mark as shown below.

0 10cm 100cm
: |
[__JP‘ 0g 100nﬂ |40cm
wW

Calculate the weight of the metre rule.
Sum of clockwise moment = Sum of anticlockwise moment

Wx 40=400 x 10

W =100g
Weight = Mg
= Tp x 10

= 1N

Determination of centre of gravity of an irregular object e.g cardboar

Plumb line method;

hole

centre of

- :;__._-——‘"—‘-'# gravity

lamina

___,_,_...-----"plum.bline
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Make 3 holes A, B, C at different points near the edge of the lamina.

Suspend the lamina in hole A and the plumb line on a nail on a retort stand.

Mark point A, where the thread touches the opposite side of edge of the lamina.
Repeathe procedure on hole B and C to get A and B.

Draw line of intersection of lines AA, BB and CC this gives the centre of gravity (C.G)

= =4 =4 -8 -9

STABILITY:
The stability of a body depends on entirely two facters namely:

i) Position of the centre of gravity.
i) Size obase area.

To increase the stability of on a body, the following should be done.

1 Increase the base area.
1 Lower the centre of gravity by making the base heavier

Types of stability equilibria

91 Stable equilibrium
1 Unstable equilibrium
1 Neutral equilibrium

Stable equilibrium.
This occurs when the center of gravity is in the lowest possible position

The body doesndédt over turn when slightly di
displacement.

When slightly displaced, the center of grargiggiand the line of action of the weight acts with
in the base.

Moment decreases when a body is slightly displaced.
Unstable equilibrium

This occurs when the centre of gravity is in the highest position. The body overturns when slightl
displaced.

Wherthe center of gravity is lowered and the line of action of the weight acts outside the base.
Natural equilibrium

This is when a body is slightly displaced but the position of its center of gravity remain at the san
height.
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[llustration

L3

R

G

G
V. A lmg B .| Im .
E3 b - E

(a) Unstable equilibrium (b) Stable equilibrium (c) Neutral equilibrium

Application oprincipal of moments.

1 Action of a beam balance / weighing scale.
1 Action of a sea saw.

1 Action of in determination of centre of gravity of a beam
1 In determination of mass of the weight of a beam.

1 In determination of relative density of a solid.

Determinabn of mass of a beam or rod or any straight material

Setup bA p G B

Mg A l mg

Procedure

1 Locate the centre of gravity of the beam AB by balancing it horizontally on a knife edge.
1 Note the position of the center of gravity .

1 Again balance AB horizontally on a knife edge using a mdsssathmvimt in the diagram

1 Measure distance DP =a and PG = b.

1 Calculate the mass from sum of clockwise moment = sum of anticlockwise.

Mg x b =Mgxa

M=—&= —

YEQQO QWO BQNE ® 0B
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retO-2my

A uniform beam 5m long weighing 10Kkg is carried by 2 men each 1m from either énds of the bee
the mass of 5 kg rests 2m away from one end

i) 01 AHQ QO QD @ Q& URE | DO "QET®O GH
ii) 0 WA wosl NG w & VAEFMG Q& w o VETWw ¢d

0.5m

X
i 4

== 10kg

Taking moment at A
Sum of clockwise moment = sum of anticlockwise moment
50 x 100 x 15RB x3

20G- 3RB
RB=—
RB=66.67N
Upward force = downward force
RA + RB =50+ 100
RA + 66.67 =150
RA = 83.33N.

Reaction at A= 83.33N
Reaction at B = 66.67N.
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2.A uniform beam of weight 6N length BM rests on support p and q which are 1m 4m either ends w
overlO0N are placed at the etids idd as shown in the diagram. Calculate tdmeataetnd q.

Y
T
i

b
—

E== 6N
100

CAm g tm 2m o dm o Im 2m >
AR AR !
: | : | ﬁQ ]
|
| /5 0O B C
% ! A
A P
plank trestle trestle
v LA / Fig. 25.5
500N 400 N 700 N
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MOTION

Terms used.
Speed
This is the rate of change of distance moved with time.

Speed =
S.lunit = m/s

Distance

This is the length moved between two points.

S.1 units = metres

Displacement

This is the distance moved in the specified direction S.I unit meters

Velocity

This is the rate of change of displacement. OR is the rate dholangewdd in a specified
direction.

S.1 unit m/s

Acceleration

A body travelling with changing velocity is said to be accelerating

Acceleration is the rate of change of velocity.

Acceleration a=

But change in velocity = final vélotttal velocity
=Vviu

Acceleration in velocity —a-= S.I unit: n¥s

Example 1

A car increases its speeddity from 30 km/hr to 60km/hr in one minute
a) Determine its average speed during this time in

i) km/hr

i) km/min

iii) m/s

b) how far does it travel whilst increasing its speed

i) average speed—= where V final velocity / speed
= 45km/ hr

i) average speed—=——-

= 0.75km/min

18 |



iii) Average speed—=———

=12.5m/s

b) Distance = speed x time
=12.5 x 60
=750m

2. A motor car is uniformly retarded and brought to rest from a speed of 108km/hr in 15 seconds. F
its acceleration

Initial velocity t—=——

=30m/s

Final velocity = 0 m/s

Acceleration =—

=-2mi3

The minus)(sign means the car is accelerating in opposite direction to itiyingiathesloc
body is decelerating.

Uniform speed

A body is said to move with uniform speed if its rate of chance of distance moved with time is
constant.

Uniform velocity
A body is said to move with uniform velocity if its rate of change ofidisplzstantent

When a body moves uniform velocity, it travels equal distances in equal time intervals. A graph ¢
distance against time is a straight line. its initial velocity must be equal to its final velocity.

Non uniform velocity

This is when the ratelmange of displacement is changing. The body covers different distances in
equal time intervals.

Uniform acceleration
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This is when the change of velocity is constant. When a body moves with uniform acceleration, t
final velocity is not equal toitied uelocity

Equations of motion (Newtonds equations of
Equation

1. Consider a body moving at initial velocity u accelerates with uniform acceleration a to the final
velocity v in time t

Then acceleration a—=

a=—-
V = u + at Istequation.

2ndequation

A body moving with uniform acceleration has an average velocity equal to half oti#le sum of its i
velocity u and final velocity v.

Average velocity= substituting from v in equation 2
Total distance s = average velocity x time

S =) tbutfrom equation 1, V=u + at

S=¢ t=06 -t

S=ut+—-at second equation.

Jdequation
This is obtained by eliminating time t from equation 1and2.
S=— 0

S=(— —) © (v+u)(vu)=2aS
V2= #+2aS Jdequation.
The three equations of motion are
)] V=u + at
i S=ut+¥at
iii) 2= #+2as

Example
A car starts from rest and is accelerated uniformly at a rate of 1m/sec2 in 20 second.

a) Findits final velocity.
b) The distance covered.
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a V=u+at
=0+1x20
=20m/s

b) S=ut+kat
= 0 x20 +¥ x1%20
= 200m

2. A car accelerates uniformly at a speed of 20mls for 4 seconds . find
a) Final velocity if ae@lon is 2m/s

b) Distance traveled.

a) V=u+at
V=20+2 x4
V =28m/s

b) S=ut+¥at
S=20x4 +¥2 x4
S =96m.

3. A body moving with velocity of 20 m/s accelerates to a velocity of 40mls in 5 second. Find
a) Acceleration 4m/s
b) Distance traveled in 5s.

a=—

=4m/3

S=ut+ YAt
S =20 x 5+ Y2 x£x5
S =150m
4. A body at rest at height of 20m falls freely to the ground. Calculate
)] The velocity with which it hits the ground
i) The time before striking the ground.
Solution
)] a=g9g-=10
V2= +2as
V2 =+2 x10 x20
V =20m/s
i) V=u+at

20=0+10+ty t=2s.
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Graphs of motion

Distanceé time graph

~—+

()For a body at res

A

Distance/n

Tﬁne/s

If a body is at rest its distance from a certain point does not change as time passes

if) For a body moving with uniform velocity
Distance/mg

v

Time/s
If a body is moving with the same velocity it travels equal distance in equal intervals of time the
object distance increases by equal increase in time.

i)  Body moving with non uniform velocity
A

Distance/m

Time/s ’
Velocity is increasing the distance trevelietl second increases

iv) Body moving with decreasing acceleration (retardation)

For a body whose velocity is decreasing the graph bends towards the horizontal. Velocity decreasing
(retardation) *
Distace/n

v

Time/s
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Velocity time graphs
i) Body moving with uniform velocity

»

Velocity (m/s)]

v

Time /s
i) Body moving with uniform acceleration
Velocityt

(m/s)

[

Time /s

iii) Body moving with uniform deceleration.

A

Velocity
( m/s)

»

Time(s)r

iv) Body moving with non uniform ataration.
A
Velocity

(m/s

Timg(s)
Notei) the area under a velocity time graph gives the distance covered by the body.
i) The slope of a uniforotitgltime graph gives the uniform acceleration.
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Example

1. A car starts from rest and steadily accelerates for10s to a velocity of 20mls. It continues with thi:
velocity for a further 20s before .it is brought to rest in 20s

a) Draw a velocity time graphptesent this motion.
b) Calculate

i) Acceleration

i) Deceleration

iii) Distance travelled
iv) Average speed

A

Velocity( m/s | 11l

0 10 30 50  * Timels

b(i) acceleration

if) Deceleration
a=—=—— =— =1mls
Deceleration-& = 1mA

iii) Distance
Distance traveled = area under a velocity time graph

S = Y¥%bh+ L x w + %2bh
=210 x20 + 20 x26x20 x 20
=700m

Iv) Average speed=———

=14m/s
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2. A car from rest accelerates to velocity 30mls in 10sit contoroesedoaity for 30s and then
decelerate so that it stops in 20s
a) Draw a velocity time graph to represent its motion

b) Calculate
i) Acceleration
i) Deceleration
iii) Distance travelled

iv) Average speed.

a)
A
V = 3( B C
Velocity | |
m/s | |
| |
| |
A | 10 | 401\ 60 D
Time/s
Acceleration a= =—— =3m/s
i) Deceleration
a=——=——=-1.5m/3 g Deceleration = 1.5m/s
i) Distance travelled
Total distance = total area undér graph
Covered

=L3bh + L x w +%2bh
=15 x10 x30 + 30 x30 +¥2x20 x30
= 1350m
i) Average speed
Average speed=———— =22.5m/s

3. Aracing car starts from rest and moves with uniform acceleration of 3m/s 2 for 4 seconds. Ther
moves with uniform velocity for 2 second. it is brought to rest after a further 2 seconds
a) Draw a velocity time graph for motion of the car
b) Find ttal distance travelled
c) Average speed.
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a) 12 B C
Velocity I I
(m/s) | |
| |
| |
A — —s 8D rime/s
V = u +at
=013 x4
=12m/s

a) Total distance covered

Total distance = total area under a velocity time graph.
=14bh +Lx w + ¥2bh
=% x4 x12 + 3 x12+ Y52 x2x12
=72m

Average speed=——— = —=9m/s

Question

1. The graph below represents a velocity time graph of a body in motion.

A

30

Velocity m/s |a b

|

15 —
|

|

|

6 12 >18 time/s

i) Describe the motion of the body.

A car moves withfanmi acceleration of 15m/s for 6 seconds it then continues at uniform velocity o

6 seconds. It is then brought to rest in 6 seconds.

i) Calculate the total distance travelled
i) Total distance travelled = total area wtdgaalv
iii) termine the average speed.

2. A body of mass 60 kg starts moving with an initial velocity of 15 mls and accelerates at a rate o
4m/s in 5s, then maintains a constant velocity for another 5s and brought to rest in 7s.
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i) Draw a velocitiime graph to regent this motion.
i) Calculate the total distance travelled

iii)  Calculate the retarding force

MOTION UNDER GRAVITY

For a body falling under gravity, acceleration due to gravity is positive but for a body thrown vertica
upwards aclazation due to gravity is negative. At maximum height, the body is momentarily at rest
therefore final velocity is 0

Equation of motion for a body falling freely under gravity (g)

V = u+gt
S =ut +¢#
V2 =P +20s

Equation of motion for a body throwwallyeup wards
V =lige

S =ut2gt

V2= #-2gs

example

1.A stone is raised from rest at point 20m above the ground so as to fall freely vertically down
wards. Find

a) Time to land on the ground.
b) Velocity

a) Using s=ut gL
20=0+%x1Dt
t =Zeconds
b) Using
V=u+gt
=0+10x2
=20m/s

27 |



2. A ball is thrown vertically upwards with an initial velocity of 30mls find

a) The maximum height to reach the ground
u=30m/s

V2= 7 29s
0=9002 x10xs
= 90020s

S =45m

b) Time taken to reach the maximum height

S=ut+¥At

45 =0 + %2 x 20t
t= 3 seconds

¢) Time taken to return to the starting point.

V = u +gt

30 =0 + 10t
t = 3 seconds.

3. A stone thrown verticalliargs with an initial velocity of 14m/s neglecting air resistance, find
a) The maximum height reached.

0 =1962 x10s
0 = 19620s
S=9.8m
b) The time taken before it reached the ground
V=u+gt
14=0+9.8t

t =1.4 seconds

Accéeration of free fall is constant for a body falling from rest

S=ut+¢y

S =gk

S = (constari)t

SO 2

A
Distance (3) | -glope =
|
|
|
l >
3/
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Distance/m

Projectile motion

AN VA .
NG >
Distance B
h
X C
v ¢

In projectile, the horizontal velocity of the body in motion remain the@amdtdieoug
acceleration due to gravity continues to ac
the horizontal motion of the body.

Horizontal motion, distance x =t
Vertical motion, distance is s =h
h4 ge
i.e.S=uthQd
S =h and &0
S =Vadt

Where v is horizontal velocity given the body and t is the time of flight.
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Example

1. An object is dropped from a helicopter. if the object hits the ground after 2 seconds, calculate tf
height from which object was dropped

t =2s, g = 10mis
h =Y4gt
=% x 10 x4 = 20m

2. An object is dropped from helicopter at a height of 45m above the ground.
a) If the helicopter is at rest, how long does the object take to reach the ground and what is its
velocity on arrival.
b) If the helictgr falls with a velocity of 1mls when the object is released, what would be the fing
velocity of the object?

a) hEge
45 = Y5 x10t

t =3 seconds

b) Velocity on arrival
V=u+gt
= 0+D x3
=30m/s

Question

1. Anobjectis released from an air craft travelling horizontally with a constant velocity of
200m/s at a height of 500m ignoring air resistance

a) How londoes it take the object to reach the ground?
b) Find the horizontal distance covered by the object leaving the air craft and reaching the grou
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TICKER TAPE TIMER

A ticker timer is a steel strip which vibrates rapidly and print dots on a |engjle qiudighpe
through it. It prints 50 dots on a tape every second (frequent (f) = 50Hz)

A tick timer is used to measure speed or velocity and acceleration of bodies in motion.

Experiment with a tick&timer

tickertape timer

The paper tape is pulled by a trollsgrdown an inclined plane as shown above.
Different results are obtained on the speed of the trolley.
Typical results

- Trolley moving with uniform speed spacing between successive dots i.e. the same thru out.

start

|

[c o o o o v e steady speed

- The trolley is accelerating the syetgen dots gets bigger and bigger.

R . -~ gettingfaster - "+ -+ fasterspeed

- Trolley decelerating, the spacing between successive dots get smaller and smaller.

e . +_+ + +  slowing down
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Example

1. The paper tape shown below was made by a trolley moving with uniform acceleration. if the ticl
timer operated withemjfiency of 100Hz, determine

i) Initial velocity
i) Final velocity
iii) Acceleration.
,lb\lcmlB | C |2cm D
| o0 06 o 0 o o o 0 |
i) t =¢ ® = time taken to print successive dots, where n is the spanbesibetween dots.

Number of spaces between AB = 2
Time taken a long AB—==0.02s
Initial velocity or speedo—=— :—s =0.5m/s
Number of spaces between CD =2

Time taken anlgp CD =— =0.02
Final velocity / speed—=— :% =v=1m/s

i) Acceleration a=- where tis time taken frarb B

:—88 and t=10x—=0.1s

=5m/3

Below is a tape by a tickimer of frequency 50Hz

A B C D
[o ° ° D\VaVvav4l ° ° ° q
< TOcm > 70 Yots 34cm
in this space
Calculate
i) Initial velocity
i) Final velocity

iii) The acceleration of the trolley
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Solution
i) Initial velocity

Time taken along AB= = 0.06s

Initial velocity or speedo—=— :?8 =1.67m/s.
i) Time taken long GB==0.08s

Final velocity 1 speed—=— :% =4.25m/s

iii) Acceleration a= where t is time taken from B to D
=22 t=— =1 .46s
=311lm/s
=1.77mf#s

Note usually, the first and last section of the tape are ignored in experiments because the motio
of the trolley is unsteady and the dots are near each other.

2. The ticker timer below printed dots. Assumatgstatiirequency of 20Hz, calculate
i) Initial velocity
i) Final velocity.
iii) Acceleration

A B C D
[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] o [ ) )
“Im?* - 300cm "

Solution

i) Time taken along AB= = 0.1rh

Initial velocity or speed—=— == =10mls
i) Time taken a long CD =5 X0.25m

Final velocity or speed—=—- = - = 12mls

iii) Acceleration a=-where t is time taken from B to D

=— = 4.5mls t = 9-x 0.45m/s The figure below shows a tape

produced by a ticker timer opeaa@ngain frequency of 50Hz

| |
Pe B ° C o D
| | | |
“~—3om | < 7¢cm
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Calculate the a&teration shown by the tape
Initial velocity

Time between AB =41 x 0.02 s
Initial velocity=——- :% =1.5m/s
Time taken between CD= % 0.02s

Final velocity=——- :% =3.5m/s

Acceleration a= where t time taken froirCB
a= 888 t=25% =0.5s

=4m/3

ACCELERATION DUE TO GRAVITY
Acceleration due to gravity is the rate of change of velocity with time of a freely falling object.
Experiment to determine acceleration due to gravity
Using a simple pendulum

The appanas is arranged as below.

Clamp A — string

| @ Pendulum
bob H H

Clock
Measure the length holding bolit$roemter
Push the bob slightly, it will begin to accelerate

Note when it is on one side and start the stop clock while counting the oscillation until it makes abo
20.

Stop the clock, read and record the time for 20oscillation. Repeat theyanoces leadth of
the pendulum 1=0.8m, 0.6m, 0.5m, 0.4m and 0.3m.

Record your results in a suitable table includirg T and T
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Plot a graph of | agaidgdbtain acceleration due to gravity from:

g =-4 2S where S is the slope of the graph.

NEWTONGOS LAW OF MOTI ON

1STlaw of motion (law of inertia)

It states that a body continues in its state of rest or motion in a straight line unless acted upon by
external force.

This law suggests that everybody has inertia.
INERTIA

Inertia is the temay of the body to remain at rest or if moving, to continue in its motion in a
straight line with uniform velocity

The larger the mass of the body, the greater is its inertia therefore the mass of the body is a
measure of its inertia.

2nd Jaw of motion

It states that the rate of change of momentum of a body is directly proportional to the applied forc
and takes place in the direction of the force.

Momentum of a body is the product of its mass and velocity i.e momentum = mass x velocity
S .1 unit = kg nuskg m&
Change in momentum = mu = m () where miviinal momentum and

M ui initial momentum

Applied forcefF

FO m ()
F ma
F =k ma Where k is constant of proportionality.
From the definition of a Nelwia force which gives a mass of 1kg an acceleratibn of 1m/s

If F=1N, m = llgs 1mbk

F=kma© 1=kx1x4k=1 hence F=ma
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Example;

1. A 20 kg mass travelling at 5mls is accelerating to 8mils in 10s. calculate
i) The change in momentum.
i) The rate of change in momentum
iii) The applied force.

i) M =20 kg u=5mls v = 8mls t =10s
Change in momentum =im)(v

=20(8 5)

=60 kg m/s

i) Rate of change of momentwm {— =20{— =6N

iii) Applied force = rate of change of momentum
= 6N
2. A body of mass 600g ngpatriiOmls is accelerated uniformly at 2mis 2 for 4s . calculate

i) Change in momentum

i) Rate of change in momentum

iii) The force acting on a body.

) M=—"0Q a=20m/s t=4s

Change in momentum

V=u+at
=10+2x4
V =18m/s

Change in momentum =m) (v
=0.6(1810)
= 4.8kgm/s

i) Rate of change in momentum.
=m )

=0.6—)
=1.2N
i) The force acting on a body = rate of change of momentum
=1.2N

3Jdlaw of motion
It states that action and reaction are equpbbili¢ op

This means that when ever force acts on a body, an equal and opposite force act on the same o bc
Examples include:

i) A person walking exerts his weight (action on the ground and the ground exerts an equal
upward force (reaction on him or her)

)] Two cars which collide both get damaged because each car exerts equal but opposite
force.
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Example

1. Aone turn car travelling at 20 m/s is acceleratefbabZwesonds. calculate
i) Change in momentum

i) The rate of change of momentum
iii) Accelerating forcdiag on a body.
i) Change in momentum =ion(v
= 1000(3€0)
= 10000kgm/s

i) The rate of change of momentum—=) m(

= 1000—)
= 2000N
iii) Accelerating force acting on the body = rate of change of momentum
= 2000N
Question

1. A block of mass 500g is pulled 4m adsbizontal friction less bench by a steady force (F)
and travels 8m in 2 seconds

Find
(a) Acceleration

(b) Value of F.
MOTION OF A BODY IN ALIFT

a) Lift at rest

1

RT Reaction of a body
Mgper sonds weight
When the lift is at rest, a person feels his / her normal weight using
F=mawhere FERIganda =0
RT Mg =ma buta =0
Rimg =0
R =mg
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b) Lift ascending ( moving upwards )

R
a
ﬂk
RT Mg =ra
R =Mg + ma
R=m(g+a)

The person feels heavier than his normal weight.

¢) Lift descending (moving down wards)

R
a
\ 4
Mgi R = ma
R = Mg Ma
R =M (ga)

The person feels loss in weight

d) Lift descending with accelerationa =g

Mgi R =ma
R =Mg@gmg
R=m (49)
ON

38 |



Some one feels weight less.
1. Find the reaction of a woman of mass 70 kg standing in a lift if the lift is

(@ atrest
(b) ascending upwards with uniformratioglevith 4rals
(© moving down wards with uniform accelerationawith 4mls
Solution
a R= mg
=70x10
= 700N
b) RTMg=ma
R=ma +mg
=m (a +g)
=70(4 +10)
=980N

¢ Mgi R=mg
R =m@gmg
R=m(§g)
= 70(1610)
= ON.

d R = mp)
=70 (189)
= 420N.

COLLISION AND LINEAR MOMENTUM

Linear momentum is the product of mass and velocity for bodies moving in a straight line. S.I units:
m/s.

Collision
There are two types of collision

)] Inelastic collision
i) Elastic collision
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INELASTIC COLLISION
This is a type of collision where colliding bodies stick together and move with in the same velocity &
collision e.g. a bullet shot at aetbief

U1 U P \'
A — B— [

m m o e

v

My U+ muz = (m+np) v

ELASTIC COLLISION
This is a type of collision where colliding bodies separate after colkswithandependent

velocities

Mith+ Mk = Mvi +m\ve where yand dare initial velocitieswmd yare final velocities

PRINCIPLE OF CONSERVATION OF LINEAR MOMENTUM
It states that when two or more bodies collide, the total momentum of bodies remains constant proy

no extem forces act i.e.
Total momentum before collision = total momentum after collision.

Example

1. A body of mass 2kg travelling at 8m/s, collide with a body of mass 3kg travelling at 5m/s in the
same direction. If after collision the two bodiesatimre @adgculate the velocity which the two

bodies move.
By principal of linear momentum

Total momentum before collision= total momentum after collision

Mutn +mete = (me+np)v
2 x8 +3 x5 = (2 +3)v
Vv = 6.2m/s
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2. A body of mass R travelling at 5Smls collides with another stationary body at a mass of 10kg and
they move separately in the same direction if the velocity of the 20 kg mass after collision was 3mls
calculate the velocity with which 10kg mass will move.

CEleL QX s

20kg 10kg 20kg 10kg

Momentum before collisimmmentum after collision

M +mlk = MuV1 +M\ve
20 x5 +10 x0 = 20 x3 +10v
Vo= 4ml/s

3. A body of mass 8kg travelling at 20mls collides with a stationary object and they move together \
a velocity of 15middDéate the mass of the stationary body.(2.7kg)

i A > Jomis B —om/ | |
| | |

- » 15m/s

\"ZJ

8kg M= ? 8kg m="?
MU+l = (Mm+nmp)v
8 x20 +0 = (8+m)v
Me = 2.7kg
EXPLOSION

Momentum is conserved in explosions such that which ocdlar i&/fieeda Biefore firing, the
total momentum is zero since both rifle and bullet are at rest.

During firing, the riffle and the bullet receive equal but opposite momentum, so the total moment
after firing is zero

MvVi+MVp 0
M V=-MViwlere M 7 mass of bullet
M1 mass Of riffle
V- velocity of bullet
V¢ recoil velocity of the riffle.
Recoil velocity.

When the bullet leaves the barrel, the total momentum must be conserved there fore the bullet
moves forward, the gun jokesvaad& (recoils) with a velocity called recoil velocity.
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Example

1. A bullet of mass 50q is fired with a velocity of 400mls from a gun of 5kg. Calculate the recoil
velocity of a gun.

My Vg +mpV =0

0 Xvg+—x400=0

Vg =4m/s{emeans opposite direction)

2. A 50kg girl jump out of a rowing boat of mass 300kg to the bank with a horizontal velocity of
3mls. With what velocity does the boat begin to move backwards

Myvg+mpVvp=10
300 xvg +50 x3 =0
Vg =0.5m/s

Question
1. (a) Out line the similarities and the differences between elastic and inelastic collisions

b) Fatimah of mass 60running at 64 km/hr jumps on a stationary trolley of mass 20kg. if the
collision is perfectly inelaBind

i) Loss in kinetic energy
i) Final kinetic energy
APPLI CATI ON OHAWGEWDIUGANAD EONSERVATION OF MOMENTUM

i) Inflated balloon
When a balloon filled with air is released in space so that the aircantksdzgdobdn. The
balloon darts forward in space until all the air has escaped.

——=» balloon

Explanation

As air escapes from the balloon at a high speed backwards, it does so with a big force. According t
Newt ondés | aw of mot i oatlgoncausieg itéoimove ornward witlsthea r e a
same force.

From the principle of conservation of momentum, a backward momentum due to the air escaping s
up equal but opposite forward momentum, on the balloon causing it to move forward.
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i) Rocket and jehgines.
Jet engine

To start the engine, an electric motor sets the compressor to rotate. The compressor is like a far
blades draw in and compress air at the front of the engine. Compression raises the temperature
the air before it reaches the atimbwhamber.

Then fuel (kerosene) is injected and burns to produce a high speed stream of hot gas which
escapes from the rear of the engine, as a result, the gaseous product set a reaction of equal but

opposite momentum to the plane making it peopel forw
combustion
chamber

fuel )

cCompressor fuel turbine

Rocket engine

Rockets, like jet engines, obtain their thrust from the hot gases they inject by a fuel. They can
however, where there is no air since they can carry the oxygen needed for burning instead of ta
it from the atmosphere as theget engine. Space rockets use liquid oxyI@IClat

Common fuels are kerosene and liquid hydr2§&C)abut solid fuels are also used.

= F‘qud oxygen

— fuel

PPLmpp ——y —Ppump

e 53 hot exhaust
: gases

Differences between a rocket and jet ingine

A jet engi ne do e senadse it pes atmaspheric axggenad boro its fudl whilee b
a rocket engine goes out of atmosphere since it burn fuel when it is in space because it can be loac
with liquid oxygen cylinders.
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ARCHIMEDES AND FLOATATION
ARCHMEDEOGSE PRI NCI P
It is an upwatfdrce due to the fluid resisting being compress when any object is immersed or
submerged into a fluid, its weight appears to have been reduced because it experiences on a upthr
from the fluid.

Statement of Archimedesdés princiopal
It states that whafbody is wholly or equal to weight of the fluid displacement i.e upthrust = weight of
fluid displaced.

Experiment to verify Archimedesds princiopal

Y7 -3
spring
«” halance

1t 6N

< 10N
weight of

water displaced

water = 4N

An object is weighed in air using a spring balance 10 thtadurgka can is completely filked wi
the liquid and a beaker is put under its spout. The body is then immersed in the liquid.

The new weightigalso load on the spring balance.

The liquid collected in the small beaker is weighed to determine its weight w3. it is fdund that w3 =
w2.

The weight of the body which completely immersed or submerged is called the apparent weight. T
apparent weight is loss then the weight of the body because when the body is immersed it experier
up thrust.

Exampls

1. A glass block weighs 25N. When iwimodlysed in water block appears to weigh 15 N
calculate the up thrust.
Upthrust = weight iri aneight in a fluid (apparent weight)
=WiIT W
=25 15
= 10N.
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2. A body weighs 1N in air of 0.3N when whetBennin water. Calculate the weight of displaced
water.
Up thrust =W W
=11 2.8
= 0.2N.

For a body completely immersed.
Volume of the body immersed = volume of displaced fluid
M = p x v wheré pgensity of displaced fluid
V1 Volume of bodyaume of displaced fluid
But up thrust = weight of fluid displaced
=mg

U = }Jvg
Example
A metal weights 20N in air and 15N when fully immersed in water. Calculate

a) Up thrust.

b) Weightfodisplaced water

c) Volume of displaced water (density = 1800kg/m
d) Volume of metal

e) Density of metal.

a) Up thrust = weight in areight in water
= 20N 15N

= 5N

b) Weight of displaced water = up thrust
= 5N

¢) Volume of displaced water

Upthrust = weightldplaced water

S=pXxVXxg
S=1000xvx10
V=o—

V = 0.00059m

d) Volume of metal = volume of displaced water
= 0.0005#n

e) Density of metal =——

8
= 4000kgfh
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Application of Archimedesds principal

1. Measurement of relative density of solids
2. Measurement of relative density of a liquid

Measurement of relative density of a solid
T 0 QO O QQEBEIDE DE A LD G
T 0 QO O QOO GO Qi NE S0 L'D 0
T QQ0 Qi GWERD 6™ ©“OZ WO
7 1 Qa 0@ IEQOQ &Ha QQO——
RD =

EXAMPLE

An object 5.6 N in air and 4.8N in water find its relative density

An object of relative density 7 and 70N in air .what is its weight in water.

RD =
7 = —

Ww = 60N

3. An object of relative density 9 weighs 40N in wateefgid ih ai.
RD =

46 |



Determination of RD of a liquid

1 Letan object find its weight in air Wa using a spring balance
Weigh the object in the liquid Vi#idse to be determined, label in Wa
Weigh the object in water, call it Ww

Find the up thrust in liquid FWa

Find the up thrust in water ¥ Wa

Obtain RD of a liquid from RB—=

= =4 4 -4 A

RD =——

Example

1. An object 5.6 in air, 4.8 in water and 4.6 when immersed in a liquid. Find the R.D of the air

2. An object weighs 100N in air and 20Nithat R[D 0.8. Find its weight in water.

RD =

0.8 =

Ww = ON.
FLOATING OBJECTS
These are two vertical a forces which act on an object when immersed in water Ww and upthrust U
If W is lees th&h the object floats
If W is equal to upthrust U objects rise
If W is greater than upthrust U object sink

Therefore floating objects weigh equal to upthrust from Archimedes principal, upthrust is equal to
weight of a fluid displaced. Therefore fay dbjtcts, weight of objects should be equal to weight of
fluid displaced.

Law of floatation
It states that a floating object displaces its own weight of the fluid in which it floats

Experiment to verify law of floatation
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Method

- Weigh the object inaaid note its weight Wa
- fill the overflow can until water just overflow from the spout
- Place an empty measuring cylinder under the spout after dropping of water has stopped.
- Gently lower the object into the overflow can collect the
Displaced water areigh it.

spring
Balance

e

e )]

displaced
liquid

It is found out that
Weight of water displaced = weight of object Wa
Application of law of floatation

1. Ship

A ship floats when the upthrust of the water it displaces equals its weight,

Weight of floating ship =weight of water displaced

Whilea ship is being loaded, it sinks lower and displaces more water to balance the extra load.
While steel does not float, steel ship floats this is because steel ship is hollow (i.e. consists of st
wood, and air) and its average density is lessimasitthef water. There fore hollow steel

displaces many times its volume of water.

2. Submarines

A submarine has ballast tanks which can be filled with water or air/ when full of water, the avera
density average density of the submarine is sbgitlthgn the density of sea water and it
sinks

48 |



floating ‘ under_ water

_air in tanks water in tanks

When air is pumped into the tanks, the ave
slightly less than that of water around it. The submarine therefore stays at one depth or rises to
surface

Balloons and air ships
A balloon is an airtight, light bag with hydrogen or helium. These gases are less dense than air.
airship is a large balloon with a motor to move it and fins to steer it.

The down ward force on the balloon equalgdiglth of the bag plus the weight of gas in it.
The balloon rises if the upthrust is greater than the downward force
The lifting power= up thimasal weight

= weight of air displabedight of ( bag + gas)

-baloons that carry passengers control their weight by dropping ballast to make them rise and by
letting gas out of the gas bag to make them fall. As the balloon rises, the atmospheric pressure «
becomes less. The gas in the balloon tends to exptord.thbegas bag must not be filled

completely when the balloon is on the ground.

4. Hydrometers

A hydrometer is a floating object used to find the density of liquids by noting how far it sinks in th

(11.00
-—— stem

— 1.10

— 1.20
m 1.30

buoyancy
bulb

lead shot

No weighing is necessary. It consists of glasgeibe with a bulb at the bottom mercury or
lead is in the bulb so that the hydrometer floats up right. The stem is long and thin and is gradua
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The thin stem means that the hydrometer is sensitive i.e. it sinks to different levels even in two
liquds whose densities are almost the same.

Uses of a hydrometer

It is used for measuring the densities of milk (lactometer) , beer, wines, acids in cars batteries(th
acid in a fully charged accumulator should have a density3pif it 2&8iigdmelovi &, the
accumulator needs recharging).

Experiment to measure density of a liquid using the hydrometer

mark a simple hydrometer in cm beginning at the end that sinks

place it in a tall jar of water. Mark the level to which it sinks

measure the lengtht tvas in the water

Remove the hydrometer, dry it and place it in a jar of another liquid. A gain measure the
depth to which it sinks

il
il
1
T

Obtain density of liquid—=

Workedut examples

1. The mass of a piece o cork (0.26g/@0g. What fraction of the cork is immersed when it
floats in water?

Solution

Mass of cork = mass of water displaced

= J \V/

20=1xXv—0p volume of water displacédw@0ome of cork immersed.
But volume of cork= == 80 cm
Fraction of cork immersee—=— = Y

2. A solid of volume 1 Xirats on water of density 1 x1®wWihrof its volume submerged. Find

)

i)

i) The mass of solid
i) The density of solid
Solution

Mass of the solid = mass of liquid displaced
=-v Xp
=-x10% 1x18
= 0.06kg

Flotation of the body=————

Immersed
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Density of the body —=—
= 600kgin

3. A rubber balloof mass 5 x34g is inflated with hydrogen and held stationary by means of a
string. If the volume of the inflated balloonsjcalzdl@te the tension in the string (density of
hydrogen = 0.8ngdensity of airl.15Rgm

Solution
Up thrust U =ewght of fluid displaced
=4}aVQ

=1.15 x 5xI¥ 10
= 0.0575N

Weight of balloon fabric = mg
=5 x1e8 x10
=0.05N
Wei ght ofnvigy0.080§ %if10=0.004N
Total weighf balloon W =0.05 + 0.004
= 0.54N
Tension T =iUN
=0.05750.054
= 0.0035N

4. A body of mass 2kg is suspended from a spring whidh wdemtsis completely
submerged in water,

)] What is the upthrust of the water in the body

i) What is the mass of water displaced by the body

iii) If the density of water is 1000kg Im3, what is the volume of water displaced
iv) Calculate the density of the matenibich the body is made.
V)

SOLUTION
Wa = mg

=2x10 and U=wsavw =2017

= 20N =3N
i) Upthrust = weight of fluid displaced

=3N
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W =mg
3 =m x10 hence M == 0.3 kg

i) Upthrust = weight of fluid displaced
u =13 v g
3=1000xvx10
V =

= 3.0 x10m

i) Density=

8
= 6.7 xBg/m
5. When a metal is completely immersed in liquid A its apparent weight is 5N. When immersed
andher liquid B the apparent weight is 16N if the densityrafBtlist of A calculate the
mass of the metal.

Solution
(i) Upthrustin A Up thrust in B
Ui=Wa Ww U= Wa Ww
U = (Wa 20) = (W4 16)
Upthrust weight of fluid displaced U = weight of fluid displaced
Wai20= pa x Vg éé.. Wall6=Pa Vgééeée(ii)

Divide (i) by (ii)

8(wa 16) = 9(Wia20)
Wa = 52N

Mass of solid= =—

=5.2kg
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Motion of a body through fluids
When a body fall through a fluid itsdsoadby forces namely

a) Weight of the body

b) Viscous force

¢) Upthrust
The weight of the body acts downwards towards the earth. Upthrust acts upwards and viscous forc
acts in the direction opposite to the motion.

(Viscous dra upthrujst
Metal sphefe luid
W (weight)

As the body falls, it accelerates first with net resultant force

F=wi (f+ u)

As the body continues to fall, it attains a uniform velocityireleeldertym When the weight of
the body w =fx + u
At this stage the resultant force or net force of the body is zero.

Terminal velocity

This is a constant or uniform velocity with which a body falling thru a fluid moves such that the upw
forces amg on it are equal to its weight

OR is the uniform velocity attained by a body falling thru a fluid when the net force on the body is 0
Incase o a balloon or a rain drop falling, the resisting force or retarding force on the body is called &
resistace

A 6
velocity ) * ®
! . :
terminal | . g
velocity .

time
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LIGHT

Light is a form of energy used in vision that enables us to see.
Sources of light

a) Luminous source of energy
Is that which produces its own light e.g. star, sun, bulb, candle etc.

b) Non | uminous sour ce o¢itsbwndghttbut cans refltedi faom wh |
luminous object e.g. mirrors moon car reflectors etc.

Transparent objects

These are objects which can allow light to pass through them. Driving windscreen of a car, ordinary (
pure water etc

Translucent objects

These are objects which allow little light to pass through them e.g. bathroom glass, tinted gla
tracing paper e.t.c

Opaque objects
These are objects which dondét allow |l ight t
PROPERTIES OF LIGHT

1 It undergoesfhrection

1 It undergoes refraction

1 It undergoes diffraction.

1 It undergoes interference.

1 Can be polarized

1 Travels in a straight line

1 It has a velocity of 3.*rif} in vacuum.
1 Can travel through vacuum.

A

ray this is a path taken by light from ant@bjeather. A ray is represented by a thin line with
an arrow to indicate the direction of light.

Beams of lighta beam is a collection of light rays moving in the same direction.
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TYPES OF BEAMS

i) Parallel beam

YyYvYyy

i) Convergent beam.

Common point where rays meet.

Common point where
Rays originate from

RECTLINEAR PROPAGATION OF LIGHT
This is the phenomenon where by light travels in a straight line.
EFFECTS GRECTLINEAR PROPAGATION

i) Formation of shadows
i) Occurrence of eclipses

EXPERIMENT TO SHOW THAT LIGHT TRAVELS IN ASTRAIGHT LINE

-
A6 T
e
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PROCCEDURE

Three (3) identical card boards A, B and C each with a hole in its centre, are arranged with hole
a straighirle as shown above using a thread.

A source of light is placed behind cardboard A and an observer in front of C. The observer is ab
see the light from the source because light travels in a straight line.

If one of the holes is displaced out odithiet $tmes by adjusting one of the cardboards, light from
the source canodét reach the eyes of the ob

This shows that light travels in a straight line.
SHADOWS
Shadows are formed when light rays are obstructed by an opaque object

FORMATION OF A ${AW BY LIGHT FROM A POINT SOURCE

OB
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Obstacle 1 S
Shadow (Umbra)

The shadow formed is completely dark with sharp edges and is called umbra.

Formation of a shadow by light from an extended source

The shadow has two parts

(i) umbrat is the central part of the shadswlark and receives no light.

(ilPenumbra

It is the outer part of the shadow it is fairly dark. It receives light light from the source
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