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PREFACE

Some students think that physics is teo difficult a discipline to learn. This
is due to a lack of discussion and demonstrations of the present day uses
and practical applications of physics concepts, theories and equations.

This leaves the pupil with lock of enthusiasm, and the impression that
physics has more to de with the world of the mind rather than what it re-
ally is a science. Science is a discipline, which is based in the real physical
waorld and its foundation is practical applications and data from the phys-
ical world,

We have tried to explain the concepts in this book in the most under-
standable way and have taken advantage of the natural ability of voung
people to instantly and intuitively grasp concepis through graphics. Full
colored figures and photographs support the explanations.

This book explains the phenomena related 1o 2™ intermediate year sub-
jects.

This book aims to improve the level of understanding of modern physics
by inclusion of the following; subjects, figures and illustrarions, extensive
guestions and articles in an enjoyable way.

I'm grateful to all the people who have helped with this book. My special
thanks to my family for their patient, support and constant encourage-
menl

The Authors
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MEASUREMENTS
Deseription and Measurement -
Measurement )

How would you desenbeé what you are wearing today? You nught start with the
colors of your outfit, and perhaps you would even descnbe the style. Then you mi-
ght mention sizes— size 39 shoes, size 14 shirt, Every day you are surrounded by
numbers. Measurement is a way to describe the world with numbers. [t answers
questions such as how much, how long, or how far. Measurement can deseribe the
amount of milk in a carton, the cost of a new compact disc, or the distance between ]
your home and your school. It also can describe the volume of water in a swimming . : .-
pool, the mass of an atom, or how fast a penguin’s heart pumps blood. : *:_AE

There are some devices that measures quantities which are used in everyday life;

Measurment Tools

RN EE AR S R R
I .
ke

You can use o meberstick
to measure length,

You can use-a
thermometer
o measune
temperaturs,

e S RS SR e EE SR LR

You can use a balance
bo measune massw

Describing Events Measurement also can describe events such as the one
shown at Figure (1) . Inthe 1956 summer Olympics, sprinter Beity Cuthbert
of Australia came in first in the women’s 208-m dash. She ran the race in 23.4
5. In the 2000 summer Olympics, Marion lones of the United States won the
100-n1 dash in a time of 10.75 5. In this example, measure ments convey infor-
mation about the year of the race, its length, the finishing order, and the time,
Information about who competed and in what event are not measurements but
help describe the event completely.

Estimation

What happens when you want 10 know the size of an object but you can’t
Figure (1) measure it? Perhaps it is too large to measure or you don’t have a ruler handy:
Accurate  measurement of  Estimation can help vou make a rough measurement of an object, When you esti-
distance and time is imporiant  mate, you can use your knowledge of the size of something familiar to estimate the
for competitive sports like  size of 3 new object. Estimation is a skill based on previous experience and is useful
track and field. Why wouldn't  when you are in a hurmy and exact numbers are not required. Estimation is a valuable
a clock that measured in it. skill that improves with experience, practice, and understanding.




How practical 1s the skill of estimation? In many instances, estimation 1s used
on a daily basis. A caterer prepares for each night's crowd based on an estima-
tion of how many will order cach entrec. A chef makes her pnzewinning chili.
She doesn't measure the cumin; she adds “just that much.™
Firetighters estimate how much hose to pull off the wuck when they amve
at a buming bniding,

Figure (2)

This student is about 1.5 m
tall. Estimate the height of
the tree in the phota,

1I example, the tree in Figure (20 18 too tall to measure easily, but because you

f' know the height of the student next to the tree, you ean estimate the height
b of the tree. When you estimate, you often use the word about. For example,

doorknobs are about 1 m above the floor, a sack of flour has a mass of about 2

kg, and you can walk about 5 km in an hour.

_ Using Estimation You can use comparisons (o estimate measurements. For
d
N

i)

Estimation also is used to check that an answer is reasonable. Suppose you
calculate your friend’s nmming speed as 47 m's. You are familiar with how
long a second is and how long a meter is. Think about it. Can your friend really
run astm's 7 Estimation tells you that 47 m/s is unrealistically fast and vou
need to check your work.

Precision and Accuracy

(ne way to evaluate measurements is to determine whether they are precise.
Precision is a description of how close measurements are to each other.
Suppose you measure the distance between your home and your school five
times with an odometer. Each time, you determine the distance to be 2.7 km.
Suppose a friend repeated the measurements and measured 2.7 ki on two
days. 2.8 km on two days, and 2.6 km on the fifth day. Because your measure-
ments were closer to each other than vour friend’s measurements, yours were
more precise. The term precision also is used when discussing the number of
decimal places a measuning device can measure. A clock with a second hand is
considered more preeise than one with only an hour hand.
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Pregrees of Precision The timing for Olympic events has become more pre-
cise over the vears: Events that were measured in tenths of a second 100 vears
agn are measured 1o the hundredth of a second today. Today's measuring de-
vicey are more precise. Figure below shows an example of measurements of

time with varving degrees of precision.

\ecuracy When vou compare a measurement to the real, actual, or acoepted
vahue, you are describing accuracy, A watch with a second hand is more precise
than ane with only an hour kand, but if it is not properly set, the readings could
be off by an hour or more. Therefore, the watch 15 not accurate. On the other
hand, measurements of 1.03m. 1.04m and 1.06m compared to an actual value

Figare. lustrates the ditference of 1.05 mis accurate, bat not precise.
between precision ond pcouragy.

Before the invention of elocks, -as they are known I:-n-da].r,.
a sundial was used. As the Sun passes through the sky,
i shadow moves around the dial.

| Drigrtal clocks are now as |
COMMON &5 analog nes

B | For centuries, analog clocks-the kind |
= | witha face were the standaed.




Messurements

S1 Units

The International System

Can you imagine how confusing it would be if people in every country used
different measuring systems? Sharing data and ideas would be complicated. To
avoid confusion, scientists established the Intermational Svstem of Units, or 51,
in 1960 as the accepied system for measurement. Tt was designed to provide a
worldwide standard of physical measurement for science, industry, and com-
merce, 81 units are shown in Table below.

The 81 units are related by multiples of o, Any 81wt can be converted W
a smaller or larger 51 unit by multiplying by a power of 10. For example, 1o
rewrite a kilogram measurement in grams, you multiply by | 000, The new umt
is renamed by changmg the prefix, as shown in Table below. For example, one
millionth of a meter 15 one micro-meter. One thousand grams 15 one kilogram:

Tablel: ST Base Unirfs

liinic current
amaant of substanoe

intemsity of Bight

Uit Symbol
e .
kilergrarm ko)
kslvin K
| 5
.Hmpn: A
e
candela

Table2: S1 Prefixes |

Prefix  Multiplier
G- 1000, 00, D00
Hadge [REL R

Wi 1000
hecto- 100
deka- 10
[mfﬂ 1

deci- 0
centic 0.0

mill- 0000

TR R AL

SR OO (WD 0T
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CHAPTER QUESTIONS

(LI choose the correct answer from the following:

I. What is the ST unit for the length?

a. inch.

h, foot.
C.'meter.

d, kilometer,

2. A roam is measured to be 3.6 m by 5.8 m. What is the area of the room?
i, 20,88 m’,
b, 2 % 10" e,
oo 200X 1P me=,
d. 21 m-.

3. The earth mass 5.94 X 1F kg, what its mass in (mg)?

a. 0.594 mig,

b, '5.94 X107 mg.
¢ 5.94 % 10" mg,
d, .594 X 10 mg.

(2.2 Answer the following:
. convert the following to ST unirs:

i .12 us. b, 3.42 km.
e 44 emims. d. 80 km / hour.

2 Converf the following to ST unirs:
a. 1.0 hour. b 1.0day. e 1.0year . 24 min.

3. List the following distances from the shortest to the longest:
I mm, IMm, Inm, | km, 1 ey, | pme

(.3 A bacterium with 2 um long, lum diameter and its mass 1 X 10 g, Answer the
following in SI units:

2. What 15 its length?
b, Drameter?
c. Mass?




CHAPTER 2
MLO%TION
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PERFORMANCE INDEX
After completion of the study this chapter the student should be able to:

Describe position.

Compare between distance and displacement.

Distinguish between speed and velocity.

Distinguish between uniform and non-uniform motion.

Define the physical meaning of acceleration.

List the Kind of motion.

Describe the Nature of the wave.

List type of wave.

. Understand the properties of the wave.

(od b9

SANE

° % a2
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MOTION

From an electron to galaxies, everything in the universe is in a continuous =tate of mation. For example
electrons tum around the nuclews of atoms, planets revolve around the sun. The sun rotates wgether with
the Milky way palaxy:

On the earth. all living things move to survive: Plant’s leaves turn towards the Sun, Animals move to find
foad.

Day and night occur because of the motion of the Earth around its axis. Everything on the earth is in motion
gether with it

So we can say that we live in 2 world full of motion, In this chapter we will learn the meaning of motion,

speed and other term related with it,

PRI YPE
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2.1 WHAT 1§ MOTION? ;

Suppose that you are in a train. How can you decide if the train 1s moving, or
waiting at the station? Can you say that the train is moving by just looking at
the passengers inside the train?

To make a decision about the train’s motion, vou must look outside the win-
dow. If the buildings, trees and electric lines appear to move past, you know
that they are not moving, vou and the train are moving, An object is in motion
if its place changes with respect to a fixed point which we call the reference
point. The reference point can be any stationary point such as that on a tree, a
building, a bridge, an electric pyvlon etc.

Figure 2.1 Living things move tosurvive.




| Motion )

a) What is position?
There is a dog away from the tree, but where?
Read the sentences below and look at the picture in Figure 2.2. Figure 2.3

« There is a dog on the hill.

« There is a dog on the hill near the tree.

« There is a dog on the hill 50 metres away from the tree.

« There is a dog on the hill 50 metres away from the tree, due east.

Which sentence describes the location of the dog the best?

The distance of an object to a reference point in a stated direction gives the
position of the object. Position is a vector quantity which has both direction
and magnitude. Therefore the last sentence gives the necessary information
about the location of the dog.

The position is shown as a vector in the drawing below.

west

caagritude o The dog is 50 m away from the tree due east.

-

stam'ng’/-
point %

-

\diretﬁon

The arrow on the letter x shows that it is vector. When we talk about magni-
tude, we don’t use arrows. We can show the position of the dog with a vector
as shown in the figure 2.3

b) What is displacement?

The change in position of an object is called displacement. Displacement is
also a vector quantity. We can find the displacement of an object by subtrac-
ting the initial position from the final position:

If the dog moves away from the tree due east and its final position is now 87 m,
what will its displacement be? The dog’s initial position was 50 m it’s, final
position is 87 m due cast;

=87m;x .. =50m

xﬁnal initial Figurg 24

Ax=x X

final initial

Ax=87-50=37m

The dog’s displacement is 37 m due east. This is shown in the figure 2.4
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To make clear the concepd, ler's think about the following example;

| 1.-"-:-.+ ) .
pigg w"'-i-,l.x"" A postman walks around a building, as shown in the figure 2.5 todeliver
o s o the mail,
l: Hi Wha is the distance ravelled by the postman-and what is his displacemient?
el e
E‘li !|§= Ag any object move from one position to another can be define as the length
[l i of the path from inital position to the final position called the disnce (<)
'-,#- ‘* which is scaler quantity
Fjlﬁurel.! The postrnan travels 150 mto the north, 250 m 1o the east and 150 mto the

south. In total he travels

o= 150+ 25004 150 =550 m
But bis displacement is different: It is the chanpe in his initial and final pasitions.
His final position is 250 m due east.
It we take the initial posstion to be 0, the displacement of the postman is;
Ax = X ™ Mt
Ax=250-0=250m
A boy with a dog crosses a slm:l:.'Thewidl.hc_rf‘the street is 23 m. The boy goes

on - straight path, but the dog follows a curved path. At the end their dispka-
' cements will be the same. but the distances travelled by the boy and dog will

not be the same! :
Ax =235 meter |
o)
i
& Example 1.1
A erl walks 5 medue right: Then she retums and walks T modue lefl. What i3 the distance taken and the displacement
during this motion?
Solution Caleulation
The girl moves 5 m due right and 7 m doe left, First, it is better to sketch & diagram as shown
The distance {d) taken by the girl is: below,
d =dtd~5+7=12 m _ AR=T 4,  A=5+(-T7) AX ==2m
Let's tnke displacement 1o the right to be posilive
and that towards the lefi to bz negative. Ax shows Although the girl walks totaly 12 m, her displace-
the change in position. ment is —2m.

e o e B R S S ™

ﬂF sercise 2.

A ball is released from a height of 3 m, bounces from the floor and 15 caught at 2 height of 2 m from the floor. Find the
distance covered by the ball and its displacement;

A Distance covered,d =7 m; displacement, Ax=3m with respect to the ground
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Example 2.2

Look at the figure below.

i) State the positions of the students and draw their position vectors,

vy After & while they all move to peint C, what will their final positions be? What will their final displacements be?

Al

. -

Solution
al  Ali's initial position is— 50 m, that of Magzin is - 30 m, and that of Ahmad is + 40 m. Their position vectors are
as follows:
adl Matin ARrmac
‘1‘ i _?_ i i i EI| i i .E|: [l 4
T se e, 30 -26 -l @ w28 3w 40 50 i
}_ mifnij_ipf;ﬂ?&lﬂ_.fp_g i
— - I
t ! I v ,EHI! ir i Mm‘:lﬁ;:ltﬂ“f

I} The students meet-at the point C. Their final position is +10m

50 40 -30 20 -10 0 10 20 30 40 50
Students' final position
Ali mioves from point A to point C, his displacement is; Ax = 5 — % = +10 - (=50} =+60 m
Mazin moves from point B to point C, his displacement is; Ax | = xp— x; = +10 - {-30) =+40m

Maiin

Ahmad meves from peint [ to point C, his displacement is; L S Yo | =+1&—{+l1-li'r=—ﬂ-ﬂm

A 8 c D
I e P T P S
=0 =40 =50 =-20 =10 0 10 2 30 40 50
: Mﬂﬁ
S8

A si AX jiat




¢) What is Speed?

We usually classify motion as either fast or slow. When we travel, we prefer
safe and fast vehicles to travel long distances in a short time. For example a
car is a fast vehicle but a plane is faster than a car. The measure of how fast
an object moves is called speed. All moving things cover different distances
during their motion depending on their speeds. For example a car can cover 90
km in one hour but an aeroplane can fly 900 km in the same duration. Study
the figure (2.7), which two quantities should we know to calculate the speed
of an object?

)

Ax

Figure2.7
We can define specd as the distance travelled in unit time. If we know the dis-
tance travelled and the time taken during the motion, we can find the speed.
-.\ The speed is calculated by dividing the distance travelled by the time taken. We
can state it as in an equation;

Distance travelled d
- §= =
Speed T in symbols -
\
-"'-
3 where 8§ represents speed, d represents distance and t represents time. In scien-
If the baby takes tific measul:'ements llt)li distane; is measured in metres(pm) and the time in se-
20 cmin 1s, his conds(s), so the unit of speed is metres per second(m/s). For example a baby
speed is 20 cm/s. crawling on the ground a distance of 20 cm in 1 second, has a speed of 20 cm/s
see the Figure 2.8
Figure 2.8 If we measure the distance in kilometers (km) and the time in hours (h) then the

unit of speed is kilometres per hour (km/h). For example a man riding a bicycle
a distance of 12 km in | hour has a speed of 12 km/h (12 km per hour. Here the
slash (/) is read as “per”).

If the man rides at a constant speed of 12 km/h, he travels
24 kilometres per two hours.

distance traveled in & unit of time

12 km
IR e

unit of time

Sievte = 12 kvh
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1) Average speed
Study the diagram in figure (2.9) what can you say about the speed of car during the
motion? Is it the same everywhere? see figure (2.10), figure (2.11).

Figure 2.9

A car on a highway cannot go with the same speed every time. On flat roads
it can go very fast but slows down when climbing uphill. A car rarely moves
at a constant speed. Due to this reason, we usually prefer to use the average
speed of objects. Average speed is calculated by dividing the total distance
travelled by the total time taken. We can state it as an equation;

[ A“;fme speed - M in syrnbols S - d‘mﬂ

Total time -—ha

Lets’ say a car moves 210 km during the first 3 hours and 220 km during the
next 2 hours. The average speed of the car is calculated as follows: igure 2. 0 In marathons competitors

run with varying speeds, therefore we

‘ 25 24 talk about their average speeds.

4

-
-

210km | 220km
d =210 km + 220 km = 430 km
t . =3h+2h=5h

Average speed = Total distance / Total time =430 km / 5 h= 86 km/h
The car’s average speed is 86 km per hour. It takes 86 km in one hour on Figu;e i.ll_Racihg s et the
e track cannot move with the same
3 speed every instant.
f"‘*'” Example 2.3
& A ship moves with a speed of 5 m/s for half an hour. Calculate the distance
covered by the ship in metres and in kilometres.

Solution .
What is asked in the question? Calculation
The distance covered by the ship, d=? d=s-t
What is the information given? d=5x 1800
Speed, S =5 m/s; time, t= 30 min. d=9000 m
t=30 x 60 = 1800s d=9km
What is the equation needed to solve the problem?

d=S-t

distance = speed * time
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Exercise 2.2
An athlete runs 3 ki at o speed of 5 m/s. Calculate the time taken by the athlzte in min.

Ans o 10 min

. ..A:-jE xdimple 2.4
Inarace, a runner covers a distance of 1200 m with an average speed of 4
= m's How long does it take to run this distance? then caleulate the time in min, g

Solution Calculation

What iz asked m the question? t=d/4

The time to run the distanee, (=7 1=1200/4

What is the mformation given” 1= 30s

Distance,d=1200m, 5_=4 m/s The runner corpletes

What is the equation necded to sodve the problem? L2060 m in 300 5 seconds.

d el t = 00 5 = 5 min

L= g (fime= disance  speed e

Exercise 2
Q A train travels 4 hours and covers 380 km during it"s motion. Calculate its
speed. Ans 93 km'h

Exi mlph.
j A boy covers a distance of 3000 m in 10 min with a bicycle, What is the
E' average speed that the boy rides his bicyele with in mé's and km/®h?

iCaleulation

solution ' First, convert given fime it
What is asked in the question? " seconds and then hours.,
The speed of the bicyele inmds, kmb; v=" )
What is the information gven? t= 1) min= 10 - 60
Distance, d=3000 m; time, t=10 min, ' =6003
What 15 the equation needed to solve the d 3000m
problem? | §=—= =5mis
d L 600 s
h=—
t ' i=lﬂmin=!ﬂ-ih zlh
B0 6
- d=3000m=3km
s=>1" = ig ke
~h

G

Exercise 2.4

A man walks 300 my in five nunutes, then walks 450 m in 20 mimetes. What is
the average speed of the man in m/s? Ans (L3 mis
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2) What is instantaneous speed?
Together with average speed, it is also important to know the imstantancons
specd. This is the speed of an object at a given instant of time. The
speedometers of cars, motorcycles, acroplanes etc. show instantaneous
speed. Thus, when you read the speed on any speedometer, it is the
instantaneous speed of the vehicle. see figure (2.12).

Figure 2.12 Speedometers show instantaneous speed.
d.What is velocity?

From weather forecasts on TV you may hear of storms travelling at up to
speeds of 20 kmv/h. Do you have to make a plan to protect yourself from it’s
hazardous effects? What additional information about the storm should you
know about that makes it dangerous? 60 kmih

The speed of objects don’t detail everything about their motion. It isalso |
important to know the objects’ direction of motion together with it’s speed. If
you know the direction of a storm, you can decide better whether you must
take it’s dangers into consideration or not. It may not even be directed towar-
ds your neighbourhood.

Figure 2.13 The cars have the same
speed but their velocities are different.
What are their velocities?

When we talk about direction and speed of motion, we use the term
velocity. The speed of an object may be the same in different locations but
its direction can change, this causes its velocity to change. In short, velocity
is the speed in a given direction, look at the Figure 2.13. We represent the
magnitude of velocity with the letter v, when we represent both direction
and magnitude as velocity we add an arrow over the letter, v. When we write
down the speed, we don’t use an arrow: For example v=8 m/s. Study the figu- !
re 2,14 and state the velocities of the bodies. Figure2.14

A Look at the figure on the left, a cyclist nding around a circle has the same
‘-"1k--'?_'* ) & speed at every instant but its direction always changes. What are the velocities
X£J5 ms

-
AN of the rider at the pomts A, B, C. D?

[n some jobs, the velocity of objects is very important. For example aerop-
%. lane pilots require to keep precise control over the velocity of their aircraft
30m
O

5 mis

é
smis O§$

when they fly. They work together with the control tower teams to avoid col-
lisions with other aircraft. Another example is on the seas: ship captains must
know both the wind direction and speed to navigate correctly.

@‘.
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e. Motion
1) What is uniform motion?

Look at the figure below. What can you say about the motion of the car?
Does it take the same distance every second?

+————— 1 second = 1 second : 1 second j- 1 second |

5 metres ' 5 metres 5 metres 5 metres

If an object moves at constant speed, we call its motion uniform motion. An object moving with constant speed
travels equal distances in equal times.
The car shown in the figure travels equal distances in the same time mtervals so it performs uniform motion.

2 ) What is non uniform motion?
If an object speeds up or slows down, we say that the object performs non uniform motion.

a. Speeding up
If an object covers more distance than before in each second this motion is called speeding up. Study the motion of
the car in Figure below. At the beginning, the car stops at the red light.
When the green light is on, the car begins it’s motion from rest and travels a greater distance during each second,

that is “it speeds up™.

Acoconutfalling from a palm cocounut a ball rolling down a
slope and water flowing from a height speed up.

b. Slowing down
If an object travels less distance than before in each second, this motion is called slowing down.
Look at the picture below, the car decreases its speed as it gets closer to the red light, and then stops.
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-r’..: AR AR AR R NN E N

A ball thrown up vertically slows down, Due to the

. " gravity of the carth, as the ball goes up higher, its

# . speed continuously decreases and stops, then it falls
down

A ENRRNRANRRRRERRR RN RY

When we put on the brakes, we slow down the bike

1

L

134

it

'1

-

Kinds of motien
If you look around, you will see that the objects surrounding you perform
different kinds of motion. We can study mation in two ways:
4. According to the speed of ebjects
As we stated before, objects perform uniform or non-uniform motions

b. According to the path of abjects

We can classify the motion of objects according to the path that the objects follow.
Linear, eircular, vibrational. elliptic and projectile motions are some examples of
paths objects may follow

1- Linear motion {Transtational mofion)

Linear motion is motion in a straight line as shown on the left, A car travel- ling ona
straight road, a train on a straight railroad or a plane flying along a straight path in air
perform linear motion. Water droplets falling from a tap, a ball rolling along a
straight line are other examples of linear motion

| UIRG w = @
—Hn -l
o Cl—
fi f [

3
-

)

Examples of linear motion.
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2- Clircular And Rotational Motion
Cizgular Mation: This is the mation of an object around a central point, as shown in the figwre Hﬁ e
2.15 onthe right . a Persen rides on the rotating ferris wheel are said to 4 ; w
be in circular motion. a car moves around a circular track. when a ball —_—
15 whirled mn a circle are some examples of circolar motion. i i

| | & 2
Rotational Motion:The motion of o wheel around its axle, the rotation of enrth e -:J
and other planets around their axis, the rotation of the blades of wind milis .-

and air fans.the motion of recosds, od’s, mixers, droms of washing machines, car o —
miodor tyres are some examples of rotational motion, Look at the pictures below. A \
State the name of the ohjects that perform rotational metion. /

Figure 2.15 Circular motion

Figure 2.16 Rotanonal motion

J-Periodical motion

Periodical motion 15 the movement of an object back and forth about a central point. A child swinging back-
and forth, 4 spring moving up and down, a guitar string moving back and forth perform Periodical motion.
Study the figures below,

4= Projectile motion
In many games, a ball is thrown upwards into the air, it follows a different path to-a straight line or a circular path,

s shown 1 the figures. We call this type of motion projectile motion. Stale some other examples of projectile
AN




Motiom
5-Elliptic Motion
The earth and other planets move around the sun in
elliptic paths Although it looks like a circle,an ellipse
has some differences compared to a circle. study the e ;
figures on the right and below . |

Bliptic motion

1) What is Acceleration?

If an object changes its velocity, the object accelerates. is
defined as the change in velocity of an object in a unit of time. We usually
experience acceleration when a car starts motion from rest.

g B

The greater the change in velocity, the greater the acceleration. isa
vector quantity, so is the . Therefore a change in direction of
motion also causes acceleration even though the object moves at constant
speed.

When a moving object slows down, its velocity decreases, this has a special
name; deceleration. We experience when a moving car slows
down. Look at the figures below, which figure shows acceleration, deceleration.
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Nature of wave

Wave Energy

Energy can be carried away from its source by a wave. You can observe an example of a wave if
you drop a rock in a pond. Waves from the rock’s splash carry energy away from the splash.
However, the material through which the wave travels does not move with the energy. Can you
move a leaf on a pond if you are standing on the shore? You can make the leaf bob up and down
by making waves that carry enough energy through the water. But you would not make the leaf
move in the same direction as the wave

\Wave a periodic disturbance in a solid, liquid, or gas as energy is transmitted through a medium

Types of Waves

All waves transfer energy by repeated vibrations. However, waves can differ in many ways.
Waves can be classified based on the direction in which the particles of the medium vibrate
compared with the direction in which the waves move. The two main types of waves are
fransverse waves (transverse wave is a wave in which the particles of the medium move
perpendicularly to the direction the wave moves) and longitudinal waves (longitudinal wave is a
wave in which the particles of the medium move parallel to the direction of wave motion )

Pushing a spring back and forth

SR Rarefacuans Compressmns
creates a longitudinal wave,
much the same way that | | |
shaking a rope up and down
creates a transverse wave. ( r( ( rr
e L
Troughs Ctests

AN

Properties of Waves
Amplitude

The amplitude the maximum distance that the particles of a wave’s medium vibrate from their
rest position
A wave with a large amplitude carries more energy than a wave with a small amplitude does

Amplitude
A\

Rest position
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Wavelength

The wavelength the distance from any point on a wave to an identical point

on the next wave.

A wave with a shorter wavelength carries more energy than a wave with a

longer wavelength does.

Frequency

The number of waves produced in a given amount of time is the frequency
of the wave. If the amplitudes are equal, high-frequency waves carry more

energy than low-frequency waves.
Wave Speed

Wave speed is the speed at which a wave travels. Wave speed can be calcu-

lated using wavelength.

1. Change in position.

2. The distance of an object from a
reference point in a stated direction.
3. The distance travelled by an object in
a unit of time.

4. A type of motion around a central

5. The name of speed in a given direction.
6. The name of the speed of an object at a
given instant of time:...... speed.

7. A type of motion where the object moves
with a steady speed.

8. A type of motion where the object covers
more and more distance in each second.

6

vy=rf

Fill in the boxes correctly.
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CHAPTER QUESTIONS

L1 Use the words below i your ows sentences: . ;

ik : ; P i 3- A horse runs with a constant speed of 8 m's, What is the

displecement,lincar,speed . velocity. spesding up, distance covered by this horse afier 11,

instantneaus . circular G

Fill in the blanks with appropriate words

. The change in position of an object is called ................
i5alsoa vector quantity,

MR 15 the distance travelled in it time.

3. The speedometer of a car indicates the ......ovee.

speed of the car. 4- A body moves from a point A to a point B with u velocity

: 2 , T of 5 m/s and retums (o point A with 2 speed of 3 m/s. What
& s w15 the speed in o given chrection, it this vt velntily‘.!m

5. If an object covers more  distances ehan before
m each second this molion s called ..o i

@, watcr droplets falling from a tap performs ...
motion,

7. Earth follows an ................ path around the sun.

& Twiv students meet in school at 8200 am. One of them
came 16 the school by bus, the other one by train. The first:
student Ieft home at 7:30-a.m. his bome was 8 km away
fromm school. The second student Teft home at 700 2.m, and
he wis 40 km from school. Which student has a greater
wveruge speed? Which transportation vehicle is faster?

(1.2 Solve the following problems

1- Wt is the position ol the athiete.
i} Relative 1o point @
I} Relative 1o point €.
vy Retative 1o point F.

2- Avcar moves 200 m i 10 & What is the speed of
the car?
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(.3 Answer the test questions

1—#&5 r‘_h

500 <400 200 0 200 400 600  x(m

The car moves from point G to point B. What will
the final position of the car be?
A)-400m B)600m C)800m D) 1000 m

o
Q

A B C x

A cyclist rides his bike from point A to point B with
a speed of 5 m/s in 2 min. Then rides from point

B to point C at a speed of 8 m/s in 40 s. What will
the displacement of this cyclist be in metres?

A) 840 B) 600

C) 920 D) 280

3. A car travels a distance with a speed of 20 m/s in

3 min. Then another car covers this same distance
with a speed of 5 m/s. What will the time taken by
the second car be in minutes?

A) 10 B) 11 C) 12 D)13

4. A car moves with a constant speed a distance of
12.6 km in 15 min. What is the car’s speed in metres
per second?

A)ll B) 12 C) 13 D) 14

5. An airplane flown at a speed of 800 km/h in 3 h.
What is the distance flown by the plane in kilometres?

A) 1400  B)2400  C)3400 D) 1600

6. Which of the following is not correct?

A) Displacement is a scalar quantity.

B) Displacement is the change in position.
C) Displacement is the distance between two
points in a certain direction.

D) Displacement has both magnitude and
direction.

7. Which of the statements below is not correct?

A) Velocity is a vector quantity.

B) We represent the magnitude of velocity with the
letter v.

C) Speed has both magnitude and direction.
D) The unit of speed is metres per second “ m/s”.

8. Emre kicks a goal at an average speed of 10 m/s.
It is a good kick that travels a long distance of 30m.
How long does the ball take to reach the goal line?
A)5s5B)4sC)3sD)2s

9.

&=

! -

Uy
—
4 "
L

x(m)

80 km i t=3h
A car travels 80 km at an avarage speed of 40
km/h. It travels the remaining distance in 3h. What

is its dis placement if the average speed of the car
is 30 km/h.?

A)100km B)120km C)150km D) 180 km




1. what kind of wave dose this graph represent.

4. Transverse waves b. Longitudinal wave.

L. Which letter on the above graph is used for wave length.
4, A b. B c.C

12. Which letter on the above graph is used for trough.
a A L. B G

1 3. Which letter on the above graph is used for crest.
ad b.B c. i

& Compare between ltingitudjnal wave and transverse wave.

4, List the wave properties and explain one of them.

10. List kind of motion according to
a, Speed of the objects, b5 Path of objects.

d. D

d.D

d. D
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After completion of the study this chapter the student should'be able to:
. Define the sound wave.
. Know the relation between the sound and vibration.
. Distinguish how the human ear work.
. Listed the properties of sound.
. Give some examples of interaction of'sound wave (Reflection, absorption, ...)
. Describe the Sound Quality:
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What 1s Sound?

You are in a restaurant, and without warning, vou hear a loud crash. A waiter
dropped a tray of dishes. What a mess! But why did dropping the dishes
make such a loud sound?

In this section, you'll find out what causes sound and what characteristics
all sounds have in common, You'll also leam how your éars detect sound and
how you can protect your hearing,

Sound and Vibrations

As different as they are, all sounds have some things in common. One chara-
cteristic of sound 15 that it is created by vibrations. A vibration is the complete
back-and-forth motion of an object. Figure | shows one way sound is made
by vibrations.

Figure 1: Sounds from Stereo Speaker.

i)

A Electrical signals make the speaker vibrate. As the
speaker cone moves forward, it pushes the air particles
in front of it doser together, creating a region of higher
density and pressure called a compression.

B As the speaker cone moves backward, air particles dose
to the cone become less crowded, creating a region of
lower density and pressure called a rarefaction.

For each vibration, a mihpressinn and a rarefaction are
fermed. As the compressions and rarefactions travel away
from the speaker, sound is transmitted through the air.




S— SOUND )

Sound Waves

Luosgitidinal waves are made of compressions and rarefactions.
A sound wave is a longitudinal wave caused by vibrations I o
and carried through a substance. The particles of the substance, suchasaic | Sound wave a longitudinal wave
particles, vibrate back and Torth along the path that the sound wave wavels, | [hat is caused by vibrations and that
Sound is transmitted through the vibrations snd collisions of the particles, | travels through 4 taterial medium
Because the particles vibrate back and forth along the paths that sound tre-
vels, sound travels as longriudinal waves.

Sound waves travel in-all direchions away from their source, as shown in
Figure 2, However, air or ather matier dogs not trave] with the sound waves,

The particles of air only vibrate back and forth. . .
lrﬁmmﬁnn Rarefachion

Figure 2 You can't actually -
st sousnd waves, but they can '
be represented by spheres that
spread out in.all directions.

Figure 3 Tubing is connected 1o
n pup. that 15 remowving air from
the jar, As the air s removed, the
ringing alarm clock sounds quicter
and guictér.

Properties of Sound
Imagine that you are swimming in a neighborhood pool. You can hear the
high, loud laughter of small children and the soft splashing of the waves at the
edge of the pool.
Why are some sounds loud, soft, high, or low? The differences between soun-
ds depend on the properties of the sound waves.

The Speed of Sound

Suppose you are standing at one end of a pool and two people from the op-
posite end of the pool yell at the same time, You would hear their voices at the
same time. The reason is that the speed of sound depends on the medium in
which the sound is traveling and the temperature of the medium. So, you would

hear them at the same time even if one person yelled louder!

d
i 3
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How the speed of Sound Can Change
Table1 shows how the speed of sound varies in different media. Sound travels quickly

through air, but it travels even faster in liquids and even faster in solids
Temperature also affects the speed of sound. In general, the cooler the
medium is, the slower the speed of sound. Particles of cool materials move
more slowly and transmit energy more slowly than particles do in warmer
materials '

The speed of sound 1n air is increase as increase the temprutre from 0°C about
0.6m/s for each degree celsius as increase the air particles movment, So it can be
calculated by the following formula

5=7331+0.6>T

Table 1 Speed of Sound in

Different Media

Medium Speed (m/s)
Air (0°C) 331

Air (20°C) 343

Air (100°C) 366
Water (20°C) 1,482
Steel (20°C) 5,200

Reflection of Sound Waves
Reflection is the bouncing back of a wave after it dirikes a barrier. You're probably already
familiar with a reflected sound wave, otherwise known as an echo. The strength of a reflected
sound wave depends on the reflecting surface. Sound waves reflect bedt off smooth, hard surfaces,
Look at Figure 4. A shout in an empty gymnasium can produce an echo, but a shout in an
auditorium usually does not,
The diffrence is that the walls of a gymnasium are hit a flat, hard surface, they will be
reflected back.

Sound waves exsily reflect off the smopth, hard In well-designed nudiioriums, echoes are reduced

walls of & gymnasium. For this reson, you hear by soft maserials that absorb sound waves and by
an echi. irregular shapes that scagter sournd winves.

Figure4 ! Svand Reflection and Abserption.
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Echo happens when sound waves reflects from a surface to vour ears , generally part of the
sound reflects when it waves hit a large barrier | Echo is the repetition of a sound cansed by

reflection of sound waves from a wall. mountain, or other obstruction surface .

Fipure 5§ Bals use echolocation to- navigase arovnd barricrs and 1o find insecis 10 ext

Echo occurs m two conditions ;

1. The distance berween the sound source and the reflecting surface must not be less than 17 meters

2. The time period between hearing the original sound and its echo should not be less than 0.1

Echo can be nsed 1o measure the distance or the depth by creating 2 sound as a punshot then caleulating the time
between the heannp of the real sound and its echo. We can find the distance between the source of sound and
reflective surface from knowing the speed of the sound and we can also calculate the distance  that the
sound passes to reach the reflective surface by applying the following relationships

distance = the speed of the souhd F'Ll tifre

t-The time represents the time that the soond takes back and forth
t.cnodocation

Beluga whales vse echogs to find food, The use of reflected sound waves to
find objects is called echalecation. Other ammats sach as delphins, bats,

echolocation the process of using
and some kinds of birds also use echolocation to humt food and to find objects  ‘reflected sound waves to find objects:

_ ; _ _ Lised by animals such as barts
in their paths. Figure 5 shows how echolocation works, Animals that use echo-
location can tell how far away something is based on how long it takes sound

waves to echo back to thar ears,

55 ]
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Echalocation Technolory People use echoes 1o locate objects un-
derwater by using sonar {which stands for sound navigation and ran-
ging). Somar is a type of electronic echolocation. Figure 6 shows how
sonar works, Ultragonic waves are used becanse their short wavelen-
gths give more details about the objects they refleet off. Sonar can also
help navigators on ships avoid webergs and can help oceanoamaphers
map the oeean floor.

Figure b A fish finder sends ultrasonic waves down
imto the water. The time it takes for the echo o rewrm
helps determine the location of the fish.

Ultrasonography

Ultrasonography is medical procedure that uses echoes
to"see” inside a patient’s body without doing surgery.
A special device makes ultrasonic waves with afrequency
that can be from 1 nullion to 10 million hertz, which
reflect off the patient™s internal organs.

These echoes arc then changed into images thet can
be seen on a television screen, as shown in Figure 7. Ultra
songgraphy is used 1o examine kidneys, gallbladders, and
other organs. It is also used to check the development of
an unborn baby in a mother’s body. Ultrasonic waves are
less harmful to human tissue than X rays . '

Figure T Images created by ulirasonography
are fuzzy, but they are a safe way to sec inside
‘& patient’s body:

Resonance

If you have a mning fork, shown in Figore &, that vibrates at one of the re-
somant frequencies of a puitar string, you can make the string make a sound
without touching it. Strike the wning fork, and hold it close to the string, The
string will start 10 vibrate and produce a sound,

Using the vibrations of the wning fork 10 make the string vibrate is an example
of resonance. Resonance happens when an object vibrating a1 or near a reso-
nant frequency of & second object cases the second object (o vibrate.

Figure8 When strack, a tuning fork can make
another object vibrate il they both have the
same resonant frequency.
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Sound Cuality

Have you ever heen told that the music you really Tike is just a Tot of meise? If you have, you
know that people can disagree abont the difference between noise and music.

You might think of noise as sounds you don't like and music as sounds that are pleasant o hear. But
the difference between music and noise does not depend on whether you like the sound. The
difference has to do with sound quality.

What is Sound Quality?

limagine that the same note is played on a piano and on a violin,
Could wvou tell the instruments apar withow looking? The notes
plaved have the same lrequency. Bul you could probably ell them
apart because the instruments make dilerent sounds. The notes sound
different because a single note on-an inslroment actually comes from
several different potches: the fundamental and several overiones. The
result of the combination of these pitches is shown in Figure 9. The
result of several pitches mixing topether through interference is

sound guality. Each imstrument has a unique sound quality. Figure @

also shows how the sound quality differs when two instruments play . Figure 9

the same noie, [ |
Moise a soumd that consists of a

Musie or Noise? random mix of frequencies

Most of the sounds we hear are noises. The sound of a truck roaring down the highway, the slam of & door, and
the jingle of kevs fallmg 1o the foor are 21l noises. Noise can be described as any sound, especially a nonimusical
sound, that 15 a random mix of frequencies {or piiches ). Figure DOshows on an oscilloscope the difference between

o mwisical sound and nodse
French horn A sharp clap

Figare 10 a note from a French horn produces a sound wave with & repeating pattern,
but noise from a clap prodoces complex sound waves with no regular pattern.




CHAPTER QUESTIONS

i3 1. Where can sound not travel?

(2.1, Fill the empty box in the following table,

Speed of Sound in Air
Temperature (*C) Speed (m/s)
0 33
20
25
100

0.1, choose the correct answer from the following:

1- During a laboratory experiment about the nature of sound, Sara walked into a
targe. dark room and yelled Hello! She heard a strong echo of the word almost
immediately. Which of the following is a valid conclusion Sara could draw from her

obhservations?
A The rogpm has smooth, hard walls and few things in il
B. The room is full of pillows and other soll objects.
C. The room has no walls,
D. The room is very cold.
2- Sound travels fastest through
A vacuum. C.air.
B.sca water. D.glass.

0.4, A man standing in front of a wall a-way from him 360 m he zent a sound and heared it"s echo after

2sec, find the speed of sound 7
3.5, A man standing in front of a mountain scnds a sound and hear it's echo after 2 sec ,calculate the distance

between the man amnd the mountain 7{ consider the speed of the sound s 340 m/ s}
{__}.ﬁ.UDdEr what conditions does resanance occur?

€).7. Why do ultrasonic waves produce images of objects inside the body effectively 2

)8 Explain why the speed of sound in air depends on the temperamre ?
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PEREORMANCE INDEX
After.completion’of the study, this chapter: the student should be able to:
1. Define the Work and its unit.
2. Define the energy and its unit.
3. Describe how to exchange energy.
4. Give some examples of conservation of energy.
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Figure 4.1 Which of the above
people are doing work?
Explain your ideas.

w

WORK

The word “work™ in everyday life describes any activity which requires
muscular or mental effect. But in physics, the concept “work™ has a
special meaning. In the scientific sense, it involves motion, and is done
when a force changes the position or speed of an object.

Look at figure on the left. "% o1k is defined as the product of the
force applied upon an object and the displacement that the object is moved
in the displacement of the force. Work can be expressed as a formula;

Work = Force x displacement in symbols, W= FX

where F is in newtons, and X is in metres.
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From the equation, it can be seen that in the case of zero displa-

cement there will be no work done. Therefore holding up a pair _f:ff N F

of binoculars, or reading a book are not examples of work, beca-

use no motion oceurs, - ¥ o 1
Look at the figure below. When a force of 1 newton acts on an

object over a displacement of 1 metre, however, the work done is Figure 4.3

equal to 1 Newton. metre (I1N.m).

Note that, work has the units of force (N) and displacement (m).
Therefore its unit is(newton. metre),but this unit has a special name: Joule (J).

11 Nx1m=1Nm=1J |

A larger unit of work is the kilojoule.
1 kJ=1000J.
A common unit of energy is called the calorie.
1 calorie (cal) is equal to 4.18 joules (J).
1cal=4.18]

Figure4.4 Pulling a lawnmower, lifting a bicyc-
le and pushing a car are all work.
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r,‘ Example 1
¥ 7 An object is pulled 4 m on a horizontal surface by applying a force of 50 N.
=  Calculate the work done on the object.

Solution

Calculating Work Calculation

What is asked in the question? W=Fx

The work done on the object, W =? Enter the numbers into the equation.
What is the information given? W=50NX4m

displacement travelled, X=4 m; force applied F=50 N W =200 N.m

What is the equation needed? Result : The work done is 200 J.

Work= Force. displacement

Exercise 1
e A boy pushes a box 10 m on a frictionless surface by applying 200 N. Find the work
done on the box. Ans :2000)
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ENERGY

a) What is Energy?

If an object has energy it can do work, so we can define energy as the
ability to do work. We do work by using energy, so we can say that work
and energy should have the same units. Both work and energy are
measured in joules (J).

For instance, in Figure 4.5 the work done on the object s,
W=50Nx4m=200].
How much energy is spent? Since the energy spent is equal to the work
done, the answer is: 200 J

Look at table below and state how much energy we spent in the listed activities.

b) Types of Energy

Energy exists in a variety of different forms: such as potential energy,
heat energy, electrical energy, chemical energy, nuclear, sound energy
etc. Here, the two main kinds of energy will be discussed: Potential
energy and Kinetic energy.

Potential Energy

The hammer in the figure below is pivoted at point O. When we release
it, it strikes the nail and drives it into the wood. By repeating this action,
the nail completely enters the wood. To strike the nail, the hammer
needs energy. Where does this energy come from? Besides the
gravitational force, nothing affects the hammer, so the hammer gets its
energy from its position. The higher the hammer is lifted, the more
energy it gains and the farther the nail enters into the wood.

F=50 N F

4m -

Figure 4.5

Energy of 1 joule is equal to the
energy used in lifting an apple from
a table to your mouth.

A jlable gl
done | Value
Opening a door 5]
Throwing a brick 751

Climbing the stairs | 1500

Some typical work values in daily
dvities.

>

Figure 4.6 The higher the hammer is lifted, the more potential energy it stores.
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Examine the illustration on the right. At the beginning two men try to lift a
load from the ground. But one of them releases the rope. Now the load lifts
the other man by doing work on him.

By raising an object from the ground to a height h, we change its position,
so we do work against the force of gravity (Figure right). The work done on
the object is stored as a type of energy. This energy is called potential
energy. That is, potential energy is the energy an object attains due to its
position.

PE= mgh

m

4

: g
Figure 4.8 We store potential energy in the box by lifting it up. 1 h
The potential energy of an object having mass m and height h is given as; ‘
‘
{ Potential energy = mass x gravitational field strength x height I

| — —d Figure 4.9

in symbols;

PE=mgh
here mis in kg, gis 10 N/kg and h is in m (Figure 4.9).
Another example of potential energy is compressed or stretched springs.
We use energy to compress, twist and stretch a spring, so our energy is
transmitted and stored in the spring as potential energy.

at normal
position

streched

compressed

A spring stores potential energy when stretched or compressed. While travelli vertically uds

the man gains potential energy.
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Kinetic Energy

The energy of an object due to its motion is called kinetic energy. Put

([ | simply, kinetic energy is the energy of motion.(Figure 4,10).
[ Kinetic energy (KE) of a moving object at a speed v and mass m is given
2 as;
m
L
\ J
Figure 4.10 here m is in kg and v is in m/s. The faster a body moves, the more energy

it has. Moving objects do work, because they have energy. For example,
moving air (wind) turns windmills, falling water turns electric generators, a
spinning propeller moves boats and turning wheels move vehicles etc.

¢) Changes of Energy

The total energy of an object does not change; while its potential energy
decreases its kinetic energy increases, or while the kinetic energy of the
object decreases its potential energy increases. Now let us study this in
the example shown in Figure 4.11. Apencil falling off a desk loses
potential energy but gains kinetic energy. Just before it strikes the floor,
it has only kinetic energy, because all its potential energy has changed
into kinetic energy.

Skiers go up hills to ski very fast. Since, the higher they go, the greater the
potential energy they gain. A brick on a wall has a potential energy; when
it falls down it gains speed, and so potential energy changes into kinetic
energy (Figure 4.12).

PE
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Exsmple 2
A man lifts up & 4.5 kg box on to & table which is 120 cm high. How
much potential cnergy does the box gan? {g= 10 N'kg)

=il uti [ alenlation

Calculating potential energy First we should state the height in terms of

What 15 asked in the question? m., Then write down the equation and

Podential encrgy gained, PE=17 enter the numbers into il

What is the mformation given? h=120cm=12m,

Mass, m=4.5 kg; height, h=120 cm. PE=mgh

What is the equation necded? z T i e

PE= mgh 4.5 kg IUH 1.2 m
PE=54 N'm
Result; The box gained an encergy of 54
Joules,
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Exereise 2
A man with his bag weight 700N If this man ravels 15 m vertically upwards
walking on the upstairs, how much energy does he spend? _
And 210500 Joule

Example 3
A cyelist has a mass of 43 kg and his bicycle weight 7 kg, If the cychist
moves with a speed of 4 m/s in the forest, what will his kinetic energy

mufntion Caleulation
Caleulating kinetic energy First we shoubd find the total mass (m, ),
Whiat is asked in the question” m=m,_+m,;
Kinetic energy, KE= 7 m =43+ T7=50kg
What is the mformation given? Then enter the data given into the formula;
Mass of cyclist. m,=43 kg, of bicycle m =7 ka: o
speed, v= 4 m/s. -ty v.zn-l-Sﬂsslan-Hll]J
What is the equation needed? 2 2

KE= %m v
Exercise 3

A bird of 1.6 kg flies at 2 speed of 5 mv's. Caleulate its kinetic energy.
Ams 20 Joales
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d) Comservation of Energy

Energy can be changed from one form into another, The toral energy in nature
never changes. This is known as the law of conservation of energy. IF the total
amount of energy never changes, where does the kinetic energy of a moving car
gel lost when it stops? Study the figure below,

An clectric motor converts electrical energy into kinetic energy, but some of
it turns into heat and sound because of fnetion. When a lamp glows, it tums
electrical energy into light and mostly heat energy, so there is no energy
loss, but just the conversion of energy into another form.

=
e

/

PFOWER
In clasly life we hear about powerful ¢ars; nuclear power or the power of mo-
tows, People usoally talk abowt the power of men, animals and machings.

|
=

. | y i I
So what is the meaning of power?
“Power” has a special meaning in physics, like “work™ and “energy”. The
following example may be usetul in understanding the word “power”. Let us
suppose that we are constructing a building as shown in the figure on the right.
There are two workers to camy up 200 bricks. which weigh 600 kg, to the third
fioor of an apartment, which is 9 m vertically above the ground. One of the
workers can carry up the bricks in one hour, but the other can carry them up in
two hours. If we ask which of them is the more powerful, what will the answer
be? Of course the answer will be the first one, because he does the same work
in a shorter time than the other.

In scientific terminology, polcer is defined as the amount of work done ( or
energy spent ) in a unit of time, | he unit of power is watt It can be stated as;
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Efficiency is a measure of how well a machine works

The simple machines(real machines), however, are not frictionless. They dissipate energy
when the parts of a machine move and contact other objects, some of the input energy is
dissipated as sound or heat.

The efficiency of a machine is the ratio of useful work output to work input .

It is defined by the following equation

- - _output work "
Mechanical efficiency = —input — x 100%

Example 4
The machine in the figure raises a 120 kg load vertically upwards to 6 m
in 10 seconds.

a) Calculate the work done by the machine.

b) Calculate the power of the machine.
Solution

Calculation

Work, energy and . -
What i askod i g:::;sﬁm? a) First of all we should find the work e
Work, W = ?; power, P=? done by the machine. ron
What is the information given? ~ The pulling force of the machine [:

Height , h =6 m; mass of the load, is equal to the weight of the load.

m =120 kg , time t= 10 s and weight = 120 kg x 10 N/kg = 1200 N,

energy input = 9000 J. Work = weight of the load x height

What are the equations needed? W = 1200 Nx6 m = 7200 Nm = 7200 J.
work = force x displacement

. b) Power of the the machine, P=W /t,
. P=72007/10's =720 watt

Exercise 4
A motor pumps 1000 kg water 10 m vertically upwards in 1 minute. Calculate
its power. Ans : 1667 Watts
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Many times in a day we do work which is
beyond our limits of muscular force. In many
cases, we move the objects by using simple
fools. Door handles, keys, screwdrivers, can
openers and mixers are a few examples of the

simple tools

The “machine” is a symbol of modern life. A washing machine,
sewing machine, vacuum cleaner, drier, car engine and a computer
are all machines but rather complex ones. A simple machine may be
much simpler than any of these. Simple tools with one or two parts
are called simple machines. Complex machines are jusi a
combinaiion of simple ones.

Simple machines are devices that work with one movement and a
change in size or divection of the forces. Although simple machines
provide the advantage of using less force and thus making the work
easier, they do noi reduce the amount of work

Simple machines make work easier by providing a large force over
a small distance derived from a small force over a large distance or
by ehanging the direction of the applied force. There are always two
forces related with a simple machine; the force which we apply 1o the
machine is known as force (F) and the force which we have to
overcome is known as resistance force (R) or Toad force (L),

There are six kinds of simple machines, the lever, the pulley, the
wheel and axle, the inclined plane, the screw and the wedge. Tools are some scamples
af simple machines,
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a) Levers
One of the simplest machines is the lever. A lever is simply a rigid bar which is free 10 move around a fixed
point, known as the fuleram or pivol, S

l'lluI--"'_ﬂ—-

We determing the ¢lass of the tever by noting the relative positions of the load, fulerum and force,

L. First Class Lever
A firdl elass dever is used to Tifl heavy loads with small forces. It has a fulerum between the force and the:

Tk as i the figure on the right, 1Rhe svélem is m equilibrium theee are two equal furming ¢Mects but in
‘opposite directions.
According o the Taw of levers we can write;

ks il

Foree x Foree distance= Load x Load dislance
Fxd,=Lxd

Scissors, sec-saws, can openers, eéqual-arm balances and crowbars are some examples of first
class levers, Study the fipures below.

Seissors Cap opener

Some examples of first class levers
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- The force applied to the lever can be

me calculated from the law of conservation of

@/ﬁ" energy too. look at the figure on the left and
Fulvesni

the equation shown below,

W

dome om the foad 1 dowe by she force

h, X E=h, XF

Mechanical Advantage of simple machines

As seen before, simple machines provide the advantage of using a small
force to do work. The relationship between the load and the force acting on
the simple machine is called the mechanical advantage In ideal conditions
it is equal to the ratio of load to force. As a formula, it is stated as;

Muchanival Advamtaee = -;-{%‘: in symbols, M A = -*}'i'.,-—

If the mechanical advantage 1s 2, this result tells us that by using this lever
a load can be lifted with a force half of the load. In other words, a force can
lift a load two times greater. However, we cannot get the same result in daily
life, because there are always energy losses in the moving parts of machines.
Simple machines are¢ manufactured for different purposes; for example a
tailor needs scissors to cut cloth to Tong lengths with little force. However
an electrician needs cutters to cut through hard materials in short distances
with a greater force. Both scissors and cutters are levers,
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vample 5
Culeubate the force required to-balance a load of 700 N using a lever 3 m long, The fulcrum is 1 m away

from the load, g

Solution

What is asked m the problem?
Thie force, F =7

What 4 the information given’!
Load, L= 700 N, length of the lever 3 m and the load distance, dl =1m,
What is the relationship hetween load, load distance, force and force distance?

Fxd =Lxid,

Fulcrum

Cualéulation

First, we have o find force distance,
Force digiance = length of the stick - Toad distance
Force diftance=3m-Im=2m

Then, use the numbers in the formula to get the resull,

TMINKIm - FR2m

Im
Fesult: The foree to balanee the Dl is 3500,

Exercise (5}
A lever 120 cm long iz used to move a 80 ke load, the diftance from the Load to the fulcrum iz 30 cm, find
the force needed 1o Tift the Joad, Ans = 267N

2) Secand Claxs Lever
A whew tn the Flinre below.a second clasy fever-has the load befween force and the fulerant. From the
frw af the levers we can write;

\ Fid,=Lid,

Fulerum

A whealbarrow, mitcrocker amd boitle opmer are some examples second-class levers. Study the figures below.

Nutcracker
Tounds awe some examphes of simple machines,
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= A man carries a 60 kg load using a wheelbarrow. What is the force the man applies for the values given
in the figure. Find the mechanical advantage of the wheelbarow?. F'i

Solution:

What 15 asked in the problem?
The force and mechameal advantage, F=17 M.A =7 What 15 given
in the problem?

Load, L= 60 kg; load distance, d, = 40 cm and force distance,
dp =120 em

What is the relationship between L, d, . and d¢?

W=mXg LXd =FXd, and M.A.-LF

Calculation:
First we should find the load in newton,
W=60 kg x 10 N'kg
=600 M

Then enter the data given in the formula;

GODN x40 cm="Fx 120 cm
=HIJI~I X 40 em

120 em

Resull :The force is 200N,and the mechanical advantage is 3.

3) Third Class Lever

A third class lever has the force between the load and fulcrum, as shown in the Figure 4.22_ A third
class lever also obeys the law of the lever, |
FXd, =LXd, L i,

= |

F

= 200N M.A.= 500N _q
200

Farm {1y

Sugar tongs, tweezers and forearm are pood examples of this class of lever. Lasdily
Ful[ﬂu{

w‘\L

Sugar tongs

Lxercise O:Wiat ts the load disiance and mechanical advanrage of tie lever shown in the figire? (The
welght of the rod is ignored) |




WHRONEL Work, Energy And Stmaple Machines )

b} Pulleys

Pulleys have a wide range of uses in our lives. A winch
uses a combination of pulleys to lift heavy loads. A
pulley is a wheel which can rotate around an axle so
that a rope can pass over it. Pulleys are used to change
the direction or size of the applied force. For example, a
pulley is very useful for pulling a flag to the top of 2
pole, otherwise we would have to climb up a pole to .
raise the flag (Figure right). There are two types of " Figuve A fixed pulley is:used:to
pulleys, fixed pulleys and movable pulleys, . change the direction of an

* applied force

[, Fived Pulley
A fieed pulley is used only to change the direction of applied force as shown in Figure
below. [Fwe neglect the friction in a fixed pulley, the force is equal to the load,

FULCRUM
Force

2 Movable Pulley

A movable pulley is a pulley which moves along a rope with the load attached to it (Figure
below). A movable pulley is used to reduce the amount of force needed. Half of the load is
necessary lift a given to load with a movable pulley, because each side of the rope supports
the load in equal amounts. The mechanical advantage of 2 movable pulley is 2.

Force
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3. Block and Tackfe

In many cases, to raise heavy loads a single pulley is not sufficient, a
combination of pulleys might be necessary. A system of both fixed and
movable pulleys is called a hloek and tuckle see figure on the right. The
pulleys are side by side, and are called e Slock, and the rope, going
around the pulleys, is called e richfe. The number of movable pulleys
increases the mechanical advantage of the system.

¢) Wheel and Axle

A wheel and axle 1s also widely used in our daily lives. A
doorknob, pencil sharpener and screwdriver are all examples
of a wheel and axle. A whee! and axte 1s made up of 8 wheel
and axle tightly attached (o each other so that they tum
together. If two wheels of different diameters are attached
together, a wheel and axle is formed. Bicycles, cars, trains
and almost all machines working with wheels use the wheel
and axle principle. The illustrations on the right show how a
wheel and axle works, ) ;
M.A= Radius of whesl Bike s.pmd-:et gear is an example of a

Radius of Axel wheel and axle.

d) Inclined Plane

Another simple machine used to carry heavy loads is the inclined plane. An inclined plane is a
smooth surface with one end higher than the other (See Figure below). It is an easy job to
raise a heavy load using an inclined plane or ramp. Although the load is moved through

a greater distance, less force is applied to raise the load. Due to the simplicity of the system,
the inclined plane is known as the simplest of all the machines. Sloping roads and ramps
are examples of inclined planes. For a inclined plane the force calculated using the following
formula -

_ Length of inclined plane

MA==
height of inclined plane
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SCREW e) Screw

Like a load moving up or down on an inclined plane under the
effect of a force, a screw goes in or out of a bolt when a turning
force is applied to it (Figure on the left).

In fact, a seren 15 a combination of both an inclined plane and
a cyhinder, A screw 15 a long slope turning around a pole, like a
sparal staircase. To demonstrate how a screw works, ¢ut a piece
of paper in right triangular form and roll it around a cylinder as
4 in Figure on the left.

1) Wedge

The wedge is another type machine consisting of an inclined
plane having either one or two sloping sides (Figure on the right).

In a wedge, the sloping surface is pushed through the material
which 15 held atill. '

Wedges are used to cut materials or raise heavy objects off the
ground. A knife; nail, axe, chisel, needle, razor blade, saw, scissors
and other cutting tools are examples of wedges,

length of wedge

Mechanical Advantage =
widthof wedge

) Wheels and Gears

A wheel is kind of lever which can rotate around a fixed point
continuously. The most important advantage of wheels is that they
offer little friction. Car engines, lifting machines, pulley blocks,
turbines, almost all kinds of machines and even clocks use wheels.
Wheels have different uses in machines. Some of them are
connected by belts while others have teeth around their
perimeters. A gear is a wheel which has teeth to increase friction
and prevent slipping. The wheels or gears are used to change the
direction and/or speed of rotation.
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CHAPTER QUESTIONS

a1

Use the words below in ¥ouUF awn sendences

winrk. cimeriy, potentinl envigy, Kinetic eneray, power,

Joule , eficienoy
Fill in the blanks with appropriate words.

1. The work done when a force of 1 N acts overa
displacement of I mis (Nm) O0F o

I e Gl be defined as theability to
e wark,

3. There are two main kinds of energy;

& et ENEFEY 15 the encrgy of an object
dug to its puosttion.

5. The energy of an object due to its motion is called

7. s 15 02 work done in 3 unit time

8. The ratic of the cutput work to the input work: i
called ...........

i ia st KL ET oL RL |

E-FI Answer the Pollowing question

| D3 @ man do work when he carmies a 75 N bag
horizontally for 5 m? Why / why not?

2, Can an object have encrgy al rest? Why!

5. Give sn example of an event where all of the-

- potential encrgy is converted into kinetic energy or
8 allt:-fthc kinchic encrgy is ‘converted into potential
:nurmr

|

4. Ciin an object do work at rest? Why?

5. State the various types of energy.

fr. What is gravitational potential energy?

7. Stae ﬂgbbrﬂgéwaﬁmi.ﬁf_m'ﬂrgr.thizghrqm_

%. Can work be performed without any force? Why /
Why not?

. What 15 the relationship between work and power?

1), Explain the energy chunges occuring duning the
full of & brick. '

11.Search how can we merease the efficicncy of a machine?
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0.3 Solve the following problems
(Where necessary, take g = 10 N/kg.)

1. A boy of mass 50 kg climbs a wall 2 m high and
then jumps to the ground.

a) How much work is done in climbing the wall?

h) What kind of energy and how much of it does
he have just before he lands on the ground?

¢) What happens to this energy after he lands?

2.
a) How much work is done when lifting a 2 kg
mass to a height of 1 m?

b) What will be the total work done if this mass is
lowered back to its original position?

3. A 10 kg object has a speed of 12 m/s.
a) Find Ex of the object.

h) If its speed is halved, what percentage of its
energy is reduced?

4. A crane can lift a 450 kg mass through a vertical
height of 16 m in 20 s. What is the power output
of the motor driving the crane? If the motor has an
efficiency of 60%, what power input is required?

(Where necessary, take g = 10 N/kg.)
0.4 Choose the correct answer for the
Jfollowing:
1. In which action)below is there work performed?
1. Pushing a wall without moving it.

II. Taking a book from a table to a shelf higher up.
I11. Pushing a pram.

A) 1 only
C) Il only

B) l10nly
D) [1And 111

2. Which of the events below is an action where no
work is performed?

A) Loading some stones onto a lorry.
B) Walking on an inclined path.

C) Throwing a stone upwards.

D) Carrying a bag horizontally.

3. A man carrying a load of 6 kg runs upstairs. If the
work that the man does on the load is 300 J, find
the height of the stairs.

A)3m

B)S5m C)6m D)I0m

4. A toy car is pulled with a force of 10 N for 5 m. If
the friction force between the car and the surface
is 5 N, what is the net work done on the car?
A)50) B)100)

€)200] D)25)

5.A 15 kg object falls by 5m vertically. Find the
decrease in potential energy of the object.

A)75]  B)150)  C)750 D) 1500J




Q. 8 [ise the words betow in FEMIF QW
NOTRIRCES £

Simple machines, mechanical advantage,
fixed pulley , inclined plane.wheel and axle

Fill in the dunfs with appropriaie words

the Taree iz equal to the load 1t we
neglect the firction

4. A doorknob s an example of L

o A S 15 & surface with one end high-
er than the other.
6 Amwer the Sfellarwing graesivons

[ In simiple machines does the work mput equal
the work output?

2. Some simple machines have mechanical ad-
vantages less than |-and some others greater than
I. Why is this s07 Explain using examples.

1, Draw: a pulley system (block-and-tackle) con-
si.sl:n;g of 3 pulleys and a rope.

4. What do we use a hixed pulley for?

5. Classify the following ehjects inte three groups
as 151 class lever, 2nd ¢lass lever and 3rd class
lever: door handle, teeezers, equal-arm balance,
see-gaw, scissors, wheel and bammow, pliers.

Q-T Kodve the following problems
I IFyou use a bar 30 cm long with the fulcrum at

one end, what force st you exert at a point 5o
away from the fulcrum todifea 15 M load at the
ather end of the bar?

2, What is the mechanical advantage of a wheel-
barrow if the load distance (bucket) is | m from
the fulcrum and force distance (handie) is 2 m
from the fulcrum?

3. Anut is located 4 em from the hinge of a nut-
cracker. If you exert-a force of 10N ata point 8
em from the hinge, what resistance force does the
nut exert”

4. What is the mechanical advamage of a single
fixed puit}:}"}‘ How much rope must you pull over
a fixed pulley to 11l & 10 N load vertically by 2
m? How much work must vou do?

5. A combination of pulleys lifis a 480 N load.
The force moves 4 meters to lift the load | meter.
What foree is requived?

. An melined plane 4 m long has one end on
the ground and the other end on a platform 3 m
high, A man wishes to push a 900 N object up
this plane. Caleulate the force that the man must
apply.



PERFORMANCE INDEX
After completion of the study this chapter the student should be able to:
1. Define newton’s Laws.
2. Write the mathematical equation for the 2nd newton’s low.
3. Define the weights unit.
4. Describe the gravitational force.
5. Understand physical meaning of inertia.
6. Distinguish between mass and weight.
7. Understand free falling object.
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THE FIRST LAW OF MOTION

Assume thar an object is at rest in space, where no force acts upon it as shown
in Figure right. Unless a net force (unbakanced force) acts on it it remains at
rest. [ the object initially moves with a constant velocaty, it continues o meve
with the same constant velocity unless it experiences a net force.

From this simple experiment, the first law of motion can be inferred, it was
stated by Mewion moee than 3 centunes apo as follows!

If the et force acting of an object 15 2ero

= [T 1t i= o rest, it will stay at rest.

-+ [f 3t is moving, it keeps on moving ol a constant velocity (2 constant speed
in & sicaizhi lina)

a, Inertia

e 25 the fendency of an ofgect Lo resst any clumpe oo stake of peil

IFan object 15 at rest, if tends to remain at rist. [I'll'.-e object 15 m motion 'I.'rl'|l'|.
a constant velooity, it tends to continee to move with the same vefocity, { the
sarne magnitude amd direction)

The first Jaw 1= often called the law of ineria because i€ states that 1o the zb-
sence of @ net foree, a body will preserve its state of motion.

The following situations can be discussed in onder to understand the Law of
imertia. If vou are in & car which is at rest.

— A the car starts maving with an acceleration in a straight lime, as shown
Figure 2, wou can toel the car seat exerting a foree on vour back which acts
to push you forward. Singe vour body resists the change in its resting state, vou
expericnee and foel this force. This force overcomes your incrtia and puts you
in modion with the same velocity as the car.

-+ Let’s assume that vour car is taking a turn o the nght, as shown in Figure 3

Your body resiste the change in the direction of its velocity due to vour
inertia and tries to keep moving on the swaight line. And you feel as though
you are being pushed to the left.

~» Finally if the car breaks suddenly, 4= shown in Figure 4 . since your body
tends to move with the velocity that your car kad before breaking, because
of your fnertia it reacts to this change in its velocity by moving forwared,
Here are some other examples of inerlia;

=+ When a hard surface is struck with the back of 2 harmes, i stops suddenly
anid the hammer hend feels tightenad.

-+ When a table cloth. on which these are some plates, 15 pulled rapidly from
unider the plates, the plates remain on the fable.

-+ When a sheet of kitchen paper i pulled slowly, more and more paper rolls
off. However, when a sheet i3 pulled quackly, it 15 -tom off the roll since the
pulling force doesn’t have enough mme W overcome ineriia

Figure 1 An object at rest in space
where no force of gravity acts. Unless
a net force acts on it, it remains al rest.
If the object inibially were moving with
a constant velocity, 1t would continue 10
move with the same constant velogity
until i experiences a net force.

LN
| - -
O
Figure 2 As the car begins accelera-
ting, the body resists the acceleration

and tends to remain at rest-dug 1o ner-
1.

- L_{r'* In_""—*- .h

=g

-J

Figure 3 As the car takes a turn to he
right, a body inside it resists the chan-
ge n the direction of its velocity due
to its inerti and tries 10 keep moving
on the 5|migh’r line:

-0 @"

Figure 4 As the car slows down, a
body mside tends to move with the ve-
locity that the car had before breaking,
due 10 its inertia.
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THE SECOND LAW OF MOTION

The first law of motion describes what happens when the net force acting on

5
;
<
;

i an object 1= zene. In that case, the object either remains af rest of MOVES i a

— straight line with a constant speed. The se¢cond law of motion explains what
i B happens when the net force-acting on-an object is nod zero.

M As stated 1n the simple experiment of the previous section, a net force acting

- : o an object couses it o sccelerate. Now assume that an object of mass m 15
pulled along a fretionless horoontal surface, exerting a horcontal force, F, on
Figure § Force F causes the object of g gs shown in Figure left . In this case, the net force scting on the object is F
meass m io aceelerate at & value of a, and the object gains an acceleration () If the force is increased to 2F, the ac-
celeratom increnses o 2a 17 the applied force is tnpled, the acceleration iriples

and so on,
From such cxpeniments it can be concluded that the acceleration of wn objcet
s directly proportional tothe net foree acting on 1t amd mvense by proportions]

10 Il araks,

From all these experiments, the second law of motion is stated as follows

I'he acectepation of an objeet 1sdisectly properieonal to the net force agting om it
anid inversely proportional o 1ts mass. This low was discovered and formulined
R (S e T
F _..=m
nal a
Mote thit net force and acceierntion tlwioes have the same ditéetion
The unit ol force, Mewton, was dorvad Brom e cguainen of tie scoond Jaw ol

maotion i erms of the fundantenal uniss of mass, length, and fime
I N=1kg 1 m's

where 1 Mewton can be defined as the force which produces an acceleration ot
| m's’. when applied ona 1-ke mass.
,':-"' Example
A foree of 500N acts on a load of 250 ke which is a1 rest in space. as shown in
e fimure. Find
i) e aeceleration of the load,

Solution

o) The force of SO0 N is the net force acting on the objecL
From the equation of the seeond law of mohon we can
find its seceleration.

F=ma

S00'N = {250 kgla

a=23ms
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THE THIRD LAW OF MOTION

MNewton realized that a single iselated force could not exist. Forces always
occur in pairs. Thus, Newton stated the third taw of motion as follows

When one ohject exertsa force on a second object, the second ohject exerts an
equal bat opposite force on the first.

The force that the first object exerts on the second is called an action Torce
iyl the force that the second object exerss on the first is called a reaction force,

This law is sometimes expressed as
T every action there s an equal and opposite reaction.
These forces have the following properhes

<+ Agtion-reachion pairs are cqual i magnitude, but opposite in direction, and
Due o the force F | the apple aceelerates towards the Earth, Also the Earth
aceelerates toward the apple due to the reaction force, F. However, since the
Earth has a huge mass, its acceleration 1s negligibly small,

-+ Action-reaction piirs acl on different nhjecis. If two forces which are oqual
in magnitude and epposite in direction act on the same object as in Figure 7
the forces canceleach other. However, although action and reaction forces are
equal in magnitede and opposite in direction, they do not cancel cach other oo,
because they act on diffcrent objects, For cxample, when a force, F 15 cxerted
an 4 grogery cart by a shopper, as in Figure 8 the carl reacts on the shopper
with a force of F. Since F acts on the cart and F acts on- the shopper, the cart
IHIVES.

= Agtioh-reaction pairsare of the same type; either two contact forces:ar mvo
fiekd forces.

-+ Action-reaction paies act for the sume time intervil

Figure 6 The Earth pulls on an apple,
the apple pulls on the Earth

Figure 7 Two equal and opposite
fiowces acting on the same ahject
cancel each other,

Figure 8 A shopper exerts a force on
the grocery cart, and the grocery can
exerts an equal but opposite force on
the shopper, Therefore these forces do
not cancel each other out, since they
act on different olyects.
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Figure 11 The rocket exerts an action force on the
pas and the gas exerts an equal and opposite force
upon the rocket, Thus, the rocket moves forwards then pushes the tyres forwards.

Here are some simple experiments of the third law of motion

|. Assume that yvou and a fnend are standing on ice skates facing each other, ag
shown in Figure 9. If vou push your friend away from you, yvou will obser-
ve that as he moves away from vou, vou will also move backwards because of
his equal and opposite reaction force Upon you.

2. You can only walk due to the reaction force of the ground on your shoes
when vou yourself exert an action foree on the ground, as shown in Figure 1.

3. The tyres of a car push on the ground, thus, the ground pushes on the fyres,
as shown in Figure §2, and the car moves,

4. Rockets also use the action and reaction principle. As a rocket pushes (action
force) out a huge mass of exhaust gas downwards, as in Figure 11, the gas
pushes {reaction force) on the rocket and the rocket moves upward.

Figure 9 Pushing 4 friend forwards Figure 11 A pedesirian pushes the
ground backwards; the ground then

pushes the pedestrian forwards.

means pushing yoursel backwands

the ground backwards; the ground

Figure 12 The tyres of 4 car push
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Gravitational Force and Weight
An object released from a height falls to the ground. This indicates that there

is a force acting on the object directed towards the centre of the earth. This i -
downward force is called the gravitational force. It is not a force that exists only

between the earth and objects. It exists between all objects. In other words, gra-

vitational force is the force of attraction between any two objects (Figure 13 ). F
Gravitational force depends on; p = ya— -
1) The masses of the objects,

b) The distance between them. Figure 13 The gravitational force of

th th iti
The greater the masses the greater the gravitational force. The larger the dis- m keeps the moon orbiting about

tance between the objects the smaller the gravitational force, It is the gravitati-
onal force of the earth that holds the moon in orbit, and the sun’s gravitational
force that keeps the planets in their orbits.

The force of attraction between an apple and a human body is too weak to
feel less than one ten-millionth of a Newton (1/10 000 000 N). However, larger
masses such as the sun, earth and moon have greater attractional forces. The
pull on a 1 kg mass is about 10 N on the earth, 1.7 N on the moon and 280 N
on the sun.

Weight

Flﬂ% 12kg

As shown in the figure above, a 1kg mass has a weight of 10 N, a 2 kg mass has
a weight of 20 N, and so on, we calculate weight as follows:

—

Weight =mass x g insymbols, W=mxg

where g is the gravitational field strength. Near the earth’s surface gravitatio-
nal field strength is 10 N/kg. For example, if an object has a 20 kg mass, using
the formula its weight is,

W =20kgx10 N/kg =200 N.
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How does weip

AN R
____lil i ]i-!li:l_ .
Since the attractional force depends on the distance between the objecis, the

welzht of an obgectonthe earth depends on its distance from the earth’s cenfre.

By increasing this distamee. the: gravisatonal pall of the earth {that is the "
weight of the object] redices (Figune lefi). Near the earih., an obiect of mass | \ ¥
ke has a weight of about 100N (Fiedre |45 whereas 22 000 kin away Troim 5

the centee, e weizht of the object reduces 1o | N see figure 14B.

Earth is not & perlect sphere. I is compressed at the poles. The poles are
shahtly closer to the centre of the earth than the equator. Therefore the weigli
of an object shghtly changes from one plice to another on garth, A T kg mass
weelghs most al the poles (.83 N and least at the equator (978 N).

A body having @ weight of 600 M at the equator woukd have 3 weight of 603 N
al the poles (Figure 15 )

The weight of an obpect alse chinges Toom oae plaset o another because all
planers have different graviiational Geld srengihs (gh, 1P an object could be
sent il deep space and away from all gravitational ferces, 11 would become
welghtless, (Figure below)

Figure 15 Changing werght of
# body over the surface of the
earth.
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The weight of an object on the moon is less than on garth, because the moon is
smaller than earth, A mass of 1 kg weighing 10 N on earth weighs 1.7 N on the
surface of the moon. For example a man weighing 400 N on earth weighs 67 N
on the moon (Table below)

Eraﬁtaﬂmai

F-‘Ianat Field Strength Mass ~ Weight
Emf aTaNky x 40kg 151N
IW ﬁcﬂ"fﬁ.ﬂfﬂ H a0kg ':ﬂﬁ'ﬂﬂ
| Earth 1ONkg % 40kg =400N
- Moon 17Nkg % 40kg =67N
 Mars 379Nhg = 40kg =152N
Mpter | 254Nk x  40ka = 1016N
* S 107Nkg % 40kg 428N
 Uranus 92Nkg x  d0kg =30EN
' Phit 03Nky = 40kg =12N

Comparing weight and mass

Weight is the pulling force applied on an object, and varies from one place to
another. It is measured in newtons, but mass is measured in kg and is the same
everywhere. However, the kilogram is used, wrongly, as a unit for both mass
and weight, because of the way balances and sets of scales are marked. For
instance the box of sugar in the figure does not “weigh” | kg, It has a weight of
about 10 N on earth, and a mass of 1 kg.
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FREELY FALLING OBJECTS

A common example of one-dimensional motion with constant acceleration is
that of an object falling freely towards the Earth. If air resistance is neglected
as well as any small variations in gravity with altitude, all objects, regardless
of their mass and size, fall with the same acceleration towards the centre of the
Earth, This constant “acceleration of free-fall” 15 denoted by g, which has the
value 9.8 m/s*. The motion of an object in a vertical line (rising as well as fal-
ling) with a constant acceleration of g in the absence of air resistance is called
free-fall. Compare the motion of a rock and feather in the presence and absence
of air resistance in Figure 16

-
N -

-

igure 16

with air wilhawil air
reqlstance resisiariee
[
= I'ﬁ
_ =
Figure 17

The positions of the rock and the feather are shown at a given instant as
they fall freely in the absence and the presence of air.

There is more resistance acting on the feather, so the stone falls earlier in the
first tube. However, they fall at the same rate in the absence of air resistance
in the second tube.
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CHAPTER QUESTIONS

1. Explain the first law of motion and inertia

I 0F & body is stationary, can we say that there 15 no
force acting on it?

3 AF no net force acts on a body, 15 it pessible for it to
move?!

4. Explain the second law of motion
5. Express the umt Newton in terms of hase 51 units.

6. 1f there is only one force acting on a body, can it be
at rest?

7. 1 the seceleration of a body is zere, can we say tha
e force aels on it?

K, Is the motion of bodies always in the sume direction
a5 that of the net foree?

9. Can the direction of the net force acting on an object
bhe opposite to that of its aceeleration?

111, To which faw of motion isti:r: operation of car scat
helts related?

11, Which forces act on an apple when it
a) remains on a wee”

Ir} falls from a trec?

¢ Temains on the pround?

12, According to the third law of motion, when you push
somebosdy, he does not have a right 1o complain
about vou, Why?

13. Find the acceleration of an object experiencing a force
F=120N, as shown in the figure. (The surface is friction-
fimss).

m=40kg

=1 F=l20N
N

14. Find the aceeleration of an object on  smooth surface,
as shown in the figure acling on hf.m.

-y
Feton T g0
- i -

| .

e}




Aftericompletionfofithe/study/this/chaptersthelstudent/shouldibelablelto:
19EXpressithe)light
2:{Comparelbetweenilluminousfandlilluminousfobjects’
33Describelhowthe)Llightipassithroughithe/matteri(transparentiopaque;

translucent)®
43Understandiwhat{shadowjis?




LIGHT

Light iz a kind of energy, it i essential in
order to see things., In the dark we cannot
zen, Look at the pictures in figures 6.1-6.2

|'|¢|;'| i

A, How do wiesep? fan ; £
To be able to see an object, light from the — ==\

ohject should enter the eye aither directly e

from the source or indirectly by refection

a% shown in figure righi, Figure 6.1

Luminous s illuminous objects

An abject which produces 115 own light 15 called a luminous source, Sun,
stars, glow-worms eic. are s2if luminous natural sources. Lamps,
candles, and torches are antificial light sources.

Oibjects such as the moon and murrdrs are oot light sources, because they
just reflect the light falling upon them.

Dhves light pass-through all matier?

Light canmot pass through all materials. Glass, air and water are some
substances which allow light to pass through them, These subsiances are
called transparent. Wood, iron and concrete don't allow light to pass
through them, o they are called opaque. Materials which only allow some
light to pass through them are called wanslucent. Waxy paper and frosted
glass are examples of transtucent materials as shown in figure 6.3,
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How does light travel? *_______'—-—/—"—"’
Light travels in straight lines. We nse arrows w indicate the | -
direction of lizht. We call these lines rays of light (Figure 6.4} | Ii'-r__'‘'—'—-—--.-_._____________‘_

Figure 6.4 Light rys truvel in struaght lines.

b. What is shadow? _
[1"un opaque object is placed in front of a light source, some light rays ane
blocked by the object. while others comtinue wravel. Asa result, a dark region -

forms behind the object, This dark region 15 called & shadow, g;-—f_'_i

Lisually a shadow has @ completely dark region i the centre, which we call
the wnbra and a partial shadow around i, which we call the  penumbea: The | :
penumibea is the region extending from the very dark o the bright ares, Figore - Figure 6.5 Formation of umbra and
6,5 shows e regagns of the umbra and  pesumbea, penumbri

Dark shadow (Umbra)

The Tight balb 15 a large light Seurce, Tt cannot form shadows with
sharp edges, A dark shadow with sharp edges can be for med with a poini
light source. A point light source can be made whenea picee of card with
3 pin hole in the middle s placed in front of a lamp. See the Figure 6.6,

im some hot conntries bouses are Dok
clake ta each oher soihat each gne ks
o umider the shadows of amather,

darlk region
{umbra)

Figure 6.6
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i

[ 'TJ Lvample 0.0 An opaque object is placed in front of a point light source as shown in the figure,

Locate the region where a shadow forms when the source is on.
Foinl
T 1 light source

e

Oibjeg

-

[

- —h

Selution K L M N P O

Light travels m straight hnes and cannot pass through opaque objects. Thus a shadow forms behind it
Luock al the drawing below, the region between the points M and P are dark, other regions are bright.

Faint

Pinkole camera = ————
A pinhiole camess is an mstrument that we can use toobserve light traveliing
in straght lines. It is a small closed box with-a pinhale In the front and a screen

| &t the back, The Saure bekvwshows hoe the pinlole camen works, 50 boate

| the image on the screen, two rays from the object are enough. In fack many |

| rays comiing from the object pass through the pinhioke,

| The picture formed on the scoeen & called the soal nege gnce it is foemed. |
| by rays traveling from the object. The image & inverted. That s, it B wrned |
I Lipside-chom and leftdo-right.
fracing
paper |
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¢. Does the Moen block sunlight ? _
The Moon re_\rnhfesa.:jmud the Earth, and similarly the Earth revalves around the Sun. Occasionally the Earth and
the moon enter each others dark regions.

Solar eclipse _
When the Moon enters the region between the Sun and the Earth, the Moon blocks sunlight! As a result a shadow
forms an Earth, This is called a solar eclipse. See the figure 6.7.

SUN

Umbra

Figure 6.7 lusiration of solar eclipses

During 3 solar eclipse, observers in the dark region see only the flames around the outer edpe of the Sun. This is
called a total eclipse. A total eclipse of the Sun oecurs only rarely. The observers in the penumbra can see some
parts of the Sun: This is called a partial eclipse.

Lunar eclipse _
This occurs when the Earth enters the region between the Moon and the Sun, During a lunar eclipse we cannot see
the Moo, because it is in the shadow of the earth. Uniike a solar eclipse a lunar eclipse oceurs frequently.

SUN
EARTH

Umnbra

Penumbra

Figure 6.8 Mustration of lunar eclipses
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(Ectivity How are Edl}JSES fﬂrmed?

Miateriaks: A hight source (i.e. a torch), a big ball and & small bail,

Friocedure: Assume that the light source represents the Sun, the big ball represents the Earth and the small ball
represents the Moo,

Place them as shown in figure | Tum on the light. Which balf iz in the shadow?

Mow, arrange them as shown in figure [, Where does shadow form on the Earth?

Where do we necd shadows?

In some cases we need shadows, For example on hot sumny days, we prefer to
sit under-a tree or a large umbrella and use hats with brims. Car drivers use sun
vizors o keep sunlight out of their eves. These examples

are show in figures 6.8, IC-

Sunglasses also form partial shadows on our ¢ves and
profect them from excessive sunlight

Fioure 6.8 Umbrella forns Jw
Why does-a candle not iluminate the region below “ B

it

A candle illuminates the space around it, but tot below it, This i3 because light
traviels i straight lines. The wpper énd of the candle stops light reaching the
botfom. Az a result, a shadow [orms in this region.

d. The speed of Hehi

Light travelsat o speed of 300 000 km's, That iz, it covers JO0D0EM) m n one
second, The speed of light depends upon the medium the fight 15 travelling in.
The speed of light i= sbowt 225000 kmy's in water gnd dbout 200000 km/s n
glass.see figure 6.9

What is a light vear? A light yvear i3 the distance travelled by light m one vear.
The distance bétween stars is 5o great that it is not practical to expess it in
metres. Instead we use the light vear as a unit of distance. Let's find a light vear
i1 Kilomeiers,

| wear = 365 days; | day = 24 howrs; 1 bour = &0 min; | mm = 6l s, _
Figure 6.9 Light from the Sun takes

| year =365 - 24 40 - 60 5 =31 536 000 second, maore than § mimuies to travel to Earth,

49



sm— Light )

Distance is given with the formula; distance (d) = speed time

Light travels 300 000 km in one second. So in one year it travels;

d=300 000 km/s* 31 536 000 s = 9 460 800 000 000 km.

Example 6.2

The distance between the Earth and the Sun is 150 000 000 km. Calculate the time it takes sunlight to
reach the Earth.

Solution
i distance = 150000000 km =
speed 300000 km/s
t= 500 seconds

1 min=60 seconds so
500 sec=8 min 20 sec.

500 s

Exercise 6.1

The distance between the Earth and the Moon is about 384 000 km. Calculate the time it takes for light to
travel from the Moon to Earth,

Ans: 1.28 s
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CHAPTER QUESTIONS

Llad thie wordd belioy Inc vanr awn sontenees

self luminous, transparent, opaque. translucent,
umbsa, solar eclipse, lunar eclipse, speed of light

Fill in the blanks with approprinte wirds

Vo Lniehit s ki off i i

I Light raaedsin ool lines.

R 152 S SO material

| (e, . i3 the region from the very dark to
meparuallz.r bnght dred,

5. Sometimes the Moon enters the shadow of the

O L travels: onspmasssarss km in-one second.

Amswer thie quostinns
I Mame three luminous objects.

2 Dogs Tight pass through every tvpe of matter?
Explain,

1. Which places around you form shadows on a
clear sunmy day?

4. Which kind of shadow ussally occurs on sunmny
days? On cloudy days?

5. How does a sun clock wiork?

fr. Kewp your hand over white paper under a lamp,
You will see that a shadow forms on the paper,
Mow move vour hand iewards the lamp., and then
awiy from the lamp. How does the size of the
shadow change?

7. Explam how solor and lunar eclipses occur usimg
diagrams. Show all the parts of the shadow,
umbra ancd penumbra.

. Explaim using a disgram, how a pinhole camera
works

Solve the problems _

I, Cateulate, hivw many kilometers light wavels in
Space:

i, dna day

b, i o week

. in‘a month

2, A rod fixed in the ground as shown in the figure
can be used as a sun clock.
When is the shadow of the stick,

a. longest? A
br.smeallest?
When is the shadow directed towards the wese?

L, In the figure below, which points on the screen are
i, luminated?

b, in the umbra?

c in the penumbra?




PEREORMANCE/INDEX

‘After.completionlofithe/study thischapter:the/student'should belablejto:
1 Know the physicalmeaning ofReflection’
2. Define thel Laws/of/Reflection:
3. Listed thejtypelof Reflection®
4 Describelhowawelsee/images’
S:Representithejreflection'graphically:
6:Give'someuseslof plane)Mirrors:



TREFLECTION AND PLANE MIRRORS

Musn
n. VWhat |5 a reflection? i ®
Wi see objects bacause they produce or reflect light falling on them 1 = * reflecied
Dauring the day we see the Sun and at night we see the stars because T et
they produce light. We also see the environment in the dayiimse and
the Moon at night, because both of them reflect hight coming [rom Earth
the Sun,

If light does not entér our eves from an object, we are not able 1o see
it. This explains why we can see stars but we cannot see space. We
will mowfhind our how light reaches our eves from objects.

When light rays strike a mirror, they are reflected as shown in the
figure 7.1 . The line perpendicular o the point where the light siri-
kes the boundary ig called the sonmal and it is represented by M. The
angle between "N and the mirmor 15 90°.

N/
incident |/ reflecied
ray ! / ray
i
Fritrror § :
Figure 7.1 "

The angle between *N° and the incident light is called the angle of in-
cidence. The angle between N and the reflecied light is the called the
angle of reficetien. See Figure 7.2,

sERANE,

SHuNF’

N

angle of | ﬂ;gf& of /

incident re Ecriug/

incident A A reflected
o N NG S light
i
.
Figure 7.2 Figure 7.3

Lavws o refection
There are two rules for reflection of hght:
I. The angle of incidence 15 equal to the angle of reflection.

L. The neident ray, the reflected ray and the normal are all
in the same plane.
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b. Tyvpes of reflection
Many objects reflect light in all directions, But objects
which have smooth surfaces reflect almost all light in
‘on direction, For example minors and polished metel o g meiall sirface
curfuces Teflect light in 2 reular way a5 figure 7.3, Figure 7.3 Regular
This kind of reflection is called regular reflection.
Many surfaces are not shiny, but rough. Rough surfaces —
refieet light in all directions as shown in the Ggure fo the nght. This
kind of reflection is called diffuse refiection. see figure 7.4,
This pape of the book, leaves, walls eic. are examples of rough surfaces.

e e
onarongh surface Figure 7.4 Diffuse reflection

¢. Plane mirror and image formation
A plane mirmor is a flat, smooth and shiny surface, I reflects
light ina regular way, It 15 made of a fat picoe of glass with
one side coated in sibver.

Plane mirrors form the image of objects in front of them,
When we ook into 2 pline mimor, we sec our images, Give
examples of what we use plane mimors for.

How dies an image form? -,

~ To describe the image formation of & point in 3 /;9
. plane mirror, we need to constrict at least two light

. mys coming from it 2 'E'
L The - figure 7 Sillusizates lhemmge fommeation - of the \\ miaces o
s point X, The rays coming from the point X are ref- the paint X
S lected by the mimor obeving the laws of reflection. }
- 1 we take the extension of the reflected rays, they
| ctos behind the mirmo, At e poit A
1 LI where the lines cross. the image of the point X for- Figure 7.5
L En 3N
Kigere 3.6 Hawy die we see imuages!

[n the figure at the side there are two light mys coming from

the candle. The rays are reflected by the mirror and then

enter the eyve. According fo the eve, the light rays seem fo
' com from behind the mirror, therefore the eve sees the

mage candle mside the mirror, this 18 shown in Bgures

7.7-7.8. Actually, the candle i5 not there, it is

Just an image, This type of image 1s called &

virtual irmage Virtual images cannot beformed

O 1 Seree,

Flgure 7.5 Figure 1.7




~

( Chapter - 7

An object placed in front of a plane mirror has the followin properties:

. The image is the same size as the object (h, . . =h__ ).
2. The distance between the image and the mirror is equal to
the distance between the object and the mirror (x =X ).

3. The image is virtual.
4. The image is behind the mirror.
5. The image is laterally inverted, that is, the left side of the

object is at the right side of the image.

Figure 7.10 Reflection in nature

Why is the word “AMBULANCE” written as
"20oMA JUuaMmaA”

on vehicles?

Ambulances carry ill or wounded people to hospitals,
so they must travel at high speeds.If an ambulance
is at the back of a car in the traffic, the driver of the
~J car can read the reversed writing correctly from the
—~ driving mirror as and give way to it. see figure (7.11).
"HOMA JUAaMA"

Figure 7.11

Tricks with candles
You can play some funny tricks with the experiment above. \
Burning finger While the candle is burning, put your finger on

the unlit candle behind the mirror. Does your finger seem to be in the flame?

Ea—

Burning candle under water

Place a beaker full of water behind the mirror so that the image
of the burning candle forms in water. Does it appear as if the
candle is burning in water?

' ©
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Example 7.1
& o, Draw a diagram showing the incident ray
B, What is the angle of reflection?
¢ What is the angle between the incident and reflected ray?

Solution
i. The lizht strikes the mirror . The reflected ray makes the ¢. The angle between the rays is
as in the figure below. same angle 1s the incident ray. 40P+ 40F = RO

N

Eaereise 7.1
Divaw the ruys reflected from the mirmoes in the figures.

a. b. — c.

Hxample 7.2 Sotutiin
What time is it if you look 3t The imape size is equal w the object size
the clock in the mimor? — anarhe images® distance to the miror equals
the distance of the ohject to the mirror. Since
the tmage is symmetrical with the object. the
. s mirror acting s the line of symmetry.there-
' foge we read the time as 7 o' clock

%ﬂ Exumpic 7.3 )
= Find the mage of the arrow Salution 5
Y mumor We need at least two rays from a ;
¥ point to draw its image. Using the
e 3 rules of reflection we draw the
image. Tt is the same size and the

same distance to the mirror as
¥iI' | B 1 | the object.



Exgreise 7.2

Draw the irnage of the figures below in the plane mirrors,

a. mirrar b, miror = d. rizitnr

.r:’ ............................................
i

= xnmple 7.4
';_t A, girl 15 standing 75 ¢m from the front of a flat mirror,
1. How far is her image bevond the mirror? What is the distance between the girl and her image?
b If the gird moves 1 m away from the mirmor, what will be the final distance between the girl and her image?
¢. Does the size of the girl’s tmage change while she is walking?

Seirtinn i '
Hirtios Ii. When the girl moves I m ¢ No, there will be no change

i, The distance betwesn the ; . ; .
; A away. from the miros, the n the size of the image,

girl and the mirror is the o P | s 1 ol s nosition ch
same as the distance *' lmgﬁ;rim " RPN RETE
batween the image and - Ty beya ; ; -

- o S 1 The final distance between — it
the mirros. S0 the image - — '
75 cm beyoad the miror,  # L ; : IE';; g SRS i e el
The distance between the = we T ol u <
wirl and ber image is; " . -
T3+ 75 =[50 em - 5 f

15 cm 15 em

d. Trnage formed By T plane mirrors

If twor plane mirrors are placed side by side so that they make an angle
tor-each other, 2 kot of 1mages form an the mirors, because of the reflechon
between them.

The number of images depends upon the angle between the mirmors. The
number of imisges (n) in the mimers s given by

here 07 1z the angle between the mirrors.
For example. if the angle is 90° as in figurc 7,12,
then the number of images is:

Figure 7.13 An infinite number of n={360/%0) - 1=3
images form berween parallel mirrors.
The angle between two parallel mirors is zeeo, here, an infinite number of
images will be formed, as shown in figare 3.26. 0= (36070} - | = infinite.

see figure 7.13.
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CHAPTER QUESTIONS

Use the wards below in your own sentences

kaleidoscope, virtual, sun, space. plane mirror,
image, reflection, periscope, reflection

Fill i the blawks with appropriste words

I. The angle between the normal and the incident
ray is called e

1. The incident ray, the reflected ray and the normal
e AR o it immimiiimid i

1. Rough surfaces reflect light in all directions. This
reflection is.called ... s

S S number of images form betweer
parallel mirrors. '
Answer the guestlons

1. The figures show “the image of chocks™ in a
mirroe. For each case find the right time .

1. Wnite down the propertics of an image formed in
8 plang mimror.

3. Why can’t the image formed in a plare mirror be
projected onfo & screen? Explain.

4. The figures below shows rays of light entering and
leaving the optical boxes. Each box contains two
plane mirrors. Show how they are placed.

5, Tosee the ball from the openings K. L and M,
indicate where the planie mirroes should be

located in the ubes?
ca -

j@m

Answir the (esl qun:'.'l"mn 3
I Which of the properties below is not correct for
the image in a plane mimr?

A, virtual
B. thee same sive a5 the object

C. ¢an be projected onto @ screen
D inverted

2. A boy stands 10'm in front of a plane mirror, then
he moves 3 m towards the mirror, How mary
metres dioes his image move towards him?

AY20 B4 C)7

D} 6
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3. Which letter shows the angle
of mecidence inthe figure?

Ala Bib Ce  Dyd

D |
-

4. Which of the folloveing is the angle of
reflection for the fight ray given in the

figure? 3
A) T0°

Byalr ) 35°  D)IF

5, Which of the figures below is

the image of the amow in a

plane mirroe?

Al B ) _

6. The image of a clock-face ina
miror s as shown in the figure,
Which of the following is the right
time?

'] rl .
thfrror

D 8:20

Aj06:55 B313:20 ) 08:05

Which of the following is the
imsage of the number in the
mireor?

1280 r

® 1580
o 0gs|

A 0821
C} 1280

Fill in-the boxes comrectly. The coloured region

will give you the name of the apparatus usad in
submarines to obzerve objects on the surface of

the sea.

I. An elecirical device producing fight

2. The name of a projector which has a plane mirror at
the top.

3. A piece of plass which shows images.

4, The light falling upon a surface:

........ Nlight.

5. The light and heat source of the Earth.

. An artificial light source made of wax.

7. The giant sunlight reflector i the sky seen at night.
. Flat micros: ... mirros '

1 4 9
onx¥ v, 9

LS ¢ W ¥ ¢
Hii i 0 “E- $ . g
R 1 et iy e
(LPaRNes HRDUSL I (R |1




PERFORMANCE INDEX

After completion of the study this chapter the student should be able to:
1. Describe curve mirrors.
2. Graph the images formed by a concave mirror.
3. Graph the images formed by a convex mirror.
4. Give some examples of the use of curved mirrors.
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8.1 CURVED MIRRORS

Mot all mirrors are plane mirrors. Some mirmors have a cerved shape, A curved |
mifror can-either curve sutwards or inwards,

A Wikt are ey ind canyves mirrors?

The reflacting surface of a concave mirror curves inwands like the bow] ofa |
eietal spoon. The reflecting surface of a convex mireor curves owtwards like the
bhack surface of & metal spoon as in figure 8,1,

Centre of w carved mirrs |
Small curved mirroes form part of the surface of a sphere. The centre of cur- |

vature of 3 curved mirror is-the cenire of the sphere. The dislance betwean the Lﬁ_ﬁvﬁ_ﬁw_ T A

centre of curvitlure and the mirror 15 the radiug oF curvature (R). The principal h Figure 8.1

ixis is the line passing trough the centre of corvature and the mirmor, The

point whers the principal axis passes through the mirror s called the pole (P)

see Figure 8.2,

Whal is the Focul gurind?

The ight ravs paratlel w0 the principal axis get closer w each other afier refle
etion from o coneave mirror. The reflected rays mest 8l 1 point on the principal
anis. This point is called the focus and is represented by F. The distance betwe-
en the focus and te mirror 15 cafled the focal length (0. The focus is mdway
between the pole and the centre.

5 - - principal pat of a
focal length (1) = L radius of cunature (R axis sphere
' i Figure 8.2

Aconcave mirror converges light rays

The Tight rays parallel to the prineipal axes of a convex marror ruvel in different
directions after reflection from the mirror, If we take the extensions of these
reflected rays, they appear o come from a point behind the mimor, This 1s the
focl point of the convex mirror,

Aconvex mirror diverges light rays
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h. Specisl ravs of light far concave mirrers

The light rays reflected from concave mirrors follow different paths depen-
ding upon their points of reflection. However there are some paths that we ¢an
predict without any measurement. We will call rays of light which follow these
paths “special rays of light”. Using special rays, we can find the position and
the size of the image formed by the curved mirrars. The special light rays for
concave mirrers are as follows:

E A light ray pessing through the 3 Alight ray passing through | 4 The angle of incidence of e

cantra(C) is reflected back F is reflected back paratlel
agam through the point C. to the principal axis.
Y,

Sy

J ﬂ A light ray travelling

parallel o the princigal sxis
iz reflected back through F-

light striking the pole &s equal
to the angle of reflection

Y,
yr

Image formation by a concave mirror

As mentioned carlier we need at least two light rays are needed to draw the
image of a point in front of a mirror, In order to draw the image, we should
find the point where all the reflected rays cross. Now we will look at the images
of an object formed by a concave mirror at different positions,

Case 1= If the object is beyond the centre, the image is;

4. between the centre and the focus

b, smaller than the object {diminished)
c. real

d. inverted

atxec!

il T,
T e

Case 2: 1f the object is at the centre, the image is;

4. at the centre

b. the same size as the object
¢. real

i. inverted
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Case ¥ [f the object is between the focus and centre of the mirror,
the image 1s;

i, beyond the centre e
b, larger than the object (magnified) W

. real yﬁ\
il. invertad =

Ciase 42 TF the object is at the focus,

its image is said to be formed at infinity. Because the reflected rays
travel parallel to each other, they never cross. (No mmage ) &

Cnse 5: 1 the object is between the focus and the mervor, the image is;

1. behind the mirror objectet  [image

. larger than the object (magnified)
v virkual CaF

. wpright (erect}

(aset: Another type of image is the reverse of case 4.
if the object 1s at infinity (far away from the mirror)

- 1ts image forms at the focus of the mirror. _
- the image is real. b

g

Example 8.1
An abject is 20 em away from a concave mirror. It's focal length is 15 em.
a. Draw the diagram showing the position of the object in front of a mimor,

b. At what position does the image form? T
¢. What properties does the image have?

Sulutivo
b b. The curvature of the mimoris, R=2-f+K=2-|15=30cm
gl Since the object is 20 cm away from the mirror, it is between C and F.
& IF Theretore, the mage 15 formed bevond C.

¢. When we draw two special light ravs and
their reflection we obtain the image. It is real,
magnified and inverted.
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c. Special ravs of light for convex mirrors
The focal point of a convex mirror is behind the mirror and it diverges the light
rays falling upon it. Therefore the extensions of the reflected light rays meet
behind the mirror.
There are also special ravs for convex minor as there ave for concave mimrons,
[ -

V1. A light ray travelfing parallel 1o the principal axis is reflected back so thai :
| itsextension passes through F. principal F i3

X

I——*

I

I |
’ |
|

| 2. Alight ray arriving at the mirror is reflected back. paralle] to the prin- iy I
I tipal axis. However, its extension passes throogh F. ‘“"L_ = :
| : :

I |
I [
I |
B e e e A A

1. A lighe ray arriving ai the mirror so that its extension passes through C, 5 i .-C

isreflected back aver itself.

!
|
I
[
|
|
|
|
|
I

4. Aray of light amiving at the pole, is reflected back so that its ang-
le of reflection equals fs angle of ncidence, :
I
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Image formation by a convex mirror

Lising the special rays, the image of an object in front of o convex marmer can
be easily drawn. It is formed by the exicnsions of the reflected rays from the
(Bl Ty gt

Thire is only one type of image for convex mirrors, The image of the shject
in front of & convex mimor is;

; ; bt \\."‘x

u. behind the aurror (between F and Py e

b, smalber than the object (diminished) | / e

. virtual ‘IL

. npright H F o

Figure 8.3 The shiny and eurvy
hack surface of a tanker -aL'tinE ay
a COTMVEX mimor

The image abways forms benween the focus
and the the mirvor independent of the
distance of the object from the mirror.

:;rf:ﬂ;"jf-ix:lmpiu 5. 1
13 Four light rays ane darected LI'.'II'-'EL_TI:[E @ comves mirmor as shown in the Ggore:
Draw their paths after reflection from the mirror,

- T

Solution
Using the rules for special light ravs we can
draw the reflected rays as follows.

Uses of concave mirrors. o 1ses of convex mirrors,

Cotcave mirors have the property of being able 1o | Convex mirrors have a wide field of view and
colleet light rays faling upon them, w reflect rays ~ produce upright images. Therfore they have
produced a1 its focus to preal distances and produce - Important uses.
upright and magnified images. Therfore they have many
imporiant uses in everyday life.

ﬂ convey mirrars are placed af cormers of
- marrow streets so that ofher cary on thee road are visible.
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Curyed Mirrora
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CHAPTER QUESTIONS

Lose bhe words Below in vour own sendendes
enmenve mirror, convex mirror, feal image, virtual
g, fedd of view, focus, fcal leagth, centre, polé
of the mirrur, rewr mirer forchies

Fill Iu the blanks with approprinte words

I The outside of & metal spoon is a good exmnple of
I. The angle of incidence of the light on striking the
] T to the angle of reAection.

A. 1f zn object is between the centre and the focus of

a congave mirror, the image forms beyond the

4. The ray of light whose extension passes through
the focus of a convex mirror-is reflected back
woaenesss 10 the principal axis.

5. The image of an object m front of a convex mirmor
(0] 121 AR RORPRPRREoN 1 "8 11117 141

B, Plana and convex mirmors ZIVe ... e
imapes but concave mirrors ean give both

PrRRPYF - ) 3 U i SRRt | || %
S the guestions

I. What 1% a curved mirror?

. State the differences between flit, concave and
COMIVEY TIPS,

S How can you find the focus of a concave mimor?
Faplain using a sketeh,
4. Draw the special rays for a concave mirror.

5. A bottle stands 1.5 m m front of a concave mirror
which has a 30 cm focal length:

4. Write down the propertics of the image.

b, Where should it be placed in order 10 obtain a
magnified mage?

o, What does “real inage” mean. How can you
obiam a *real image”™? Explain.

7. Where is the light bulb located in-a car headligin?

5. Draw images of the objects in the figures below.

b C {
|
I'E'_ r ¥ I F ' \

. Do the special rays fora convex mirmor.

11 A boy stands in front of 8 convex mimor and looks
at his image. List the properties of the image.

1. Give examples of appliances or devices where
concave and convex mirrors. are used.

1 2. Why does the image of the ball af the hack seem
smaller than the othets although they have the

SAME Si2E.
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1. What is the path of the ray are placed in front of a concave

Apswier Hie fest guestians ! 3. The objects named ¥, L and M
reflected from the miror? o | mirror as shown in the figure,
Which one of the fipures
i s bielow correctly shows the: KLM
images of the objects™ rnl
c F
A) B)
A) B}
MK
0 F C F i"l' ¢ E
ci F l §;
”[
(8]
O i D)
L
] | TEERT iy H
€ F h" € _F
/] 1 A
by
3 I the figure to the right 4. Which one of the
shows the reflected ray from ravs given in the
the mirror. Which one of the figure follows a
figures below shows the inci- € path parallel 1o
dent ray?’ the principal axis
after reflection?
A) B}
Al B.2
s )
g F R S
5. Which one of the statements below is a property
of an image formed by & convex mirror?
Q B A} ini fromt of the mirror
\ B virtual
Chinvered
C F C : D) between centre and focos
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‘After/completionlof the/study/this/chapter:thestudent/should belable to:
1 Know the)physicalimeaning/of/Refraction of light
2. Definelthe IZaws ofiRefraction.
3. Describeithe total internal reflection:
4. Givesome examplesiofithe total'internal reflection:
S.Givelsomelapplication for;the/prisms.
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9.1 REFRACTION OF LIGHT

a. YWhat is the refraction of fight?

Redraction of light is defined as-the beading of light. When light passes from
one medium into another, it chaages direction. This 15 called the sefraction of
light.

Wiy does lght bend?!

Light travels with different speeds in d'I"_Fﬁ'munedmms_ Tts- speedd | is 3x10°
km's in air, 225 000 ks in water and 200 000 knv's in glass. Therefore when
il passes from air into wmllsmdeMdeﬁmHeMmm.
ﬂml:ghllnnhmgeﬂsp&ﬂr This is similar tva ::arc]ia.ngmg direction as it en-
ters an iey or a mugddy road. Because the car starts 1o skid, it canaol go in the
sime direction as before, sce the figure |

Figure 2.1

There are so many examples of the reféaction of light. One of thew is a spoon
ina plass of water. The spoon in the g]ass seems broken because the light rays
ﬁmum&paﬁufthespanaamﬂmwwmrﬂ:ﬂymmemmeyesmdﬂw
light rays from the part of the spoon immersed in water reach our eyes afier
bending. This is a good example of the refraction of light.

b, What sre the laws of refraction?

|. The incident light, the refracted light and the nosmal are all in the
sarme plane.

2. Light pussing from an optically less dense medium into a denser
rrﬁ!_im:'l ben.:]stm'srdﬁﬂ'te nofmal. .

4. Light passing from an optically denser medium into a less dense
medium hends away from the normal, |

T TR P R P PR

The angle of incidenee is the angle between the incident ray and the
normal. The angle of refraction is the angle between the refracted ray
and the nosmal. This is iflustrated i Figure 9.2,

i
ERE R R FRE T LT Y

Figure 9.2 The incident ray, refracted ray
and the nomual all lie in the same plane.
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Figure 9.3 shows the refraction of a light ray Light travels faster in‘air than in water, so

passing from air into glass, Noties that the water is optically denser than air. Light bends
angle of refraction is smaller than the angle away from the normal as it enters air from
of incidence. water as shown in figure 9.4 ,

i Figare 94 Light bends sway
?‘H’-:’ h_lﬂ bends Lowirds from the parmal as it passes -
neamnal as it passes from air e
ik : froan water inbg air

another along the normal, it does not change its direction as shown below.

There is only one case where light does not bend when 1t travels from one \.
mediom into another. [ a light ray s exactly perpendicular fo the surface, it
does not bend. In other words, 1Fa light ray enters from one medium into

N N
SHf; o e Figure 9.5 Light bends owards
R water L the mormeal when il enters water and
bends away from the normal when it
i i leaves the water.

Figure 9,6 When a light ray is perpendicular to the surface, il passes into
the ather medium without bending .

- . W S

Exaingrbe 9.1 Leluilin

Which path do dhe fight rays follow? !
Sketch them on the gures. Using the Iaw;u::nf refraction, we can deaw the path of the rays.
e E i

T Glass is optically
W = el :
. denser then water, glass

-

Motice that light bends towards the normal when il passes from
grlass info water, Why




L
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Exercise 9.1
Following the path of the fight rayvs, nume the mediums in the figures.

£ f
s 2 2/ 7

air, water Ig.rlass. water

¢. Misconeeptions coused by the refraction of light
The bending of light sometimes misleads us. The folowing activities give
examples and explanations for them,

Are stars really In the positions in which we observe them?

The atmosphere’s optical density changes as it gets higher, Therefore light
rays coming from the stars gradually refract while they travel in als, as shown
im the fgure to the right. Therefore, stars appeir o different positions thin
they actually afe.

Figure 9.7

d. What is tetal internal retlection? '
We know that, when light passes from an optically denser medium info an
optically less dense mediun, it bends away from te normal, But fora certain
angle of incidence, hight cannot pass inta the optically less dense medum

instead it travels along the surface after it 1s nefracted. When the angle of ref- IrﬂF'ff'{?L“H
raction is 0%, the angle of incidence is called the crtical angle, I is less dense)
represented by @ Ef] in figure 9§ .
55
If light 15 incident at an angle grester than the critical angle, light cannod foptically
pass into the other medium and is reflected back. This 15 called total internal denser}

reflection. Follow the figures (9.9 - 9.10) below.

Figure 9.9 Critical angle for water

and todal inbernal
reflection

Figure 9.8 Critical angle

E arr
ah ; : :
Q:ﬂﬁs ; i T
. 1 /ﬁfi;'
E glass

Figure 9,10 Critical angle for glass

and total internal
reflection
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Example 9.2
For each figure given below, draw the path of the ray.
ad. N C. '
I (]
air | : air

Solution _
We know that the critical angle for water is 497 and for glass 427
0, A0P<497 {8 =497 for waler) b, The light strikes the surface ¢. The light ray strikes the surface
Because the angle of incidence iy at anangle equal to the af an angle greater than the
sialler then the critical angle. critical angle for plass, 42°. critical angle for water.
The light ray bends away from So. it travels parallel to the =607 > 49°, B, it is reflected

the normal when it enters air, surface after it is refracted. back into the water.

N

!
|
I
!
!
!
I
I
|
|
I
I
|
|
I
I
I
i
I

¢ Totally reflecting prisms

The light ray entering the glass prism cannot pass into air from the long side
of the prism as seen in figure9, | 1. This is because the light ray strikes ihis
surface atan ang]em" incidence of 457 which is greater than the eritical angle
for glass (42¢). Thus, total reflection occurs inside the glass hence the name
total intermal reflection. Now the direction of light is changed by 907,

Figure 9.11 Total intcrnal reflection
mside the glass prism
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Examplc 9. 3 Solutinn
Draw the path of light rays inside the glass We know that if the angle of incidence of the ray is greater than 42°
prisms. Prisms are placed in parallel. for glass, it cannot pass into air, and total intemal reflection occurs

inside the prism. The rays follow the paths shown.

f. Total internal refliection in daily life

Observing mirage on the road - ~
[id you Know?

On very hot days, the layver of air above :
the road becomes very hot, but higher| Stands of polar bears fur are able

layers are cooler. The hot air is optical- | 10 carty light. They are like optical
ly less dense thancoolair. Therefore a| fibers. They carry ultraviolet sun
ray of light from the sky is reflected as it | light to its skin.

travels downwards. When it reaches the
layer of hot air on the ground, its angle
of ncidence becomes greater than the
critical angle of the hot air. Total inter-
nal reflection occurs near to the surface
of the road. As resull, the image of the
blue sky appears as a pond of water on
the road. this is called (mirage) is shown
in figure below,




TEEr

SR,

1
1

Can light be carried? :

An optical fiber is a long thin class tube. [ts used |3
to carry light for vary-long distances. When a light
ray enters one end of the fiber, it travels through
the tube without escaping, as shown in figure on
the right. Due to the internal reflection that occurs
mside the glass. Light rays can turm corners, There
are many deferent uses of optical fibers. in com-
munication technology they are used to carry tele-
phone signals very long distances, a signal wire
can carry hundreds of deferents massages at once.

In medical operation, called an endoscopy, doctors use optical fibers (endo-
scope) to see inside the body, 1e. inside the lungs and stomach.

CUperation with endoscope

We also observe total internal reflection of hight in-streams of fountain water
which carry light from colored lamps placed under these fountain light enters the
water stream at the beginning and then travels p through the stream undergoing
total intermal reflection.
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2. Where do we use prisms?

There are many uses in optical instruments, such
as periscope, microscopes, binoculars and bicyele re-
flectors.

In some devices such as periscopes totally reflect-
ing prisms are used instead of plane mirrors. Because
they give better reflection than ordinary mirrors.

A bicyele reflector includes many small prisms. When light from a car headlight
falls upon this reflector, it s totally reflected inside the prisms so that the car driv-
er sees the bicvele clearly. a car rear reflectors also include small prisms. They
reflect light in the same way as a bicyeles reflectors do. Prisms inside binoculars
turn the image the right way up after some total internal reflections,
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f. Colours of the rainbow

White light is a mixture of colours. We are familiar with this due
to a natural phenomenon called a rainbow, a wonderful display
of colours in the sky.

Sometimes you may see the colours of the rainbow on walls
formed by diamonds in chandeliers.

How can we get colours from white light?
When white light falls upon an equilateral glass prism, different co-
lours can be seen leaving the prism on a screen. This is called the
spectrum of white light, and is shown in Figure 9.12.
The colours are arranged from red to violet in the order: red, orange,
yellow, green, blue, indigo and violet. It is casy to remember the or-
der of the colours since their first letters form the word, ‘ROYGBIV®
which contains the first letter of cach colour in order. Violet light is
refracted the most and red the least.

Figure 9.12 Spectrum of white light
Can we obtain white light from its spectrum?
If we place a glass prism upside down behind the first prism as shown in Figure9.13, the second prism recombines the-
colours and produces white light. :

Another method of recombining the
spectrum is to spin a disccontaining
the seven colours on it. When the disc
is spun quickly enough, the colour ap-
pears to be white.

How does a rainbow form?

When it is raining and the sun is shining nearby, a coloured bow .
may form in the sky, this is called a rainbow. Each water droplet in Figure 9.13
the air acts as a small prism. The light is refracted as it enters the =~ . ) .
drop in the same way it is for a prism. Then it is reflected from the Why do object's o, i "“0]0",' efj !
back of the drop, finally it s refracted again when it re-enters the 1 1¢ colour of objects we observe is just the co-
air. Thus, the colours of the spectrum form in the lour of light they reflect. For example a leaf in

- In order to ob the rainbow, th t be behind 1 sun llght, looks green because it reflects only gre-
" it apiinsinany — en light and absorbs the rest of the colours of the

spectrum. Similarly a red flower looks red beca-
use it only reflects red light. objects of different
colour are shown in figures 9.14-9.16.

Figure 9.14 Each rain droplet acts as a
tiny glass prism to produce a rainbow.

Figure 9.15 Objects seemto  Figure 9,16 Leaves reflect
be the colour that they reflect only green colored light.

=
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CHAPTER QUESTIONS

e the words below in your own sentences
pelraction, dense sstiom, fotal tersal reffectlon,
{hass prisme, binocalars, mirsge. Blvee apties, colowr,
roialaw, dir water

Fill b the hlanks with appropriste wirdy

1.When light enters one medium from another, it

chenpes 108 . olonseiesrinti v o

1. Bending of lightisealled . ..o -of hight.
3.Light travelling from an optically less

denze medium into adenser medium bnds
LTt the normal.,

4, Light traves .ol in air than in glass.

5.If the angle of refraction is 90°, the angle of
incid nceis called the . .. angle.

fi
Answer the gaestion

|- Why does light change its direetion?
1, Explain, how light bends when it enters from one
mediam;

) anfo an optically less dense medium?
b1 into an optically denser medium?

1. Complete the path of each light my given below.

I o. IRy
|
"*_3. | air : 2
| lmer E;A L
7
B |

4. Explain with a sketch;

2} why the bottom of a glass filled with water
appears closer,

I} why a spoon in a cup of tea appears broken.

5.Does light travel from water into air for every
anple of incidence? Explain why?

6. Explain;
a} how o refleching prsim works.

b} how a-car’s rear reflector works.

7, Can light be carried? Explain how,

% .Complete the paths of the ravs shown in the
figures.

3 Rt b.
o M“n_ glass blocks

| P
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After completion of the study this chapter the student should be able to:
1. Describe Lenses (converging and diverging).
2. Graph the images formed by a converging lens.
3. Graph the images formed by a diverging lens.
4. Calculate the power of the lens.
4. Give some examples of the lens around us.
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10.1 LENSES
|, Converging and l'ﬁ'l.-r]'g'lii!,i lenses
Glass can be prven & curved shape 1o obtaim magnified or diminished imapes.
Iariiag We call this specially shaped glass a lens. Lenses are used in many optical ins-
- truments. There are two types of lens: converging and diverging lenses.
A converging lens is thicker at the centre and thinner at the owtside Figure
[0 L T coliects paratbel light rave ata point in front of it (convenges them ).
A diverging lens is thimner al the centre and thicker on the outside. 11 spreads
light ravs out {diverges them).

What is the principal focus?
' The centre of the lens 15 calbed the optical centre and 15 represented by P (Fi-
Figure [0.1 Examples of lenses and ~ gure .2, Thie line passing through the centre of the lens is called the principal
their representations axis. Rays travelling paraliel to the principal axis of & converging lens collect st
R ' apoint afler passing through the lens, See figure 103 below. This point is called
1 the principal focus and 15 represented by F. The distance from the centre of the
lens o F 15 ealled the focal length. A lens has two focal points because light
T 'E.m F 3F can enter the lens from bath sides, Twice the focal length is represented as 2F.

Figure 10.2

axIH

principal .\\F/

.._f_..

H

focal length

For a diverging lens, rays travelling parallel to the principdl axis diverge after
passing through the lens so that they appear to come from a point behind the
lens. This is the principal focus of a diverging lens, See the figure | 0.4 Diver-
ging lenses also have two pnnapal focuses on both sides the same as conver-
sing lenses.

focal length :

Figure 10.4 Diverging lenses disperse lighi rays after refraction.
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Lenses

A converging lens is similar to the combination of two
glass prisms placed base to base as shown below. This
combination causes parallel light rays to converge.

Adiverging lens is similar to the combination of two glass
prisms placed end to end as shown below. This
combination causes parallel light rays to diverge.

il . e R .-/

b. Special rays of light for converging lenses
There are some special rays for lenses, as there are for spherical mirrors:

A light ray parallel to the A light ray through the focus A light ray passing through
principal axis, passes through travels parallel to the principal the optical centre travels
the focus after being axis after being refracted by without changing its direction.
refracted by the lens. the lens. ? .

| \f A \ |

1= 7 -\ / .. & | F 'l £

P‘;‘I“ \

Image formation by a converging lens

Remember that to draw the image of an object in front of a converging lens,
we need at least two rays of light coming from it and we should find where
they cross. Also remember that a real image is an image which can be formed
ona screen. Now, we will find out how images are formed by a converging
lens for different locations of an object.

Case 1:1f the object is beyond 2F from the lens, the image is;
a. between F and 2F on the other side of the lens

b. smaller than the object (diminished) M
c. real - = R F 2F
d. inverted 2F F ' we

Case 2:1f the object is at 2F, the image is;
a. at 2F on the other side of the lens

b. the same size as the object t\ '
c. paidl > A | F 2F

d. inverted 2F F %
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Case 3
If the object is between 2F and F, the image is;
a. beyond 2F on the other side of the lens
b. larger than the object (magnified)
c. real

d. inverted

Case 4

If the object is at the focus then the image is said to be formed at
infinity. Thus, if we place a light bulb at the focus of a converging
lens we can obtain parallel light rays. Laboratory light sources

include a converging lens and a bulb located at its focus as shown
below.

Case 5

If the object is between the focus and the lens, the
image is;

a. behind the object

b. larger than the object (magnified)

c. virtual

d. upright (erect)

Due to these properties converging lenses are
known as magnifying lenses.

This is illustrated in Figure 10.5.

Case 6

There is one more case which is the reverse of case 4. If the
object is far away (at infinity) from the lens, the rays are al-
most parallel. The image forms nearly at the principal focus, it
is real and inverted. For this reason a real image of a car can be

formed on a screen. see figure (10.6).

SR
object at
infinity

Figure 10.6

back of
the screen
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@Example 10.1
The figure below shows an object which is

placed at a distance of 2F from the
converging lens.

a. Where is the image formed?

b. List the image properties.

Solution

2FFTF2F

l

First we sketch a diagram. To draw an image we need two rays from
the tip of the object: one parallel to the principal axis and one passing
through the centre of the lens. The rays cross at 2F on the other side.

A

F

}

2F

2FF\
Y

The image is real, upright and the same size as the object.

c. Special rays of light for a diverging lens

A light ray parallel to the
principal axis is refracted so
that it appears to come from
the principal focus behind the
lens.

A ray directed towards F on
the other side of the lens
bends, so that it becomes
parallel to the principal focus.

A light ray passing through
the optical centre travels
without changing its
direction.

ﬁkxample 10.2
Draw the correct reflected paths of the

light rays incident upon the lens as shown

in the fieure.

1
2

T+
s

below,
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Image formation by a diverging lens //
As you observed in the experiment above, the rays of light refracted by a ohject
diverging lens nevercross, Diverging lenses spresd rays out, ina similar way
10 CONVER IIMOrs. i
Todraw the image formed by a diverging lens, we take the extensions nfil.‘rwé
reffacted rays. The extensions form an nnage between the focal lmgth and
the optical centre, P,
The image of an object in front of a diverging lens is always;
I on the same side as the abject
2. smalier than the object (dinunished)
A virtugl
4. upright (erect)
Changing the distance of the object to the lens, changes the position of the
image but the image always forms between the focus and the optical centre,
virtual and upright. This is shown in figure on the nght

d. The power of a lens )
Opticians generally vse the “power of a lens™ instead of using “focal length™,
The reciprocal of the focal length (in metres) gives the power of a lens

— ——— Il_

| Power = I |
{ + Tacal length {in metess) L'
i — e .

(+) for converging lenses, () for diverging lenses. Its unit is the dioptre (D).
The longer the focal length the smaller the power.
For example if the focal length of a lens is 40 cm, then the power,

- P W CER WD D D W ER EF O ER ES N W ES W O e W W m _ W W L. EP N ER OmR OER ER D EN EE ER Ee Em me mm me w

frégﬁjxnmple 1.3 _
= An object is 20 cm away from a diverging
lens whose focal length is 10 cm.
a. Where does the image form?
b. What properties does it have?
. What 15 the power of the lens?

Salution |

Using the special rays, we sketch the diagram as in the figure. "'V/
4. The image forms between F and the lens,
b, It is diminished, virtual and upright.

e. f=10em=0.1m; 2F
Pr::werzu—l—=—]0 D
1 i




Lenses )

Exercise 1.1
Drvaw the image of the object near the coneave lens, W/

°

T R R R R T R T I T R I R R R T T R W N W U S B B W N R W S S

Example 10.4
 Draw the path of the light ray in the figure.
=  Hoth the converging and diverging lenses l F‘ l -

have the same focal lengths, The convex
mirror is at the focus of the convex lens,
Solution - frrfef=
First, the ray is refracted after passing through the diverging lens —
and becomes parallel w the principal axis. Then it enters the 4 A
comverging kens and is refracted in such a direction that it goes -
through F. The ray is then reflected back by the concave mirros,
following the same path back through the lenses F
as shown in the figure. -

e. Examples of lenses around us

Obyects behind a glass or a bottle full of water look larger than their actual =
siizrs, This is because they act as converging lenses and produce magnified,
virtual images as in figure 10,7,

A drop of water on a piece of glass can be used a8 a convérging lens, Because
it is thicker at the middle and thinner af the edge. 1t can be used to magmify ‘ = |
small letters on 2 page as shown in figure 108, j——"
Small picces of glass can also act as converging lenses, thus if left on the
grass after picnics they can focws sunlight onto the dried grass and start fires.
At the bottom of pools we observe Hght dancing in the form of water waves,
as shown in figure 10,9, The crests (tops) of the waves act as converging Figure 10.7
tenses focussing lght upon the sea bed. The troughs (hottoms) of the waves
aet as diverging lenses and spread light out,

S s g, 8

MEI Eﬂ’]!:ﬂl'.?l! ECII"IUEJ-‘
| lens lens | '

¥

Figure 10.8

Figure 10.9
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f. Uses of lenses
Lenses have very impogtant uses in our life. The eye, cameras. felescopes,

microscopes &nd many other optical instruments work with lenses. e
['he eye A s
The eve includes a converging lens a3 shown in Agure 10,10 It produces an _ _:}{_' i
mnveried redl image of chijects on the retina, he screen of the eve. Muoch more By ﬁ:ﬁ
detailed information about this wonderful optical instrument will be given i W L
the [ollowing pages. = *J{;
Figure 1510
Spectacles .
Some people need to use specicles or contact lenses to correct their eye
defects. Spectacles or glasses can include converging or diverging lenses
depending om the users” nesds.
Fizure [0.11
The lens camera fim

©
obyec —

i dnverted

e e

e paton

carurg'li'a;
e | ©

Frowre 10,12

The figure (.12 shows a simple camer, it 15 4
very simple copy of our eyes. Tt consists of a box, o
converzing lens and polaroid flm. Inside the box is
completcly derk. The film contains o chermecal layer
which is sensitive to light. The lens prodices inverted,
real and diminished rmages on the Glm, The flm is the
sereen of the camera,

Telescopes

Telescopes are the instruments used to ohserve distant objects. (Figure 10.13)
A simple telescope includes two converging lenses, One 15 called the
shjective lens, and has a long focal length (thin lens). The other is called the
evepiece lens and has 4 shon focal length ithick lens), The inside of &
teleszope i5 shown in figure 10,14,

The ohjective lens produces a real and inverted image of the obiect. The
image is just inside the focal length of the eyepiece lens. Thus the eyepiece
lens acts as a magnifying lens. The final image is a large and invered image
of the distant object. It is also a virtual image.

licghl frowr b it eyepioce
diaﬂ:fu obfFet——s
Ea e ELE ) Fﬂ...-
= -__..L_- rﬁ
€ -
firial first
image o image

Figure 10,15 I Figure HL14




Prism binoculars

Prism bineculars include two small telescopes
fixed side by side as shown in the figure. They
hiave two converging lenses to observe distant
objects. The prisms mside the binoculars twm
the imverted image upright,

e —

The microscope

A microscope includes two converzing lenses to enlarge
very small objects. One at the lower end (objective lens),
one at the upper end {evepiece lens).
The light reflected from the mirror passes through the
object and enters the objective lens. This produces a real
and magnified image between the focal point and the pole
of the eyepiece lens as shown in the figure to the nght, The
eyepiece lens acts as 8 magnifier and produces a magnified
image of the ohject. The image is inverted and virtual.




eye ball

Flgure 10.15

in the light

in the dark

- T— "
Figure 10,17
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THE HUMAN EYE

a, Parts of the eve

The eve has a sphencal shape called the eveball. There 15 a hole called the
pupil in front of the eye, (Figurel 0,15} Joined onto the pupil is & converging

kens, The inside of the eye ball is filled with a watery liquid. Light rays enter

the eve through the pupil and the lens. The lens refracts the rays, forming an

mverted image on the retina st the back of the eychall.

The retina has about | 30 million hight-sensitive cells! These cells produce

¢lectrical signals when light falls upon them. The optic nerves camy these
signals from the eye o the l:n"am Thl: tlmm Elum t:-unvcn:s th-;t 51gna]5 into Al

upright image. "'_"" qperrE—
Although the

image on the
reting is inverted

we don't seethe |
world upsidedown! |
Figure 10,16 shows
thevarious paris of |
the eve. |

Figure 10,16

h. Night and day

The amount of hight entering the eye i controlléd by the s, which 15 the
coloured part of the eve. The hole in the middle of the inis is called the pupil.
IF there is oo much light, the hole gets smaller and lets less light in. At night
the pupil gets larger and lets much more light in, Figure 10,17 shows larger
and smaller pupils in the light and dark, respoctively.

c. Seeing nearby und at 2 distance: The focusing eve

The eye lens is flexible, The muscles (ciliary mustlesy around the lens can
change their shape and thickness, d@s shown in figure 10,16 above, Changing
the thickness of the eye lens changes its foeal length, Thus, the eye can maks
focusing adjustiments for near or distant ebjects. This is called
accommodation of the eye.

For a person with normal vision, the eve can accommodate ¢learly for
objects at infinity. That is, the far point for this eve is infinity. The nearest
point the normal eve can focus clearly on objects is 25 cm. This is catled the
nearpoint.

d. Eve defects

1. Long-sightedness (Hyperopia)

Some people see distant objects clearly but can't see nearby objects with the
same clarity. This is because their eyeballs are shorter than normal, or their
eyelenses are too thin, These people arve said to be long-zighted. Therefore
light rays entering their eyes from a near object are focused behind the retina,
A coaverging lens can correct this defect. It combine the rays so that the eye-
lens forms an itnage exactly on the retina, as shown in fgure |0.18,




L

{ Lenmsss )

1. Near-sightedness (Myopia)
Some people see nearby objects clearly but cannoi see distant objects with

the same clarity. These people are said to be near-sighted. Their eyeballs are
longer than normal, or their eye-lenses are too thick. Therefore light rays from | =
a distant object are focused in front of the reting. A diverging lensisused o |
correct this defect. 1t diverges the fays 2o that the eve-lens forms an image
exactly on the retina, as shown in gure 10,19,

3. Colourblindness

The cells on the reting are sensitive to colours, therefore objects appear
coloured. However, a colour-blind person cannet recognise some colours,
For a colour-blind person ted and green colours look the same! Try 1o read
number in the figure | 0,20 This is the most common Lype of colour-blindness.
Colour-Blind people must not work where colours are important.

4, Astigmiaiism

This results from an imegularly shaped comes or eye-lens, 1T the eye-lens
or cornea is not perfectly spherical, the eye can form a correet image only in
some directions, bt not in others. A cvlindrical bens can correct this defect.

S, Cataract
Some ald people suffer from cataracts. This oecurs when the eye becomes
cloudy, rather than clear. A doctor can correct this in a simple operation,
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CHAPTER QUESTIONS

Lise the wards bedow im your awn sentencas

bems, optical centre, converging lens. diversing lens,
speciaciies, felescope, leas cnmera, bimoculies

Fill i the blanks with approprisie words
L. A converging lens 15 L - at the cenire
and thimver ai the outsade.

.......................... lens causes lipht rays 1o spread

1. A light tay parallel to the principal axis of a
convierging lens passes through the

........... rreraerenneece AftET being tefracted by the lens.
4. M an object is beyond a distance of 2F from a
converging lens, its ImMaEe 8 o then
the ohject.

5. A-ray passing through the optecal ... e 0F
2 lens travels without changing its direction.
. The image formed by 4 diverging lens is always

(L ETR TR TR

4. Prism binocubars use Both ... 04

Airswen' the questions

1. What is-a lens? Write down the different tvpes of
lenses and their differences.

1. Draw the special rays for converging and
diverging lenses.

5. An objeet is 50 cm beyond a convex lens which
has o focal length of 20 em,

a.Where does the image form?

b Last its properizes.

v Where should the object be placed in order to
obtain a magnified image? '

4. An object is placed in front of a diverging lens.
Show how the image is formed by drawing a
diagrain.

5, The boes below include only one type of lens;
either converging or diverging. Decide which bax
includes which lens,

i
i

AN

Losiver Dhe Teet questiods
1, Which of the following combinstion of prisms is
similar o a diverging lens?

2, In which of the figures below is the path of the ray
incorrect?

4 In which of the figures below is the path of the ray
mcorrect?

7< 4%

Pl o
Ay B) 3 )2 D)1

4, Which of the following produces a real image?

B} diverging fens

A) converging lens

Lask the Fve defeces and tatk about one of then.

)
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The Electromagnetic Spectrum and Color

When you look around, vou can se¢ things that reflect light to vour eyes, But
4 bee might see the same things differently. Bees can see a kind of lght—cal-
led wltraviolet light—that vou can’t see!

It might seem odd to call something vou can’t see light. The light you ate
most familiar with 1s called visible hight. Ultraviolet Light is simular to visible
light. Both are kinds of electromagnetic (EM) waves. In this section, you will
learn about many kinds of EM waves, including X rays, radio waves, and
microwaves,

{ 'haracteristics of EM Waves

All EM waves travel at the same speed in a vacuum— 300,000 km/s, How
15 this possible? The speed of a wave is found by multiplying its wavelength
by its frequency. So, EM waves having ditferent wavelengths can travel at
the same speed as long as their frequencies are also different. The entire ran-
ge of EM waves 15 called the electromagnetic spectrum, The electromagnetic
spectrum is shown in Figure 11.1.

The electromagnetic spectrum i divided into regions according to the length
of the waves. There is no sharp division between one kind of wave and the
next. Some kinds even have overlapping ranges.

THE ELECTROMAGNETIC SPECTRUM
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Figure 11.1




Kadio YWaves

Radio waves cover a wide ranpe of waves i
the EM spectrum. Radic waves hayve some
of the longest wavelengths and the lwvwest
irequencies of all EM waves. In fact, radio
waves are any EM waves that have wavelengths
fonger than 30 cm. Radio waves are
used for broadeasting radio signals,
see figure (11.2).

A radio station converts sound into an electric
current, The current produces radio waves that
are sent out in all directions by the antenna.

Figure 11.2 Radio waves caneot be beard,

A radio receives radio waves and then
converts them into an electric current,
which is then converted to sound.

but they can carry energy that can be eoaveried into sound,

Ve rowaves
MMucrowaves have shorer wavelenpths and highes frequéncies than radie
waves d, Microwaves have wavelengths bepween 1 mim amd 30 cm. You are
probably familiar with mictowaves— they are ereated in a microwave oven,
such as the one shown in Figure ||

CRA device called a mgne.trﬂrr
‘produces microwaves by
accelerabing charged particles,

2} The microwaves reflect off a
metal fan and are directed
into the cooking chamber.

3 Mircrowwanes Can penetrate several
centimeters into the food.

€ e energy of the microwaves causes water |

mdecuies inside the food o rotate, The

rotation of the water molecules causes the

temperature of the food to increase.




Radar

Microwaves arg also wsed in radar. Radar ( radio detection and
ranging) is wsed to detect the speed and location of ohjects,
The palice officer in Figure 4 is using radar to check the speed
of a car. The radar gun sends out microwaves that reflect off
the car and return to the gun. The reflected waves are used o
calculate the speed of the car. Radar is also vsed to watch the
movement of airplanes and to help ships navigate at night.

Figure 114 Police officers
usg radar to detect cars going
Fasior than the speed linit,

Infrared Waves
Infrared waves hgve shorer wavelengths and higher Foquencics

than microwaves do. The wavelengths of infrared waves

vary between 700 nanometers and | mm. A panometer (nm)

is equal o 0000000001 m;

O a sunmy day, vou may be warmed by

infrared waves from the sun, Your skin absorbs

infrared waves striking vour body. The energy of

the waves causes the particles in yoor skin to

vibrate more, and you feel an increase in femperaurs.

The sun 1z nol the only source of infrared

waves. Almost all things give off infrared waves,

including buildings, trees, and vou! The amount

of nfrared waves an object gives off depends on

the ohject’s temperatire. Warmer objects pive off

more infrared waves than cooler objects do.

You can’t see infrared waves, but some devices

can detect infrared waves. For example, infrared

bimoculars change infrared waves into light vou

can see. Such binoculars can be used 1o watch

anirnals al might. Figuree | 1.5 shows a photo taken

with film that &5 sensibive o infrared waves.

Figure 11.5 In this photograph,
brighter colors indicate higher
temperatures.




Figure 11.6 Water droplets can separate white light into visible light of different wavelengths.
As a result, vou sec all the colors of visible light in a rainbow.

Visihle Light

Vizible light is the very narrow range of wavelengths and frequencies in the
clectromagnetic spectrurn that humans can see. Yisible bght waves have shor-
ter wavelengths and higher frequencies than infrared waves do, Visible light
waves have wavelengths between 400 nm and 700 nm.

Visible Light from the bun

Some of the energy that reaches Earth from the sun is visible light. The
visible light from the sun is white light. White light is visible light of all
wavelengths combined. Light from lamps n your home as well as from the
fluorescent bulbs in your school is also white light.

Colors of Light

Humans sec the different wavelengths of visible light as different colors, as
shown in Figure11,6. The longest wavelengths are seen as red light. The shortest
wavelengths are seen as violet light,

The range of colors is called the visiblé spectrum. You can see the visible
spectrum in Figure11,7,

-+ When you list the colors, vou might use the imaginary name ROY €, BV
to help you remember their order. The capital letters in Roy’s name represent
Uhie first tetter of each color of visible beht: red, orange, vellow, green, hlue,
and violet. What about the 1 1in Roy's last name?

You can think of i as standing for the color indigo. Tndigo is a dark blue color
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N

ﬁ:g!.ll‘ﬂ 11.7 The vishle spectrum

comtains all colors of ight.
Ultraviolet Lizht

Ultraviolet light (UV light) is another type of electromagnetic wave pro-
duced by the sun, Ultsaviclet waves have shorer wavelengths and higher
frequencies than visible light does. The wavelengths of ultraviolet hight waves
vary between 60 nm and 400 nm. Uliraviolet light affects your body in both
bad and good ways

Bad Effects

On the bad side, too much ultraviolet light
can cause sunbum, as you can sce in Figure
11.8 Too much ultraviolet light can also cause
skin cancer, wrinkles, and damage to the
eves. Luckily, much of the ultraviolet Tight
from the sun does not reach Earth’s surface.
But you should still protect yourself against
the ultravielet light that docs reach you. To
do so, you should use sunsceeem  with a high
SPF (sun protection factor). You should also
wear sunglasses that block out UV light to
protect j,.rhur eves. Hats, long-sleeved shirts,
and long pants can protect you, too. You
need this protection even on overcast days
becaunse UV light can travel through elouds. Figure 11.8

» Sunbum

Good Effects

On the good side, ultraviolet waves produced by ultraviolet lamps
are used to kill bacteria on food and surgical tools. In addition,
small amounts of ultraviolet light are beneficial to your body.
When exposed to ultraviolet light, skin cells produce vitamin D.
This vitamin allows the intestines to absorb calcium. Without
calcium, your testh and bones would be very weak.
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X Rays and Gamma Rays
X ravs and gammi ravs have some of the shorest wavelengths end bijghest
frequencies of all EM waves, e

X Ravs

X rays have wavelengths between 1001 nm and (0 nm. They can pass th-
rough many materials, This characieristic makes X rays useful in the medical |fl‘t- “x
field, as shown in Figure 1.9, But too much exposure to X rays can also damage ™
or kill living cells. A patient getting an X ray may wear special aprons to pro- —_—
tect parts of the body that do not need X-ray exposure, These aprons are lined
with lead because X rays cannot pass throuwgh lead,

X-rav machines are also used as security devices in airports.and other public
buildings, The machines allow security officers to see inside bags and other
coptainers without opening the containers,

Comimia Rays

Giomemia révs are EM waves that have wavelengths shovter than 0.1 nm. They
can penetrate most materials very easily. Gamma rays are used 10 fredt some
forms of cancer. Doctors focus the rays on fumors inside the body to kil the
cancer celis. This reatment often has pood effects, but it can have bad side
effects because some healthy cells may also be Killed,

Gamma rays are also used 1o kill harmful bacteria in foods, such as meat and
fresh fruits. The gamina rays do not haom the treated food and do not stay in
the food. So, food that has been meated with pammi rays is <afe for you o
el

_Figure 11.9 How a Bone Is X-Rayed

/.

il X rays travel easily through 1. The X rays that 3, .B!-'ig.ht' area; épp_eaf on
skin and muscle but arc are not absorbed the film where X raysare |
absorbed by bones, strike the film. absorbed by the bones:
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Light wnd Color

Why are strawbermies red and bamanas vellow? How can a soda bodtle be
green, vet vou can still see through it?

If white light = made of all the colors of light, how do things get their color
from white light? Why aren’t all things white in white light? Good questions!
To answer these questions, vou need o know how light interacts with matter.

Transnhssmn, Reﬂﬁnnm, ;mﬂ A&mrﬁm

Yo ¢an sce objects

Lipetee mndd Vlakier

outsidz hﬂ_“““ light When light strikes any form of matter, it can
is transmirted theough interset with the matter in three different
the glass. ways,

the light can be reflected, absorbed,

o transmitted.
You can sec the glass Reflection happens when light bounces
and vour reflection in it off an object, Reflected light aliows you 1o
because hght is se things. Absorption is the transfer of light

enecrey to matter. Absorbed light can make
things feel warmer. Transmossion is the
passing of light through matter. You see
the eransmission of light all tme. All of the
light that reaches your eves are transmitted
through air, Light is transmitted, refiectad
and absrobed when it strikes the glass in
the window.

reflected off the glass.

The glass feels warm
when yon touch 1t
because some light is
whyorbed by the glass.

AN e o
Fransparent plastic makes ,, awe ¥ Opaigue aluminom foil makes

it easy Lo see what you are s g it impossible to see your
having for lunch. lunch without unwrapping it.
Framslocent wax paper makes
it a litle harder to see exactly
what's for lunch.




Codors of Ohjects

How is an object’s color determined? Humans see different wavelengths of
light as different colors.For example, hunans see long wavelenpths as red and
short wavelengihs as violet. And, some colors, like pink and brown, are seen
when certain combinations of wavelengths are present

The color that an object appears to be 15 determined by the waveleagths of
light that reach your eves. Light reaches your eyes afier being reflected off an
object or after being transmitied through an object. When your eyes receive
the light, they send signals to your brain. Your brain interprets the
signals as colors, PPN LAY

(ISRl Opague Objects and Color

atekie lighE comineg in

Wt wihine lght shines an
& strawbeny, cnly red light s
relacipd Clat Enders of light
are gbaored. Thensoe, the
whiwbénsy laks red b you

The white hair in this cow's hide
reflects all the colors of light, but the
black hair absorbs all the colors.

Colors of Dpague Ohjects

When white light strikes a colored opaque object, some colors of light are
absorbed, and some are reflected. Only the fight that 15 reflected reaches your
eyes and is detected. So, the colors of light that arc reflected by an opague
object determine the color you see. For example, if a sweater reflects blue 1i-
ght and absorbs all other colors, vou will see that the sweater 15 blue. Another
example is shown on the left in Figure 10,

What colors of light arc reflected by the cow shown on the nght in Figure
107 Remember that white light includes all colors of light. So, white obge-
cts—such as the white hair in the cow’s hide —appear white because all the
colors of light are reflected. On the other hand. black is the absence of color,
When light strikes a black object, all the colors are absorbed.

Colors of Transparent and Translueent Objects

The color of transparent and translucent objects is determined differently than
the color of opaque objects. Ordinary window glass is colorless in white light
because it transmits all the colors that sinike 1t. But some transparent objects
are colored, When you look through colored transparent or translucent obje-
¢ts, you see the color of Tight that was transmitted through the material, The
other colors were absarbed.
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Figure 11.11 Primary colors
of light —written in white-
combine to produce white
light. Secondary cotors of
light—written in black-—are
the result of two primary
colors added together.

Mixing Colors of Light

In order to get white light, vou must combine all colors of light, right? This
method is one way of doing it. But you can also get light that appears white
by adding just three colors of Tight together—red, blue, and green. The com-
bination of these three colors is shown in Figure 11,11 In fact, these three colors
can be combined in different ratios to produce many colors. Red. blue. and
green are called the primary colors of light.

Color Addition

When colors of light combine, you see different colors. Combining colors
of light is called color addition. When two primary colors of hight are added
together, you see a secondary color of light. The secondary colors of light are
cyan (blue plus green), magenta (blue plus red), and vellow (red plus green).
Figure 11.11 shows how secondary colors of light are formed.

Mixing Colors of Piement

If you have ever tried mixing paints in art class, you know that you can’t
make white paint by mixing red, blue, and green paint. The difference between
mixing paint and mixing light is due to the fact that paint contains pig ments.
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Pioments and Color

A pigment is a material that gives a substance its color by absorbing some
colors of light and reflecting others. Almost everything contains pigments.
Chlorophyll and melanin are two examples of pigments.
Chlorophyll gives plants a green color, and melanin gives your skin its color.

Color Subtraction

Each pigment absorbs at least one color of light. When yvou mix pigments
together, more colors of light are absorbed or taken away. So, mixing pig-
ments is called color subtraction. The primary pigments are yellow, cyan, and
magenta, They can be combined to produce any other color. In fact, every
color in this book was produced by using just the primary pigments and black
mk. The black ink was used to provide contrast to the images. Figure 11.12
shows how the four pigments combine to produce many different colors.

Figure 11.12 Primary pigments—written in black- combine to produce black,
Secondary pigments — written in white— are the result of the subtraction of
W0 primary pigments.

Yellow
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CHAPTER QUESTIONS

0.1, What are the types of electromagnetic waves,

05, Use the diggram belew to answer questions 1-2,

5.2, What is electromagmetic spectrum.:

1. While performing an cxperiment on
(3.3 You can see yourseifin the mirror, because of the colors of light, Pable mixed three

colors of light to form the image
above. What color would Pable see at
point A?

A yellow
. ~ B magenta
3.4, What color of light is produced when red light
is added 1o green light? . white
D. ack

2. What color would Pablo find at point
A If pigments were used instead of
colors of light!

A, white
B black

C. green
D. red




