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PREFACE
It gives me great pleasure in presenting the Class IX Study Material in Physics for Summative
Assessment (SA) - I. It is in accordance with the syllabus of the session 2016–17 for first term (CCE
pattern).
Each chapter has a large number of Numerical Problems along with all concepts and
descriptions of topics in such a simple style that even the weak students will be able to understand the topic
very easily. The most important feature of this material is that NCERT book questions(intext questions)
and exercises included along with answers. All concepts and formulas based on Numerical and HOTS
Numerical are also included in the material. It is also helpful to all the students for competitive
examinations.
Keeping the mind the mental level of a child, every effort has been made to introduce simple
Numerical Problems in starting before HOTS Numerical so that the child solve them easily and gets
confidence.
I avail this opportunity to convey my sincere thanks to respected sir, Shri U. N. Khaware,
Additional Commissioner(Acad), KVS Headquarter, New Delhi, respected sir, Shri S. Vijay Kumar, Joint
Commissioner(Admn), KVS Headquarter, New Delhi, respected sir Shri P. V. Sairanga Rao, Deputy
Commissioner(Acad), KVS Headquarter, New Delhi, respected sir Shri. D. Manivannan, Deputy
Commissioner, KVS RO Hyderabad, respected sir Shri Isampal, Deputy Commissioner, KVS RO Bhopal,
respected sir Shri Jagdish Mohan Rawat, Director, KVS ZIET Chandigarh, respected sir Shri P. Deva
Kumar, Deputy Commissioner, KVS RO Bangalore, respected sir Shri Nagendra Goyal, Deputy
Commissioner, KVS RO Ranchi, respected sir Shri Y. Arun Kumar, Deputy Commissioner, KVS RO
Agra, respected sir Shri Sirimala Sambanna, Assistant Commissioner, KVS RO Hyderabad, respected sir
Shri. K. L. Nagaraju, Retd-AC, KVS RO Bangalore and respected sir Shri M.K. Kulshreshtha, Retd-AC,
KVS RO Chandigarh for their blessings, motivation and encouragement in bringing out this project in such
an excellent form.
I also extend my special thanks to respected sir Shri. P. S. Raju, Principal, KV Gachibowli,
respected madam Smt. Nirmala Kumari M., Principal, KV Mysore & respected sir Shri. M. Vishwanatham,
Principal, KV Raichur for their kind suggestions and motivation while preparing this Question Bank. I
would like to place on record my thanks to respected sir Shri. P. K. Chandran, Principal, presently working
in KV Bambolim. I have started my career in KVS under his guidance, suggestions and motivation.
Inspite of my best efforts to make this notes error free, some errors might have gone unnoticed.
I shall be grateful to the students and teacher if the same are brought to my notice. You may send your
valuable suggestions, feedback or queries through email to kumarsir34@gmail.com that would be verified
by me and the corrections would be incorporated in the next year study material.

M. S. KUMARSWAMY
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CHAPTER – 8
MOTION
MOTION
Motion means movement. The motion of an object is perceived when its position changes
continuously with respect to some stationary object.
DISTANCE
The distance travelled by an object is the length of actual path travelled by the object during
the motion.
DISPLACEMENT
The displacement of an object is the shortest distance travelled between the initial and final
position of the object.
When final position coincides with the initial position, displacement is 0 but distance is
not equal to 0.
Both, the distance and displacement are measure in meter or cm or km.
Distance is a scalar quantity having only. Displacement is a vector quantity having both
magnitude and direction.
The distance travelled by an object in motion can never be zero or negative. The
displacement can be positive, zero or negative.
INTEXT QUESTIONS PAGE NO. 100
1. A farmer moves along the boundary of a square field of side 10 m in 40 s. What will be the
magnitude of displacement of the farmer at the end of 2 minutes 20 seconds?
Ans. The farmer takes 40 s to cover 4 × 10 = 40 m.
40
In 2 min and 20 s (140 s), he will cover a distance =
 140  140m
40
140
Therefore, the farmer completes
 3.5 rounds (3 complete rounds and a half round) of
40
the field in 2 min and 20 s.
That means, after 2 min 20 s, the farmer will be at the opposite end of the starting point.
Now, there can be two extreme cases.
Case I: Starting point is a corner point of the field.
In this case, the farmer will be at the diagonally opposite corner of the field after 2 min 20
s.
Therefore, the displacement will be equal to the diagonal of the field.
Hence, the displacement will be 102  10 2  14.1m
Case II: Starting point is the middle point of any side of the field.
In this case the farmer will be at the middle point of the opposite side of the field after 2
min 20 s.
Therefore, the displacement will be equal to the side of the field, i.e., 10 m.
For any other starting point, the displacement will be between 14.1 m and 10 m.
2. Which of the following is true for displacement?
(a) It cannot be zero.
(b) Its magnitude is greater than the distance travelled by the object.
Ans. (a) Not true. Displacement can become zero when the initial and final position of the
object is the same.
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(b) Not true. Displacement is the shortest measurable distance between the initial and final
positions of an object. It cannot be greater than the magnitude of the distance travelled by
an object. However, sometimes, it may be equal to the distance travelled by the object.
UNIFORM MOTION
A body is said to have a uniform motion if it travels equal distances in equal intervals of time,
no matter how small these intervals may be.
Eg. A vehicle running at a constant speed of 10m/sec ,will cover equal distances of 10metres
every second, so its motion will be uniform.
NON-UNIFORM MOTION
A body is said to have a non- uniform motion if it travels unequal distances in equal intervals
of time, no matter how small these intervals may be.
Eg. A freely ball from a certain height covers unequal distances in equal intervals of time, so
its motion is non uniform.
Non uniform motion is also called accelerated motion.
SPEED
Speed of a body is defined as the distance travelled by the body in unit time.
distance travelled(s )
Speed (v) 
time taken(t )
Speed is a scalar quantity.
Uniform Speed: When a body travels equal distances in equal intervals of time, the speed of
the body is said to be uniform.
Non-uniform Speed: When a body travels unequal distances in equal intervals of time, the
speed of the body is said to be non-uniform.
VELOCITY
Velocity of a body is the distance travelled by the body in unit time in a given direction.
distance travelled in a given direction displacement
Velocity 

time taken
time
Velocity is a vector quantity.
Uniform Velocity: When a body travels equal distances in equal intervals of time in a
particular direction, the velocity of the body is said to be uniform.
Non-uniform Velocity: When a body travels unequal distances in equal intervals of time in a
particular direction, the velocity of the body is said to be non-uniform.
Both speed and velocity are measured in m/s or cm/s or km/hr
AVERAGE VELOCITY
Average Velocity: When velocity of a body is changing at a uniform rate, average velocity is
Initial velocity(u ) + final velocity(v )
given by vav 
2
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INTEXT QUESTIONS PAGE NO. 102
1. Distinguish between speed and velocity.
Ans.
Speed
Velocity
Speed is the distance travelled by an object Velocity is the displacement of an object in
in a given interval of time. It does not have a given interval of time. It has a unique
any direction.
direction.
The speed of an object can never be The velocity of an object can be negative,
negative. At the most, it can become zero. positive, or equal to zero. This is because
This is because distance travelled can never displacement can take any of these three
be negative.
values.
2. Under what condition(s) is the magnitude of average velocity of an object equal to its
average speed?
Total distance covered
Ans. Average speed 
and
Total time taken
Displacement
Average velocity 
Total time taken
If the total distance covered by an object is the same as its displacement, then its average
speed would be equal to its average velocity.
3. What does the odometer of an automobile measure?
Ans. The odometer of an automobile measures the distance covered by an automobile.
4. What does the path of an object look like when it is in uniform motion?
Ans. An object having uniform motion has a straight line path.
5. During an experiment, a signal from a spaceship reached the ground station in five minutes.
What was the distance of the spaceship from the ground station? The signal travels at the
speed of light, that is, 3 × 108 m s−1.
Ans. Time taken by the signal to reach the ground station from the spaceship
= 5 min = 5 × 60 = 300 s
Speed of the signal = 3 × 108 m/s
Distance travelled
Speed 
Time taken
∴Distance travelled = Speed × Time taken = 3 × 108 × 300 = 9 × 1010 m
Hence, the distance of the spaceship from the ground station is 9 × 1010 m.
ACCELERATION
Acceleration of a body is defined as the rate of change of velocity of the body with time. It is
v u
given by formula:
a
t
It is measured in m/s2 or cm/s2 or km/hr2. Acceleration is a vector quantity.
If the velocity of the body increases with time, the acceleration is positive, and the kind of
motion is called accelerated motion. If the velocity of the body decreases with time, the
acceleration is negative (retardation), and the motion is called decelerated motion.
Uniform Acceleration: When velocity of the body changes by equal amounts in equal
intervals of time in a particular direction, the acceleration of the body is said to be uniform.
Non-uniform Acceleration: When velocity of the body changes by unequal amounts in equal
intervals of time in a particular direction, the acceleration of the body is said to be nonuniform.
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INTEXT QUESTIONS PAGE NO. 103
1. When will you say a body is in (i) uniform acceleration? (ii) non-uniform acceleration?
Ans. (i) A body is said to have uniform acceleration if it travels in a straight path in such a
way that its velocity changes at a uniform rate, i.e., the velocity of a body increases or
decreases by equal amounts in an equal interval of time.
(ii) A body is said to have non-uniform acceleration if it travels in a straight path in such a
way that its velocity changes at a non-uniform rate, i.e., the velocity of a body increases or
decreases in unequal amounts in an equal interval of time.
2. A bus decreases its speed from 80 km h−1 to 60 km h−1 in 5 s. Find the acceleration of the
bus.
5
Ans. Initial speed of the bus, u = 80 km/h = 80   22.22m / s
18
5
Final speed of the bus, v = 60 km/h = 60   16.66m / s
18
Time take to decrease the speed, t = 5 s
v  u 16.66  22.22
Acceleration, a 

 1.12m / s 2
t
5
Here, the negative sign of acceleration indicates that the velocity of the car is decreasing.
3. A train starting from a railway station and moving with uniform acceleration attains a
speed 40 km h−1 in 10 minutes. Find its acceleration.
Ans. Initial velocity of the train, u = 0 (since the train is initially at rest)
5
Final velocity of the train, v = 40 km/h = 40   11.11m / s
18
v  u 11.11  0
Acceleration, a 

 0.0185m / s 2
t
5
Time taken, t = 10 min = 10 × 60 = 600 s
Hence, the acceleration of the train is 0.0185 m/s2.
NUMERICALS
1. A particle is moving in a circle of diameter 5m. Calculate the distance covered and the
displacement when it competes 3 revolutions.
2. A body thrown vertically upwards reaches a maximum height ‘h’. It then returns to ground.
Calculate the distance travelled and the displacement.
3. A body travels a distance of 15m from A to B and then moves a distance of 20m at right
angles to AB. Calculate the total distance travelled and the displacement.
4. An object is moving in a circle of radius ‘r’. Calculate the distance and displacement
(i) when it completes half the circle
(ii) when it completes one full circle.
5. An object travels 16m in 4s and then another 16m in 2s. What is the average speed of the
object?
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6. Vishnu swims in a 90m long pool. He covers 180m in one minute by swimming from one
end to the other and back along the same straight path. Find the average speed and average
velocity of Vishnu.
7. In along distance race, the athletics were expected to take four rounds of the track such that
the line of finish was same as the line of start. Suppose the length of the track was 200m.
(a)

What is the total distance to be covered by the athletics?

(b)

What is the displacement of the athletics when they touch the finish line?

(c)

Is the motion of the athletics uniform or non-uniform?

(d)

Is the displacement of an athletic and the distance covered by him at the end of the
race equal?

8. Starting from a stationary position, Bhuvan paddles his bicycle to attain a velocity of 6m/s
in 30s. Then he applies brakes such that the velocity of bicycle comes down to 4m/s in the
next 5s. Calculate the acceleration of the bicycle in both the cases.
9. Amit is moving in his car with a velocity of 45km/hr. How much distance will he cover
(a) in one minute and
(b) in one second.
10. The odometer of a car reads 2000 km at the start of a trip and 2400km at the end of the trip.
If the trip took 8 hr, calculate the average speed of the car in km/hr and m/s.
11. An electric train is moving with a velocity of 120km/hr. How much distance will it move in
30s?
12. A body is moving with a velocity of 15m/s. If the motion is uniform, what will be the
velocity after 10s?
13. A train travels some distance with a speed of 30km/hr and returns with a speed of 45km/hr.
Calculate the average speed of the train.
14. A train 100m long moving on a straight level track passes a pole in 5s. Find
(a) the speed of the train
(b) the time it will take to cross a bridge 500m long.
15. A car travels along a straight line for first half time with speed 40km/hr and the second half
time with speed 60km/hr. Find the average speed of the car.
16. A body starts rolling over a horizontal surface with an initial velocity of 0.5m/s. Due to
friction, its velocity decreases at the rate of 0.05m/s2. How much time will it take for the
body to stop?
17. A car traveling at 36km/hr speeds upto 70km/hr in 5 seconds. What is its acceleration? If
the same car stops in 20s, what is the retardation?
18. A scooter acquires a velocity of 36km/hr in 10seconds just after the start. It takes 20
seconds to stop. Calculate the acceleration in the two cases.
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19. On a 120km track, a train travels the first 30 km at a uniform speed of 30 km/hr. How fast
must the train travel the next 90 km so as to average 60 km/hr for the entire trip?
20. A train travels at 60 km/hr for 0.52 hr; at 30 km/hr for the next 0.24 hr and at 70 km/hr for
the next 0.71 hr. What is the average speed of the train?
GRAPHICAL REPRESENTATION OF MOTION
A graph represents the relation between two variable quantities in pictorial form. It is plotted
between two variable quantities. The quantity that is varied our choice is called independent
variable. The other quantity, which varies as a result of this change, is called dependent
variable. For example, in distance-time graph, time is independent variable and distance is
dependent variable. Similarly, in velocity-time graph, time is independent variable and velocity
is dependent variable.
DISTANCE-TIME GRAPH
The distance-time graph represents the change in the position of a body with time. In this
graph, we take time along the x-axis and the distance along the y-axis. The distance-time graph
under different conditions are shown below.
1. When the body is at rest
The position of the body does not change with time. Its distance from the origin continues
to be same at all instants of time. Therefore, we obtain a straight line parallel to x-axis(time
axis) (see the below figure)

2. When the body is in uniform motion
When an object travels equal distances in equal intervals of time, it moves with uniform
speed. This shows that the distance travelled by the object is directly
proportional to time taken. Thus, for uniform speed, a graph of distance
travelled against time is a straight line, as shown in below figure. The
portion OB of the graph shows that the distance is increasing at a uniform
rate.
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On the graph, AC denotes the time interval (t2 – t1) while BC corresponds to
the distance
(s2 – s1). We can see from the graph that as the object moves
from the point A to B, it covers a distance (s2 – s1) in time (t2 – t1). The speed, v
of the object, therefore can be represented as
distance travelled
speed 
time taken
 v

s2  s1
t2  t1

3. When the body is in non-uniform motion
When a body moves with non-uniform speed it covers unequal distance in equal intervals
of time. The distance-time graph for a body which is moving with non-uniform speed is not
a straight line. It is a curve. The speed of the object will change with respect to time.

VELOCITY-TIME GRAPH
The geometrical relationship between the velocity of an object and the time taken by the object
is called the velocity-time graph.
The velocity-time graph of an object can be drown by taking the time taken along the X-axis
and the velocity along the Y-axis. The ratio of the velocity and the time taken will give the
acceleration of the object. Therefore, the slope of the velocity-time graph gives the acceleration
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of the given object. That is, by using this graph one can find the acceleration of an object. The
velocity-time graph under different conditions are shown below.
1. When the body is moving with uniform velocity
If the object moves at uniform velocity, the height of its velocity-time graph will not
change with time. It will be a straight line parallel to the x-axis. We know that the product
of velocity and time give displacement of an object moving with uniform velocity. The area
enclosed by velocity-time graph and the time axis will be equal to the magnitude of the
displacement.

To know the distance moved by the car between time t1 and t2 using the above figure, draw
perpendiculars from the points corresponding to the time t1 and t2 on the graph. The
velocity of v km/h is represented by the height AC or BD and the time (t2 – t1) is
represented by the length AB. So, the distance s moved by the car in time (t2 – t1) can be
expressed as
s = AC × CD = v(t2 – t1) = Area of the rectangle ABDC (shaded portion)
2. When the body is moving with uniform acceleration
In this case, the velocity-time graph for the motion of the car is shown in below figure. The
nature of the graph shows that velocity changes by equal amounts in equal intervals of
time. Thus, for all uniformly accelerated motion, the velocity-time graph is a straight line.
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The area under the velocity-time graph gives the distance (magnitude of displacement)
moved by the car in a given interval of time. If the car would have been moving with
uniform velocity, the distance travelled by it would be represented by the area ABCD under
the graph. Since the magnitude of the velocity of the car is changing due to acceleration,
the distance s travelled by the car will be given by the area ABCDE under the velocity-time
graph.
That is,
s = area ABCDE = area of the rectangle ABCD + area of the triangle ADE

1
 AB  BC  ( AD  DE )
2

3. When the body is moving with a variable acceleration
In the case of non-uniformly accelerated motion, velocity-time graphs can have any
shape. In below Fig. (a) shows a velocity-time graph that represents the motion of an
object whose velocity is decreasing with time while Figure (b) shows the velocity-time
graph representing the non-uniform variation of velocity of the object with time.

Prepared by: M. S. KumarSwamy, TGT(Maths)

Page - 9 -

INTEXT QUESTIONS PAGE NO. 107
1. What is the nature of the distance−time graphs for uniform and non-uniform motion of an
object?
Ans. The distance−time graph for uniform motion of an object is a straight line (as shown
in the following figure).

The distance−time graph for non-uniform motion of an object is a curved line (as shown in
the given figure).
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2. What can you say about the motion of an object whose distance−time graph is a straight
line parallel to the time axis?
Ans. When an object is at rest, its distance−time graph is a straight line parallel to the time
axis.

A straight line parallel to the x-axis in a distance−-time graph indicates that with a change
in time, there is no change in the position of the object. Thus, the object is at rest.
3. What can you say about the motion of an object if its speed−time graph is a straight line
parallel to the time axis?
Ans. Object is moving uniformly.

A straight line parallel to the time axis in a speed−time graph indicates that with a
change in time, there is no change in the speed of the object. This indicates the uniform
motion of the object.
4. What is the quantity which is measured by the area occupied below the velocity−time
graph?
Ans. Distance
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The graph shows the velocity−time graph of a uniformly moving body.
Let the velocity of the body at time (t) be v.
Area of the shaded region = length × breath
Where, Length = t, Breath = v
Area = vt = velocity × time …(i)
Distance
We know, Velocity 
Time
∴ Distance = Velocity × Time…(ii)
From equations (i) and (ii), Area = Distance
Hence, the area occupied below the velocity−time graph measures the distance covered
by the body.
NUMERICALS
1. The right-sided figure is the distance-time graph of an object. Do you think it represents a
real situation? If so, why? If not, why not?

2. The graph in below figure 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.
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3. The velocity time graph of an ascending passenger lift is given below. What is the
acceleration of the lift: (i) during the first two seconds (ii) between 2nd and 10th second (iii)
during the last two seconds.

4. A body is moving uniformly with a velocity of 5m/s. Find graphically the distance travelled
by it in 5 seconds.
5. Study the speed-time graph of a body shown in below figure 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) Calculate the acceleration of the body.
(e) Calculate the retardation of the body.
(f) Calculate the distance travelled by the body from A to B.
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6. In the above question, calculate (i) distance travelled from O to A (ii) distance travelled
from B to C. (iii) total distance travelled by the body in 16 sec.
7. 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:
0
10
20
30
40
50
Time(t)
5
10
15
20
25
30
Speed(m/s)
Draw the speed time graph choosing a convenient scale. Determine from it (i) the
acceleration of the car (ii) the distance travelled by the car in 50 sec.
8. The graph in below figure 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.

9. A car is moving on a straight road with uniform acceleration. The speed of the car varies
with time as follows:
0
2
4
6
8
10
Time(t)
8
12
16
20
24
Speed(m/s) 4
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Draw the speed time graph choosing a convenient scale. Determine from it (i) the
acceleration of the car (ii) the distance travelled by the car in 10 sec.
10. The graph given below 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.

EQUATIONS OF MOTION BY GRAPHICAL METHOD
When an object moves along a straight line with uniform acceleration, it is possible to relate its
velocity, acceleration during motion and the distance covered by it in a certain time interval by
a set of equations known as the equations of motion. There are three such equations. These are:
v = u + at --------------- (1)
1
s  ut  at 2 ------------- (2)
2
2a s = v2 – u2 ----------- (3)
where u is the initial velocity of the object which moves with uniform acceleration a for time t,
v is the final velocity, and s is the distance travelled by the object in time t. Eq. (1) describes
the velocity-time relation and Eq. (2) represents the position-time relation. Eq. (3), which
represents the relation between the position and the velocity, can be obtained from Eqs. (1) and
(2) by eliminating t. These three equations can be derived by graphical method.
EQUATION FOR VELOCITY-TIME RELATION
In the graph, AC gives the initial velocity (u). BE gives the final velocity (v). CE represents the
time taken t. DF gives the change in velocity.
Change in velocity
Time
DF OF  OD
a

CE OE  OC
But OE – OC = t
v u
a
t
Acceleration=
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 v – u = at …… (i)
 v = u + at ……(I)

EQUATION FOR POSITION-VELOCITY RELATION
Let ‘s’ be the displacement of the body in a time t.
In the graph, Displacement = Area CABE
s = Area of the rectangle CAGE + Area of the triangle ABG.
1
s = AC x CE +
(AG x GB)
2
Here AC = u
CE = t
AG = t
GB = v – u = at [from(i)]
1
s = ut +
x t x at
2
s = ut +

1 2
at …………… (II)
2

EQUATION FOR POSITION-TIME RELATION
In the graph, Displacement = Area of the trapezium CABE
1
s = (AC+EB) x CE
2
Here AC = u, EB = v, CE = t
uv
s
 t.............(ii )
2
v u
From (i), we have t 
a
Substituting the value of t,
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u v vu

2
a
2
v  u2
s
2a
2
2
 v  u  2as
v2 = u2 + 2as …………….(III)
(I), (II) and (III) are the equations of motion.
s

Acceleration due to gravity
The velocity of the body gradually decreases and becomes zero at a maximum height.The body
is decelarated or retarded. When the body is allowed to fall down, the velocity gradually
increases. Now the body is accelerated.
The decelaration or acceleration due to the gravitational force of earth is known as accelaration
due to gravity, denoted as ‘g’. The average value of ‘g’ is 9.8 m/s2. The velocity of the body
thrown vertically upwards will decrease by 9.8m for every second and the velocity of a body
falling down increases by 9.8m for every second.
The equations of motion for this body can be obtained from the equations of motion.
v =u + at
1 2
s= ut +
at
2
v2 = u2 + 2as

For the body thrown upwards, equations can be obtained by substituting
a = –g and s = h we get,
v = u – gt
1 2
h = ut –
gt
2
v2 = u2 – 2gh
When a body allowed to fall freely, u = 0. a = g and s = h.
Now, the equations will be
v = gt
1 2
h=
gt
2
v2 = 2gh
INTEXT QUESTIONS PAGE NO. 109
1. A bus starting from rest moves with a uniform acceleration of 0.1 m s−2 for 2 minutes. Find
(a) the speed acquired, (b) the distance travelled.
Ans.
(a) Initial speed of the bus, u = 0 (since the bus is initially at rest)
Acceleration, a = 0.1 m/s2
Time taken, t = 2 minutes = 120 s
Let v be the final speed acquired by the bus.
v u
v0
a 
 0.1 
t
120
∴v = 12 m/s
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(b) According to the third equation of motion:
v2 − u2 = 2as
Where, s is the distance covered by the bus
(12)2 − (0)2 = 2(0.1) s
s = 720 m
Speed acquired by the bus is 12 m/s.
Distance travelled by the bus is 720 m.
2. A train is travelling at a speed of 90 km h−1. Brakes are applied so as to produce a uniform
acceleration of −0.5 m s−2. Find how far the train will go before it is brought to rest.
Ans. Initial speed of the train, u = 90 km/h = 25 m/s
Final speed of the train, v = 0 (finally the train comes to rest)
Acceleration = −0.5 m s−2
According to third equation of motion:
v2 = u2 + 2 as
(0)2 = (25)2 + 2 (−0.5) s
Where, s is the distance covered by the train

s

252
 625m
2  0.5

The train will cover a distance of 625 m before it comes to rest.
3. A trolley, while going down an inclined plane, has an acceleration of 2 cm s−2. What will
be its velocity 3 s after the start?
Ans. Initial velocity of the trolley, u = 0 (since the trolley was initially at rest)
Acceleration, a = 2 cm s−2 = 0.02 m/s2
Time, t = 3 s
According to the first equation of motion:
v = u + at
Where, v is the velocity of the trolley after 3 s from start
v = 0 + 0.02 × 3 = 0.06 m/s
Hence, the velocity of the trolley after 3 s from start is 0.06 m/s.
4. A racing car has a uniform acceleration of 4 m s−2. What distance will it cover in 10 s after
start?
Ans. Initial velocity of the racing car, u = 0 (since the racing car is initially at rest)
Acceleration, a = 4 m/s2
Time taken, t = 10 s
1
According to the second equation of motion: s  ut  at 2
2
Where, s is the distance covered by the racing car
1
400
s  0   4  102 
 200m
2
2
Hence, the distance covered by the racing car after 10 s from start is 200 m.
5. A stone is thrown in a vertically upward direction with a velocity of 5 m s−1. If the
acceleration of the stone during its motion is 10 m s−2 in the downward direction, what will
be the height attained by the stone and how much time will it take to reach there?
Ans. Initially, velocity of the stone,u = 5 m/s
Final velocity, v = 0 (since the stone comes to rest when it reaches its maximum height)
Acceleration of the stone, a = acceleration due to gravity, g = 10 m/s2
(in downward direction)
There will be a change in the sign of acceleration because the stone is being thrown
upwards.
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Acceleration, a = −10 m/s2
Let s be the maximum height attained by the stone in time t.
According to the first equation of motion:
v = u + at
0 = 5 + (−10) t
5
t 
 0.5s
10
According to the third equation of motion:
v2 = u2 + 2 as
(0)2 = (5)2 + 2(−10) s
52
s
 1.25m
20
Hence, the stone attains a height of 1.25 m in 0.5 s.
UNIFORM CIRCULAR MOTION
An athlete runs along the circumference of a circular path. This type of motion is known as
circular motion. The movement of an object in a circular path is called circular motion.
When an object moves in a circular path with a constant velocity, its motion is called uniform
circular motion. In uniform circular motion, the magnitude of the velocity is constant at all
points and the direction of the velocity changes continuously.
We know that the circumference of a circle of radius r is given by 2  r . If the athlete takes t
seconds to go once around the circular path of radius r, the velocity v is given by
2 r
v
t
NUMERICALS

1. A car increases its speed from 20 km/h to 50 km/h in 10 seconds. What is its
acceleration?
2. A ship is moving at a speed of 56km/h. One second later, it is moving at 58km/h.
What is its acceleration?
3. A scooter acquires a velocity of 36km/h in 10 seconds just after the start. Calculate
the acceleration of the scoter.
4. A racing car has uniform acceleration of 4m/s2. What distance will it cover in 10
seconds after start?
5. A car acquires a velocity of 72km/h in 10 seconds starting from rest. Find (a) the
acceleration (b) the average velocity (c) the distance travelled in this time.
6. A body is accelerating at a constant rate of 10m/s2. If the body starts from rest, how
much distance will it cover in 2 seconds?
7. An object undergoes an acceleration of 8m/s2 starting from rest. Find the distance
travelled in 1 second.
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8. A moving train is brought to rest within 20 seconds by applying brakes. Find the
initial velocity, if the retardation due to brakes is 2m/s2.
9. A car accelerates uniformly from 18km/h to 36 km/h in 5 seconds. Calculate (i)
acceleration and (ii) the distance covered by the car in that time.
10. 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. How much time will it
take for the body to stop?
11. A train starting from the 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.
12. A bus was moving with a speed of 54 km/h. On applying brakes, it stopped in 8
seconds. Calculate the acceleration and the distance travelled before stopping.
13. A motor cycle moving with a speed of 5 m/s is subjected to an acceleration of 0.2
m/s2. Calculate the speed of the motor cycle after 10 seconds and the distance
travelled in this time.
14. The brakes applied to a car produce an acceleration of 6 m/s2 in the opposite
direction to the motion. If the car takes 2 seconds to stop after the application of
brakes, calculate the distance it travels during this time.
15. A train starting from rest attains a velocity of 72 km/h in 5 minutes. Assuming that
the acceleration is uniform, find (i) the acceleration and (ii) the distance travelled by
the train for attaining this velocity.
16. Calculate the speed of the tip of second’s hand of a watch of length 1.5 cm.
17. A cyclist goes once round a circular track of diameter 105m in 5 minutes. Calculate
his speed.
18. A cyclist moving on a circular track of radius 50m complete revolution in 4 minutes.
What is his (i) average speed (ii) average velocity in one full revolution?
19. The length of minutes hand of a clock in 5 cm. Calculate its speed.
20. A car starts from rest and moves along the x-axis with constant acceleration 5m/s2
for 8 seconds. If it then continues with constant velocity, what distance will the car
cover in 12 seconds since it started from the rest?
21. An object is dropped from rest at a height of 150m and simultaneously another
object is dropped from rest at a height 100m. What is the difference in their heights
after 2 seconds if both the objects drop with same acceleration? How does the
difference in heights vary with time?
22. Obtain a relation for the distance travelled by an object moving with a uniform
acceleration in the interval between 4th and 5th seconds.
23. Two stones are thrown vertically upwards simultaneously with their initial velocities
u1 and u2 respectively. Prove that the heights reached by them would be in the ratio
of u12:u22 (Assume upward acceleration is – g and downward acceleration to be +g).
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24. An object starting from rest travels 20m in first 2 seconds and 160m in next 4 seconds.
What will be the velocity after 7 seconds from the start?
25. An electron moving with a velocity of 5 x 104 m/s enters into a uniform electric field and
acquires a uniform acceleration of 104m/s2 in the direction of its initial motion. (i) Calculate
the time in which the electron would acquire a velocity double of its initial velocity. (ii)
How much distance the electron would cover in this time?
EXERCISE QUESTIONS PAGE NO. 112

1. An athlete completes one round of a circular track of diameter 200 m in 40 s. What will be
the distance covered and the displacement at the end of 2 minutes 20 s?
Ans. Diameter of a circular track, d = 200 m
d
Radius of the track, r =  100m
2
Circumference = 2πr = 2π (100) = 200π m
In 40 s, the given athlete covers a distance of 200π m.
200
In 1 s, the given athlete covers a distance =
m
40
The athlete runs for 2 minutes 20 s = 140 s
200  22
∴Total distance covered in 140 s 
140  2200m
40  7
The athlete covers one round of the circular track in 40 s. This means that after every 40 s,
the athlete comes back to his original position. Hence, in 140 s he had completed 3 rounds
of the circular track and is taking the fourth round.
He takes 3 rounds in 40 × 3 = 120 s. Thus, after 120 s his displacement is zero.
Then, the net displacement of the athlete is in 20 s only. In this interval of time, he moves
at the opposite end of the initial position. Since displacement is equal to the shortest
distance between the initial and final position of the athlete, displacement of the athlete will
be equal to the diameter of the circular track.
∴ Displacement of the athlete = 200 m
Distance covered by the athlete in 2 min 20 s is 2200 m and his displacement is
200 m.
2. Joseph jogs from one end A to the other end B of a straight 300 m road in 2 minutes 50
seconds and then turns around and jogs 100 m back to point C in another 1 minute. What
are Joseph’s average speeds and velocities in jogging (a) from A to B and (b) from A to C?
Ans. (a) From end A to end B

Distance covered by Joseph while jogging from A to B = 300 m
Time taken to cover that distance = 2 min 50 seconds = 170 s
Total distance covered
Average speed 
Total time taken
Total distance covered = 300 m
Total time taken = 170 s
Displacement = shortest distance between A and B = 300 m
Time interval = 170 s
300
Average speed 
 1.765m / s
170
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Displacement
Total time taken
Displacement = shortest distance between A and B = 300 m
Time interval = 170 s
300
Average velocity 
 1.765m / s
170
The average speed and average velocity of Joseph from A to B are the same and equal to
1.765 m/s.
(b) From end A to end C
Average velocity 

Average speed 

Total distance covered
Total time taken

Total distance covered = Distance from A to B + Distance from B to C
= 300 + 100 = 400 m
Total time taken = Time taken to travel from A to B + Time taken to travel from B to C =
170 + 60 = 230 s
400
Average speed 
 1.739m / s
230
Displacement
Average velocity 
Total time taken
Displacement from A to C = AC = AB − BC = 300 − 100 = 200 m
Time interval = time taken to travel from A to B + time taken to travel from B to C
= 170 + 60 = 230 s
200
Average velocity 
 0.87m / s
230
The average speed of Joseph from A to C is 1.739 m/s and his average velocity is 0.87 m/s.
3. Abdul, while driving to school, computes the average speed for his trip to be 20 km/h. On
his return trip along the same route, there is less traffic and the average speed is 40 km/h.
What is the average speed for Abdul’s trip?
Ans. Case I: While driving to school
Average speed of Abdul’s trip = 20 km/h
Total distance covered
Average speed 
Total time taken
Total distance = Distance travelled to reach school = d
Let total time taken = t1
d
d
 20   t1  ..........(i )
t1
20
Case II: While returning from school
Total distance = Distance travelled while returning from school = d
Now,total time taken = t2
d
d
 40   t1  ..........(ii)
t2
40
Total distance covered in the trip
Average Speed for Abdul's trip =
Total time taken
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Where,
Total distance covered in the trip = d + d = 2d
Total time taken, t = Time taken to go to school + Time taken to return to school
= t1 + t2
2d
 Average speed =
t1 +t 2
From equations (i) and (ii),
2d
2
80
Average speed =


 26.67m / s
d d
2 1 3
+
20 40
40
Hence, the average speed for Abdul’s trip is 26.67 m/s.
4. A motorboat starting from rest on a lake accelerates in a straight line at a constant rate of
3.0 m/s2 for 8.0 s. How far does the boat travel during this time?
Ans. Initial velocity, u = 0 (since the motor boat is initially at rest)
Acceleration of the motorboat, a = 3 m/s2
Time taken, t = 8 s
According to the second equation of motion:
1
s  ut  at 2
2
Distance covered by the motorboat, s
1
s  0   3  82  96m
2
Hence, the boat travels a distance of 96 m.
5. A driver of a car travelling at 52 km/h applies the brakes and accelerates uniformly in the
opposite direction. The car stops in 5 s. Another driver going at 3 km/h in another car
applies his brakes slowly and stops in 10 s. On the same graph paper, plot the speed versus
time graphs for the two cars. Which of the two cars travelled farther after the brakes were
applied?
Ans. Case A:
Initial speed of the car, u1 = 52 km/h = 14.4 m/s
Time taken to stop the car, t1 = 5 s
Final speed of the car becomes zero after 5 s of application of brakes.
Case B:
Initial speed of the car, u2 = 3 km/h = 0.833 m/s 0.83 m/s
Time taken to stop the car, t2 = 10 s
Final speed of the car becomes zero after 10 s of application of brakes.
Plot of the two cars on a speed−time graph is shown in the following figure:
Distance covered by each car is equal to the area under the speed−time graph.
Distance covered in case A,
1
1
S1   OP  OR   14.4  5  36m
2
2
Distance covered in case B,
1
1
S 2   OS  OQ   0.83  10  4.15m
2
2
Area of ΔOPR > Area of ΔOSQ
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Thus, the distance covered in case A is greater than the distance covered in case B.
Hence, the car travelling with a speed of 52 km/h travels farther after brakes were applied.
6. Fig 8.11 shows the distance-time graph of three objects A,B and C. Study the graph and
answer the following questions:

(a) Which of the three is travelling the fastest?
(b) Are all three ever at the same point on the road?
(c) How far has C travelled when B passes A?
(d) How far has B travelled by the time it passes C?
Distance
Time
y-axis Distance
Slope of the graph=

x-axis
Time
∴Speed = slope of the graph
Since slope of object B is greater than objects A and C, it is travelling the fastest.

Ans. Speed 
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(b) All three objects A, B and C never meet at a single point. Thus, they were never at the
same point on road.
(c) On the distance axis:

7 small boxes = 4 km
4
∴1 small box  km
7
Initially, object C is 4 blocks away from the origin.
16
∴Initial distance of object C from origin  km
7
Distance of object C from origin when B passes A = 8 km
16 56  16 40
Distance covered by C  8  

 5.714km
7
7
7
Hence, C has travelled a distance of 5.714 km when B passes A.
(d)
4
36
Distance covered by B at the time it passes C for 9 boxes   9 
 5.143km
7
7
Hence, B has travelled a distance of 5.143 km when B passes A.
7. A ball is gently dropped from a height of 20 m. If its velocity increases uniformly at the
rate of 10 m/s2, with what velocity will it strike the ground? After what time will it strike
the ground?
Ans. Distance covered by the ball, s = 20 m
Acceleration, a = 10 m/s2
Initially, velocity, u = 0 (since the ball was initially at rest)
Final velocity of the ball with which it strikes the ground, v
According to the third equation of motion:
v2 = u2 + 2 as
v2 = 0 + 2 (10) (20)
v = 20 m/s
According to the first equation of motion:
v = u + at
Where,
Time, t taken by the ball to strike the ground is,
20 = 0 + 10 (t)
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t=2s
Hence, the ball strikes the ground after 2 s with a velocity of 20 m/s.
8. The speed-time graph for a car is shown is Fig. 8.12.

(a) Find how far does the car travel in the first 4 seconds. Shade the area on the graph
that represents the distance travelled by the car during the period.
(b) Which part of the graph represents uniform motion of the car?

(a)
The shaded area which is equal to

1
 4  6  12m represents the distance travelled by the car in
2

the first 4 s.

(b) The part of the graph in red colour between time 6 s to 10 s represents uniform motion of
the car.
9. State which of the following situations are possible and give an example for each of these:
(a) an object with a constant acceleration but with zero velocity (b) an object moving in a
certain direction with an acceleration in the perpendicular direction.
Ans. (a) Possible
When a ball is thrown up at maximum height, it has zero velocity, although it will have
constant acceleration due to gravity, which is equal to 9.8 m/s2.
(b) Possible
When a car is moving in a circular track, its acceleration is perpendicular to its direction.
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10. An artificial satellite is moving in a circular orbit of radius 42250 km. Calculate its speed if
it takes 24 hours to revolve around the earth?
Ans. Radius of the circular orbit, r = 42250 km
Time taken to revolve around the earth, t = 24 h
Speed of a circular moving object,
2 r
v
t
2  3.14  42250
v
24
 v  1.105  104 km / h  3.069km / s
Hence, the speed of the artificial satellite is 3.069 km/s.
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ASSIGNMENT QUESTIONS
MOTION
Multiple Choice Questions
1. If the displacement of an object is proportional to square of time, then the object moves
with
(a) uniform velocity
(b) uniform acceleration
(c) increasing acceleration
(d) decreasing acceleration
2. The distance time graph of a body coincides with its time axis. The body must be
(a) in uniform motion
(b) at rest
(c) in uniformly accelerated motion
(d) in zig-zag motion
3. From the given v – t graph (see below Fig.), it can be inferred that the object is
(a) in uniform motion
(b) at rest
(c) in non-uniform motion
(d) moving with uniform acceleration

4. The velocity time graph of a body is parallel to the time axis. The body is
(a) at rest
(b) having uniform acceleration
(c) having zero acceleration
(d) having non-uniform acceleration
5. A particle is moving in a circular path of radius r. The displacement after half a circle
would be:
(a) Zero
(b) π r
(c) 2 r
(d) 2π r
6. A body is thrown vertically upward with velocity u, the greatest height h to which it will
rise is,
(a) u/g (b) u2/2g (c) u2/g (d) u/2g
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7. The numerical ratio of displacement to distance for a moving object is
(a) always less than 1
(b) always equal to 1
(c) always more than 1
(d) equal or less than 1
8. Suppose a boy is enjoying a ride on a merry-go-round which is moving with a constant
speed of 10 m/s. It implies that the boy is
(a) at rest
(b) moving with no acceleration
(c) in accelerated motion
(d) moving with uniform velocity
9. Area under a v – t graph represents a physical quantity which has the unit
(a) m2
(b) m
(c) m3
(d) m/s
10. Four cars A, B, C and D are moving on a levelled road. Their distance versus time graphs
are shown in below Fig.. Choose the correct statement
(a) Car A is faster than car D.
(b) Car B is the slowest.
(c) Car D is faster than car C.
(d) Car C is the slowest.

11. Slope of a velocity – time graph gives
(a) the distance
(b) the displacement
(c) the acceleration
(d) the speed
12. In which of the following cases of motions, 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 in circular path
(c) The pendulum is moving to and fro
(d) The earth is revolving around the Sun

Prepared by: M. S. KumarSwamy, TGT(Maths)

Page - 29 -

13. Which of the following figures (see below Figure) represents uniform motion of a
moving object correctly?

SHORT ANSWER QUESTIONS
14. The displacement of a moving object in a given interval of time is zero. Would the distance
travelled by the object also be zero? Justify you answer.
15. How will the equations of motion for an object moving with a uniform velocity change?
16. A car starts from rest and moves along the x-axis with constant acceleration 5 m/s2 for 8
seconds. If it then continues with constant velocity, what distance will the car cover in 12
seconds since it started from the rest?
17. A motorcyclist drives from A to B with a uniform speed of 30 km/h and returns back with a
speed of 20 km/h. Find its average speed.
18. Draw a velocity versus time graph of a stone thrown vertically upwards and then coming
downwards after attaining the maximum height.
19. The velocity-time graph (see below Figure) shows the motion of a cyclist. Find (i) its
acceleration (ii) its velocity and (iii) the distance covered by the cyclist in 15 seconds.
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20. A girl walks along a straight path to drop a letter in the letterbox and comes back to her
initial position. Her displacement–time graph is shown in below figure. Plot a velocity–
time graph for the same.

LONG ANSWER QUESTIONS
21. An object starting from rest travels 20 m in first 2 s and 160 m in next 4 s. What will be the
velocity after 7 s from the start.
22. An electron moving with a velocity of 5 × 104 m/s enters into a uniform electric field and
acquires a uniform acceleration of 104 m/s2 in the direction of its initial motion.
(i) Calculate the time in which the electron would acquire a velocity double of its initial
velocity.
(ii) How much distance the electron would cover in this time?
23. Obtain a relation for the distance travelled by an object moving with a uniform acceleration
in the interval between 4th and 5th seconds.
24. Two stones are thrown vertically upwards simultaneously with their initial velocities u1 and
u2 respectively. Prove that the heights reached by them would be in the ratio of u12 : u22 (
Assume upward acceleration is –g and downward acceleration to be +g ).
25. An object is dropped from rest at a height of 150 m and simultaneously another object is
dropped from rest at a height 100 m. What is the difference in their heights after 2 s if both
the objects drop with same accelerations? How does the difference in heights vary with
time?
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CHAPTER – 9
FORCE AND LAWS OF MOTION
FORCE
A force is anything that can cause a change to objects. Forces can:
• change the shape of an object
• move or stop an object
• change the direction of a moving object.
A force can be classified as either a contact force or a non-contact force.
A contact force must touch or be in contact with an object to cause a change. Examples of
contact forces are:
• the force that is used to push or pull things, like on a door to open or close it
• the force that a sculptor uses to turn clay into a pot
• the force of the wind to turn a windmill
A non-contact force does not have to touch an object to cause a change. Examples of noncontact forces are:
• the force due to gravity, like the Earth pulling the Moon towards itself
• the force due to electricity, like a proton and an electron attracting each other
• the force due to magnetism, like a magnet pulling a paper clip towards itself
The unit of force is the newton (symbol N). This unit is named after Sir Isaac Newton who first
defined force. Force is a vector quantity and has a magnitude and a direction.
EFFECT OF FORCE:
1. Force can make a stationary body in motion. For example a football can be set to move by
kicking it, i.e. by applying a force.
2. Force can stop a moving body – For example by applying brakes, a running cycle or a
running vehicle can be stopped.
3. Force can change the direction of a moving object. For example; By applying force, i.e. by
moving handle the direction of a running bicycle can be changed. Similarly by moving
steering the direction of a running vehicle is changed.
4. Force can change the speed of a moving body – By accelerating, the speed of a running
vehicle can be increased or by applying brakes the speed of a running vehicle can be
decreased.
5. Force can change the shape and size of an object. For example -– By hammering, a block
of metal can be turned into a thin sheet. By hammering a stone can be broken into pieces.
Forces are can also divided into two types:
1. Balanced Forces
2. Unbalanced Forces
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BALANCED FORCES
If the resultant of applied forces is equal to zero, it is called balanced forces.
Example : - In the tug of war if both the teams apply similar magnitude of forces in opposite
directions, rope does not move in either side. This happens because of balanced forces in which
resultant of applied forces become zero.
Balanced forces do not cause any change of state of an object. Balanced forces are equal in
magnitude and opposite in direction.
Balanced forces can change the shape and size of an object. For example - When forces are
applied from both sides over a balloon, the size and shape of balloon is changed.
UNBALANCED FORCES
If the resultant of applied forces are greater than zero the forces are called unbalanced forces.
An object in rest can be moved because of applying balanced forces.
Unbalanced forces can do the following:
 Move a stationary object.
 Increase the speed of a moving object.
 Decrease the speed of a moving object.
 Stop a moving object.
 Change the shape and size of an object.
LAWS OF MOTION:
NEWTON’S LAWS OF MOTION:
 Newton's First Law of Motion - Any object remains in the state of rest or in uniform
motion along a straight line, until it is compelled to change the state by applying
external force.
 Newton's Second Law of Motion - The rate of change of momentum is directly
proportional to the force applied in the direction of force.
 Newton's Third Law of Motion - There is an equal and opposite reaction for evrey
action
NEWTON’S FIRST LAW OF MOTION:
Any object remains in the state of rest or in uniform motion along a straight line, until it is
compelled to change the state by applying external force.
Explanation: If any object is in the state of rest, then it will remain in rest untill a exernal force
is applied to change its state. Similarly an object will remain in motion untill any external force
is applied over it to change its state. This means all objects resist to in changing their state. The
state of any object can be changed by applying external forces only.
NEWTON’S FIRST LAW OF MOTION IN EVERYDAY LIFE:
a. A person standing in a bus falls backward when bus is start moving suddenly. This happens
because the person and bus both are in rest while bus is not moving, but as the bus starts
moving the legs of the person start moving along with bus but rest portion of his body has
tendency to remain in rest. Because of this person falls backward; if he is not alert.
b. A person standing in a moving bus falls forward if driver applies brakes suddenly. This
happens because when bus is moving, the person standing in it is also in motion along with
bus. But when driver applies brakes the speed of bus decreases suddenly or bus comes in
the state of rest suddenly, in this condition the legs of the person which are in the contact
with bus come in rest while the rest parts of his body have tendency to remain in motion.
Because of this person falls forward if he is not alert.
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MASS AND INERTIA:
The property of an object because of which it resists to get disturbed its state is called Inertia.
Inertia of an object is measured by its mass. Inertia is directly proportional to the mass. This
means inertia increases with increase in mass and decreases with decrease in mass. A heavy
object will have more inertia than lighter one.
In other words, the natural tendency of an object that resists the change in state of motion or
rest of the object is called inertia.
Since a heavy object has more inertia, thus it is difficult to push or pul a heavy box over the
ground than lighter one.
INTEXT QUESTIONS PAGE NO. 118
1. Which of the following has more inertia: (a) a rubber ball and a stone of the same size? (b)
a bicycle and a train? (c) a five-rupees coin and a one-rupee coin?
Ans. Inertia is the measure of the mass of the body. The greater is the mass of the body; the
greater is its inertia and vice-versa.
(a) Mass of a stone is more than the mass of a rubber ball for the same size. Hence, inertia
of the stone is greater than that of a rubber ball.
(b) Mass of a train is more than the mass of a bicycle. Hence, inertia of the train is greater
than that of the bicycle.
(c) Mass of a five rupee coin is more than that of a one-rupee coin. Hence, inertia of the
five rupee coin is greater than that of the one-rupee coin.
2. In the following example, try to identify the number of times the velocity of the ball
changes:
“A football player kicks a football to another player of his team who kicks the football
towards the goal. The goalkeeper of the opposite team collects the football and kicks it
towards a player of his own team”. Also identify the agent supplying the force in each case.
Ans. The velocity of the ball changes four times. As a football player kicks the football, its
speed changes from zero to a certain value. As a result, the velocity of the ball gets
changed. In this case, the player applied a force to change the velocity of the ball. Another
player kicks the ball towards the goal post. As a result, the direction of the ball gets
changed. Therefore, its velocity also changes. In this case, the player applied a force to
change the velocity of the ball. The goalkeeper collects the ball. In other words, the ball
comes to rest. Thus, its speed reduces to zero from a certain value. The velocity of the ball
has changed. In this case, the goalkeeper applied an opposite force to stop/change the
velocity of the ball. The goalkeeper kicks the ball towards his team players. Hence, the
speed of the ball increases from zero to a certain value. Hence, its velocity changes once
again. In this case, the goalkeeper applied a force to change the velocity of the ball.
3. Explain why some of the leaves may get detached from a tree if we vigorously shake its
branch.
Ans. Some leaves of a tree get detached when we shake its branches vigorously. This is
because when the branches of a tree are shaken, it moves to and fro, but its leaves tend to
remain at rest. This is because the inertia of the leaves tend to resist the to and fro motion.
Due to this reason, the leaves fall down from the tree when shaken vigorously.
4. Why do you fall in the forward direction when a moving bus brakes to a stop and fall
backwards when it accelerates from rest?
Ans. Due to the inertia of the passenger. Every body tries to maintain its state of motion or
state of rest. If a body is at rest, then it tries to remain at rest. If a body is moving, then it
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tries to remain in motion. In a moving bus, a passenger moves with the bus. As the driver
applies brakes, the bus comes to rest. But, the passenger tries to maintain his state of
motion. As a result, a forward force is exerted on him. Similarly, the passenger tends to fall
backwards when the bus accelerates from rest. This is because when the bus accelerates,
the inertia of the passenger tends to oppose the forward motion of the bus. Hence, the
passenger tends to fall backwards when the bus accelerates forward.
MOMENTUM
Momentum is the power of motion of an object.
The product of velocity and mass is called the momentum. Momentum is denoted by ‘p’.
Therefore, momentum of the object = Mass x Velocity.
Or, p = m x v
Where, p = momentum, m = mass of the object and v = velocity of the object.
NEWTON'S SECOND LAW OF MOTION
Newton's second Law of Motion states that The rate of change of momentum is directly
proportional to the force applied in the direction of force.
For example; when acceleration is applied on a moving vehicle, the momentum of the vehicle
increases and the increase is in the direction of motion because the force is being applied in the
direction of motion. On the other hand, when brake is applied on the moving vehicle, the
momentum of the vehicle decreases and the decrease is in the opposite direction of motion
because the force is being applied in the opposite direction of motion.
Mathematical formulation of Newton’s Second Law of Motion:
Let mass of an moving object = m.
Let the velocity of the object changes from ‘u’ to ‘v’ in the interval of time ‘t’.
This means,
Initial velocity of the object = u.
Final velocity of the object = v.
We know that momentum (p) = Mass x velocity
Therefore,
Momentum (p) of the object at its initial velocity u = m x u = mu
Momentum (p) of the object at its final velocity v = m x v = mv
The change in momentum = mv – mu
mv  mu
Rate of change of momentum 
………………… (i)
t
According to the Newton’s Second Law of motion force is directly proportional to the rate of
change of momentum.
This means, Force ∝ Rate of change of moentum
After substituting the value of rate of change of momentum from equation (i) we get.
mv  mu
Force 
t
m (v  u )
F
t
v u 

 F  ma  a 

t 

 F  k .ma ……………. (ii)
where, k is proportionality constant.
Since, 1 unit force is defined as the mass of 1kg object produces the acceleration of 1m/s2
Therefore, 1 unit of Force = k x 1 kg x 1m/s2
Thus k = 1.
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By substituting the value of ‘k = 1’ in equation (ii) we get
F = m.a ……………… (iii)
⇒ Force = mass × acceleration
Thus Newton’s Second Law of Motion gives the relation between force, mass and acceleration
of an object.
According to the relation obtained above, Newton’s Second Law can be modified as follows:
The product of mass and acceleration is the force acting on the object.
The SI unit of Force: Newton (N)

Since Force = Mass x Acceleration
The unit of mass = kg and The unit of acceleration = m/s2
If force, mass and acceleration is taken as 1 unit.
Therefore,
1 Newton (N) = 1kg x 1m/s2
Thus, Newton (N) = kg m/s2
Equation (iii) can be also written as
F
a
………………… (iv)
m
This equation is the form of Newton’s Second Law of Motion.
According to this equation, Newton’s Second Law of Motion can also be stated as follow:
The acceleration produced by a moving body is directly proportional to the force applied over
it and inversely proportional to the mass of the object.
From the above relation it is clear that
Acceleration increases with increase in force and vice versa.
Acceleration decreases with increase in mass and vice versa.
That’s why a small vehicle requires less force to attain more acceleration while a heavy vehicle
requires more force to get the same acceleration.
NEWTON’S SECOND LAW OF MOTION IN EVERYDAY LIFE:
a. A fielder pulls his hand backward; while catching a cricket ball coming with a great speed,
to reduce the momentum of the ball with a little delay. According to Newton’s Second Law
of Motion; rate of change of momentum is directly proportional to the force applied in the
direction.
b. While catching a cricket ball the momentum of ball is reduced to zero when it is stopped
after coming in the hands of fielder. If the ball is stopped suddenly, its momentum will be
reduced to zero instantly. The rate of change in momentum is very quick and as a result, the
player’s hand may get injured. Therefore, by pulling the hand backward a fielder gives
more time to the change of momentum to become zero. This prevents the hands of fielder
from getting hurt.
NUMERICAL

1. What is acceleration produced by a force of 12 Newton exerted on an object of mass
3 kg?
2. What force would be needed to produce an acceleration of 4m/s2 on a ball of mass 6
kg?
3. A force of 5 N gives a mass m1, an acceleration of 8 m/s2, and a mass m2, an
acceleration of 24 m/s2. What acceleration would give if both the masses are tied
together?
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4. Calculate the force required to impart a car a velocity of 30m/s in 10 seconds. The
mass of the car is 1500 kg.
5. A motorcycle is moving with a velocity of 90km/h and it takes 5 seconds to stop
after the brakes are applied. Calculate the force exerted by the brakes on the
motorcycle if its mass along with the rider is 200kg.
6. What is the momentum of a man of mass 75kg when he walks with a velocity of
2m/s?
7. What would be the force required to produce an acceleration of 2m/s2 in a body of
mass 12 kg? What would be the acceleration it the force were doubled?
8. A man pushes a box of mass 50 kg with a force of 80N.What will be the
acceleration of the box? What would be the acceleration if the mass were doubled?
9. A certain force exerted for 1.2 second raises the speed of an object from 1.8m/s to
4.2 m/s. Later, the same force is applied for 2 second. How much does the speed
change in 2 second?
10. A constant force acts on an object of mass 5 kg for duration of 2 second. It increases
the object’s velocity from 3cm/s to 7m/s. Find the magnitude of the applied force.
Now if the force were applied for a duration of 5 seconds, what would be the final
velocity of the object?
11. A motorcar is moving with a velocity of 108km/h and it takes 4 seconds to stop after
the brakes are applied. Calculate the force exerted by the brakes on the motorcar it
its mass along with the passengers is 1000 kg.
12. A force of 5 N gives a mass m1, an acceleration of 10 m/s2, and a mass m2, an
acceleration of 20 m/s2. What acceleration would it give if both the masses were tied
together?
13. For how long should a force of 100 N act on a body of mass 20 kg so that it acquires
a velocity of 100 m/s?
14. A 150 g ball traveling at 30m/s strikes the palm of a players hand and is stopped in
0.06 sec. Calculate the force exerted by the ball on the hand.
15. A body of mass 1 kg is kept at rest. A constant force of 6.0 N starts acting on it .
Find the time taken by the body to move through a distance of 12m.
16. A force of 4 N acts on a body of mass 2 kg for 4 s. Assuming that the body to be
initially at rest, find (i) its velocity when the force stops acting (ii) the distance
covered in 10 s after the force starts acting.
17. A feather of mass 10 g is dropped from a height. It is found to fall down with a
constant velocity. What is the net force acting on it?
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18. A hockey ball of mass 200g traveling from west to east at 10m/s is struck by a
hockey stick. As a result, then ball gets turned back and now has a speed of 5m/s. If
the ball and hockey stick were in contact for 0.2 s, calculate (i) initial and final
momentum of the ball (ii) rate of change of momentum of the ball (iii) the force
exerted by hockey stick on the ball.
19. A stone of mass 500 g is thrown with a velocity of 20m/s across the frozen surface
of a lake. It comes to rest after traveling a distance of 0.1 km. Calculate force of
friction between the stone and frozen surface of lake.
20. A body starts from rest and rolls down a hill with a constant acceleration. If its
travels 400 m in 20 seconds, calculate the force acting on the body if its mass is
10kg.
21. The velocity time graph of a ball of mass 20g moving along a straight line on a long
table is given in below figure. How much force does the table exert on the ball to
bring it to rest?

22. The speed time graph of a ball of mass 30g moving along a straight line is shown in
below figure. Calculate the opposing force that brings the ball to rest.

What will be the percentage change in momentum of a body when both its mass and
velocity are doubled?
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23. A force of 2 N gives a mass m1 an acceleration of 5m/s2 and a mass m2, an
accelerated of 7m/s2. What acceleration would be produced if both the masses are
tied together?
24. A body of mass 2 kg moving with a velocity of 10m/s is brought to rest in 5 sec.
Calculate the stopping force applied.
NEWTON'S THIRD LAW OF MOTION
Newton’s Third Law of Motion states that there is always reaction for every action in opposite
direction and of equal magnitude.
Explanation: Whenever a force is applied over a body, that body also applies same force of
equal magnitude and in opposite direction.
Example –
(a) Walking of a person - A person is able to walk because of the Newton’s Third Law of
Motion. During walking, a person pushes the ground in backward direction and in the reaction
the ground also pushes the person with equal magnitude of force but in opposite direction. This
enables him to move in forward direction against the push.
(b) Recoil of gun - When bullet is fired from a gun, the bullet also pushes the gun in opposite
direction, with equal magnitude of force. This results in gunman feeling a backward push from
the butt of gun.
(c) Propulsion of a boat in forward direction – Sailor pushes water with oar in backward
direction; resulting water pushing the oar in forward direction. Consequently, the boat is
pushed in forward direction. Force applied by oar and water are of equal magnitude but in
opposite directions.
CONSERVATION OF MOMENTUM –
Law of Conservation of Momentum – The sum of momenta of two objects remains same even
after collision.
In other words, the sum of momenta of two objects before collision and sum of momenta of
two objects after collision are equal.
Mathematical Formulation of Conservation of Momentum:
Suppose that, two objects A and B are moving along a straight line in same direction and the
velocity of A is greater than the velocity of B.

Let the initial velocity of A=uA
Let the initial velocity of B= uB
Let the mass of A= mA
Let the mass of B=mB
Let both the objects collide after some time and collision lasts for ' t' second.
Let the velocity of A after collision= vA
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Let the velocity of B after collision= vB
We know that, Momentum = Mass x Velocity
Therefore,
Momentum of A (FA) before collision = mA x uA
Momentum of B (FB) before collision = mB x uB
Momentum of A after collision = mA x vA
Momentum of B after collision = mB x vB
Now, we know that Rate of change of momentum = mass x rate of change in velocity
Change in velocity
 Rate of change of momentum =mass 
time
 v  uA 
Therefore, rate of change of momentum of A during collision, FAB  mA  A

 t 
 v  uB 
Similarly, the rate of change of momentum of B during collision, FBA  mB  B

 t 
Since, according to the Newton’s Third Law of Motion, action of the object A (force exerted
by A) will be equal to reaction of the object B (force exerted by B). But the force exerted in the
course of action and reaction is in opposite direction.
Therefore,
FAB   FBA

 v u 
 v u 
or , m A  A A   mB  B B 
 t 
 t 
 mA (v A  u A )   mB (vB  uB )
 mAv A  mAu A   mB vB  mB uB
 mAv A  mB vB  mAu A  mB uB ……………. (i)
Above equation says that total momentum of object A and B before collision is equal to the
total momentum of object A and B after collision. We observe that the total momentum of the
two balls remains unchanged or conserved provided no other external force acts. As a result of
this ideal collision experiment, we say that the sum of momenta of the two objects before
collision is equal to the sum of momenta after the collision provided there is no external
unbalanced force acting on them. This is known as the law of conservation of momentum. This
statement can alternatively be given as the total momentum of the two objects is unchanged or
conserved by the collision.
CONSERVATION OF MOMENTUM – PRACTICAL APPLICATION
 Bullet and Gun – When bullet is fired from a gun, gun recoils in the opposite direction of
bullet. The momentum of bullet is equal to momentum of gun. Since, the bullet is has very
small mass compared to the gun, hence velocity of bullet is very high compared to the
recoil of gun. In the case of firing of bullet, law of conservation of momentum is applied as
usual.
 When a cricket ball is hit by bat, the Law of Conservation of Momentum is applied.
NUMERICAL

1. The velocity of a body of mass 10kg increases from 4m/s to 8m/s when a force acts
on it for 2s. (a) What is the momentum before and after the force acts? (b) What is
the gain in momentum per second? (c) What is the value of the force?
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2. A boy pushes a wall with a force of 20N. What is the magnitude and direction of the
force experienced by the body?
3. A 20 g bullet is shot from a 5 kg gun with a velocity of 500m/s. What is the speed of
the recoil of the gun?
4. A 10 g bullet is shot from a 5 kg gun with a velocity of 400m/s. What is the speed of
the recoil of the gun?
5. When two bodies A and B interact with each other, A exerts a force of 10N on B,
towards east. What is the force exerted by B on A?
6. A man weighting 60kg runs along the rails with a velocity of 18km/h and jumps into
a car of mass 1 quintal standing on the rails. Calculate the velocity with which car
will start traveling along the rails.
7. The car A of mass 1500kg, traveling at 25m/s collides with another car B of amss
1000kg traveling at 15m/s in the same direction. After collision, the velocity of car
A becomes 20m/s. Calculate the velocity of car B after collision.
8. A bullet of mass 10g is fired from a gun of mass 6 kg with a velocity of 300m.s.
Calculate the recoil velocity of the gun.
9. A bullet of mass 50g is fired from a gun of mass 6 kg with a velocity of 400m.s.
Calculate the recoil velocity of the gun.
10. A bullet of mass 10g is moving with a velocity of 400m/s gets embedded in a freely
suspended wooden block of mass 900g. What is the velocity acquired by the block?
11. A gun of mass 3 kg fires a bullet of mass 30g. The bullet takes 0.003s to move
through the barrel of the gun and acquires a velocity of 100m/s. Calculate (i) the
velocity with which the gun recoils (ii) the force exerted on gunman due to recoil of
the gun.
12. A heavy car of mass 200kg traveling at 10m/s has a head on collision with a sports
car B of mass 500kg. If both cars stop dead on colliding, what was the velocity of
car B?
13. A machine gun fires 25h bullet at the rate of 600 bullets per minute with a speed of
200m/s. Calculate the force required to keep the gun in position.
14. A bullet of mass 20g is moving with a velocity of 300m/s gets embedded in a freely
suspended wooden block of mass 880g. What is the velocity acquired by the block?
15. A girl of mass 50kg jumps out of a rowing boat of mass 300kg on to the bank with a
horizontally velocity of 3m/s. With what velocity does the boat begin to move
backwards?
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16. A truck of mass 2500kg moving at 15m/s collides with a car of mass 1000kg
moving with at 5m/s in the opposite direction. What is their common velocity?
17. A bullet of mass 20 g is fired horizontally with a velocity of 150m/s from a pistol of
mass 2kg. What is the recoil velocity of the pistol?
18. A body of mass 60kg running at 3m/s jumps on to a trolley of mass 140kg moving
with a velocity of 1.5m/s in the same direction. What is their common velocity?
19. A girl of mass 40kg jumps with a horizontal velocity of 5m/s onto a stationary cart

with frictionless wheels. The mass of the cart is 3kg. What is her velocity as the cart
starts moving? Assume that there is no external unbalanced force working in the
horizontal direction?
20. Two hockey players of opposite teams, while trying to hit a hockey ball on the

ground collide and immediately become entangled. One has a mass of 60kg, and
was moving with a velocity 5m/s, while the other has a mass 55kg and was moving
faster with a velocity of 6m/s towards the first player. In which direction and with
what velocity will they move after they become entangled? Assume that the
frictional force acting between the feet of the two players and ground is negligible.
INTEXT QUESTIONS PAGE NO. 126
1. If action is always equal to the reaction, explain how a horse can pull a cart.
Ans. A horse pushes the ground in the backward direction. According to Newton’s third
law of motion, a reaction force is exerted by the Earth on the horse in the forward direction.
As a result, the cart moves forward.
2. Explain, why is it difficult for a fireman to hold a hose, which ejects large amounts of water
at a high velocity.
Ans. Due to the backward reaction of the water being ejected. When a fireman holds a
hose, which is ejecting large amounts of water at a high velocity, then a reaction force is
exerted on him by the ejecting water in the backward direction. This is because of
Newton’s third law of motion. As a result of the backward force, the stability of the
fireman decreases. Hence, it is difficult for him to remain stable while holding the hose.
3. From a rifle of mass 4 kg, a bullet of mass 50 g is fired with an initial velocity of 35 m s−1.
Calculate the initial recoil velocity of the rifle.
Ans. Mass of the rifle, m1 = 4kg
Mass of the bullet, m2 = 50g = 0.05 kg
Recoil velocity of the rifle = v1
Bullet is fired with an initial velocity, v2 = 35m/s
Initially, the rifle is at rest.
Thus, its initial velocity, v = 0
Total initial momentum of the rifle and bullet system =(m1 + m2)v = 0
Total momentum of the rifle and bullet system after firing
= m1v1 + m2v2 = 4(v1) + 0.05 x 35
= 4v1 + 1.75
According to the law of conservation of momentum:
Total momentum after the firing = Total momentum before the firing
1.75
4v1  1.75  0  v1  
 0.4375m / s
4
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The negative sign indicates that the rifle recoils backwards with a velocity of 0.4375 m/s.
4. Two objects of masses 100 g and 200 g are moving along the same line and direction with
velocities of 2 m s−1 and 1 m s−1, respectively. They collide and after the collision, the first
object moves at a velocity of 1.67 m s−1. Determine the velocity of the second object.
Ans.
Mass of one of the objects, m1 = 100 g = 0.1 kg
Mass of the other object, m2 = 200 g = 0.2 kg
Velocity of m1 before collision, v1 = 2 m/s
Velocity of m2 before collision, v2 = 1 m/s
Velocity of m1 after collision, v3 = 1.67 m/s
Velocity of m2 after collision = v4
According to the law of conservation of momentum:
Total momentum before collision = Total momentum after collision
 m1v1 + m2v2 = m3v3 + m4v4
 (0.1) x 2 + (0.2) x 1 = (0.1) x 1.67 + (0.2) x v4
 0.4 = 0.167 + 0.2v4
 v4 = 1.165 m/s
Hence, the velocity of the second object becomes 1.165 m/s after the collision.
EXERCISE QUESTIONS PAGE NO. 128
1. An object experiences a net zero external unbalanced force. Is it possible for the object to
be travelling with a non-zero velocity? If yes, state the conditions that must be placed on
the magnitude and direction of the velocity. If no, provide a reason.
Ans. Yes. Even when an object experiences a net zero external unbalanced force, it is
possible that the object is travelling with a non-zero velocity. This is possible only when
the object has been moving with a constant velocity in a particular direction. Then, there is
no net unbalanced force applied on the body. The object will keep moving with a non-zero
velocity. To change the state of motion, a net non-zero external unbalanced force must be
applied on the object.
2. When a carpet is beaten with a stick, dust comes out of it. Explain.
Ans. Inertia of an object tends to resist any change in its state of rest or state of motion.
When a carpet is beaten with a stick, then the carpet comes to motion. But, the dust
particles try to resist their state of rest. According to Newton’s first law of motion, the dust
particles stay in a state of rest, while the carpet moves. Hence, the dust particles come out
of the carpet.
3. Why is it advised to tie any luggage kept on the roof of a bus with a rope?
Ans. When the bus accelerates and moves forward, it acquires a state of motion. However,
the luggage kept on the roof, owing to its inertia, tends to remain in its state of rest. Hence,
with the forward movement of the bus, the luggage tends to remain at its original position
and ultimately falls from the roof of the bus. To avoid this, it is advised to tie any luggage
kept on the roof of a bus with a rope.
4. A batsman hits a cricket ball which then rolls on a level ground. After covering a short
distance, the ball comes to rest. The ball slows to a stop because
(a) the batsman did not hit the ball hard enough.
(b) velocity is proportional to the force exerted on the ball.
(c) there is a force on the ball opposing the motion.
(d) there is no unbalanced force on the ball, so the ball would want to come to rest.
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Ans. (c) A batsman hits a cricket ball, which then rolls on a level ground. After covering a
short distance, the ball comes to rest because there is frictional force on the ball opposing
its motion. Frictional force always acts in the direction opposite to the direction of motion.
Hence, this force is responsible for stopping the cricket ball.
5. A truck starts from rest and rolls down a hill with a constant acceleration. It travels a
distance of 400 m in 20 s. Find its acceleration. Find the force acting on it if its mass is 7
metric tonnes (Hint: 1 metric tonne = 1000 kg.)
Ans. Initial velocity, u = 0 (since the truck is initially at rest)
Distance travelled, s = 400 m
Time taken, t = 20 s
1
According to the second equation of motion: s  ut  at 2
2
Where, Acceleration = a
1
1
400  0  a(20) 2  400  a(400)
2
2
2
 a = 2m/s
1 metric tonne = 1000 kg (Given)
∴ 7 metric tonnes = 7000 kg
Mass of truck, m = 7000 kg
From Newton’s second law of motion:
Force, F = Mass × Acceleration
F = ma = 7000 × 2 = 14000 N
Hence, the acceleration of the truck is 2 m/s2 and the force acting on the truck is 14000 N.
6. A stone of 1 kg is thrown with a velocity of 20 m/s across the frozen surface of a lake and
comes to rest after travelling a distance of 50 m. What is the force of friction between the
stone and the ice?
Ans. Initial velocity of the stone, u = 20 m/s
Final velocity of the stone, v = 0 (finally the stone comes to rest)
Distance covered by the stone, s = 50 m
According to the third equation of motion:
v2 = u2 + 2as
Where,
Acceleration, a
(0)2 = (20)2 + 2 × a × 50
a = −4 m/s2
The negative sign indicates that acceleration is acting against the motion of the stone.
Mass of the stone, m = 1 kg
From Newton’s second law of motion:
Force, F = Mass × Acceleration
F = ma
F = 1 × (− 4) = −4 N
Hence, the force of friction between the stone and the ice is −4 N.
7. A 8000 kg engine pulls a train of 5 wagons, each of 2000 kg, along a horizontal track. If
the engine exerts a force of 40000 N and the track offers a friction force of 5000 N, then
calculate:
(a) the net accelerating force;
(b) the acceleration of the train; and
(c) the force of wagon 1 on wagon 2.
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Ans.
(a)Force exerted by the engine, F = 40000 N
Frictional force offered by the track, Ff = 5000 N
Net accelerating force, Fa = F − Ff = 40000 − 5000 = 35000 N
Hence, the net accelerating force is 35000 N.
(b)Acceleration of the train = a
The engine exerts a force of 40000 N on all the five wagons.
Net accelerating force on the wagons, Fa = 35000 N
Mass of the wagons, m = Mass of a wagon × Number of wagons
Mass of a wagon = 2000 kg
Number of wagons = 5
∴ m = 2000 × 5 = 10000 kg
Mass of the engine, m′ = 8000 kg
Total mass, M = m + m′ = 18000 kg
From Newton’s second law of motion:
Fa = Ma
F 35000
a a 
 1.944m / s 2
M 18000
Hence, the acceleration of the wagons and the train is 1.944 m/s2.
(c)Mass of all the wagons except wagon 1 is 4 × 2000 = 8000 kg
Acceleration of the wagons = 3.5 m/s2
Thus, force exerted on all the wagons except wagon 1
= 8000 × 3.5 = 28000 N
Therefore, the force exerted by wagon 1 on the remaining four wagons is 28000 N.
Hence, the force exerted by wagon 1 on wagon 2 is 28000 N.
8. An automobile vehicle has a mass of 1500 kg. What must be the force between the vehicle
and road if the vehicle is to be stopped with a negative acceleration of 1.7 m/s2?
Ans. Mass of the automobile vehicle, m = 1500 kg
Final velocity, v = 0 (finally the automobile stops)
Acceleration of the automobile, a = −1.7 ms−2
From Newton’s second law of motion:
Force = Mass × Acceleration = 1500 × (−1.7) = −2550 N
Hence, the force between the automobile and the road is −2550 N, in the direction opposite
to the motion of the automobile.
9. What is the momentum of an object of mass m, moving with a velocity v?
(a) (mv)2 (b) mv2 (c) ½ mv2 (d) mv
Ans. (d) mv
Mass of the object = m
Velocity = v
Momentum = Mass × Velocity
Momentum = mv
10. Using a horizontal force of 200 N, we intend to move a wooden cabinet across a floor at a
constant velocity. What is the friction force that will be exerted on the cabinet?
Ans. A force of 200 N is applied in the forward direction. Thus, from Newton’s third law
of motion, an equal amount of force will act in the opposite direction. This opposite force is
the fictional force exerted on the cabinet. Hence, a frictional force of 200 N is exerted on
the cabinet.
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11. Two objects, each of mass 1.5 kg, are moving in the same straight line but in opposite
directions. The velocity of each object is 2.5 m s-1 before the collision during which they
stick together. What will be the velocity of the combined object after collision?
Ans. Mass of one of the objects, m1 = 1.5 kg
Mass of the other object, m2 = 1.5 kg
Velocity of m1 before collision, v1 = 2.5 m/s
Velocity of m2, moving in opposite direction before collision, v2 = −2.5 m/s
(Negative sign arises because mass m2 is moving in an opposite direction)
After collision, the two objects stick together.
Total mass of the combined object = m1 + m2
Velocity of the combined object = v
According to the law of conservation of momentum:
Total momentum before collision = Total momentum after collision
m1v1 + m2 v1 = (m1 + m2) v
1.5(2.5) + 1.5 (−2.5) = (1.5 + 1.5) v
3.75 − 3.75 = 3 v
v=0
Hence, the velocity of the combined object after collision is 0 m/s.
12. According to the third law of motion when we push on an object, the object pushes back on
us with an equal and opposite force. If the object is a massive truck parked along the
roadside, it will probably not move. A student justifies this by answering that the two
opposite and equal forces cancel each other. Comment on this logic and explain why the
truck does not move.
Ans. The truck has a large mass. Therefore, the static friction between the truck and the
road is also very high. To move the car, one has to apply a force more than the static
friction. Therefore, when someone pushes the truck and the truck does not move, then it
can be said that the applied force in one direction is cancelled out by the frictioal force of
equal amount acting in the opposite direction. Therefore, the student is right in justifying
that the two opposite and equal cancel each other.
13. A hockey ball of mass 200 g travelling at 10 m/s is struck by a hockey stick so as to return
it along its original path with a velocity at 5 m/s. Calculate the change of momentum
occurred in the motion of the hockey ball by the force applied by the hockey stick.
Ans. Mass of the hockey ball, m = 200 g = 0.2 kg
Hockey ball travels with velocity, v1 = 10 m/s
Initial momentum = mv1
Hockey ball travels in the opposite direction with velocity, v2 = −5 m/s
Final momentum = mv2
Change in momentum = mv1 − mv2 = 0.2 [10 − (−5)] = 0.2 (15) = 3 kg m s−1
Hence, the change in momentum of the hockey ball is 3 kg m s−1.
14. A bullet of mass 10 g travelling horizontally with a velocity of 150 m/s strikes a stationary
wooden block and comes to rest in 0.03 s. Calculate the distance of penetration of the bullet
into the block. Also calculate the magnitude of the force exerted by the wooden block on
the bullet.
Ans. Now, it is given that the bullet is travelling with a velocity of 150 m/s.
Thus, when the bullet enters the block, its velocity = Initial velocity, u = 150 m/s
Final velocity, v = 0 (since the bullet finally comes to rest)
Time taken to come to rest, t = 0.03 s
According to the first equation of motion, v = u + at
Acceleration of the bullet, a
0 = 150 + (a ×0.03 s)
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150
 5000m / s 2
0.03
(Negative sign indicates that the velocity of the bullet is decreasing.)
According to the third equation of motion:
v2 = u2 + 2as
0 = (150)2 + 2 (−5000) s
(150) 2
22500
s

 2.25m
2(5000) 10000
Hence, the distance of penetration of the bullet into the block is 2.25 m.
From Newton’s second law of motion:
Force, F = Mass × Acceleration
Mass of the bullet, m = 10 g = 0.01 kg
Acceleration of the bullet, a = 5000 m/s2
F = ma = 0.01 × 5000 = 50 N
Hence, the magnitude of force exerted by the wooden block on the bullet is 50 N.
a

15. An object of mass 1 kg travelling in a straight line with a velocity of 10 m/s collides with,
and sticks to, a stationary wooden block of mass 5 kg. Then they both move off together in
the same straight line. Calculate the total momentum just before the impact and just after
the impact. Also, calculate the velocity of the combined object.
Ans.
Mass of the object, m1 = 1 kg
Velocity of the object before collision, v1 = 10 m/s
Mass of the stationary wooden block, m2 = 5 kg
Velocity of the wooden block before collision, v2 = 0 m/s
∴ Total momentum before collision = m1 v1 + m2 v2
= 1 (10) + 5 (0) = 10 kg m s−1
It is given that after collision, the object and the wooden block stick together.
Total mass of the combined system = m1 + m2
Velocity of the combined object = v
According to the law of conservation of momentum:
Total momentum before collision = Total momentum after collision
m1 v1 + m2 v2 = (m1 + m2) v
1 (10) + 5 (0) = (1 + 5) v
10 5
v
 m/ s
6 3
The total momentum after collision is also 10 kg m/s.
Total momentum just before the impact = 10 kg m s−1
5
Total momentum just after the impact = (m1 + m2) v = 6   10kgm / s
3
5
Hence, velocity of the combined object after collision = m / s .
3
16. An object of mass 100 kg is accelerated uniformly from a velocity of 5 m/s to 8 m/s in 6 s.
Calculate the initial and final momentum of the object. Also, find the magnitude of the
force exerted on the object.
Ans.
Initial velocity of the object, u = 5 m/s
Final velocity of the object, v = 8 m/s
Mass of the object, m = 100 kg
Time take by the object to accelerate, t = 6 s
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Initial momentum = mu = 100 × 5 = 500 kg m s−1
Final momentum = mv = 100 × 8 = 800 kg m s−1
mv  mu
Force exerted on the object, F 
t
m(v  u ) 800  500 300
F


 50 N
t
6
6
Initial momentum of the object is 500 kg m s−1.
Final momentum of the object is 800 kg m s−1.
Force exerted on the object is 50 N.
17. Akhtar, Kiran and Rahul were riding in a motorcar that was moving with a high velocity on
an expressway when an insect hit the windshield and got stuck on the windscreen. Akhtar
and Kiran started pondering over the situation. Kiran suggested that the insect suffered a
greater change in momentum as compared to the change in momentum of the motorcar
(because the change in the velocity of the insect was much more than that of the motorcar).
Akhtar said that since the motorcar was moving with a larger velocity, it exerted a larger
force on the insect. And as a result the insect died. Rahul while putting an entirely new
explanation said that both the motorcar and the insect experienced the same force and a
change in their momentum. Comment on these suggestions.
Ans.
According to the law of conservation of momentum:
Momentum of the car and insect system before collision = Momentum of the car and insect
system after collision
Hence, the change in momentum of the car and insect system is zero.
The insect gets stuck on the windscreen. This means that the direction of the insect is
reversed. As a result, the velocity of the insect changes to a great amount. On the other
hand, the car continues moving with a constant velocity. Hence, Kiran’s suggestion that the
insect suffers a greater change in momentum as compared to the car is correct. The
momentum of the insect after collision becomes very high because the car is moving at a
high speed. Therefore, the momentum gained by the insect is equal to the momentum lost
by the car.
Akhtar made a correct conclusion because the mass of the car is very large as compared to
the mass of the insect.
Rahul gave a correct explanation as both the car and the insect experienced equal forces
caused by the Newton’s action-reaction law. But, he made an incorrect statement as the
system suffers a change in momentum because the momentum before the collision is equal
to the momentum after the collision.
18. How much momentum will a dumb-bell of mass 10 kg transfer to the floor if it falls from a
height of 80 cm? Take its downward acceleration to be 10 m/s2.
Ans. Mass of the dumbbell, m = 10 kg
Distance covered by the dumbbell, s = 80 cm = 0.8 m
Acceleration in the downward direction, a = 10 m/s2
Initial velocity of the dumbbell, u = 0
Final velocity of the dumbbell (when it was about to hit the floor) = v
According to the third equation of motion:
v2 = u2 + 2as
v2 = 0 + 2 (10) 0.8
v = 4 m/s
Hence, the momentum with which the dumbbell hits the floor is
= mv = 10 × 4 = 40 kg m s−1
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ADDITIONAL EXERCISE QUESTIONS PAGE NO. 128
1. The following is the distance-time table of an object in motion:
Time in seconds Distance in metres
0

0

1

1

2

8

3

27

4

64

5

125

6

216

7

343

(a) What conclusion can you draw about the acceleration? Is it constant, increasing,
decreasing, or zero?
(b)What do you infer about the forces acting on the object?
Ans.
(a) There is an unequal change of distance in an equal interval of time. Thus, the given
object is having a non − uniform motion. Since the velocity of the object increases with
time, the acceleration is increasing.
(b)According to Newton’s second law of motion, the force acting on an object is directly
proportional to the acceleration produced in the object. In the given case, the increasing
acceleration of the given object indicates that the force acting on the object is also
increasing.
2. Two persons manage to push a motorcar of mass 1200 kg at a uniform velocity along a
level road. The same motorcar can be pushed by three persons to produce an acceleration
of 0.2 m s-2. With what force does each person push the motorcar? (Assume that all
persons push the motorcar with the same muscular effort.)
Ans.
Mass of the motor car = 1200 kg
Only two persons manage to push the car. Hence, the acceleration acquired by the car is
given by the third person alone.
Acceleration produced by the car, when it is pushed by the third person,
a = 0.2 m/s2
Let the force applied by the third person be F.
From Newton’s second law of motion:
Force = Mass × Acceleration
F = 1200 × 0.2 = 240 N
Thus, the third person applies a force of magnitude 240 N.
Hence, each person applies a force of 240 N to push the motor car.
3. A hammer of mass 500 g, moving at 50 m s-1, strikes a nail. The nail stops the hammer in a
very short time of 0.01 s. What is the force of the nail on the hammer?
Ans.
Mass of the hammer, m = 500 g = 0.5 kg
Initial velocity of the hammer, u = 50 m/s
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Time taken by the nail to the stop the hammer, t = 0.01 s
Velocity of the hammer, v = 0 (since the hammer finally comes to rest)
From Newton’s second law of motion:
m(v  u ) 0.5(0  50)
Force, F 

 2500 N
t
0.01
The hammer strikes the nail with a force of −2500 N. Hence, from Newton’s third law of
motion, the force of the nail on the hammer is equal and opposite, i.e., +2500 N.
4. A motorcar of mass 1200 kg is moving along a straight line with a uniform velocity of 90
km/h. Its velocity is slowed down to 18 km/h in 4 s by an unbalanced external force.
Calculate the acceleration and change in momentum. Also calculate the magnitude of the
force required.
Ans.
Mass of the motor car, m = 1200 kg
Initial velocity of the motor car, u = 90 km/h = 25 m/s
Final velocity of the motor car, v = 18 km/h = 5 m/s
Time taken, t = 4 s
According to the first equation of motion:
v = u + at
5 = 25 + a (4)
a = − 5 m/s2
Negative sign indicates that its a retarding motion i.e. velocity is decreasing.
Change in momentum = mv − mu = m (v−u)
= 1200 (5 − 25) = − 24000 kg m s−1
Force = Mass × Acceleration
= 1200 × − 5 = − 6000 N
Acceleration of the motor car = − 5 m/s2
Change in momentum of the motor car = − 24000 kg m s−1
Hence,
the
force
required
to
decrease
the
velocity is
6000
N.
(Negative sign indicates retardation, decrease in momentum and retarding force)
5. A large truck and a car, both moving with a velocity of magnitude v, have a head-on
collision and both of them come to a halt after that. If the collision lasts for 1 s:
(a) Which vehicle experiences the greater force of impact?
(b) Which vehicle experiences the greater change in momentum?
(c) Which vehicle experiences the greater acceleration?
(d) Why is the car likely to suffer more damage than the truck?
Ans.
Let the mass of the truck be M and that of the car be m.
Thus, M > m
Initial velocity of both vehicles, v
Final velocity of both vehicles, v’ = 0 (since the vehicles come to rest after collision)
Time of impact, t = 1 s
(a) From Newton’s second law of motion, the net force experienced by each vehicle is
given by the relation:
m(v ' v)
Fcar 
  mv
t
M (v ' v)
Ftruck 
  Mv
t
Since the mass of the truck is greater than that of the car, it will experience a greater force
of impact.
Prepared by: M. S. KumarSwamy, TGT(Maths)

Page - 50 -

(b) Initial momentum of the car = mv
Final momentum of the car = 0
Change in momentum = mv
Initial momentum of the truck = Mv
Final momentum of the truck = 0
Change in momentum = Mv
Since the mass of the truck is greater than that of the car, it will experience a greater change
in momentum.
(c) From the first equation of motion, acceleration produced in a system is independent of
the mass of the system. The initial velocity, the final velocity, and the time of impact
remain the same in both cases. Hence, both the car and the truck experience the same
amount of acceleration.
(d)According to Newton’s third law of motion, for every action there is an equal and
opposite reaction that acts on different bodies. Since the truck experiences a greater force
of impact (action), this larger impact force is also experienced by the car (reaction). Thus,
the car is likely to suffer more damage than the truck.
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ASSIGNMENT QUESTIONS
FORCE AND LAWS OF MOTION
Multiple Choice Questions
1. Which of the following statement is not correct for an object moving along a straight path
in an accelerated motion?
(a) Its speed keeps changing
(b) Its velocity always changes
(c) It always goes away from the earth
(d) A force is always acting on it
2. The forces of action and reaction are
(a) always equal only
(b) always equal and opposite
(c) always equal but in same direction
(d) always unequal and opposite.
3. According to the third law of motion, action and reaction
(a) always act on the same body
(b) always act on different bodies in opposite directions
(c) have same magnitude and directions
(d) act on either body at normal to each other
4. The action and reaction forces at
(a) on different bodies always
(b) on some body always
(c) on same body, sometimes
(d) on different bodies, sometimes
5. A goalkeeper in a game of football pulls his hands backwards after holding the ball shot at
the goal. This enables the goal keeper to
(a) exert larger force on the ball
(b) reduce the force exerted by the ball on hands
(c) increase the rate of change of momentum
(d) decrease the rate of change of momentum
6. The inertia of an object tends to cause the object
(a) to increase its speed
(b) to decrease its speed
(c) to resist any change in its state of motion
(d) to decelerate due to friction
7. Principle of conservation of linear momentum is deduced from
(a) Newton’s first law
(b) Newton’s second law
(c) Newton’s third law
(d) none of the above
8. The function of mud guards is based on
(a) inertia of rest
(b) inertia of direction
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(c) inertia of motion
(d) none of the above
9. The force of action and reaction
(a) always cancel each other
(b) never cancel
(c) cancel sometimes
(d) cannot say
10. A passenger in a moving train tosses a coin which falls behind him. It means that motion of
the train is
(a) accelerated
(b) uniform
(c) retarded
(d) along circular tracks
11. An object of mass 2 kg is sliding with a constant velocity of 4 m s–1 on a frictionless
horizontal table. The force required to keep the object moving with the same velocity is
(a) 32 N
(b) 0 N
(c) 2 N
(d) 8 N
12. Rocket works on the principle of conservation of
(a) mass
(b) energy
(c) momentum
(d) velocity
2
of its height is moving with a uniform speed. On sudden
3
application of the brake, the water in the tank would
(a) move backward
(b) move forward
(c) be unaffected
(d) rise upwards

13. A water tanker filled up to

14. Inertia of a body in linear motion is measured by its
(a) mass
(b) momentum
(c) velocity
(d) none of the above
15. What mass of a body can attain an acceleration of 5m/s2 under a force of 250 N?
(a) 5 kg
(b) 250 kg
(c) 50 kg
(d) 10 kg
SHORT ANSWER QUESTIONS
16. There are three solids made up of aluminium, steel and wood, of the same shape and same
volume. Which of them would have highest inertia?
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17. Two balls of the same size but of different materials, rubber and iron are kept on the
smooth floor of a moving train. The brakes are applied suddenly to stop the train. Will the
balls start rolling? If so, in which direction? Will they move with the same speed? Give
reasons for your answer.
18. Two identical bullets are fired one by a light rifle and another by a heavy rifle with the
same force. Which rifle will hurt the shoulder more and why?
19. A horse continues to apply a force in order to move a cart with a constant speed. Explain
why?
20. Suppose a ball of mass m is thrown vertically upward with an initial speed v, its speed
decreases continuously till it becomes zero. Thereafter, the ball begins to fall downward
and attains the speed v again before striking the ground. It implies that the magnitude of
initial and final momentums of the ball are same. Yet, it is not an example of conservation
of momentum. Explain why ?
21. Velocity versus time graph of a ball of mass 50 g rolling on a concrete floor is shown in
below Figure. Calculate the acceleration and frictional force of the floor on the ball.

22. A truck of mass M is moved under a force F. If the truck is then loaded with an object
equal to the mass of the truck and the driving force is halved, then how does the
acceleration change?
23. Why does a gun recoil on firing? Obtain an expression for recoil velocity of gun.
24. A rocket can move in air free space, but a jet plane cannot. Why?
25. Two friends on roller-skates are standing 5 m apart facing each other. One of them throws a
ball of 2 kg towards the other, who catches it, How will this activity affect the position of
the two? Explain your answer.
26. Water sprinkler used for grass lawns begins to rotate as soon as the water is supplied.
Explain the principle on which it works.
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LONG ANSWER QUESTIONS
27. Using second law of motion, derive the relation between force and acceleration. A bullet of
10 g strikes a sand-bag at a speed of 103 m/s and gets embedded after travelling 5 cm.
Calculate
(i) the resistive force exerted by the sand on the bullet
(ii) the time taken by the bullet to come to rest.
28. Derive the unit of force using the second law of motion. A force of 5 N produces an
acceleration of 8 m/s2 on a mass m1 and an acceleration of 24 m/s2 on a mass m2 . What
acceleration would the same force provide if both the masses are tied together?
29. State and explain Newton’s third law of motion. How will you prove it experimentally?
30. What is momentum? Write its SI unit. Interpret force in terms of momentum. Represent the
following graphically
(a) momentum versus velocity when mass is fixed.
(b) momentum versus mass when velocity is constant.
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CHAPTER – 10
GRAVITATION
NEWTON’S UNIVERSAL LAW OF GRAVITATION
Every object in the Universe attracts every other object with a force which is
(i) directly proportional to the product of their masses, and
(ii) inversely proportional to the square of the distance between their centres. The direction of
the force is along the line joining the centres of two objects.
mm
1
F  m1m2 and F  2
 F  12 2
r
r
G.m1m2
F
where G is a constant proportionality and is called universal gravitational
r2
constant.
UNITS AND VALUE OF GRAVITATIONAL CONSTANT
G.m1m2
F
r2
F .r 2
2
 G.m1m2  F .r  G 
m1m2
2
2
Unit of G is Nm /kg .
If m1 = m2 = 1 kg, r = 1 then we have G = F
Hence, Universal gravitational constant G is numerically equal to the gravitational force of
attraction between two bodies, each of unit mass kept at unit distance from each other.
Value of G = 6.67 x 10–11 Nm2/kg2.
KEPLER’S LAWS OF PLANETARY MOTION
KEPLER’S FIRST LAW
Every planet revolves around the Sun in an elliptical orbit, with the sun situated at any one of
the foci of the ellipse.
KEPLER’S SECOND LAW
In the elliptical orbit of the planet, the line joining the centre of the planet to the centre of the
Sun sweeps equal intervals of time.
KEPLER’S THIRD LAW
The square of time period of revolution of a planet around the Sun is directly proportional to
the cube of the semi-major axis of the elliptical orbit.
r3
r 3  T 2  2  constant
T
where r = radius of orbit = mean distance of planet from the Sun (inm), T = the time period of
revolution of planet around the Sun (in second)
IMPORTANCE OF THE UNIVERSAL LAW OF GRAVITATION
The universal law of gravitation successfully explained several phenomena which were
believed to be unconnected:
(i) the force that binds us to the earth;
(ii) the motion of the moon around the earth;
(iii) the motion of planets around the Sun; and
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(iv) the tides due to the moon and the Sun.
INTEXT QUESTIONS PAGE NO. 134
1. State the universal law of gravitation
Ans. The universal law of gravitation states that every object in the universe attracts every
other object with a force called the gravitational force. The force acting between two
objects is directly proportional to the product of their masses and inversely proportional to
the square of the distance between their centers. For two objects of masses m1 and m2 and
the distance between them r, the force (F) of attraction acting between them is given by the
universal law of gravitation as:
Gm1m2
F
r2
Where, G is the universal gravitation constant given by: G  6.67  1011 Nm 2 / kg 2
2. Write the formula to find the magnitude of the gravitational force between the earth and an
object on the surface of the earth.
Ans. Let ME be the mass of the Earth and m be the mass of an object on its surface. If R is
the radius of the Earth, then according to the universal law of gravitation, the gravitational
force (F) acting between the Earth and the object is given by the relation:
Gm1m2
F
r2
FREE FALL
When an object falls from any height under the influence of gravitational force only, it is
known as free fall. In the case of free fall no change of direction takes place but the magnitude
of velocity changes because of acceleration.
This acceleration acts because of the force of gravitation and is denoted by ‘g’. This is called
acceleration due to gravity.
EXPRESSION FOR ACCELERATION DUE TO GRAVITATION ‘G’.
Let mass of the object put under free fall = m.
And acceleration due to gravity = g.
Therefore, according to Newton’s Second Law of Motion which states that Force is the product
of mass and acceleration,
F = m x g -----------------(i)
Now, according to Universal Law of gravitation,
M .m
F  G. 2 ……………. (ii)
d
Thus, from above two expressions, we get
Where, g is acceleration due to gravity,
G is the Universal Gravitational Constant.
M is the mass of earth.
And d is the distance between object and centre of earth.
WHEN OBJECT IS NEAR THE SURFACE OF EARTH

When an object is near the surface of earth, the distance between object and centre of the earth
will be equal to the radius of earth because the distance of object is negligible in comparison of
the radius of earth.
Let the radius of earth is equal to R.
Therefore, after substituting ‘R’ at the place of ‘d’ we get,
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GM
.................(iv)
R2
Since, earth is not a perfect sphere rather it has oblique shape. Therefore, radius at the equator
is greater than at the poles.
Since, value of ‘g’ is reciprocal of the square of radius of earth, thus, the value of ‘g’ will be
greater at the poles and less at the equator.
And the value of ‘g’ will decrease with increase of distance of object from earth.
Calculation of value of ‘g’
We know that
The accepted value of G is 6.673 x 10–11Nm2/kg2.
The mass of earth, M = 6 x 1024 kg
The radius of earth, R = 6.4 x 106 m
GM
Therefore, by using expression, g  2 , the value of ‘g’ can be calculated.
R
g

Therefore, after substituting the value of G, M and R in the expression for ‘g’ we get.
6.673  1011  6  1024
g
(6.4 106 ) 2
 g  9.8m / s 2
Motion of an object under the influence of gravitational force of earth
The expression for ‘g’ is written as
GM
g 2
R
Since, the value of ‘g’ does not depend upon the mass or distance of an object, therefore, all
objects fall over the earth with the same rate.
The equations for motion are as follows:
v = u + at ……….. (i)
1
s = ut + at2 ………. (ii)
2
v2 = u2 + 2as ……… (iii)
Therefore, the equations of motion are also applied to calculate the velocity, distance, etc by
replacing ‘a’ by ‘g’. After substituting ‘g’ at the place of ‘a’ we get above equations as follows:
v = u + gt ……….. (iv)
1
s = ut + gt2 ………. (v)
2
v2 = u2 + 2gs ……… (vi)
In the calculation; initial velocity (u), final velocity (v), time taken (t), or distance covered (s),
the value of ‘g’ is taken as positive in the case of object moving towards earth and taken as
negative in the case of object is thrown in opposite direction of earth.
MASS
Mass is the measurement of inertia and inertia is the property of any object which opposes the
change in state of the object. It is inertia because of which an object in rest has tendency to
remain in rest and an object in motion has tendency to remain in motion.
Inertia depends upon the mass of an object. Object having greater mass has greater inertia and
vice versa. Mass of an object remains constant everywhere, i.e. mass will remain same whether
that object is at the moon, at the earth or anywhere in the universe.
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WEIGHT:
Earth attracts every object towards it. We know that force is the product of mass and
acceleration due to gravity.
This means, F = m x g -----------------------(i)
The force by which earth attracts an object towards it is called the weight of the object, which
is the product of mass (m) of the object and acceleration due to gravity (g).
Weight is denoted by ‘W’.
Therefore, by substituting in the expression ‘F = mg’ we get,
W = m x g ------------------------------(ii)
Since weight is the force which is acting vertically downwards, therefore, weight has both
magnitude and direction and hence it is a vector quantity.
Since the value of ‘g’ is always constant at a given place,
Therefore, expression ‘W = m x g’ can be written as follows:
W α m --------------------(iii)
This means weight of any object is directly proportional to its mass, i.e. weight will increase
with the increase of mass and decrease with decrease in mass.
This is the cause that weight of any object is the measure of its mass.
The unit of weight

Since, weight of an object is equal to the force by which an object is attracted towards earth,
therefore, unit of weight is same as the unit of force.
Therefore, Unit of weight is ‘newton (N)’.
WEIGHT OF AN OBJECT ON THE SURFACE OF MOON
Let ME be the mass of the Earth and m be an object on the surface of the Earth. Let RE be the
radius of the Earth. According to the universal law of gravitation, weight WE of the object on
the surface of the Earth is given by,
GM E m
WE 
RE 2
Let MM and RM be the mass and radius of the moon. Then, according to the universal law
of gravitation, weight WM of the object on the surface of the moon is given by:
GM M m
WM
RM 2
M M RE 2
GM M m
WM 



GM E m M E RM 2
WE
RM 2
RE 2
where, M E  5.98  1024 kg , M M  7.36 1022 kg
RE  6.4 106 m, RM  1.74 106 m

WM
7.36  1022  (6.4 106 ) 2
1

 0.165 
24
6 2
WE 5.98  10  (1.74  10 )
6
th

Therefore, the weight of an object on the moon

1
its weight on the earth
6

NUMERICAL

1. The gravitational force between two objects is F. How will this force change when
(i) distance between them is reduced to half (ii) the mass of each object is
quadrupled?
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2. A sphere of mass 40kg is attracted by a second sphere of mass 15kg when their
centres are 20 cm apart, with a force of 0.1 milligram weight. Calculate the value of
gravitational constant.
3. A body of mass 1 kg is placed at a distance of 2m from another body of mass 10kg.
At what distance from the body of 1 kg, another body of mass 5 kg be placed so that
the net force of gravitation acting on the body of mass 1 kg is zero?
4. A geostationary satellite is orbiting the earth at a height 5 R above the surface of
earth, where R is the radius of earth. Find the time period of another satellite at a
height of 2 R from the surface of earth.
5. The distance of planet Jupiter from the sun 5.2 times that of Earth. Find the period
of revolution of Jupiter around sun.
6. If the distance of Earth from the Sun were half the present value, how many days
will make one year?
7. Two satellites of a planet have periods 32 days and 256 days. If the radius of orbit of
former is R, find the orbital radius of the latter.
8. The mass of Earth is 6 x 1024 kg and that of moon is 7.4 x 1022 kg. If the distance
between the Earth and the Moon is 3.84 x 105 km, calculate the force exerted by
Earth on the Moon. Given G = 6.7 x 10–11 Nm2/kg2.
9. If the distance between two masses is increased by a factor of 4, by what factor
would the mass of one of them have to be altered to maintain the same gravitational
force?
10. Two bodies A and B having masses 2kg and 4kg respectively are separated by 2m.
Where should a body of mass 1kg be placed so that the gravitational force on this
body due to bodies A and B is zero?
11. The mass of Sun is 2 x 1030 kg and mass of Earth is 6 x 1024 kg. If the distance
between the centres of Sun and Earth is 1.5 x 108 km, calculate the force of
gravitation between them.
0

12. Two electrons each of mass 9.1 x 10–31 kg are at a distance of 10 A . Calculate the
0

gravitational force of attraction between them. Given 1A  1010 m
13. The gravitational force between force two objects is 100 N. How should the distance
between these objects be changed so that force between them becomes 50 N?
14. Calculate the force of gravitation between two objects of masses 80kg and 1200 kg
kept at a distance of 10 m from each other. Given G = 6.67 x 10–11 Nm2/kg2.
15. Calculate the force of attraction between the Earth and the Sun, given that the mass
of Earth is 6 x 1024 kg and that of sun is 2 x 1030 kg. The average distance between
thte two is 1.5 x 1011m.
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16. A sphere of mass 25kg attracts another sphere of mass 24kg with a force of
0.1milligram weight. If distance between the centres of two spheres is 20cm, what is
the value of G?
17. If distance between two masses is quadrupled, what will be the new force of
attraction between them? Given the initial gravitational pull is 9.8N.
0

18. An electron of mass 9.1 x 10–31kg is at a distance of 10 A from a proton of mass
1.67 x 10–27kg. Calculate the gravitational force of attraction between them. Given
0

1A  1010 m
19. Two bodies A and B having masses 20kg and 40kg are separted by 10m. At what

distance from body A should another body C of mass 15kg be placed so that net
gravitational force on C is zero?
20. Calculate the gravitational force on a body of mass 1kg lying on the surface of earth.

Given mass of earth is 6 x 1024 kg and radius of earth is 6400km.
INTEXT QUESTIONS PAGE NO. 136
1. What do you mean by free fall?
Ans. Gravity of the Earth attracts every object towards its centre. When an object is
released from a height, it falls towards the surface of the Earth under the influence of
gravitational force. The motion of the object is said to have free fall.
2. What do you mean by acceleration due to gravity?
Ans. When an object falls towards the ground from a height, then its velocity changes
during the fall. This changing velocity produces acceleration in the object. This
acceleration is known as acceleration due to gravity (g). Its value is given by 9.8 m/s2.
INTEXT QUESTIONS PAGE NO. 138
1. What are the differences between the mass of an object and its weight?
Ans.
Mass

Weight

Mass is the quantity of matter contained in
the body.

Weight is the force of gravity acting on the
body.

It is the measure of inertia of the body.

It is the measure of gravity.

Mass is a constant quantity.

Weight is not a constant quantity. It is different
at different places.

It only has magnitude.

It has magnitude as well as direction.

Its SI unit is kilogram (kg).

Its SI unit is the same as the SI unit of force,
i.e., Newton (N).
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th

1
its weight on the earth?
6
Ans. Let ME be the mass of the Earth and m be an object on the surface of the Earth. Let RE
be the radius of the Earth. According to the universal law of gravitation, weight WE of the
object on the surface of the Earth is given by,
GM E m
WE 
RE 2
Let MM and RM be the mass and radius of the moon. Then, according to the universal law
of gravitation, weight WM of the object on the surface of the moon is given by:
GM M m
WM 
RM 2
GM M m
WM
RM 2
M M RE 2


GM E m M E RM 2
WE
RE 2

2. Why is the weight of an object on the moon

where, M E  5.98  1024 kg , M M  7.36 1022 kg
RE  6.4 106 m, RM  1.74 106 m

WM
7.36  1022  (6.4 106 ) 2
1

 0.165 
24
6 2
WE 5.98  10  (1.74  10 )
6
th

Therefore, the weight of an object on the moon

1
its weight on the earth
6

NUMERICAL

1. Calculate the force of gravity acting on your friend of mass 60kg. Given mass of
earth = 6 x 1024 kg and radius of Earth = 6.4 x 106m.
2. Mass of an object is 10kg. What is its weight on Earth?
3. What is the mass of an object whose weight is 49N?
4. An object weighs 10N when measured on the surface of the earth. What would be
its weight when measured on the surface of the Moon?
5. An object is thrown vertically upwards and rises to a height of 10m. Calculate (i) the
velocity with which the object was thrown upwards and (ii) the time taken by the
object to reach the highest point.
6. A force of 2 kg wt. acts on a body of mass 4.9kg. Calculate its acceleration.
7. A force of 20N acts upon a body weight is 9.8N. What is the mass of the body and
how much is its acceleration?
8. A body has a weight of 10 kg on the surface of earth. What will be its mass and
weight when taken to the centre of earth?
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9. How much would a 70 kg man weigh on moon? What will be his mass on earth and
moon? Given g on moon = 1.7 m/s2.
10. The Earth’s gravitational force causes an acceleration of 5 m/s2 in a 1 kg mass
somewhere in space. How much will the acceleration of a 3 kg mass be at the same
place?
11. A particle is thrown up vertically with a velocity of 50m/s. What will be its velocity
at the highest point of the journey? How high would the particle rise? What time
would it take to reach the highest point? Take g = 10 m/s2.
12. If a planet existed whose mass was twice that of Earth and whose radius 3 times
greater, how much will a 1kg mass weigh on the planet?
13. A boy on cliff 49m high drops a stone. One second later, he throws a second stone
after the first. They both hit the ground at the same time. With what speed did he
throw the second stone?
14. A stone drops from the edge of a roof. It passes a window 2m high in 0.1s. How far
is the roof above the top of the window?
15. A stone is dropped from the edge of a roof. (a) How long does it take to fall 4.9m ?
(b) How fast does it move at the end of that fall? (c) How fast does it move at the
end of 7.9m? (d) What is its acceleration after 1s and after 2s?
EXERCISE QUESTIONS PAGE NO. 143
1. How does the force of gravitation between two objects change when the distance between
them is reduced to half?
Ans. According to the universal law of gravitation, gravitational force (F) acting between
two objects is inversely proportional to the square of the distance (r) between them, i.e.,
1
F 2
r
1
4
If distance r becomes r/2, then the gravitational force will be proportional to
 2
2
r
r
 
2
Hence, if the distance is reduced to half, then the gravitational force becomes four times
larger than the previous value.
2. Gravitational force acts on all objects in proportion to their masses. Why then, a heavy
object does not fall faster than a light object?
Ans. All objects fall on ground with constant acceleration, called acceleration due to
gravity (in the absence of air resistances). It is constant and does not depend upon the mass
of an object. Hence, heavy objects do not fall faster than light objects.
3. What is the magnitude of the gravitational force between the earth and a 1 kg object on its
surface? (Mass of the earth is 6 × 1024 kg and radius of the earth is 6.4 × 106 m).
Ans. According to the universal law of gravitation, gravitational force exerted on an object
of mass m is given by:
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GMm
r2
Where,
Mass of Earth, M = 6 × 1024 kg
Mass of object, m = 1 kg
Universal gravitational constant, G = 6.7 × 10−11 Nm2 kg−2
Since the object is on the surface of the Earth, r = radius of the Earth (R)
r = R = 6.4 × 106 m
GMm 6.7 10 11  6 1024 1
Gravitational force, F 

 9.8 N
R2
(6.4 106 ) 2
F

4. The earth and the moon are attracted to each other by gravitational force. Does the earth
attract the moon with a force that is greater or smaller or the same as the force with which
the moon attracts the earth? Why?
Ans. According to the universal law of gravitation, two objects attract each other with
equal force, but in opposite directions. The Earth attracts the moon with an equal force with
which the moon attracts the earth.
5. If the moon attracts the earth, why does the earth not move towards the moon?
Ans. The Earth and the moon experience equal gravitational forces from each other.
However, the mass of the Earth is much larger than the mass of the moon. Hence, it
accelerates at a rate lesser than the acceleration rate of the moon towards the Earth. For this
reason, the Earth does not move towards the moon.
6. What happens to the force between two objects, if
(i) the mass of one object is doubled?
(ii) the distance between the objects is doubled and tripled?
(iii) the masses of both objects are doubled?
Ans. According to the universal law of gravitation, the force of gravitation between two
Gm1m2
objects is given by: F 
r2
(i) F is directly proportional to the masses of the objects. If the mass of one object is
doubled, then the gravitational force will also get doubled.
(ii) F is inversely proportional to the square of the distances between the objects. If the
distance is doubled, then the gravitational force becomes one-fourth of its original value.
Similarly, if the distance is tripled, then the gravitational force becomes one-ninth of its
original value.
(iii) F is directly proportional to the product of masses of the objects. If the masses of both
the objects are doubled, then the gravitational force becomes four times the original value.
7. What is the importance of universal law of gravitation?
Ans. The universal law of gravitation proves that every object in the universe attracts every
other object.
8. What is the acceleration of free fall?
Ans. When objects fall towards the Earth under the effect of gravitational force alone, then
they are said to be in free fall. Acceleration of free fall is 9.8 m s−2, which is constant for all
objects (irrespective of their masses).
9. What do we call the gravitational force between the Earth and an object?
Ans. Gravitational force between the earth and an object is known as the weight of the
object.
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10. Amit buys few grams of gold at the poles as per the instruction of one of his friends. He
hands over the same when he meets him at the equator. Will the friend agree with the
weight of gold bought? If not, why? [Hint: The value of g is greater at the poles than at the
equator].
Ans. Weight of a body on the Earth is given by:
W = mg
Where,
m = Mass of the body
g = Acceleration due to gravity
The value of g is greater at poles than at the equator. Therefore, gold at the equator weighs
less than at the poles. Hence, Amit’s friend will not agree with the weight of the gold
bought.
11. Why will a sheet of paper fall slower than one that is crumpled into a ball?
Ans. When a sheet of paper is crumbled into a ball, then its density increases. Hence,
resistance to its motion through the air decreases and it falls faster than the sheet of paper.
1
Gravitational force on the surface of the moon is only as strong as gravitational force on
6
the Earth. What is the weight in newtons of a 10 kg object on the moon and on the Earth?
1
Ans. Weight of an object on the moon =  Weight of an object on the Earth
6
Also,
Weight = Mass × Acceleration
Acceleration due to gravity, g = 9.8 m/s2
Therefore, weight of a 10 kg object on the Earth = 10 × 9.8 = 98 N
1
And, weight of the same object on the moon =  98  16.3N
6
12. A ball is thrown vertically upwards with a velocity of 49 m/s. Calculate
(i) the maximum height to which it rises.
(ii)the total time it takes to return to the surface of the earth.
Ans. According to the equation of motion under gravity:
v2 − u2 = 2 gs
Where,
u = Initial velocity of the ball
v = Final velocity of the ball
s = Height achieved by the ball
g = Acceleration due to gravity
At maximum height, final velocity of the ball is zero, i.e., v = 0
u = 49 m/s
During upward motion, g = − 9.8 m s−2
Let h be the maximum height attained by the ball.
Hence, 0  49 2  2  (9.8)  h
49  49
h
 122.5m
2  9.8
Let t be the time taken by the ball to reach the height 122.5 m, then according to the
equation of motion:
v = u + gt
We get,
49
0  49  t  (9.8)  9.8t  49  t 
 5s
9.8
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But,
Time of ascent = Time of descent
Therefore, total time taken by the ball to return = 5 + 5 = 10 s
13. A stone is released from the top of a tower of height 19.6 m. Calculate its final velocity just
before touching the ground.
Ans. According to the equation of motion under gravity:
v2 − u2 = 2 gs
Where,
u = Initial velocity of the stone = 0
v = Final velocity of the stone
s = Height of the stone = 19.6 m
g = Acceleration due to gravity = 9.8 m s−2
∴ v2 − 02 = 2 × 9.8 × 19.6
v2 = 2 × 9.8 × 19.6 = (19.6)2
v = 19.6 m s− 1
Hence, the velocity of the stone just before touching the ground is 19.6 m s−1.
14. A stone is thrown vertically upward with an initial velocity of 40 m/s. Taking g = 10 m/s2,
find the maximum height reached by the stone. What is the net displacement and the total
distance covered by the stone?
Ans. According to the equation of motion under gravity:
v2 − u2 = 2 gs
Where,
u = Initial velocity of the stone = 40 m/s
v = Final velocity of the stone = 0
s = Height of the stone
g = Acceleration due to gravity = −10 m s−2
Let h be the maximum height attained by the stone.
Therefore,
40  40
0  (40) 2  2  h  ( 10)  h 
 80m
20
Therefore, total distance covered by the stone during its upward and downward journey =
80 + 80 = 160 m
Net displacement of the stone during its upward and downward journey
= 80 + (−80) = 0
15. Calculate the force of gravitation between the earth and the Sun, given that the mass of the
earth = 6 × 1024 kg and of the Sun = 2 × 1030 kg. The average distance between the two is
1.5 × 1011 m.
Ans. According to the universal law of gravitation, the force of attraction between the
Earth and the Sun is given by: F 

GM Sun M Earth
R2

Where,
MSun = Mass of the Sun = 2 × 1030 kg
MEarth = Mass of the Earth = 6 × 1024 kg
R = Average distance between the Earth and the Sun = 1.5 × 1011 m
G = Universal gravitational constant = 6.7 × 10−11 Nm2 kg−2

6.7 1011  2 1030  6  1024
F
 3.57 1022 N
11 2
(1.5 10 )
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16. A stone is allowed to fall from the top of a tower 100 m high and at the same time another
stone is projected vertically upwards from the ground with a velocity of 25 m/s. Calculate
when and where the two stones will meet.
Ans. Let the two stones meet after a time t.
(i) For the stone dropped from the tower:
Initial velocity, u = 0
Let the displacement of the stone in time t from the top of the tower be s.
Acceleration due to gravity, g = 9.8 m s−2
From the equation of motion,
1
1
s  ut  gt 2  0  t   9.8  t
2
2
2
 s  7.9t      (1)
(ii) For the stone thrown upwards:
Initial velocity, u = 25 m s−1
Let the displacement of the stone from the ground in time t be s'.
Acceleration due to gravity, g = −9.8 m s−2
Equation of motion,
1
1
s '  ut  gt 2  25t   9.8  t 2
2
2
2
 s '  25t  4.9t       (2)
The combined displacement of both the stones at the meeting point is equal to the height of
the tower 100 m.
 s  s '  100
1
1
 gt 2  25t  gt 2  100
2
2
100
t 
 4s
25
In 4 s, the falling stone has covered a distance given by equation (1) as
1
s   10  4 2  80m
2
Therefore, the stones will meet after 4 s at a height (100 − 80) = 20 m from the ground
17. A ball thrown up vertically returns to the thrower after 6 s. Find
(a) the velocity with which it was thrown up,
(b) the maximum height it reaches, and
(c) its position after 4 s.
Ans. (a) Time of ascent is equal to the time of descent. The ball takes a total of 6 s for its
upward and downward journey.
Hence, it has taken 3 s to attain the maximum height.
Final velocity of the ball at the maximum height, v = 0
Acceleration due to gravity, g = −9.8 m s−2
Equation of motion, v = u + gt will give,
0 = u + (−9.8 × 3)
u = 9.8 × 3 = 29.4 ms− 1
Hence, the ball was thrown upwards with a velocity of 29.4 m s−1.
(b) Let the maximum height attained by the ball be h.
Initial velocity during the upward journey, u = 29.4 m s−1
Final velocity, v = 0
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Acceleration due to gravity, g = −9.8 m s−2
1
From the equation of motion, s  ut  at 2
2
1
 h  29.4  3   (9.8)  32  44.1m
2
(c) Ball attains the maximum height after 3 s. After attaining this height, it will start falling
downwards.
In this case,
Initial velocity, u = 0
Position of the ball after 4 s of the throw is given by the distance travelled by it during its
downward journey in 4 s − 3 s = 1 s.
1
Equation of motion, s  ut  gt 2 will give
2
1
 s  0  t   (9.8)  12  4.9m
2
Total height = 44.1 m
This means that the ball is 39.2 m (44.1 m − 4.9 m) above the ground after 4 seconds.
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ASSIGNMENT QUESTIONS
GRAVITATION
MULTIPLE CHOICE QUESTIONS
1. Two objects of different masses falling freely near the surface of moon would
(a) have same velocities at any instant
(b) have different accelerations
(c) experience forces of same magnitude
(d) undergo a change in their inertia
2. The value of acceleration due to gravity
(a) is same on equator and poles
(b) is least on poles
(c) is least on equator
(d) increases from pole to equator
3. The gravitational force between two objects is F. If masses of both objects are halved
without changing distance between them, then the gravitational force would become
(a) F/4 (b) F/2 (c) F (d) 2 F
4. A boy is whirling a stone tied with a string in an horizontal circular path. If the string
breaks, the stone
(a) will continue to move in the circular path
(b) will move along a straight line towards the centre of the circular path
(c) will move along a straight line tangential to the circular path
(d) will move along a straight line perpendicular to the circular path away from the boy
5. An object is put one by one in three liquids having different densities. The object floats
1 2
3
with , and parts of their volumes outside the liquid surface in liquids of densities d1,
9 11
7
d2 and d3 respectively. Which of the following statement is correct?
(a) d1> d2> d3
(b) d1> d2< d3
(c) d1< d2> d3
(d) d1< d2< d3
6. In the relation F = G M m/d2, the quantity G
(a) depends on the value of g at the place of observation
(b) is used only when the earth is one of the two masses
(c) is greatest at the surface of the earth
(d) is universal constant of nature
7. Law of gravitation gives the gravitational force between
(a) the earth and a point mass only
(b) the earth and Sun only
(c) any two bodies having some mass
(d) two charged bodies only
8. The value of quantity G in the law of gravitation
(a) depends on mass of earth only
(b) depends on radius of earth only
(c) depends on both mass and radius of earth
(d) is independent of mass and radius of the earth
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9. Two particles are placed at some distance. If the mass of each of the two particles is
doubled, keeping the distance between them unchanged, the value of gravitational force
between them will be
1
1
(a)
(b) 4 times (c) times (d) unchanged
4
2
10. The earth attracts a body of mass 2 kg on its surface with a force of
(a) 9.8 N
(b) 19.6 N
(c) 6.67 x 10–11 N
(d) 2 x 6.67 x 10–11 N
11. A stone dropped from a building takes 4 s to reach the ground. The height of the building is
(a) 19.6 m
(b) 80.4 m
(c) 78.4 m
(d) 156.8 m
12. If ge is acceleration due to gravity on earth and gm is acceleration due to gravity on moon,
then
(a) ge = gm
(b) ge < gm
1
(c) ge =
gm
6
1
(d) gm = ge
6
13. The mass of a body on the surface of earth is 12 kg. If acceleration due to gravity on moon
1
is
of acceleration due to gravity on earth, then its mass on moon will be
6
(a) 2 kgf
(b) 72 kg
(c) 12 kg
(d) zero
14. The atmosphere is held to the earth by
(a) gravity
(b) wind
(c) clouds
(d) earth’s magnetic field
15. The force of attraction between two unit point masses separated by a unit distance is called
(a) gravitational potential
(b) acceleration due to gravity
(c) gravitational field
(d) universal gravitational constant
16. The weight of an object at the centre of the earth of radius R is
(a) zero
(b) infinite
(c) R times the weight at the surface of the earth
(d) 1/R2 times the weight at surface of the earth
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SHORT ANSWER QUESTIONS
17. What is the source of centripetal force that a planet requires to revolve around the Sun? On
what factors does that force depend?
18. On the earth, a stone is thrown from a height in a direction parallel to the earth’s surface
while another stone is simultaneously dropped from the same height. Which stone would
reach the ground first and why?
19. Suppose gravity of earth suddenly becomes zero, then in which direction will the moon
begin to move if no other celestial body affects it?
20. Identical packets are dropped from two aeroplanes, one above the equator and the other
above the north pole, both at height h. Assuming all conditions are identical, will those
packets take same time to reach the surface of earth. Justify your answer.
21. The weight of any person on the moon is about 1/6 times that on the earth. He can lift a
mass of 15 kg on the earth. What will be the maximum mass, which can be lifted by the
same force applied by the person on the moon?
22. Calculate the average density of the earth in terms of g, G and R.
23. The earth is acted upon by gravitation of Sun, even though it does not fall into the Sun.
Why?
24. Calculate the density of Earth from Newton’s law of gravitation.
25. A body weighs more at poles than at the equator of earth. Why?
26. Two particles of equal mass(m) move in a circle of radius (r) under the action of their
mutual gravitational attraction. Find the speed of each particle.
LONG ANSWER QUESTIONS
27. How does the weight of an object vary with respect to mass and radius of the earth. In a
hypothetical case, if the diameter of the earth becomes half of its present value and its mass
becomes four times of its present value, then how would the weight of any object on the
surface of the earth be affected?
28. How does the force of attraction between the two bodies depend upon their masses and
distance between them? A student thought that two bricks tied together would fall faster
than a single one under the action of gravity. Do you agree with his hypothesis or not?
Comment.
29. Two objects of masses m1 and m2 having the same size are dropped simultaneously from
heights h1 and h2 respectively. Find out the ratio of time they would take in reaching the
ground. Will this ratio remain the same if (i) one of the objects is hollow and the other one
is solid and (ii) both of them are hollow, size remaining the same in each case. Give reason.
30. Distinguish between mass and weight. Show that mass of a body numerically equal to
weight of the body except at the centre of earth.
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