
Atree is fixed at a place, so we say that it is stationary. Similarly, a house, a school, a factory, electric
poles and telephone poles are all stationary objects which remain fixed at a place. On the other
hand, a man, animals, birds, cars, buses, trains, ships and aeroplanes, etc., do not remain stationary

all the time. They can move from one place to another. For example, a man moves when he walks along a
road, a bird moves when it flies in the sky, a cheetah moves when it runs in the jungle, and a fish moves
when it swims in water. Similarly, a car or bus moves on a road, a train moves on the track, a ship moves

in water and an aeroplane moves when it flies in air from one place to another. The movement of a body
(or object) is called motion. A common characteristic of all the moving bodies is that they change their
position with time. We can now define motion as follows :

A body is said to be in motion (or moving) when its position changes continuously with respect to a
stationary object taken as reference point. For example, when the position of a car changes continuously
with respect to stationary objects like houses and trees, etc., we say that the car is moving or that the car is
in motion. Let us take an example to understand the meaning of motion more clearly.

MOTION

Figure 1. All the vehicles seen in this photograph are moving on the road. They are in motion.

1
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SCIENCE FOR NINTH CLASS : PHYSICS2

In Figure 2 we see a car at position A in front of a house and a tree at a particular time (In this case, the
house and tree are the stationary objects which are taken as a reference point). Now, after 5 seconds, we see
the same car at position B which is quite far  away from the house and the tree (see Figure 2). This means

Figure 2. The position of moving car changes with time. So, the car is in motion.

that the position of this car is changing continuously with respect to a stationary object, house or tree. So,
we say that this car is moving or that this car is in motion. Some other bodies (or objects) around us which
show different kinds of motion are : swing (jhoola), merry-go-round, pendulum of a clock, and hands of a
watch.

If a body moves fairly fast, then its movement (or motion) can be observed easily. But if a body
moves very slowly, then it becomes difficult to observe its movement immediately. For example, a wrist
watch has three hands : a seconds’ hand, a minutes’ hand and an hours’ hand, which move round and
round on the dial of the watch. Now, the seconds’ hand of a watch moves quite fast, so we can observe the
movement (or motion) of the seconds’ hand of the watch very easily. But the minutes’ hand and hours’
hand of a watch move quite slow, so their movement cannot be observed easily. We will have to keep on
observing the position of minutes’ hand and hours’ hand for quite some time to find out whether they are
moving or not. This is because when a body moves, its position changes with time.

In order to study the motion of bodies (or objects), we should first know the meanings of two terms :
distance and displacement. These are discussed below. Another point to be noted is that in the study of
motion, whether we use the term ‘body’ ‘or ‘object’, it means the same thing.

DISTANCE TRAVELLED AND DISPLACEMENT
In everyday language, the words distance and displacement are used in the same sense but in physics

these two words have different meanings. Let us understand this difference by taking an example.

Suppose a man lives at place A (Figure 3) and he has to reach another
place C, but first he has to meet his friend living at place B. Now, the man
starts from point A and travels a distance of 5 km to reach B, and then travels
another 3 km from B to reach C. Thus, the man goes along the path ABC
(shown by dotted lines). Length of the path ABC gives us the actual distance
travelled by the man. Thus, the distance travelled by a body is the actual
length of the path covered by a moving body irrespective of the direction
in which the body travels. For example, in this case, the actual length of the
path covered by the man is 5 km + 3 km = 8 km, so the distance travelled by
the man is 8 km.

We will now discuss this problem in a different way. When the man has
reached point C, we want to know how far he is now from the starting point A, that is, we want to know
the shortest distance between point A and point C. Let us draw a straight line AC between A and C. The
length of the straight line path AC (which is 4 km here) is the displacement of the man from point A, that

Stationary
objects

A moving car
After five seconds
car reaches here

A B

TREE

HOUSE

B

C

5 km 3 km

4 km
A

Displacement

Figure 3.
Distance travelled = 5 + 3 = 8 km

Displacement = 4 km towards East.
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MOTION 3

is, on reaching C, the man is only 4 km away from the
starting point A. This displacement is in the East direction.
Thus, when a body moves from one point to another,
the distance travelled refers to the actual length of the
indirect path whereas displacement refers to the straight
line path between the initial and the final positions. So,
whatever be the actual length of the path followed by a
moving body, displacement of the body is always
represented by the shortest distance between the initial
and final positions of the body. Thus : When a body moves
from one position to another, the shortest (straight line)
distance between the initial position and final position
of the body, alongwith direction, is known as its
displacement. In the above example, the shortest distance
between the initial position A and final position C of the
man is 4 km, so the displacement of man is 4 km in the
East direction. It is clear that the distance travelled has
only magnitude whereas displacement has magnitude as
well as direction.

The quantities like distance, displacement, etc., are
known as physical quantities (or quantities of physics). The
magnitude of a physical quantity means size of the physical quantity. A physical quantity having only
magnitude (or size) is known as a scalar quantity. A scalar quantity has no direction. On the other hand, a
physical quantity having magnitude as well as direction is known as a vector quantity.

(i) Distance is a scalar quantity (because it has magnitude only, it has no specified
direction).

(ii) Displacement is a vector quantity (because it has magnitude as well as a direction).

For example, if a car travels a distance of 50 km, then the expression “50 km” is the
distance travelled, and if the car is travelling in a straight line in the East direction (or any other direction),
then the expression “50 km towards East” is the displacement of the car.

The distance travelled by a moving body cannot be zero but the final displacement of a moving
body can be zero. The displacement of a moving body will be zero if, after travelling a certain distance, the
moving body finally comes back to its starting point (or starting position). This will become clear from the
following examples. Suppose a man starts from place A and travels a distance of 5 km to reach place B [see
Figure 5(a)]. From place B he travels another 3 km and reaches place C. And finally the man travels 4 km
from place C to reach back to the starting point A [see Figure 5(a)]. In this case, though the man has
travelled a distance of 5 km + 3 km + 4 km = 12 km, but the final displacement of  the man is zero.

(a) Here : Distance travelled (from A to A)  (b) Here : Distance travelled (from A to A ) = 2πr

= 5 km + 3 km + 4 km = 12 km. (where r is radius of the circular track).
Displacement (from A to A) = 0 Displacement (from A to A) = 0

Figure 5. Two examples where a body travels a certain distance but the final displacement of the body is zero.

Figure 4. If a vehicle goes from Town A to Town B by
travelling on road over the hill, it will have to travel a
distance of 25 kilometres. But if a vehicle goes from Town
A to Town B on a straight road made through a tunnel in the
hill, it will have to travel only 10 kilometres. So, in this
case, the distance travelled is 25 km whereas the
displacement is only 10 km.

B

C

5 km 3 km

4 km
A

Circular
track

(Radius)
r

A
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SCIENCE FOR NINTH CLASS : PHYSICS4

This is because the man has reached back at the starting point A and the straight line distance between the
initial position A and  final position A is zero. Thus, if we take a round trip and reach back at the starting
point then, though we have travelled some distance, our final displacement will be zero. This is because
the straight line distance between the initial and final positions will be zero. For example, if we travel
along a circular track of radius r and reach back at the starting point A [see Figure 5(b)], then though we
have travelled a distance 2πr (equal to circumference of track) but our final displacement will be zero. We
will now solve a problem based on distance and displacement.

Sample Problem. A man travels a distance of 1.5 m towards East, then 2.0 m towards South and finally
4.5 m towards East.

(i) What is the total distance travelled ?

(ii) What is his resultant displacement ?

Solution. (i) Total distance travelled = 1.5 + 2.0 + 4.5
= 8.0 m

(ii) To find the resultant displacement we should draw a map of the man’s movements by choosing a
convenient scale. Let 1 cm represent 1 m. Then 1.5 m can be represented by 1.5 cm long line, 2.0 m by 2.0
cm line and 4.5 m by a 4.5 cm long line.

We draw a 1.5 cm long line AB from West to East to
represent 1.5 m towards East (see Figure 6). Then we draw a
2.0 cm long line BC towards South to represent 2.0 m towards
South. And finally we draw a third line CD, 4.5 cm long,
towards East to represent a distance of 4.5 m towards East.
Now, the resultant displacement can be found by joining the
starting point A with the finishing point D. Thus, the line AD
represents the final displacement of the man. Let us measure
the length of line AD. It is found to be 6.3 cm.

Now, 1 cm = 1 m
So, 6.3 cm = 6.3 m

Thus, the final displacement as represented by AD is 6.3 metres.

Please note that whenever a body travels along a zig-zag path, the final displacement is obtained by
joining the starting point and the finishing point of the body by a straight line.

UNIFORM MOTION AND NON-UNIFORM MOTION

A body has a uniform motion if it travels equal distances in equal
intervals of time, no matter how small these time intervals may be. For
example, a car running at a constant speed of say, 10 metres per second, will
cover equal distances of 10 metres, every second, so its motion will be
uniform. Please note that the distance-time graph for uniform motion is a
straight line (as shown in Figure 7).

A body has a non-uniform motion if it travels unequal distances in
equal intervals of time. For example, if we drop a ball from
the roof of a tall building,  we will find that it covers unequal
distances in equal intervals of time. It covers :

4.9 metres in the 1st second,
14.7 metres in the 2nd second,
24.5 metres in the 3rd second, and so on.

Thus, a freely falling ball covers smaller distances in the initial ‘1 second’ intervals and larger distances
in the later ‘1 second’ intervals (see Figure 8). From this discussion we conclude that the motion of a freely

BA

Displacement

C D4.5 m

1.5 m

6.3 m

South

East

East

2.0 m

Figure 6. Diagram for sample problem
(Scale : 1 cm = 1 m)
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Figure 7. The distance-time
graph for a body having uniform

motion is a straight line.
© S

. C
ha

nd
 A

nd
 C

om
pa

ny
 Li

mite
d



MOTION 5

falling body is an example of non-
uniform motion. The motion of a
train starting from the Railway
Station is also an example of non-
uniform motion. This is because
when the train starts from a
Station, it moves a very small
distance in the ‘first’ second. The
train moves a little more distance
in the ‘2nd’ second, and so on. And
when the train approaches the next
Station, the distance travelled by it
per second decreases. Please note
that the distance-time graph for a
body having non-uniform motion
is a curved line (as shown in
Figure 9). Thus, in order to find out
whether a body has uniform
motion or non-uniform motion, we
should draw the distance-time
graph for it. If the distance-time
graph is a straight line, the motion
will be uniform and if the distance-time graph is a curved line, the motion will be non-uniform. It should
be noted that non-uniform motion is also called accelerated motion.

Speed, Velocity and Acceleration
The motion of a body can be described by three terms : Speed, Velocity and Acceleration. Let us study

them in detail, one by one.

SPEED
If a car is running slow, we say that its speed is low. And if a car is

running fast, then we say that its speed is high. Thus, the speed of a
body gives us an idea of how slow or fast that body is moving. We
can now define the speed of a moving body as follows : Speed of a
body is the distance travelled by it per unit time. The speed of a
body can be calculated by dividing the ‘Distance travelled’ by the
‘Time taken’ to travel this distance. So, the formula for speed can be
written as :

            
Distance travelled

Speed =
Time taken

If a body travels a distance s in time t, then its speed v is given by :

        v s
=

t
where v = speed

s = distance travelled
and t = time taken (to travel that distance)

Suppose a car travels a distance of 100 kilometres in 4 hours, then the speed of this car is given by :
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Figure 8. A ball dropped from the roof of a tall
building travels unequal distances in equal
intervals of time. So, it has non-uniform motion.

Figure 9. The distance-time graph
for a body having non-uniform
motion is a curved line.

Figure 10. This bus is running fast. So, its
speed is high.
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SCIENCE FOR NINTH CLASS : PHYSICS6

Figure 11. Speedometer and odometer of a car.
This speedometer shows a speed of 85 km/h and
odometer shows a reading of 2.0 km for the
distance travelled by the car so far. The distance
travelled suggests that it is a brand new car.

  Speed  = 
100 kilometres

4 hours
or    Speed = 25 kilometres per hour (or 25 km/h)

Thus, the speed of this car will be 25 kilometres per hour. This means that the car travels a distance of
25 kilometres ‘every one hour’. The above given formula for calculating speed has three quantities in it :
Speed, Distance travelled and Time taken. If we are given the
values of any two quantities, then the value of third quantity
can be calculated by using this formula.

The SI unit of distance is metre (m) and that of time is second
(s), therefore, the SI unit of speed is metres per second which
is written as m/s or m s–1. The small values of speed are
expressed in the units of centimetres per second which is
written as cm/s or cm s–1. To express high speed values, we use
the unit of kilometres per hour, written as km.p.h. or km/h or
km h–1. Please note that if we have to compare the speeds of a
number of bodies, then we must express the speeds of all of
them in the same units. Speed has magnitude only, it has no
specified direction, therefore, speed is a scalar quantity.

The speed of a running car at any instant of time is shown
by an instrument called ‘speedometer’ which is fixed in the
car. The speedometer gives the speed in kilometres per hour. The distance travelled by a car is measured
by another instrument called ‘odometer’ which is also installed in the car. It records the distance in kilometres.

Average Speed
The average speed of a body is the total distance travelled divided by the total time taken to cover

this distance. While travelling in a car (or a bus) we have noticed that it is very difficult to keep the speed
of the car at a constant  or  uniform value because at many places the brakes are to be applied to slow
down or stop the car due to various reasons. Thus, the speed of a body is usually not constant and the
distance travelled divided by time gives us the average speed during that time. For example, for a car

which travels a distance of 100 km in 4 hours, the average speed is 
100 = 25

4
 km per hour. Although the

average speed of this car is 25 km per hour, it does not mean that the car is moving at this speed all the
time. When the road is straight, flat and free, the speed may be much more than 25 km per hour but on
bends (curved road), hills or in a crowded area, the speed may fall well below this average value. We
should remember that :

  Total distance travelledAverage speed =  —————————–––
       Total time taken

We will use this formula for solving numerical problems after a while. The average speeds of some of
the moving objects are given below.

Moving object Average speed
1. Tortoise 0.06 m/s or 0.216 km/h
2. Human walking 2 m/s or 7.2 km/h
3. Human running (sprinter) 10 m/s or 36 km/h
4. Birds 5 to 15 m/s or 18 to 54 km/h
5. Cheetah 27 m/s or 97.2 km/h
6. Fast car 30 m/s or 108 km/h
7. Racing car 60 m/s or 216 km/h
8. Sound in air (at 20°C) 344 m/s or 1238.4 km/h
9. Jet aeroplane 500 m/s or 1800 km/h

10. Light (in vacuum) 3 × 108 m/s or 1.08 × 109 km/h
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MOTION 7

Uniform Speed (or Constant Speed)
A body has a uniform speed if it travels equal distances in equal intervals of time, no matter how

small these time intervals may be. For example, a car is said to have uniform speed of say, 60 km per

hour, if it travels 30 km every half hour, 15 km every quarter of an hour, 1 km every minute, and 1
60  km

every second. As we have already discussed above, in actual practice the speed of a body rarely remains
uniform (or constant) for a long time. If, however, the speed of a body is known to be constant, we can find
out exactly how much distance it will travel in a given time or if we know the distance travelled by the
body, we can calculate the time taken to travel that distance. We will now solve some numerical problems
based on speed.

Sample Problem 1. A scooterist covers a distance of 3 kilometres in 5 minutes. Calculate his speed in :

(a) centimetres per second (cm/s)

(b) metres per second (m/s)

(c) kilometres per hour (km/h)

Solution. (a) In order to calculate the speed in centimetres per second we should convert the given
distance of 3 kilometres into centimetres and the given time of 5 minutes into seconds. Please note that
1 kilometre has 1000 metres and 1 metre has 100 centimetres. Now,

Distance travelled =3 km
= 3 × 1000 m
= 3 × 1000 × 100 cm
= 300,000 cm .... (1)

Time taken = 5 minutes
= 5 × 60 seconds
= 300 s .... (2)

Distance travelledWe know that, Speed = ———————–
Time taken

300,000 cm= —————
300 s

= 1000 cm/s .... (3)
Thus, the speed of scooterist is 1000 centimetres per second.

(b) In order to express the speed in metres per second we should  convert the given distance of
3 kilometres into metres and the given time of 5 minutes into seconds. Thus, in this case :

Distance travelled =3 km
= 3 × 1000 m
= 3000 m .... (4)

(a) A sprinter (fast runner) can have a speed
of about 10 m/s (which is 36 km/h)

(b) A cheetah can have a speed of up to
about 27 m/s (which is more than

97 km/h)

(c) A military jet aircraft can have a
speed of about 500 m/s (which is

1800 km/h)
Figure 12. The moving things can have many different speeds.
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SCIENCE FOR NINTH CLASS : PHYSICS8

Time taken = 5 minutes
= 5 × 60 seconds
= 300 s .... (5)

Distance travelledNow, Speed = ———————–
Time taken

3000 m= ———
300 s

= 10 m/s .... (6)
So, the speed of scooterist is 10 metres per second.

(c) And finally, in order to calculate the speed in kilometres per hour, we should express the given
distance in kilometres (which is already so), and the given time in hours. So, in this case :

Distance travelled = 3 km .... (7)
Time taken = 5 minutes

   5= — hours
   60
= 0.083 h .... (8)

Distance travelledWe know that,   Speed = ———————––
Time taken

  3 km= ———–
   0.083 h
= 36 km/h .... (9)

Thus, the speed of scooterist is 36 kilometres per hour.

Sample Problem 2. The train ‘A’ travelled a distance of 120 km in 3 hours whereas another train ‘B’
travelled a distance of 180 km in 4 hours. Which train travelled faster ?

Solution. In order to solve this problem, we have to calculate the speeds of both the trains separately.
The train having higher speed will have travelled faster.

(i)  We know that :                          
Distance travelled

Speed =
Time taken

Figure 13. This road sign shows the speed limit of
 40 km/h in a particular area of a city. All of us should
drive vehicles within the specified speed limit. This
will keep us as well as other road users safe.

Figure 14. This photograph shows a traffic police officer
using the speed gun (or radar gun) to determine a running
car’s speed. The overspeeding drivers are fined heavily.
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MOTION 9

Now, Distance travelled  by train A = 120 km
And, Time taken by train A = 3 h

So, Speed of train A = 
120 km

3 h
= 40 km/h ...(1)

Thus, the speed of train A is 40 kilometres per hour.

(ii) Again,                                                   
Distance travelled

Speed=
Time taken

Now, Distance travelled by train B = 180 km
And, Time taken by train B = 4 h

So, Speed of train B = 
180 km

4 h

= 45 km/h ...(2)
Thus, the speed of train B is 45 kilometres per hour.

From the above calculations we find that the train A travels a distance of 40 kilometres in one hour
whereas the train B travels a distance of 45 kilometres in one hour. Since the speed of train B is higher,
therefore, train B has travelled faster.

Sample Problem 3. A car travels 30 km at a uniform speed of 40 km/h and the next 30 km at a uniform
speed of 20 km/h. Find its average speed.

Solution.  (i) First the car travels a distance of 30 kilometres at a speed of 40 kilometres per hour. Let us
find out the time taken by the car to travel this distance.

Here, Speed = 40 km/h
Distance = 30 km

And, Time = ? (To be calculated)
    DistanceWe know that,   Speed = ———––
     Time

So,                                          
30

40 =
Time

And, Time =
30
40

 hours

Or Time (t1) =
3
4

 hours .... (1)

(ii) Next the car travels a distance of 30 km at a speed of 20 km/h. We will also find out the time taken
by the car to travel this distance. In this case :

Speed = 20 km/h
Distance = 30 km

And, Time = ? (To be calculated)
DistanceAgain, Speed = ———––
Time
30So, 20 = ——–

Time
30And, Time = —  hours
20
3Or Time (t2) = —  hours .... (2)
2
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SCIENCE FOR NINTH CLASS : PHYSICS10

We can get the total time taken by the car for the whole journey by adding the above two time values
t1 and t2. Thus,

3 3Total time taken = — + — hours
4 2
3 + 6= ——– hours

4
9= — hours .... (3)
4

And, Total distance travelled = 30 km + 30 km
= 60 km .... (4)

Total distance travelledNow, Average speed = —————————–––
Total time taken

60 × 4= ———
9

240= —–
9

= 26.6 km/h

Thus, the average speed of the car for the whole journey is 26.6 kilometres per hour.

Sample Problem 4. On a 120 km track, a train travels the first 30 km at a uniform speed of 30 km/h.
How fast must the train travel the next 90 km so as to average 60 km/h for the entire trip ?

Solution. In this numerical problem we have been given the total distance travelled by the train (which
is 120 km), and the average speed of the train for the whole journey (which is 60 km/h). From these two
values we can calculate the total time taken by the train for the entire journey. This can be done as follows :

Total distance travelledWe know that, Average speed = —————————–––
Total time taken

120So, 60 = ——————–––
 Total time taken

120And, Total time taken = —– hours
60

= 2 hours .... (1)

Figure 15. This road accident has occurred due to the over
speeding by the drivers of the bus and the car. We should never
drive a vehicle (car, motorbike, etc.) too fast. Motor accident
may injure a person seriously, it may paralyse a person for the
whole life or it may kill a person instantly. Life is too precious.
Don’t waste it. Remember : speed thrills but kills !

Figure 16. Look at this woman who is talking on mobile phone
while driving a car. This is a very dangerous practice. It has
resulted in many serious road accidents. If it is absolutely
necessary to talk on mobile phone, first stop the car (or
motorbike) and then talk. Life is short. Don’t make it shorter !
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MOTION 11

We will now calculate the time taken by the train for the first 30 km journey, and the next 90 km
journey, separately (see Figure 17).

(i) For the first part of the train journey, we have :
Speed = 30 km/h

Distance = 30 km
And, Time = ? (To be calculated)

Distance travelledNow, Speed = ———————––
Time taken
30So, 30 = ————––

Time taken
30And, Time taken = — hours
30

= 1 hour .... (2)

60 km/h

120 km

30 km/h
30 km

x km/h

90 km

Figure 17. Diagram for sample problem 4.

(ii) For the second part of the train journey, let us suppose that the speed of the train is x km/h. So, for
the second part of the train journey, we have :

Speed = x  km/h (Supposed)
Distance = 90 km

And, Time = ?   (To be calculated)

Now, Speed = Distance travelled
Time taken

So, x = 
90

Time taken

And,      Time taken  =
90
x  hours .... (3)

Now, adding equations (2) and (3), we get the total time taken for the entire trip :

Total time taken = 1 +
90
x  hours .... (4)

We already know from equation (1) that the total time taken for the entire trip is 2 hours. So, comparing
equations (4) and (1), we get :

1 +
90
x = 2

90
x

= 2 – 1

            90
x = 1

And x = 90 km/h
Thus, the train should travel the next 90 km distance at a speed of 90 km/h.

Sample Problem 5. A train travels at a speed of 60 km/h for 0.52 h, at 30 km/h for the next  0.24 h and
then at 70 km/h for the next 0.71 h. What is the average speed of the train ?
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SCIENCE FOR NINTH CLASS : PHYSICS12

Solution. In this problem, first of all we have to calculate the distances travelled by the train under
three different conditions of speed and time.

(i) In the first case, the train travels at a speed of 60 km/h for a time of 0.52 hours.

Now, Speed = Distance
Time

So, 60 =
Distance

0.52
And, Distance = 60 × 0.52

= 31.2 km .... (1)

(ii) In the second case, the train travels at a speed of 30 km/h for a time of 0.24 hours.

Now, Speed =
Distance

Time

So, 30 =
Distance

0.24
And, Distance = 30 × 0.24

= 7.2 km .... (2)

(iii) In the third case, the train travels at a speed of 70 km/h for a time of 0.71 hours.

Again, Speed =
Distance

Time

So, 70 =
Distance

0.71
And, Distance = 70 × 0.71

= 49.7 km .... (3)
Now, from the equations (1), (2) and (3), we get :

Total distance travelled = 31.2 + 7.2 + 49.7
= 88.1 km .... (4)

And, Total time taken = 0.52 + 0.24 + 0.71
= 1.47 h .... (5)

We know that : Average speed =
Total distance travelled

Total time taken

=
88.1
1.47

= 59.9 km/h

VELOCITY
The speed of a car (or any other body) gives us an idea of how fast the car is moving but it does not tell

us the direction in which the car is moving. Thus, to know the exact position of a moving car we should
also know the direction in which the car is moving. In other words, we should know the speed of the car as
well as the direction of speed. This gives us another term known as velocity which can be defined as
follows : Velocity of a body is the distance travelled by it per unit time in a given direction. That is :

   Distance travelled in a given direction
                  Velocity =   ———————————————–————

             Time taken
If a body travels a distance ‘s’ in time ‘t’ in a given direction, then its velocity ‘v’ is given by :

    v s
t

where v = velocity of the body
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MOTION 13

Figure 18. This car is travelling on a straight road
at a speed of 25 km/h in the ‘North’ direction, so the
velocity of this car is 25 km/h directed towards
‘North’.

s = distance travelled (in the given direction)
and t = time taken (to travel that distance)

We know that the ‘Distance travelled in a given direction’ is known as ‘Displacement’. So, we can
also write the definition of velocity in terms of ‘Displacement’. We can now say that : Velocity of a body
is the displacement produced per unit time. We can obtain the velocity of a body by dividing the
‘Displacement’ by ‘Time taken’ for the displacement. Thus, we can write another formula for velocity as
follows :

    
Displacement

Velocity=
Time taken

                v s
t

where v = velocity of the body
s = displacement of the body

and t = time taken (for displacement)

The SI unit of velocity is the same as that of speed, namely,
metres per second (m/s or m s–1). We can use the bigger unit of
kilometres per hour to express the bigger values of velocities
and centimetres per second to express the small values of
velocities. It should be noted that both, speed as well as velocity,
are represented by the same symbol v.

The difference between speed and velocity is that speed
has only magnitude (or size), it has no specific direction, but
velocity has magnitude as well as direction. In fact, velocity of
a body is its speed in a specified direction (in a single straight
line). Speed is a scalar quantity (because it has magnitude only).
Velocity is a vector quantity (because it has magnitude as well
as direction). For example, the expression ‘25 km per hour’ is
the speed (because it has magnitude only), but the expression
‘25 km per hour towards North’ (or any other direction) is
velocity (because it has both magnitude as well as a specified
direction).  To be strictly accurate, whenever velocity is
expressed, it should be given as speed in a ‘certain direction’. Usually, however, velocities are expressed without
mentioning direction for the sake of convenience. The direction is assumed without being stated. The direction
of velocity is the same as the direction of displacement of the body.

The ‘Distance travelled’ by a body in a given direction divided by ‘Time’ gives us average velocity. For
example, if a car travels a distance of 100 km in 4 hours in the North direction, then its average velocity is
100

4
= 25 km per hour, due North.

We have just seen that, v = s
t

So, s = v × t

Thus, Distance travelled = Average velocity × Time
This formula should be memorized because it will be used in solving numerical problems.

Uniform Velocity (or Constant Velocity)

If an object travels in a specified direction in a straight line and moves the same distance every second,
we say that its velocity is uniform. Thus, A body has a uniform velocity if it travels in a specified direction

© S
. C

ha
nd

 A
nd

 C
om

pa
ny

 Li
mite

d



SCIENCE FOR NINTH CLASS : PHYSICS14

in a straight line and moves over equal distances in equal
intervals of time, no matter how small these time intervals
may be.

The velocity of a body can be changed in two ways :

(i) by changing the speed of the body, and

(ii) by keeping the speed constant but by changing the
direction.

When a body does not cover equal distances in equal
intervals of time, the velocity is said to be variable or non-
uniform velocity. In this case the speed of the body is not
constant. Even if the speed of a body is constant but the
direction is changing, the velocity will not be uniform.
Suppose a car is moving on a circular road with constant
speed. Now, though the speed of the car is constant, its
velocity is not constant because the direction of car is
changing continuously.

Speed and Velocity are Not Always Equal in Magnitude
In most of the cases, the magnitude of speed  and velocity of a moving body is equal. This will become

clear from the following example. Suppose a boy runs a distance of 100 metres in 50 seconds in going from
his home to a shop in the East direction in a straight line (see Figure 20).

Figure 20.

Here, Speed of boy = Distance travelled
Time taken

= 
100 m

50 s
= 2 m/s ... (1)

Since the boy runs in a specified direction (East) in a straight line path, therefore, the displacement here
will be equal in magnitude to the distance travelled. The displacement will actually be 100 m towards East.
Thus,

Velocity of boy = 
Displacement

Time taken

=  
100 m towards East

50 s
= 2 m/s towards East ...(2)

We can see that in this case the magnitude (or size) of speed and velocity of the boy is equal (being
2 m/s).

Please note that the magnitude of speed and velocity of a moving body is equal only if the body
moves in a single straight line (like the boy in the above case). If, however, a body does not move in a

Figure 19. This car is running on a circular road with a
constant speed. Now, since the direction of motion of
car is changing continuosly (due to circular road), its
velocity is also changing (though the speed is constant).
The motion of car in this case is said to be accelerated.

Home

100 m; 50 s

Shop

(East)
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MOTION 15

single straight line, then the speed and velocity of the body are not equal. This will become clear from
the following example.

Suppose the boy first runs a distance of 100 metres in 50 seconds in going from his home to the shop in
the East direction, and then runs a distance of 100 metres again in 50 seconds in the reverse direction from
the shop to reach back home from where he started (see Figure 21).

Figure 21.
In this case, the total distance travelled is 100 m + 100 m = 200 m and the total time taken is 50 s + 50 s = 100 s. Thus,

Speed of boy = Distance travelled
Time taken

= 
200 m
100 s

= 2 m/s ... (3)
The boy runs 100 m towards East and then 100 m in opposite direction (towards West), and reaches at

the starting point, his home. So, the displacement (distance travelled in a given direction) will be
100 m – 100 m = 0 m. The total time taken is 50 s + 50 s = 100 s. In this case :

Velocity of boy = 
Displacement

Time taken

= 
0 m

100 s
= 0 m/s ... (4)

This means that when a boy first runs a distance of 100 metres towards East in 50 seconds and then
changes direction and runs the same distance of 100 metres in the reverse direction (towards West) in 50
seconds, then his average speed is 2m/s but his average velocity is 0 m/s. So, in this case the magnitude of
speed and velocity of the boy is not equal. This is an unusual situation. It has happened because the boy
has not moved in a single straight line. He has changed (or rather reversed) his direction of motion after
reaching the shop.

In most of the cases, the bodies (or objects) move in single straight line (without changing direction).
The values of speed and velocity will be the same in these cases. The difference in the values of speed and
velocity arises only when a body (or object) does not move in a single straight line (and changes its direction
of motion at some point of time). From this discussion we conclude that though the average speed of a
moving body can never be zero, but the average velocity of a moving body can be zero. Let us solve
some problems now.

Sample Problem 1. A car travels a distance of 200 km from Delhi to Ambala towards North in 5 hours.
Calculate (i) speed,  and (ii) velocity, of the car for this journey.

Solution. (i) Speed =
Distance travelled

Time taken

=
200 km

5 h
= 40 km/h

Home

100 m; 50 s

Shop

100 m; 50 s

(East)
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SCIENCE FOR NINTH CLASS : PHYSICS16

Thus, the speed (or average speed) of the car is 40 km/h.

(ii) Velocity =
Displacement

Time taken

= 200 km towards North
5 h

= 40 km/h  towards  North

So, the velocity (or average velocity) of the car is 40 km/h towards North.

Sample Problem 2. A bus covers a distance of 250 km from Delhi to Jaipur towards West in 5 hours in
the morning and returns to Delhi in the evening covering the same distance of 250 km in the same time of
5 hours. Find (a) average speed, and (b) average velocity, of the bus for the whole journey.

Solution. (i)Average speed = Total distance travelled
Total time taken

= 250 km+250 km
5 h+5 h

=
500 km

10 h
= 50 km/h

Thus, the average speed of the bus for the whole journey (both ways) is 50 kilometres per hour.

(ii) In this case, the bus travels 250 km from Delhi to Jaipur towards West and then comes back to
starting point Delhi in the reverse direction. So, the total displacement (or total distance travelled in a
specified direction) will be 250 km – 250 km = 0 km. Now,

Average velocity = 
Total displacement

Total time taken

 =
250 km 250 km

5 h+5 h

=
0 km
10 h

= 0 km/h

Thus, the average velocity of the bus for the whole journey (both ways) is 0 kilometres per hour. No
direction can be stated in this case of zero velocity.

ACCELERATION
When the velocity of a body is increasing, the body is said to be accelerating. Suppose a car starts off

from rest (initial velocity is zero) and its velocity increases at a steady rate so that after 5 seconds its
velocity is 10 metres per second. Now, in 5 seconds the velocity has increased by 10 – 0 = 10 metres per

second and in 1 second the velocity increases by 
10
5  = 2 metres per second. In other words, the rate at

which the velocity increases is 2 metres per second every second. The car is said to have an acceleration of
2 metres per second per second. This gives us the following definition of acceleration : Acceleration of a
body is defined as the rate of change of its velocity with time. That is,

Acceleration = Change in velocity
Time taken for change

Now, the change in velocity is the difference between the final velocity and the initial velocity. That is,
Change in velocity = Final velocity – Initial velocity
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MOTION 17

(a) A car starting off from the
traffic lights (or green
signal). Speed is changing

(b) A car speeding up when it
leaves the city and speed limit
ends. Speed is changing

(c) A car moving round a
bend at constant speed. Here
the direction of motion is
changing

(d) A ball being hit by a tennis
racket. Both the ball’s speed
and direction are changing

Figure 22. Some examples of objects accelerating.

So, Acceleration = 
−Final velocity Initial velocity

Time taken
Suppose the initial velocity of a body is u and it changes to a final velocity v in time t, then :

a = 
v u

t
−

where a = acceleration of the body
v = final velocity of the body
u = initial velocity of the body

and t = time taken for the change in velocity

Since acceleration is the change in velocity divided by time, therefore, the unit of acceleration will also
be the unit of velocity (metres per second) divided by the unit of time (second). Thus, the SI unit of
acceleration is “metres per second per second” or “metres per second square” which  is written as m/s2

or m s–2. The other units of acceleration which are also sometimes used are “centimetres per second square”
(cm/s2 or cm s–2) and “kilometres per hour square” (km/h2 or km h–2). If the motion is in a straight line,
acceleration takes place in the direction of  velocity, therefore,  acceleration is a vector quantity. It is clear

from the definition of acceleration, that is, 
v u

a
t
−=  that when a body is moving with uniform velocity, its

acceleration will be zero, because then the change in velocity (v – u) is zero. Thus : (i) when the velocity of
a body is uniform, acceleration is zero, and (ii) when the velocity of a body is not uniform (it is changing),
the motion is accelerated.

Uniform Acceleration
When the velocity of a car increases, the car is said to be accelerating. If the velocity increases at a

uniform rate, the acceleration is said to be uniform. A body has a uniform acceleration if  it travels in a
straight line and its velocity increases by equal amounts in equal intervals of time. In other words, a
body has a uniform acceleration if its velocity changes at a uniform rate. Here are some examples of the
uniformly accelerated motion :

(i) The motion of a freely falling body is an example of uniformly accelerated motion.
(ii) The motion of a bicycle going down the slope of a road when the rider is not pedalling and wind

resistance is negligible, is also an example of uniformly accelerated motion.
(iii) The motion of a ball rolling down an inclined plane is an example of uniformly accelerated motion.

As we will see later on in this chapter, the velocity-time graph of a body having uniformly accelerated
motion is a straight line.

Non-Uniform Acceleration
A body has a non-uniform acceleration if its velocity increases by unequal amounts in equal intervals

of time. In other words, a body has a non-uniform acceleration if its velocity changes at a non-uniform
rate. The speed (or velocity) of a car running on a crowded city road changes continuously. At one moment
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SCIENCE FOR NINTH CLASS : PHYSICS18

the velocity of car increases whereas at another moment it decreases. So, the movement of
a car on a crowded city road is an example of non-uniform acceleration. The velocity-time
graph for a body having non-uniform acceleration is a curved line.

Retardation (or Deceleration or Negative Acceleration)

Acceleration takes place when the velocity of a body changes. The velocity of a body
may increase or decrease, accordingly the acceleration is of two types – positive acceleration and negative
acceleration. If the velocity of a body increases, the acceleration is positive, and if the velocity of a body
decreases, the acceleration is negative. Usually, most people use the word acceleration in those cases
where the velocity of a body is increasing whereas decrease in the velocity of a body or slowing down is
known as retardation, deceleration or negative acceleration. A body is said to be retarded if its velocity is
decreasing. For example, a train is retarded when it slows down on approaching a Station because then its

velocity decreases. Retardation is measured in the same way as acceleration, that is, retardation is equal

to 
change in velocity

time taken
and has the same units of “metres per second per second” (m/s2 or m s–2). Retardation

is actually acceleration with the negative sign. Here is one example. When a car driver travelling at an
initial velocity of 10 m/s applies brakes and brings the car to rest in 5 seconds (final velocity becomes zero),
then :

Acceleration, a = 
Final velocity – Initial velocity

Time taken

Here, Initial velocity = 10 m/s
Final velocity = 0 m/s       (The car stops)

And Time taken = 5 s

So, a = 
(0 10)

5

−

or a = – 2 m/s2

Thus, the acceleration of the car is, – 2 m/s2. It is negative in sign, but the negative acceleration is known

Figure 23. A rocket acce-
lerates as it lifts off from the
ground. It has a positive
acceleration. The force
needed for the lift off is
provided by the rocket
engines by burning a fuel.

Figure 24. If the girl in this picture falls a
long way without a parachute, her motion is
accelerated and she will hit the ground with
a speed of about 50 m/s – the speed of a fast
racing car !

Figure 25. Due to its special design to make
air resistance as large as possible, a
parachute decelerates as it falls towards the
ground. It has a negative acceleration. By
using parachute, this man will land on the
ground safely with a speed of only about 8
m/s.
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MOTION 19

as retardation, so the car has a retardation of + 2 m/s2. It should be noted that the acceleration of,
– 2 m/s2 and retardation of, + 2 m/s2 are just the same. Negative value of acceleration shows that the
velocity of the body is decreasing. When a body is slowed down then the acceleration acting on it is in a
direction opposite to that of the motion of the body. Thus, we can have acceleration in one direction and
motion in another direction.

Average Velocity
If the velocity of a body is always changing, but changing at a uniform rate (the acceleration is uniform),

then the average velocity is given by the “arithmetic mean” of the initial velocity and final velocity for a
given period of time, that is :

Average velocity =
Initial velocity+Final velocity

2

  or v =
v+

2
u

where v bar (written as v ) denotes the average velocity, u is the initial velocity and v is the final velocity.
This formula for calculating the average velocity will be helpful in solving the numerical problems, so it
should be memorized. We will now solve a problem based on acceleration. Please note that in  many
problems involving acceleration the term ‘speed’ is used instead of ‘velocity’. This is merely because speed
is a more common term in everyday language.

Sample Problem. A driver decreases the speed of a car from 25 m/s to 10 m/s in 5 seconds. Find the
acceleration of the car.

Solution. First of all we should note that in this problem the term ‘speed’ is being used in the same
sense as ‘velocity’.

Here, Initial velocity of car, u = 25 m/s
Final velocity of car, v = 10 m/s

And, Time taken, t = 5 s
Now, putting these values in the formula for acceleration :

a = 
v u

t

We get : a = 
10 – 25

5
m/s2

a = / 215
m s

5
a = – 3 m/s2

Thus, the acceleration of car is, – 3 m/s2 (minus 3 m/s2). The negative sign of acceleration means that it
is retardation. So, we can also say that the car has a retardation of +3 m/s2.

We will solve many more problems on acceleration after a while. Before we go further  and derive the
equations of uniformly accelerated motion, please answer the following questions and problems :

 Very Short Answer Type Questions

1. Is displacement a scalar quantity ?
2. State whether distance is a scalar or a vector quantity.
3. Change the speed of  6 m/s into km/h.
4. What name is given to the speed in a specified direction ?
5. Give two examples of bodies having non-uniform motion.
6. Name the physical quantity obtained by dividing ‘Distance travelled’ by ‘Time taken’ to travel that distance.
7. What do the following measure in a car ?

(a)  Speedometer      (b)  Odometer
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SCIENCE FOR NINTH CLASS : PHYSICS20

8. Name the physical quantity which gives us an idea of how slow or fast a body is moving.
9. Under what conditions can a body travel a certain distance and yet its resultant displacement be zero ?

10. In addition to speed, what else should we know to predict the position of a moving body ?
11. When is a body said to have uniform velocity ?
12. Under which condition is the magnitude of average velocity equal to average speed ?
13. Which of the two can be zero under certain conditions : average speed of a moving body or average velocity

of a moving body ?
14. Give one example of a situation in which a body has a certain average speed but its average velocity is zero.
15. What is the acceleration of a body moving with uniform velocity ?
16. What is the other name of negative acceleration ?
17. Name the physical quantity whose SI unit is :

(a) m/s (b) m/s2

18. What type of motion is exhibited by a freely falling body ?
19. What is the SI unit of retardation ?
20. Fill in the following blanks with suitable words :

(a) Displacement is a .................... quantity whereas distance is a ...................... quantity.
(b) The physical quantity which gives both, the speed and direction of motion of a body is called its............
(c) A motorcycle has a steady .............. of 3 m/s2. This means that every................its................increases by............
(d) Velocity is the rate of change of .....................It is measured in ..................
(e) Acceleration is the rate of change of............... It is measured in ................

 Short Answer Type Questions

21. What type of motion, uniform or non-uniform, is exhibited by a freely falling body ? Give reason for your
answer.

22. State whether speed is a scalar or a vector quantity. Give reason for your choice.
23. Bus X travels a distance of 360 km in 5 hours whereas bus Y travels a distance of 476 km in 7 hours. Which

bus travels faster ?
24. Arrange the following speeds in increasing order (keeping the least speed first) :

(i) An athlete running with a speed of 10 m/s.
(ii) A bicycle moving with a speed of 200 m/min.

(iii) A scooter moving with a speed of 30 km/h.
25. (a) Write the formula for acceleration. Give the meaning of each symbol which occurs in it.

(b) A train starting from Railway Station attains a speed of 21 m/s in one minute. Find its acceleration.
26. (a) What term is used to denote the change of velocity with time ?

(b) Give one word which means the same as ‘moving with a negative acceleration’.
(c) The displacement of a moving object in a given interval of time is zero. Would the distance travelled by

the object also be zero ? Give reason for your answer.
27. A snail covers a distance of 100 metres in 50 hours. Calculate the average speed of snail in km/h.

The snail covers a distance of 100 metres
in 50 hours.

The tortoise covers the same distance of
100 metres in 15 minutes.

And this sprinter (in red vest)
covers a  distance of 100 metres

in just 9.83 seconds.
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MOTION 21

28. A tortoise moves a distance of 100 metres in 15 minutes. What is the average speed of tortoise in km/h ?
29. If a sprinter runs a distance of 100 metres in 9.83 seconds, calculate his average speed in km/h.
30. A motorcyclist drives from place A to B with a  uniform speed of 30 km h–1 and returns from place B to A

with a uniform speed of 20 km h–1. Find his average speed.
31. A motorcyclist starts from rest and reaches a speed of 6 m/s after travelling with uniform acceleration for

3 s. What is his acceleration ?
32. An aircraft travelling at 600 km/h accelerates steadily at 10 km/h per second. Taking the speed of sound as

1100 km/h at the aircraft’s altitude, how long will it take to reach the ‘sound barrier’ ?
33. If a bus travelling at 20 m/s is subjected to a steady deceleration of 5 m/s2, how long will it take to come to

rest ?

  Long Answer Type Questions

34. (a) What is the difference between ‘distance travelled’ by a body and its ‘displacement’ ? Explain with the
help of a diagram.

(b) An ant travels a distance of 8 cm from P to Q and then moves a distance of 6 cm at right angles to PQ.
Find its resultant displacement.

35. Define motion. What do you understand by the terms ‘uniform motion’ and ‘non-uniform motion’ ? Explain
with examples.

36. (a) Define speed. What is the SI unit of speed ?
(b) What is meant by (i) average speed, and (ii) uniform speed ?

37. (a) Define velocity. What is the SI unit of velocity ?
(b) What is the difference between speed and velocity ?
(c) Convert a speed of 54 km/h into m/s.

38. (a) What is meant by the term ‘acceleration’ ? State the SI unit of acceleration.
(b) Define the term ‘uniform acceleration’. Give one example of a uniformly accelerated motion.

39. The distance between Delhi and Agra is 200 km. A train travels the first 100 km at a speed of 50 km/h. How
fast must the train travel the next 100 km, so as to average 70 km/h for the whole journey ?

40. A train travels the first 15 km at a uniform speed of 30 km/h; the next 75 km at a uniform speed of
50 km/h; and the last 10 km at a uniform speed of 20 km/h. Calculate the average speed for the entire train
journey.

41. A car is moving along a straight road at a steady speed. It travels 150 m in 5 seconds :
(a) What is its average speed ?
(b) How far does it travel in 1 second ?
(c) How far does it travel in 6 seconds ?
(d) How long does it take to travel 240 m ?

  Multiple Choice Questions (MCQs)
42. A particle is moving in a circular path of radius r. The displacement after half a circle would be :

(a) 0 (b) r (c) 2r (d) 2 r
43. The numerical ratio of displacement to distance for a moving object is :

(a) always less than 1 (b) equal to 1 or more than 1
(c) always more than 1 (d) equal to 1 or less than 1

44. A boy is sitting on a merry-go-round which is moving with a constant speed of 10 m s–1. This means that
the  boy is :
(a) at rest (b) moving with no acceleration
(c) in accelerated motion (d) moving with uniform velocity

45. In which of the following cases of motion, the distance moved and the magnitude of displacement are
equal ?
(a) if the car is moving on straight road (b) if the car is moving on circular road
(c) if the pendulum is moving to and fro (d) if a planet is moving around the sun

46. The speed of a moving object is determined to be 0.06 m/s. This speed is equal to :
(a)  2.16 km/h (b) 1.08 km/h (c) 0.216 km/h (b) 0.0216 km/h
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SCIENCE FOR NINTH CLASS : PHYSICS22

47. A freely falling object travels 4.9 m in 1st second, 14.7 m in 2nd second, 24.5 m in 3rd second, and so on.
This data shows that the motion of a freely falling object is a case of :
(a) uniform motion (b) uniform acceleration
(c) no acceleration (d) uniform velocity

48. When a car runs on a circular track with a uniform speed, its velocity is said to be changing. This is
because :
(a) the car has a uniform acceleration
(b) the direction of car varies continuously
(c) the car travels unequal distances in equal time intervals
(d) the car travels equal distances in unequal time intervals

49. Which of the following statement is correct regarding velocity and speed of a moving body ?
(a) velocity of a moving body is always higher than its speed
(b) speed of a moving body is always higher than its velocity
(c) speed of a moving body is its velocity in a given direction
(d) velocity of a moving body is its speed in a given direction

50. Which of the following can sometimes be ‘zero’ for a moving body ?
(i) average velocity (ii) distance travelled (iii) average speed (iv) displacement
(a)  only (i) (b) (i) and (ii) (c) (i) and (iv) (d) only (iv)

51. When a car driver travelling at a speed of 10 m/s applies brakes and brings the car to rest in 20 s, then
retardation will be :
(a) + 2 m/s2 (b) – 2 m/s2 (c) – 0.5 m/s2 (d) + 0.5 m/s2

52. Which of the following could not be a unit of speed ?
(a) km/h (b)  s/m (c) m/s (d) mm s–1

53. One of the following is not a vector quantity. This one is :
(a) displacement (b) speed (c) acceleration (d) velocity

54. Which of the following could not be a unit of acceleration ?
(a) km/s2 (b) cm s–2 (c) km/s (d) m/s2

 Questions Based on High Order Thinking Skills (HOTS)
55. A body is moving along a circular path of radius R. What will be the distance travelled and displacement of

the body when it completes half a revolution ?
56. If on a round trip you travel 6 km and then arrive back home :

(a) What distance have you travelled ?
(b) What is your final displacement ?

57. A body travels a distance of 3 km towards East, then 4 km towards North and finally 9 km towards East.
(i) What is the total distance travelled ?

(ii) What is the resultant displacement ?
58. A boy walks from his classroom to the bookshop along a straight corridor towards North. He covers a

distance of 20 m in 25 seconds to reach the bookshop. After buying a book, he travels the same distance in
the same time to reach back in the classroom. Find (a) average speed, and (b) average velocity, of the boy.

59. A car travels 100 km at a speed of 60 km/h and returns with a speed of 40 km/h. Calculate the average
speed for the whole journey.

60. A  ball hits a wall horizontally at 6.0 m s–1. It rebounds horizontally at 4.4 m s–1. The ball is in contact with
the wall for 0.040 s. What is the acceleration of the ball ?

ANSWERS

3.  21.6 km/h 6. Speed 8. Speed   9. When the body comes back to its starting point 10.  Direction  of
speed 12. When the body moves along a straight line path 13. Average velocity 15. Zero (0)
16. Retardation (or Deceleration) 17. (a) Speed (or Velocity)  (b) Acceleration 20. (a) vector ; scalar
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MOTION 23

(b) velocity (c) acceleration ; second ; speed (or velocity) ; 3 m/s  (d) displacement ; m/s (e) velocity ;
m/s2  23. Speed of bus X = 72 km/h ; Speed of bus Y = 68 km/h ; So bus X travels faster 24. 200 m/min
< 30 km/h < 10 m/s 25. (b) 0.35 m/s2  26. (a) Acceleration  (b) Retardation  (c) No. Because distance is a
scalar quantity having magnitude only. It has no specified direction 27. 0.002 km/h 28. 0.4 km/h
29. 36.62 km/h 30. 24 km h–1  31. 2 m/s2  32. 50 s  33.  4 s  34. (b) 10 cm  37. (c) 15 m/s 39. 116.6 km/h
40. 40 km/h   41. (a) 30 m/s   (b) 30 m   (c) 180 m    (d) 8 s  42. (c)    43. (d)    44. (c)    45. (a)  46. (c)
47. (b)  48. (b) 49. (d) 50. (c)  51. (d)   52. (b) 53. (b) 54. (c) 55.  R ;  2R 56. (a) 6 km (b) zero
57. (i) 16 km (ii) 12.6 km 58. Average speed = 0.8 m/s ; Average velocity = 0 m/s   59. 48 km/h
60. – 260 m s–2

EQUATIONS OF UNIFORMLY ACCELERATED MOTION
There are three equations for the motion of those bodies which travel with a uniform acceleration.

These equations give relationship between initial velocity, final velocity, time taken, acceleration and distance
travelled by the bodies. We will study these equations one by one.

1. First Equation of Motion

The first equation of motion is : v = u + at. It gives the velocity acquired by a body in time t.  We will
now derive this first equation of motion.

Consider a body having initial velocity ‘u’. Suppose it is subjected to a uniform acceleration ‘a’ so that
after time ‘t’ its final velocity becomes ‘v’. Now, from the definition of acceleration we know that :

Acceleration =  
Change in velocity

Time taken

or Acceleration =
Final velocity – Initial velocity

Time taken

So, a =
 – v u
t

at = v – u
and, v = u + at

where v = final velocity of the body
u = initial velocity of the body
a = acceleration

and t = time taken

The equation v = u + at is known as the first equation of motion and it is used to find out the velocity
‘v’ acquired by a body in time ‘t’, the body having an initial velocity ‘u’ and a uniform acceleration ‘a’. In
fact, this equation has four values in it, if any three values are known, the fourth value can be calculated.
By paying due attention to the sign of acceleration, this equation can also be applied to the problems of
retardation.

2. Second Equation of Motion

The second equation of motion is : s = ut + 1
2 at2. It gives the distance travelled by a body in time t.

Let us derive this second equation of motion.

Suppose a body has an initial velocity ‘u’ and a uniform acceleration ‘a’ for time ‘t’ so that its final
velocity becomes ‘v’. Let the distance travelled by the body in this time be ‘s’. The distance travelled by a
moving body in time ‘t’ can be found out by considering its average velocity. Since the initial velocity of
the body is ‘u’ and its final velocity is ‘v’, the average velocity is given by :

Average velocity =
Initial velocity +Final velocity

2

That is, Average velocity =
+
2

u v
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Also, Distance travelled = Average velocity × Time

So, s =
( + )

×
2

vu
t ... (1)

From the first equation of motion we have, v = u + at. Putting this value of v in equation (1), we get :

s = 
( + + ) ×

2
u u at t

or s = 
(2 + )×

2
u at t

or s = 
22 +

2
ut at

or s = ut + 1
2 at2

where s = distance travelled by the body in time t
u = initial velocity of the body

and a = acceleration

This is the second equation of motion and it is used to calculate the distance travelled by a body in time
t. This equation should also be memorized because it will be used to solve numerical problems.

3. Third Equation of Motion

The third equation of motion is : v2 = u2 + 2as. It gives the velocity acquired by a body in travelling
a distance s. We will now derive this third equation of motion.

The third equation of motion can be obtained by eliminating t between the first two equations of motion.
This is done as follows.

From the second equation of motion we have :

s = ut + 1
2

at2 ... (1)

And from the first equation of motion we have :
v = u + at ... (2)

This can be rearranged and written as :
at = v – u

or t = 
–v u
a

Putting this value of t in equation (1), we get :

s = 
2( ) 1

2
u v u v

a
– u

a a

or s = 
2 2

2

2
2

a u u–
a

2 v vuv u
a   [because (v – u)2 = v2 + u2 – 2vu]

or s = 
2 2 2

2
u – u u u

a

2v v v
a

or s = 
2 2 22 2 2

2
u u u u

a
v v v

or 2as = v2 – u2

or v2 = u2 + 2as
where v = final velocity

u = initial velocity
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MOTION 25

a =  acceleration
and s =  distance travelled

This equation gives us the velocity acquired by a body in travelling a distance s.

We will now solve some problems based on motion. To solve the problems on motion we should
remember that :

(i) if a body starts from rest, its initial velocity, u = 0

(ii) if a body comes to rest (it stops), its final velocity, v = 0

(iii) if a body moves with uniform velocity, its acceleration, a = 0

Sample Problem 1. A scooter acquires a velocity of 36 km per hour in 10 seconds just after the start.
Calculate the acceleration of the scooter.

Solution. First of all we should convert the given velocity into proper units, that is, we should convert
the velocity of 36 kilometres per hour into metres per second (because the time is given in seconds).

Now, 1 km = 1000 m
So, 36 km = 36 × 1000 m

= 36,000 m ... (1)
Also, 1 hour = 60 minutes

= 60 × 60 seconds
= 3600 s ... (2)

So, 36 km per hour = 36,000 m
3600 s

= 10 m/s                                  ... (3)
Thus, the given velocity of 36 km per hour is equal to 10 metres per

second.
Now, Initial velocity, u = 0    (Scooter starts from rest)

Final velocity, v = 10 m/s (Calculated above)
Acceleration, a = ? (To be calculated)

And, Time, t = 10 s
By putting these values in the first equation of motion :

v = u + at
We get : 10 = 0 + a × 10

10 a = 10

a =
10
10

a = 1 m/s2

Thus, the acceleration is 1 m/s2.

Sample Problem 2. A moving train is brought to rest within 20 seconds by applying brakes. Find the
initial velocity, if the retardation due to brakes is 2 m s–2.

Solution. In this problem we have been given the value of retardation but we require the value of
acceleration. We know that retardation is negative acceleration. So, if the retardation is, + 2 m s–2 (as given
here), then the acceleration will be, – 2 m s–2 (the minus sign here indicates the negative acceleration). Let
us solve the problem now.

Here, Initial velocity, u =  ? (To be calculated)
Final velocity, v = 0 (The train stops)
Acceleration, a = – 2 m s–2

And, Time, t = 20 s

Figure 26. We should always wear a helmet
while driving a two-wheeler (like a scooter
or a motorcycle). It will protect our head
from an injury if (God forbid) we meet
with a road accident. We should, however,
drive a vehicle on the road only when we
turn 18 and obtain a driving licence from
Transport Department.
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SCIENCE FOR NINTH CLASS : PHYSICS26

Now, putting these values in the formula :
v = u + at

We get : 0 = u + (– 2) × 20
0 = u – 40
u = 40 m s–1

Thus, the initial velocity of the train is 40 metres per second.

Sample Problem 3. A body starts to slide over a horizontal surface with an initial velocity of 0.5 m/s.
Due to friction, its velocity decreases at the rate of 0.05 m/s2 (acceleration, – 0.05 m/s2). How much time will
it take for the body to stop ?

Solution. Here, Initial velocity, u =  0.5 m/s
Final velocity, v = 0 (The body stops)
Acceleration, a = – 0.05 m/s2

And, Time, t = ? (To be calculated)

Now, from the first equation of motion, we have :

v = u + at

So, 0 = 0.5 + (– 0.05) × t

or 0.05 t = 0.5

                                                    
0.5

=
0.05

t

t = 10 s

Thus, the body will take 10 seconds to stop.

Sample Problem 4. A racing car has a uniform acceleration of 4 m/s2. What distance will it cover in 10
seconds after the start ?

Solution. Here, Initial velocity, u = 0
Time, t = 10 s

Acceleration, a = 4 m/s2

And, Distance, s = ? (To be calculated)

Figure 27. Indian Railways is the life-line of our Nation. We
should not do anything which may hinder the normal
operations of our trains in any way. Some people have a very
bad habit of hanging on to the doors of compartments of
running trains or of travelling on the roofs of compartments.
These practices have resulted in many accidents leading to
severe injuries to such people and even deaths. Such
undesirable practices must be stopped !

Figure 28. Numerous train accidents take place at unmanned
railway level crossings in our country. Even on seeing that a
train is approaching fast, some people try to cross railway
tracks hurriedly (on foot or on vehicles like motorbikes, cars,
buses and tractor trolleys) which results in accidents causing
loss of life and property. Can’t we have some more patience !
Life is God’s best gift to us. Let us keep it safe and secure.
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MOTION 27

Now, putting these values in the second equation of motion :

s = ut + 1
2 at2

We get : s = 0 × 10 + 1
2  × 4 × (10)2

s = 200 m

Thus, the distance covered by the car in 10 seconds is 200 metres.

Sample Problem 5. A scooter moving at a speed of 10 m/s is stopped by applying brakes which produce
a uniform acceleration of, – 0.5 m/s2. How much distance will be covered by the scooter before it stops ?

Solution. Here, Initial speed, u = 10 m/s
Final speed, v = 0 (Scooter stops)

Acceleration, a = – 0.5 m/s2

And, Distance covered, s = ? (To be calculated)
Now, putting these values in the third equation of motion :

v2  = u2 + 2as
We get : (0)2  = (10)2 + 2 × (– 0.5) × s

0 = 100 – s
s = 100 m

Thus, the distance covered is 100 metres.

Sample Problem 6. A car travelling at 20 km/h speeds up to 60 km/h in 6 seconds. What is its
acceleration ?

  Solution. Here, Initial speed, u = 20 km/h

= 20 × 1000 m
60 × 60 s

= 5.55 m/s ... (1)
Final speed, v = 60 km/h

= 
60 × 1000 m

60 × 60 s
= 16.66 m/s ... (2)

Acceleration, a = ? (To be calculated)
And, Time, t = 6 s

We know that : v = u + at
So, 16.66 = 5.55 + a × 6

6 a = 16.66 – 5.55
6 a = 11.11

a =
11.11

6
Thus, Acceleration, a = 1.85 m/s2

Figure 29. A racing car can attain a speed of more than 60 m/s (or
more than 216 km/h).

Figure 30. This is the Thrust SSC Rocket Car which broke the
world land-speed record in 1997. It achieved a top speed of
340 m/s (which is 1224 km/h).
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Sample Problem 7. A bus increases its speed from 20 km/h to 50 km/h in 10 seconds. Its acceleration
is :

(a)  30 m/s2 (b) 3 m/s2             (c)  18 m/s2 (d) 0.83 m/s2

Choose the correct answer.
Solution. Here, Initial speed, u = 20 km/h

         
20 1000 m

60 60 s
= 5.5 m/s ... (1)

Final speed, v = 50 km/h

    
50 1000 m

60 60 s
= 13.8 m/s ... (2)

Acceleration, a = ? (To be calculated)
And, Time, t = 10 s

Now, v = u + at
So, 13.8 = 5.5 + a × 10

10 a = 13.8 – 5.5
10 a = 8.3

a =
8 3
10
.

a = 0.83 m/s2

Thus, the acceleration is 0.83 m/s2. The correct answer is (d)

GRAPHICAL REPRESENTATION OF MOTION
We will now discuss the various types of graphs which can be used to calculate ‘speed’ (or velocity),

‘acceleration’ and ‘distance travelled’ by a body. A very important point to remember here is that in the
drawing of graphs, the terms ‘speed’ and ‘velocity’ are used in the same sense. In most of the graphs which
we are going to discuss now, we will be using the term ‘speed’. At some of the places, however, the term
‘velocity’ will also be used. This is because even in the examination papers, they use both the terms ‘speed’
as well as ‘velocity’ in the questions based on graphs. We will first study the ‘distance-time graphs’ and
then ‘speed-time graphs’ (or velocity-time graphs). Please note that in drawing graphs based on motion,
‘time’ is always taken along the x-axis whereas ‘distance’ or ‘speed’ (or velocity) is taken along the y-axis.

1. DISTANCE-TIME GRAPHS
When a body moves with uniform speed, it will travel equal distances in equal intervals of time. In

other words, the distance travelled is directly proportional to time. Thus, for uniform speed, a graph of
distance travelled against time will be a straight line as shown by line OA in Figure 32. Please note that we
can also write the term “uniform velocity” in place of “uniform speed” in the  graph. We can now say that
the distance-time graph of a body moving at uniform speed is always a straight line. In other words, a
straight line graph between distance and time tells us that the body is moving with a uniform speed.

Figure 31. Travelling in a bus like this
is very dangerous. Only God knows
whether the people hanging on to this
bus precariously will reach their
homes or land in hospital ! We should
never put our life at risk like this. If we
do not get space in one bus, we should
wait for another one.
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Figure 32. Distance-time graph for uniform speed. Figure 33. Calculation of speed from  distance-time  graph.
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MOTION 29

The slope of a distance-time graph indicates speed of the body. So, the distance-time graph of a body
can be used to calculate the speed of the body. To find the speed from the distance-time graph of a body,
we take any point A on the straight line graph (Figure 33), and drop a perpendicular AB on the time axis (x-
axis). It is clear that AB represents the distance travelled by the body in the time interval represented by OB
(Figure 33). We know that :

Distance travelled    Speed = ————————
Time taken

Now, in Figure 33, the distance travelled is OC which is in fact equal to AB, and the time
taken is OB. So, putting distance = AB and time = OB in the above relation, we get :

Speed = 
AB
OB

But 
AB
OB

 is known as the slope (or gradient) of the graph line OA, therefore, in a distance-time graph for

uniform speed, the speed of the body is given by the slope of the graph. In other words, the slope of a
distance-time graph indicates speed. Thus, we can use a distance-time graph of a body to find the value of
speed of the body. All that we have to do is to find out the slope of distance-time graph as shown above
and that gives the speed of the body.

We have seen above that if the speed of a body is uniform then its distance-
time graph is a straight line (as shown in Figure 32). If, however, the speed of a
body is non-uniform, then the graph between distance travelled and time is a
curved line (called a parabola) as shown in Figure 34.

We get the following conclusions from the above discussion :
(i) If the distance-time graph of a body is a straight line, then its speed is uniform.

(ii) If the distance-time graph of a body is a curved line, then its speed is non-uniform.
We know that when a body moves with a non-uniform speed, then its motion

is said to be accelerated. So, the curved line OA in Figure 34 also represents the
distance-time graph of a body moving with accelerated motion.

If a displacement-time graph is drawn, then it will specifically represent
‘velocity’. For example, if the displacement-time graph of a moving body is a straight line, then it represents
uniform velocity of the body. We will now discuss the speed-time graphs of a moving body. In fact, the
speed-time graphs are also known as velocity-time graphs. So, whether we write a speed-time graph or a
velocity-time graph, it will mean the same thing.

2. SPEED-TIME GRAPHS (OR VELOCITY-TIME GRAPHS)
We can have three types of speed-time graphs for a moving body. These three cases are :

(i) When the speed of the body remains constant (and there is no acceleration)

(ii) When the speed of the body changes at a uniform rate (there is uniform acceleration)

(iii) When the speed of the body changes in a non-uniform way (there is
non-uniform acceleration)

We will now discuss these three types of speed-time graphs in detail, one
by one.

(i) Speed-Time Graph when the Speed Remains Constant
By saying that the speed of a body is constant (or uniform), we mean that

the speed does not change with time and hence there is no acceleration. So, a
speed-time graph for a body moving with constant speed (or uniform speed) is
a straight line parallel to the time axis (as shown by the line AB in Figure 35).
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Figure 34. Distance-time
graph for non-uniform
speed.
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Figure 35. Speed-time graph
when the speed remains
constant (No acceleration).
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In other words, if the speed-time graph of a body is a straight line parallel to the time axis, then the
speed of the body is constant (or uniform). Since the speed of the body is constant or uniform, there is no
acceleration, and hence there is no question of finding the acceleration from such a speed-time graph. We
can, however, find the distance travelled by the body in a given time from such a speed-time graph. This is
described below.

                      We know that,                        Speed = 
Distance travelled

Time taken

So, Distance travelled = Speed × Time taken ... (1)

Now, to find out the distance travelled by the body at point C (Figure 35), we draw a perpendicular CB at
point C which meets the straight-line graph at point B.

Now, Speed at C = CB
                            But CB = OA

Thus, Speed at C = OA ... (2)
And, Time at C = OC ... (3)

Now, putting these values of speed and time in relation (1), we get :
Distance travelled = OA × OC  (see Figure 35)

or Distance travelled = Area of rectangle OABC

Thus, in a speed-time graph, the area enclosed by the speed-time curve and the time axis gives us the
distance travelled by the body.

It should be noted that we can also use the term “velocity” in place of “speed” everywhere in the above
discussion. Thus, we can say that the velocity-time graph of an object moving with constant velocity (or
uniform velocity) is a straight line parallel to the time axis. We can also say that in a velocity-time graph,
the area enclosed by the velocity-time curve and the time axis gives the distance travelled by the object. We
will now discuss the speed-time graph of a body when its speed changes at a uniform rate, that is, when
the acceleration of the body is uniform.

(ii) Speed-Time Graph when Speed Changes at a Uniform Rate
       (Uniform Acceleration)

When a body moves with uniform acceleration, its speed changes by equal
amounts in equal intervals of time. In other words, the speed becomes directly
proportional to time. Thus, the speed-time graph for a uniformly changing
speed (or uniform acceleration) will be a straight line (as shown by line OP
in Figure 36).

We can find out the value of acceleration from the speed-time graph of
a moving body.  Now, to calculate the acceleration at a time corresponding
to point Q (Figure 36), we draw a perpendicular QP from point Q which
touches the straight line graph at point P. We know that :

Acceleration = 
Change in speed (or velocity)

Time taken

In Figure 36, the change in speed is represented by PQ whereas time taken is equal to OQ. So,

         Acceleration = PQ
OQ

But PQ
OQ

 is the slope (or gradient) of the speed-time graph OP, therefore, we conclude that in a speed-

time graph, the acceleration is given by the slope of the graph. In other words, the slope of a speed-time
graph of a moving body gives its acceleration.
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Figure 36. Speed-time graph
showing uniform acceleration.
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The distance travelled by a moving body in a given time can also be calculated from its speed-time
graph. As explained earlier, the distance travelled by the body in the time corresponding to point Q (Figure
36) will be equal to the area of the triangle OPQ, which is equal to half the area of the rectangle ORPQ.

Thus, Distance travelled = Area of triangle OPQ

=
1
2 Area of rectangle ORPQ

=
1
2  × OR × OQ (see Figure 36)

Please note that in a speed-time graph of a body, a straight line sloping
upwards (as in Figure 36) shows uniform acceleration. On the other hand, in a
speed-time graph of a body, a straight  line  sloping  downwards (as in Figure
37) indicates uniform retardation.

It should be noted that we can also use the word “velocity” in place of “speed”
everywhere in the above discussion. Thus, we can also say that the velocity-time
graph of a body moving with uniform acceleration is a straight line. And that the
slope of velocity-time graph of a body indicates its acceleration.

In the speed-time graph shown in Figure 36, we have assumed that the initial
speed of the body is zero. It is, however, possible that the body has some initial speed and then it starts
accelerating at a uniform rate. So, we will now discuss the speed-time graph of a body whose initial
speed is not zero.

Speed-Time Graph when the Initial Speed of the Body is Not Zero
Figure 38 shows the speed-time graph of a body having an initial speed

equal to OB and then accelerating from B to C. In order to calculate the value
of acceleration from such a graph, we will have to subtract the initial speed
(OB) from the final speed (AC), and then divide it by time (OA).

In such cases also, the distance travelled by the body in a given time is
equal to the area between the speed-time graph and the time axis. For example,
in this case the distance travelled by the body in time OA (Figure 38), will be
equal to the area of the figure OBCA under the speed-time graph BC. Now, the
figure OBCA has two parallel sides OB and AC and such a figure is known as
a trapezium. Thus, the distance travelled by the body in this case is equal to
the area of trapezium OBCA. Now,

Area of trapezium = Sum of two parallel sides × Height
2

Here, sum of parallel sides is OB + AC and height is OA (see Figure 38).

So, Distance travelled =
( ) ×

2
OB+AC OA

We will now discuss the speed-time graph of a body whose speed does not
change at a uniform rate, that is, when the acceleration of the body is non-uniform.

(iii ) Speed-Time Graph when Speed Changes at a Non-Uniform
        Rate (Non-Uniform  Acceleration)

When the speed of a body changes in an irregular manner, then  the speed-time
graph of the body is a curved line (as shown by the line OA in Figure 39). Even
now, the distance travelled by the body is given by the area between the speed-
time curve and the time axis.
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Figure 37. Speed-time
graph showing uniform
retardation.
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Figure 38. Speed-time graph
of a body when its initial speed
is not zero.
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Figure 39. Speed-time
graph for non-uniform
acceleration.
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Once again, please note that we can write the word “velocity” in place of “speed” in the above graph.
So, we can also say that the velocity-time graph for non-uniform acceleration is a curved line called parabola.
We will now solve some problems based on graphs.

Sample Problem 1. Study the speed-time graph of a body given
here and answer the following questions :

(a) What type of motion is represented by OA ?

(b) What type of motion is represented by AB ?

(c) What type of motion is represented by BC ?

(d) Find out the acceleration of the body.

(e) Calculate the retardation of the body.

(f) Find out the distance travelled by the body from A to B.

Solution. (a) OA is a straight line graph between speed and
time, and it is sloping upwards from O to A. Therefore, the graph line OA represents uniform acceleration.

(b) AB is a straight line graph between speed and time, which is parallel to the time axis (x-axis). So, AB
represents uniform speed (or constant speed). There is no acceleration from A to B.

(c) BC is a straight line graph between speed and time which is sloping downwards from B to C.
Therefore, BC represents uniform retardation (or negative acceleration).

(d) Let us find out the acceleration now. We have just seen that the graph line OA represents acceleration.
So, the slope of speed-time graph OA will give us the acceleration of the body. Thus,

Acceleration = Slope of line OA

=
AD
OD

Now, in the given graph (Figure 40), we find that AD = 6 m/s and OD = 4  seconds. So, putting these
values in the above relation, we get :

Acceleration =
/6 m s

4 s

= 1.5 m/s2 ... (1)
(e) Let us calculate the retardation now.  We have discussed above that the graph line BC represents

retardation. So, the slope of speed-time graph BC will be equal to the retardation of the body. So,
Retardation = Slope of line BC

=
BE
EC

Now, in the graph given to us (Figure 40), we find that BE = 6 m/s and EC = 16 – 10 = 6 seconds. So,
putting these values in the above relation, we get :

Retardation =
6 m/s

6 s
= 1 m/s2 ... (2)

(f) We will now find out the distance travelled by the body in moving from A to B (Figure 40). We have
studied that in a speed-time graph, the distance travelled by the body is equal to the area enclosed between
the speed-time graph and the time-axis. Thus,

Distance travelled from A to B = Area under the line AB and the time axis
= Area of rectangle DABE
= DA × DE
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Figure 40. Graph for sample problem 1.
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Now, from the given graph (Figure 40), we find that DA = 6 m/s and DE = 10 – 4 = 6 s. Therefore,
Distance travelled from A to B = 6 × 6

= 36 m ... (3)

Here is an Exercise for You : Find (i) Distance travelled from O to A, (ii) Distance travelled from B to C,
and (iii) Total distance travelled by the body. The answers will be 12 m, 18 m, and 66 m respectively. For
this purpose you will require the formula for the area of a triangle. Please note that :

Area of a triangle =
1
2

 × base × height

A yet another point to be noted is that in the graph given in the above sample problem (Figure 40) they
could also have written the word “velocity” in place of “speed”.

Sample Problem 2. A car is moving on a straight road with uniform acceleration. The following table
gives the speed of the car at various instants of time :

Speed (m/s) : 5 10 15 20 25 30
Time (s) : 0 10 20 30 40 50

Draw the speed-time graph by choosing a convenient scale. Determine from it :
(i) the acceleration of the car.

(ii) the distance travelled by the car in 50 seconds.

Solution. We take a graph paper and plot the above given time values on the x-axis. The corresponding
speed values  are plotted on the y-axis. The speed-time graph obtained from the given readings is shown in
Figure 42. Please note that in this case, when the time is 0, then the speed is not 0. The body has an initial

speed of 5 m/s which is represented by point A in Figure 42. We will now answer the questions asked in
this sample problem.

(i) Calculation of Acceleration. We know that :
Acceleration = Slope of speed-time graph

= Slope of line AF    (see Figure 42)

= 
FG
AG

Now, if we look at the graph shown in Figure 42, we will find that the value of speed at point F is
30 m/s and that at point G is 5 m/s.

Therefore, FG = 30 – 5
= 25 m/s

A
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O
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Time (in s)
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·

·

·

·

·

Figure 41. A car moving on a straight road with uniform
acceleration.

Figure 42. Graph for sample problem 2.
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SCIENCE FOR NINTH CLASS : PHYSICS34

Again, at point G, the value of time is 50 seconds whereas that at point A is 0 second.
Thus, AG = 50 – 0

= 50 s

Now, putting these values of FG and AG in the above relation, we get :

Acceleration =
25 m/s

50 s

= 0.5 m/s2

(ii) Calculation of Distance Travelled. The distance travelled by the car in 50 seconds is equal to the
area under the speed-time curve AF. That is, the distance travelled is equal to the area of the figure OAFH
(see Figure 42). But the figure OAFH is a trapezium. So,

Distance travelled = Area of trapezium OAFH

=  
(Sum of two parallel sides)×Height

2
In Figure 42,  the two parallel sides are OA and HF whereas the height is OH. Therefore,

Distance travelled =
( + )×

2
OA HF OH

=
(5+30) × 50

2

=
35×50

2
= 875 m

TO DERIVE THE EQUATIONS OF MOTION BY GRAPHICAL METHOD
The three equations of motion : v = u + at ; s = ut + 1

2 at2 and 2 2 2v u as  can be derived with the help
of graphs as described below.

1. To Derive v = u + at  by Graphical Method

Consider the velocity-time graph of a body shown in Figure 43. The
body has an initial velocity u at point A and then its velocity changes at
a uniform rate from A to B in  time t. In other words, there is a uniform
acceleration a from A to B, and after time t its final velocity becomes v
which is equal to BC in the graph (see Figure 43). The time t is represented
by OC. To complete the figure, we draw the perpendicular CB from point
C, and draw AD parallel to OC. BE is the perpendicular from point B to
OE.

Now, Initial velocity of the body,  u = OA                      ... (1)

And, Final velocity of the body, v = BC ... (2)

But from the graph  BC = BD + DC

Therefore, v = BD + DC ... (3)

Again DC = OA

So, v = BD + OA

Now, From equation (1), OA = u

So, v = BD + u ... (4)

We should find out the value of BD now. We know that the slope of a velocity-time graph is equal to
acceleration, a.

A

E
B

D

CO Time ( )t

V
el

oc
ity

(
)

v

v

u

Figure 43. Velocity-time graph to
derive the equations of motion.
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MOTION 35

Thus, Acceleration, a = slope of line AB (see Figure 43)

or a = 
BD
AD

But AD = OC = t (see Figure 43), so putting t in place of AD in the above relation, we get :

a = 
BD
t

or BD = at

Now, putting this value of BD in equation (4) we get :

v = at + u

This equation can be rearranged to give :

v = u + at

And this is the first equation of motion. It has been derived here by the graphical method.

2. To Derive s = ut + 1
2 at 2 by Graphical Method

Suppose the body travels a distance s in time t. In Figure 43, the distance travelled by the body is given
by the area of the space between the velocity-time graph AB and the time axis OC, which is equal to the
area of the figure OABC. Thus :

Distance travelled = Area of figure OABC

= Area of rectangle OADC + Area of triangle ABD

We will now find out the area of the rectangle OADC and the area of the triangle ABD.

(i) Area of rectangle OADC = OA × OC (see Figure 43)

= u × t

= ut  ... (5)

(ii)  Area of triangle ABD =  1
2  × Area of rectangle AEBD

= 1
2  × AD × BD

= 1
2  × t × at (because AD = t and BD = at)

= 1
2 at2 ... (6)

So,      Distance travelled, s = Area of rectangle OADC + Area of triangle ABD

or s = ut + 1
2 at2

This is the second equation of motion. It has been derived here by the graphical method.

3. To Derive v2 = u2 + 2as by Graphical Method

We have just seen that the distance travelled s by a body in time t is given by the area of the figure
OABC which is a trapezium (see Figure 43). In other words,

 Distance travelled, s = Area of trapezium OABC

s = 
(Sum of parallel sides ) × Height

2

or s = (  + ) × 
2

OA CB OC

Now, OA + CB = u + v and  OC = t. Putting these values in the above relation, we get :

                                             
( )

2
u+  × ts = v

... (7)
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SCIENCE FOR NINTH CLASS : PHYSICS36

We now want to eliminate t from the above equation. This can be done by obtaining the value of t from
the first equation of motion.

Thus, v = u + at (First equation of motion)

And, at = v – u

So, t = ( )v u
a

Now, putting this value of t in equation (7) above, we get :

s =
( ) (

2
u + × u) 

a
v v

or 2as = v2 – u2 [because (v + u) × (v – u) = v2 – u2]

or v2 = u2 + 2as

This is the third equation of motion. It has been derived by the graphical method.

UNIFORM CIRCULAR MOTION
When a body (or an object) moves in a circle, it is called circular motion. In other words, motion in a

circle is circular motion. Before we study the uniform circular motion, we will discuss how a circular path

can be considered to be made up of an indefinite number of tiny sides, and a body moving along such a
circular path changes its direction of motion continuously.

Suppose an athlete is running along a square track [see Figure  45(a)]. While running along the square
track having four sides, the athlete has to change his direction of motion four times (at the four corners of

the square track : A, B, C and D). Next, suppose the athlete runs along a hexagonal track [see Figure 45(b)].
While running along the hexagonal track having six sides, the athlete has to change his direction of motion

Figure 44. What do merry-go-round and CD player shown in these photographs have in common ?
They both use circular motion. The child on a revolving merry-go-round has circular motion, and
each and every point on a revolving CD in the CD player has also circular motion.

(a) A merry-go-round (b) A CD player

A B

D C

B

A

F

E

D

C
B

C

D

EA

H

G
F

(a) Square track : (b) Hexagonal track : (c) Octagonal track : (d) Circular track :
Four sides Six sides Eight sides Indefinite

number of sides
Figure 45. A circular track (or circular path) can be supposed to be made up of an ‘indefinite number’ of sides.
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MOTION 37

six times (at the six corners of the hexagonal track : A, B, C, D, E and F). Again, suppose the athlete now
runs along an octagonal track [see Figure 45(c)]. While running along the octagonal track having eight
sides, the athlete has to change his direction of motion eight times (at the eight corners of the octagonal
track : A, B, C, D, E, F, G and H). Thus, as the number of sides of a track increases, the direction of an
athelete running along it changes more and more frequently. Now, if the track has an indefinite number of
tiny sides (or point sides), then the shape of track becomes a circle or it becomes a circular track [see Figure
45(d)]. And when the athlete runs along a circular track, then his direction of motion changes continuously.
In general we can say that : When a body (or object) moves along a circular path, then its direction of
motion (or direction of speed) keeps changing continuously. So, if an athlete moves with a constant
speed along a circular path, then the velocity of the athlete will not be constant because velocity is the
speed in a specified direction and here the direction of speed changes continuously. Since the velocity
changes (due to continuous change in direction), therefore, the motion along a circular path is said to be
accelerated. Keeping this point in mind, we will now define uniform circular motion.

When a body moves in a circular path with uniform speed (constant speed), its motion is called
uniform circular motion. It is possible for a body to move in a circular path with uniform speed as long as
it is travelling equal distances in equal intervals of time. But the velocity of the body moving in a circle
with uniform speed is not uniform because the direction of motion is constantly changing. Let us take one
example to make this point more clear.

Suppose a stone tied to a thread is rotated in a circular path with uniform
speed in clockwise direction as shown in Figure 46. Now, when the stone is
at point A, then its speed is directed towards east (along the tangent to the
circle at A). And if the stone is released when it is at A, it will fly off in the
east direction. When the stone is at point B, its speed is directed towards
south (along the tangent to the circle at point B). And if the stone is released
when it is at point B, it will fly off in the south direction. This means that
when a body moves in a circular path, the direction of speed is not the same
at any two points. Since there is a change in the direction of speed of the
body, its velocity is not uniform (because velocity is the speed in a specified
direction). It is clear that when a body moves in a circle with uniform speed,
its velocity changes continuously, so that the motion in a circle is accelerated.
In other words, circular motion is accelerated even though the speed of the
body remains constant. Thus, the motion in a circle with constant speed is
an  example of accelerated motion. Though the speed may not change, the direction of motion
changes continuously.

Please note that a force is needed to produce circular motion. In other words, a force is
needed to make a body move in a circle. Now, when a stone tied to a thread is rotated by a
person in a circular path, then the pull of thread is the force which makes the stone move in
a circle (This pull is provided by the hand of the person who is holding the thread). The
force which is needed to make an object travel in a circular path is called centripetal force. In the case of
planets moving around the sun, the centripetal force is the gravitational pull of sun, and in the case of
satellites moving around the earth, the centripetal force is the force of gravity of earth.

Examples of Uniform Circular Motion
Some of the examples of uniform circular motion are given below. In all these examples, an object does

not change its speed but its direction of motion changes continuously.

1.  Artificial satellites move in uniform circular motion around the earth. When an artificial satellite
goes around the earth in a circular orbit with constant speed, its velocity is not constant because the direction
of motion of satellite is changing continuously. Thus, the motion of a satellite around the earth is accelerated.
It is the force of gravity of earth which keeps the satellite in circular orbit around it.

South

Thread

East

B

nSto e
A

Figure 46. A stone tied to a thread
moving with uniform circular
motion.
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SCIENCE FOR NINTH CLASS : PHYSICS38

2. The moon is a natural satellite of the earth. The moon moves in uniform circular motion around the
earth. So, the motion of moon around the earth is accelerated. It is the force of gravity of earth which keeps
the moon in circular orbit around it.

3. The earth moves around the sun in uniform circular motion. So, the motion of earth around the sun
is accelerated. It is the gravitational force of the sun which keeps the earth moving in a circular orbit
around it.

4. An athlete (or cyclist) moving on a circular track with a constant speed exhibits uniform circular
motion. This motion is  accelerated because of a continuous change in direction of motion.

5. The tip of a seconds’ hand of a watch exhibits uniform circular motion on the circular dial of the
watch.  Please note that though the speed of the tip of seconds’ hand is constant but its velocity is not
constant (because the direction of motion of tip of seconds’ hand changes continuously). Thus, the motion
of the tip of seconds’ hand of a watch is accelerated.

We have already studied uniform linear motion. So, let us see what is the main difference between
uniform linear motion and uniform circular motion : In uniform linear motion, the direction of motion is
fixed. So, uniform linear motion is not accelerated. In uniform circular motion, the direction of motion
changes continuously. So, uniform circular motion is accelerated. Thus, an important characteristic of
circular motion is that the direction of motion in it changes continuously with time, so it is accelerated.

To Calculate the Speed of a Body in Uniform Circular
Motion

When a body takes one round of a circular path, then it travels a
distance equal to its ‘circumference’ which is given by 2 r, where r is
the radius of the circular path (see Figure 48). The speed of a body
(or object) moving along a circular path is given by the formula :

v = 
2 r

t
where v = speed

(a) This toy train is moving on a circular track. It
is in circular motion. Though the speed of train is
constant but the direction of motion (or direction
of speed) is changing continuously. So, the train is
exhibiting accelerated motion

(b) The earth is moving around the sun in a
circular orbit, and the moon is moving
around the earth in another circular orbit.
Both the earth and the moon are undergoing
circular motion. The direction of motion of
the earth and the moon is changing
continuously, so their motion is accelerated

(c) This athlete (or runner) is
running on a circular track
with constant speed. Since
the direction of her circular
motion is changing continu-
ously, it is a case of
accelerated motion

Figure 47. Some examples of uniform circular motion.

r

(radius)

Circumference
of circular path

Figure 48.  A circular path of
radius r. The circumference of this

circular path is 2 r.
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MOTION 39

(pi) = 
22
7  (It is a constant)

r = radius of circular path
and t = time taken for one round of circular path

We will use this formula to solve a numerical problem now.

Sample Problem. A cyclist goes around a circular track once every 2 minutes. If the radius of the

circular track is 105 metres, calculate his speed. (Given 
22
7 )

Solution. We know that for a body moving in a circular path :

v =
2 r

t
Here, Speed, v = ?   (To be calculated)

pi, = 
22
7

               Radius of circular track, r = 105 m
And,       Time taken for 1 round, t = 2 minutes

= 2 × 60 seconds
= 120 s

Now, putting these values of , r and t in the above formula, we get :

v = 
2 × 22 × 105

7 × 120
= 5.5 m/s

Thus, the speed of cyclist on the circular track is 5.5 metres per second.

We are now in a position to answer the following questions and problems :

 Very Short Answer Type Questions

1. (a) What remains constant in uniform circular motion ?
(b) What changes continuously in uniform circular motion ?

2. State whether the following statement is true or false :
Earth moves round the sun with uniform velocity.

3. A body goes round the sun with constant speed in a circular orbit. Is the motion uniform or accelerated ?
4. What conclusion can you draw about the velocity of a body from the displacement-time graph shown below :

D
is

pl
ac

em
en

t

Time

5. Name the quantity which is measured by the area occupied under the velocity-time graph.
6. What does the slope of a speed-time graph indicate ?
7. What does the slope of a distance–time graph indicate ?
8. Give one example of a motion where an object does not change its speed but its direction of motion changes

continuously.
9. Name the type of motion in which a body has a constant speed but not constant velocity.

10. What can you say about the motion of a body if its speed-time graph is a straight line parallel to the time
axis ?
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SCIENCE FOR NINTH CLASS : PHYSICS40

11. What conclusion can you draw about the speed of a body from the following distance-time graph ?

D
is

ta
nc

e

Time

12. What can you say about the motion of a body whose distance-time graph is a straight line parallel to the
time axis ?

13. What conclusion can you draw about the acceleration of a body from the speed-time graph shown below ?

S
pe

ed

Time

14. A satellite goes round the earth in a circular orbit with constant speed. Is the motion uniform or accelerated ?

This photograph shows a man-made ‘communications This photograph shows a watch. The tip
satellite’ going round the earth in a circular of seconds’ hand of this watch moves rapidly
 orbit (or circular path). We can see the dish on the dial of the watch. The tips of minutes’
 antennae, and solar panels (made of solar hand and hours’ hand also move on the dial but

 cells) clearly in this photograph. they move slowly.

15. What type of motion is represented by the tip of the ‘seconds’ hand’ of a watch ? Is it uniform or accelerated ?
16. Fill in the following blanks with suitable words :

(a) If a body moves with uniform velocity, its acceleration is ....................
(b) The slope of a distance-time graph indicates ...............of a moving body.
(c) The slope of a speed-time graph of a moving body gives its....................
(d) In a speed-time graph, the area enclosed by the speed-time curve and the time axis gives the ............. by

the body.
(e) It is possible for something to accelerate but not change its speed if it moves in a ...............
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 Short Answer Type Questions

17. Is the uniform circular motion accelerated ? Give reasons for your answer.
18. Write the formula to calculate the speed of a body moving along a circular path. Give the meaning of each

symbol which occurs in it.
19. Explain why, the motion of a body which is moving with constant speed in a circular path is said to be

accelerated.
20. What is the difference between uniform linear motion and uniform circular motion ? Explain with examples.
21. State an important characteristic of uniform circular motion. Name the force which brings about uniform

circular motion.
22. Find the initial velocity of a car which is stopped in 10 seconds by applying brakes. The retardation due to

brakes is 2.5 m/s2.
23. Describe the motion of a body which is accelerating at a constant rate of 10 m s–2. If the body starts from rest,

how much distance will it cover in 2 s ?
24. A motorcycle moving with a speed of 5 m/s is subjected to an acceleration of 0.2 m/s2. Calculate the speed of

the motorcycle after 10 seconds, and the distance travelled in this time.
25. A bus running at a speed of 18 km/h is stopped in 2.5 seconds by applying brakes. Calculate the retardation

produced.
26. A train starting from rest moves with a uniform acceleration of 0.2 m/s2 for 5 minutes. Calculate the speed

acquired and the distance travelled in this time.
27. Name the two quantities, the slope of whose graph gives :

(a) speed, and
(b) acceleration

28. A  cheetah starts from rest, and accelerates at 2 m/s2 for 10 seconds. Calculate :
(a) the final velocity
(b) the distance travelled.

29. A train travelling at 20 m s–1 accelerates at 0.5 m s–2 for 30 s. How far will it travel in this time ?
30. A cyclist is travelling at 15 m s–1. She applies brakes so that she does not collide with a wall 18 m away.

What deceleration must she have ?
31. Draw a velocity-time graph to show the following motion :

A car accelerates uniformly from rest for 5 s ; then it travels at a steady velocity for 5 s.
32. The velocity-time graph for part of a train journey is a horizontal straight line. What does this tell you about

(a) the train’s velocity, and (b) about its acceleration ?

 Long Answer Type Questions

33. (a) Explain the meaning of the following equation of motion :
v = u + at

where symbols have their usual meanings.
(b) A body starting from rest travels with uniform acceleration. If it travels 100 m in 5 s, what is the value of

acceleration ?
34. (a) Derive the formula : v = u + at, where the symbols have usual meanings.

(b) A bus was moving with a speed of 54 km/h. On applying brakes it stopped in 8 seconds. Calculate the
acceleration.

35. (a) Derive the formula : s = ut + 1
2 at2, where the symbols have usual meanings.

(b) A train starting from stationary position and moving with uniform acceleration attains a speed of 36 km
per hour in 10 minutes. Find its acceleration.

36. (a) Write the three equations of uniformly accelerated motion. Give the meaning of each symbol which
occurs in them.

(b) A car acquires a velocity of 72 km per hour in 10 seconds starting from rest. Find (i) the acceleration,
(ii) the average velocity, and (iii) the distance travelled in this time.

37. (a) What is meant by uniform circular motion ? Give two examples of uniform circular motion.
(b) The tip of seconds’ hand of a clock takes 60 seconds to move once on the circular dial of the clock. If the
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radius of the dial of the clock be 10.5 cm, calculate the speed of the tip of the seconds’ hand of the clock.

(Given 
22
7 ).

38. Show by means of graphical method that :
v = u + at

where the symbols have their usual meanings.
39. Show by using the graphical method that :

21
2

s ut at

where the symbols have their usual meanings.
40. Derive the following equation of motion by the graphical method :

               v2 = u2 + 2as
where the symbols have their usual meanings.

  Multiple Choice Questions (MCQs)
41. A bus increases its speed from 36 km/h to 72 km/h in 10 seconds. Its acceleration is :

(a) 5 m/s2 (b) 2 m/s2 (c) 3.6 m/s2 (d) 1 m/s2

42. A bus moving along a straight line at 20 m/s undergoes an acceleration of 4 m/s2. After 2 seconds, its speed
will be :
(a)  8 m/s (b) 12 m/s (c) 16 m/s (d) 28 m/s

43. The slope of a speed-time graph gives :
(a) distance travelled (b) velocity (c) acceleration (d) displacement

44. The area under a speed-time graph represents a physical quantity which has the unit of :
(a) m (b) m2 (c) m s–1 (d) m s–2

45. If the displacement of an object is proportional to the square of time, then the object is moving with :
(a) uniform velocity (b) uniform acceleration
(c) increasing acceleration (d) decreasing acceleration

46. Four cars A, B, C and D are moving on a levelled, straight road. Their distance-time
graphs are shown in the given figure. Which of the following is the correct statement
regarding the motion of these cars ?
(a)  car A is faster than car D. (b)  car B is the slowest
(c)  car D is faster than the car C (d)  car C is the slowest

47. A  car of mass 1000 kg is moving with a velocity of 10 m s–1. If the velocity-time graph
for this car is a horizontal line parallel to the time axis, then the velocity of car at the
end of 25 s will be :
(a) 25 m s–1 (b) 40 m s–1 (c)  10 m s–1 (d) 250 m s–1

48. A motorcycle is being driven at a speed of 20 m/s when brakes are applied to bring it to rest in five seconds.
The deceleration produced in this case will be :
(a) + 4 m/s2 (b) – 4 m/s2 (c)  + 0.25 m/s2 (d)  – 0.25 m/s2

49. A sprinter is running along the circumference of a big sports stadium with constant speed. Which of the
following do you think is changing in this case ?
(a) magnitude of acceleration being produced (b) distance covered by the sprinter per second
(c) direction in which the sprinter is running (d) centripetal force acting on the sprinter

50. In the speed-time graph for a moving object shown here, the part which indicates
uniform deceleration of the object is :
(a) ST (b) QR (c) RS              (d) PQ

51. A student draws a distance-time graph for a moving scooter and finds that a section
of the graph is a horizontal line parallel to the time axis. Which of the following
conclusion is correct about this section of the graph ?
(a) the scooter has uniform speed in this section
(b) the distance travelled by scooter is the maximum in this section
(c) the distance travelled by the scooter is the minimum in this section
(d) the distance travelled by the scooter is zero in this section

D
is

ta
nc

e
(m

)

Time (s)

C
D

A

B

Time

S
pe

ed

O

B

A

P Q

R

S T© S
. C

ha
nd

 A
nd

 C
om

pa
ny

 Li
mite

d
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52. Which one of the following is most likely not a case of uniform circular motion ?
(a)  motion of the earth around the sun (b)  motion of a toy train on a circular track
(c)  motion of a racing car on a circular track (d)  motion of  hours’ hand on the dial of a clock

 Questions Based on High Order Thinking Skills (HOTS)

53. The graph given alongside shows the positions of a body at different times.
Calculate the speed of the body as it moves from :
(i) A to B,

(ii) B to C, and
(iii) C to D.

54. What can you say about the motion of a body if :
(a) its displacement-time graph is a straight line ?
(b) its velocity-time graph is a straight line ?

55. A body with an initial velocity x moves with a uniform acceleration y. Plot
its velocity-time graph.

56. Given alongside is the velocity-time graph for a moving body :
Find : (i) Velocity of the body at point C.

(ii) Acceleration acting on the body between A and B.
(iii) Acceleration acting on the body between B and C.

57. A body is moving uniformly in a straight line with a velocity
of 5 m/s. Find graphically the distance covered by it in 5
seconds.

58. The speed-time graph of an ascending passenger lift is given
alongside.
What is the acceleration of the lift :
(i) during the first two seconds ?

(ii) between second and tenth second ?
(iii) during the last two seconds ?

59. A car is moving on a straight road with uniform
acceleration. The speed of the car varies with time as
follows :

Time (s)  : 0 2 4 6 8 10
Speed (m/s)  : 4 8 12 16 20 24

Draw the speed-time graph by choosing a convenient
scale. From this graph :
(i) Calculate the acceleration of the car.

(ii) Calculate the distance travelled by the car in 10 seconds.
60. The graph given alongside shows how the speed of a car changes

with time :
(i) What is the initial speed of the car ?

(ii) What is the maximum speed attained by the car ?
(iii) Which part of the graph shows zero acceleration ?
(iv) Which part of the graph shows varying retardation ?
(v) Find the distance travelled in first 8 hours.

61. Three speed-time graphs are given below :
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Which graph represents the case of :
(i) a cricket ball thrown vertically upwards and returning to the hands of the thrower ?

(ii) a trolley decelerating to a constant speed and then accelerating uniformly ?

62. Study the speed-time graph of a car given alongside and answer
the following questions :

(i) What type of motion is represented by OA ?

(ii) What type of motion is represented by AB ?

(iii) What type of motion is represented by BC ?

(iv) What is the acceleration of car from O to A ?

(v) What is the acceleration of car from A to B ?

(vi) What is the retardation of car from B to C ?
63. What type of motion is represented by each one of the following graphs ?
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64. A  car is travelling along the road at 8 m s–1. It accelerates at 1 m s–2 for a distance of 18 m. How fast is it
then travelling ?

65. A car is travelling at 20 m/s along a road. A child runs out into the road 50 m ahead and the car driver
steps on the brake pedal. What must the car’s deceleration be if the car is to stop just before it reaches the
child ?

ANSWERS
1. (a) Speed  (b) Direction (of motion) 2. False 3. Accelerated 4. Uniform velocity 5. Distance
travelled (by the moving body) 6. Acceleration 7. Speed 9. Uniform circular motion 10. The speed
of body is constant (or uniform)  11. Uniform speed 12. The body is not moving. It is stationary
13. Non-uniform acceleration 14. Accelerated   15. Uniform circular motion ; Accelerated 16. (a) zero
(b) speed  (c) acceleration  (d) distance travelled  (e) circular path 22. 25 m/s 23. The velocity of this body
is increasing at a rate of ‘10 metres per second’ every second ; 20 m 24. 7 m/s ; 60 m     25. 2 m/s2

26.  60 m/s  ; 9 km   27. (a) Distance and Time  (b) Speed (or Velocity) and Time 28.  (a) 20 m/s  (b) 100 m

29. 825 m 30. 6.25 m s–2 31.  
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    32. (a) The train has a uniform velocity

(b) There is no acceleration  33. (b) 8 m/s2   34. (b) – 1.87 m/s2   35. (b) 0.016 m/s2   36. (b) (i) 2 m/s2

(ii) 10 m/s    (iii) 100 m  37. (b) 0.011 m/s 41.  (d) 42. (d)  43. (c) 44. (b) 45. (b)   46. (b)   47. (c)
48. (a) 49. (c) 50. (c) 51. (d) 52. (c) 53. (i) 1 cm/s  (ii) Zero  (iii) 2 cm/s 54. (a) Uniform velocity
(b) Uniform acceleration 55. See Figure 38 on page 31  56.  (i) 40 km/h (ii) 6.6 km/h2 (iii) Zero
57. 25 m   58. (i) 2.3 m/s2    (ii) Zero    (iii) –2.3 m/s2  59. (i) 2 m/s2  (ii) 140 m    60. (i) 10 km/h
(ii) 35 km/h   (iii) BC   (iv) CD  (v) 242.5 km 61. (i) c   (ii) a   62 (i) Uniform acceleration (ii) Constant
speed   (iii) Uniform retardation (or Uniform deceleration)   (iv) 4 m/s2   (v) Zero   (vi) 2 m/s2

63. (a) Uniform acceleration  (b) Constant speed (c) Uniform retardation (or Uniform deceleration)
(d) Non-uniform retardation (or Non-uniform deceleration)   64. 10 m s–1 65.  4 m/s2
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