[image: ]
Class – IX CBSE (NCERT)
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1. Yes. An object that has moved through a distance can have zero displacement. Displacement is the shortest distance between the initial and the final position of an object. An object which has covered a distance can have zero displacement if it comes back to its starting point i.e., the initial position.
Consider the following situation. A man is walking along the boundary of a square park of side 20 m (as shown in the following figure). He starts walking from point A and after moving along all the sides of the park (AB, BC, CD, DA), he again comes back to the same point i.e., A.
 
[image: http://cdn.topperlearning.com/topper/bookquestions/819_sp1.JPG]
 
In this case, the total distance covered by the man is 20 m + 20 m + 20 m + 20 m = 80 m. However, his displacement is zero because the shortest distance between his initial and final position is zero.

Concept Insight - Distance and displacement may or may not be the same. Displacement is always less than or equal to the distance covered.
 
2. The farmer takes 40 s to cover 4 × 10 = 40 m. 

In 2 min and 20 s (140 s), he will cover a distance = [image: begin mathsize 14px style 40 over 40 cross times 140 end style] = 140 m
Therefore, the farmer completes [image: begin mathsize 14px style 140 over 40 end style]=3.5 rounds (3 complete rounds and a half round) of 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 [image: begin mathsize 14px style square root of left parenthesis 10 right parenthesis squared space plus space left parenthesis 10 right parenthesis squared end root end style] = 14.14 m

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. 
 
Concept Insight: - Be careful about considering the cases, as the displacement in both the cases is different.  
 
3. (a) Not true 
Displacement can become zero when the initial and final positions of the object are the same.
 
(b) Not true
 
Displacement is the shortest 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. 

Concept Insight - Displacement is always less than or equal to the distance covered. 
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1.  
	Speed 
	Velocity 

	Speed is the distance travelled by an object per unit time. It does not have any direction.
	Velocity is the displacement of an object per unit time. It has a unique direction.

	Speed is a scalar quantity.
	Velocity is a vector quantity.

	The speed of an object can never be negative. At the most, it can become zero. This is because distance travelled can never be negative.
	The velocity of an object can be negative, positive, or equal to zero. This is because displacement can take any of these three values.


 
2.  
[image: http://cdn.topperlearning.com/topper/bookquestions/823_sp4.JPG]
 
[image: http://cdn.topperlearning.com/topper/bookquestions/823_sp2.JPG]
 
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, i.e. when the object moves along a straight line path.
Concept Insight - Distance and displacement may or may not be equal to each other.

3. The odometer of an automobile measures the distance covered by an automobile.
  
4. An object having uniform motion has a straight line path.  
 
5. Time taken by the signal to reach the ground station from the spaceship 
= 5 min = 5 × 60 = 300 s 

Concept Insight - Convert all the quantities in the same units and then proceed to calculations.
 
Speed of the signal = 3 × 108 m/s
 
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. 
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1. (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 the body increases or decreases by equal amounts in an equal intervals of time. The motion of a freely falling body is an example of uniform acceleration.
(ii) A body is said to have non-uniform acceleration if its velocity changes at a non-uniform rate, i.e., the velocity of the body increases or decreases by unequal amounts in an equal intervals of time. The motion of a car on a crowded city road is an example of non-uniform acceleration.
 
Concept Insight - Acceleration is a vector quantity as it measured as the change in another vector quantity, i.e. velocity.
 
2. Initial speed of the bus, u = 80 km/h [image: http://cdn.topperlearning.com/topper/bookquestions/828_8154da0fcda7d4a11021f25351ffaf85.png]
Final speed of the bus, v = 60 km/h  [image: http://cdn.topperlearning.com/topper/bookquestions/828_7d42e6fca65ce092c284f2bcffd50172.png]
Time taken to decrease the speed, t = 5 s
 
Concept Insight - Convert all the quantities in the same units and then proceed to calculation part.
[image: http://cdn.topperlearning.com/topper/bookquestions/828_sp5.JPG]
Here, the negative sign of acceleration indicates that the velocity of the car is decreasing.

 
3. Initial velocity of the train, u = 0 (since the train is initially at rest)

Final velocity of the train, v = 40 km/h = [image: begin mathsize 14px style 40 cross times 5 over 18 equals 11.11 space straight m divided by straight s end style]  
Time taken, t = 10 min = [image: begin mathsize 14px style 10 cross times 60 equals 600 space straight s end style]
Concept Insight - Convert all the quantities in the same units and then proceed to calculation part.

[image: begin mathsize 14px style Acceleration comma space straight a equals fraction numerator straight v minus straight u over denominator straight t end fraction equals fraction numerator 11.11 minus 0 over denominator 600 end fraction equals 0.0185 space straight m divided by straight s squared end style]
Hence, the acceleration of the train is 0.0185 m/s2.
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1.  The distance-time graph for uniform motion of an object is a straight line (as shown in the following figure).
[image: http://cdn.topperlearning.com/topper/bookquestions/877_sm5.JPG]
The distance-time graph for non-uniform motion of an object is a curved line (as shown in the given figure).
 
[image: http://cdn.topperlearning.com/topper/bookquestions/877_sm6.JPG]
 
2. When an object is at rest, its distance-time graph is a straight line parallel to the time axis.
[image: http://cdn.topperlearning.com/topper/bookquestions/878_sm7.JPG]
 
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. Object is moving uniformly.
 
[image: http://cdn.topperlearning.com/topper/bookquestions/879_sm8.JPG]
 
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. Distance
[image: http://cdn.topperlearning.com/topper/bookquestions/880_sm9.JPG]
 
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)
We know,

[image: begin mathsize 12px style Velocity equals Distance over Time end style]
[image: http://cdn.topperlearning.com/topper/bookquestions/880_im19.JPG] Distance = Velocity x 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.
 
Page-109. 
1. (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.
 
[image: http://cdn.topperlearning.com/topper/bookquestions/830_sp7.JPG]
 
v = 12 m/s

(b) Concept Insight -First look at the quantities 'given' in the question and then the quantity need to be calculated. Further wisely choose the equation of motion out of the three, to minimize the calculations.

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


So, speed acquired by the bus is 12 m/s. 
Distance travelled by the bus is 720 m.  
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2. 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:
 
v 2 = u 2 + 2as
 
Concept Insight - Wisely choose the equation of motion out of the three, to minimize the
calculations.
 
(0)2 = (25)2 + 2 (-0.5) s
 
where, s is the distance covered by the train
 
[image: http://cdn.topperlearning.com/topper/bookquestions/831_sp8.JPG]
 
The train will cover a distance of 625 m before it comes to rest.

3. 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 = 3s 

According to the first equation of motion: 

v = u + at 

Concept Insight - Choose the equation of motion wisely out of the three, to minimize the number of steps in calculations.

where, v is the velocity of the trolley after 3s from start 

v = 0 + 0.02 × 3 = 0.06 m/s 

Hence, the velocity of the trolley after 3s from start is 0.06 m/s.  
 
4. 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 
According to the second equation of motion:
[image: http://cdn.topperlearning.com/topper/bookquestions/833_sp9.JPG]
Concept Insight - Choose the equation of motion wisely out of the three, to minimize the number of steps in calculations.
where, s is the distance covered by the racing car 
[image: http://cdn.topperlearning.com/topper/bookquestions/833_sp10.JPG]
 
Hence, the distance covered by the racing car after 10 s from start is 200 m. 

5. 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. 

Concept Insight - Change in sign of the acceleration due to change in direction is crucial as it'll change the results.

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
[image: http://cdn.topperlearning.com/topper/bookquestions/834_sp11.JPG]
According to the third equation of motion: 

v 2 = u 2 + 2 as 

(0) 2 = (5) 2 + 2(-10) s
[image: http://cdn.topperlearning.com/topper/bookquestions/834_sp12.JPG]
Hence, the stone attains a height of 1.25 m in 0.5 s. 
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1. Diameter of the circular track, d = 200 m
Radius of the track, [image: begin mathsize 12px style straight r equals straight d over 2 equals 100 space straight m end style]
Circumference = 2[image: http://cdn.topperlearning.com/topper/bookquestions/835_ee5cbe4f476b3dbda8d8f2dce0411466.png]r = 2[image: http://cdn.topperlearning.com/topper/bookquestions/835_ee5cbe4f476b3dbda8d8f2dce0411466.png](100) = 200[image: http://cdn.topperlearning.com/topper/bookquestions/835_ee5cbe4f476b3dbda8d8f2dce0411466.png] m 

Concept Insight - Circumference of a circle is given by (2 × [image: http://cdn.topperlearning.com/topper/bookquestions/835_ee5cbe4f476b3dbda8d8f2dce0411466.png] × r) where, r is the radius of the circle and [image: http://cdn.topperlearning.com/topper/bookquestions/835_ee5cbe4f476b3dbda8d8f2dce0411466.png]= 22/7.

In 40 s, the given athlete covers a distance of 200[image: http://cdn.topperlearning.com/topper/bookquestions/835_ee5cbe4f476b3dbda8d8f2dce0411466.png] m. 

In 1 s, the given athlete covers a distance = [image: begin mathsize 12px style fraction numerator 200 straight pi over denominator 40 end fraction end style]m
The athlete runs for 2 minutes 20 s = 140 s
 
Total distance covered in  140 s = [image: begin mathsize 12px style fraction numerator 200 cross times 22 over denominator 40 cross times 7 end fraction cross times 140 end style]=2200 m

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 120s 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. (a) From end A to end B
 
[image: http://cdn.topperlearning.com/topper/tinymce/imagemanager/files/Page_112_Q_2.jpg] 
 
Distance covered by Joseph while jogging from A to B = 300 m
 
Time taken to cover that distance = 2 min 30 seconds = 150 s
 
[image: begin mathsize 12px style Average space speed equals fraction numerator Total space distance space covered over denominator Total space time space taken end fraction end style]
 
Total distance covered = 300 m
 
Total time taken = 150 s
 
Average speed = [image: begin mathsize 12px style 300 over 150 end style]= 2 m/s

[image: begin mathsize 12px style Average space velocity equals fraction numerator Displacement over denominator Time space interval end fraction end style]

Displacement = Shortest distance between A and B = 300 m
 
Time interval = 150 s
Average velocity = 300/150 = 2 m/s
 
The average speed and average velocity of Joseph from A to B are the same and equal to 2 m/s.
 
(b) From end A to end C 

[image: http://cdn.topperlearning.com/topper/bookquestions/836_sp15.JPG]
 
 
[image: http://cdn.topperlearning.com/topper/bookquestions/836_b0a24ad82c5fcd1d719d71dbc58efefd.png]
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 = 150+ 60 = 210 s
Average speed = [image: begin mathsize 12px style 400 over 210 end style] = 1.90 m/s
 
[image: http://cdn.topperlearning.com/topper/bookquestions/836_ffc9eeaee2fa9c470fffd309a6fa1f1c.png]
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 = 150 + 60 = 210 s
Average velocity = [image: begin mathsize 12px style 200 over 210 end style]= 0.95 m/s
 
The average speed of Joseph from A to C is 1.90 m/s and his average velocity is 0.95 m/s.
 
Concept Insight - Average speed and average velocity may or may not be same all the time.
 
3. Case I: While driving to school
 
Average speed of Abdul's trip = 20 km/h
 
[image: begin mathsize 12px style Average space speed equals fraction numerator Total space distance over denominator Total space time space taken end fraction end style]
Total distance = Distance travelled to reach school = d
 
Let total time taken = t1
[image: begin mathsize 12px style therefore 20 equals straight d over straight t subscript 1 end style]
[image: begin mathsize 12px style straight t subscript 1 equals straight d over 20 end style]    .... (i)

Case II: While returning from school
 
Total distance = Distance travelled while returning from school = d
 
Now, total time taken = t2
 
[image: begin mathsize 12px style therefore 30 equals straight d over straight t subscript 2 end style]
[image: begin mathsize 12px style straight t subscript 2 equals straight d over 30 end style]   .... (ii)
 
[image: http://cdn.topperlearning.com/topper/bookquestions/837_1ae2aefd2fc6bcdb8d0ce81aa0ab626c.png]
where,
 
Total distance covered in the trip = d + d = 2 d
 
Total time taken, t = Time taken to go to school + Time taken to return to school = t1 + t2

[image: begin mathsize 12px style Average space speed equals fraction numerator 2 space straight d over denominator straight t subscript 1 plus straight t subscript 2 end fraction end style]
 
Concept Insight - Consider the two cases individually to make the calculations clear and easy.
From equations (i) and (ii),

[image: begin mathsize 12px style Average space speed equals fraction numerator 2 space straight d over denominator begin display style straight d over 20 end style plus begin display style straight d over 30 end style end fraction equals fraction numerator 2 over denominator begin display style fraction numerator 3 plus 2 over denominator 60 end fraction end style end fraction equals 120 over 5 equals 24 space km divided by straight h end style]
 
Hence, the average speed for Abdul's trip is 24 km/h.
 
4. 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:
 
[image: http://cdn.topperlearning.com/topper/bookquestions/838_df9bd03ce41d8cf2c5fef66eaf7e8d5a.png]
Concept Insight - Choose the equation of motion wisely out of the three, to minimize the number of steps in calculations.
Distance covered by the motorboat, s
 
[image: begin mathsize 12px style straight s equals 0 plus 1 half cross times 3 cross times left parenthesis 8 right parenthesis squared
straight s equals 96 space straight m end style]
 
Hence, the boat travels a distance of 96 m.
 
5. For first car:
Initial speed of the car, u1 = 52 km/h = [image: begin mathsize 14px style 52 cross times 5 over 18 end style] = 14.4 m/s
Time taken to stop the car, t1 = 5 s
Final speed of the car becomes zero after 5s of application of brakes.
For second car:
Initial speed of the car, u2 = 3 km/h = [image: begin mathsize 14px style 3 cross times 5 over 18 end style] = 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 speed versus time graph for the two cars is shown in the following figure:
[image: http://cdn.topperlearning.com/topper/tinymce/imagemanager/files/Speed-time_graph_of_car.jpg]
Concept Insight - Distance covered by each car is equal to the area under the speed-time graph.
Distance covered by first car = Area under the graph line AB
= Area of triangle OAB
= [image: begin mathsize 14px style 1 half cross times 5 cross times 14.4 end style] = 36 m
Distance covered by second car = Area under the graph line CD
= Area of triangle OCD
= [image: begin mathsize 14px style 1 half cross times 10 cross times 0.83 end style] = 4.15 m
Area of triangle OAB > Area of triangle OCD
Thus, the distance covered by first car is greater than the distance covered by second car.
Hence, the car travelling with a speed of 52 km/h travelled farther after brakes were applied.
 
 
6. (a) Object B  
(b) No   
(c) 5.714 km   
(d) 5.143 km
 
 
(a) Slope of the distance-time graph of an object indicates its speed. Greater the slope, greater is the speed. Among the given graphs, the slope of distance-time graph of object B is the maximum, so object B is travelling the fastest.
 

(b) The distance-time graphs of the three objects A, B and C never meet at a single point. Thus, they are never at the same point on the road.
 
 
(c)
[image: http://cdn.topperlearning.com/topper/bookquestions/840_qss38.JPG]
 
On the distance axis:
 
7 small boxes = 4 km
 
1 small box = [image: http://cdn.topperlearning.com/topper/bookquestions/840_4d0842a9b90ce186199d40028f940ff3.png]
Initially, object C is 4 blocks away from the origin.
 
Initial distance of object C from origin= [image: http://cdn.topperlearning.com/topper/bookquestions/840_e7cbe2cbe16175b490e49bd0ae9c9e35.png]
Concept Insight - Final reading will be initial distance already covered minus the total distance covered.
 
Distance of object C from origin when B passes A = 8 km
 
Distance covered by C [image: http://cdn.topperlearning.com/topper/bookquestions/840_4860f2a8e1562d341a7888083d90f4a4.png]
Hence, C has travelled a distance of 5.714 km when B passes A.
 

(d)
[image: http://cdn.topperlearning.com/topper/bookquestions/840_qss39.JPG]
 
Distance covered by B at the time it passes C = 9 boxes

[image: http://cdn.topperlearning.com/topper/bookquestions/840_7bcd68808353e4afed93cf0da18d2a41.png]
Hence, B has travelled a distance of 5.143 km when it passes C.
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7. Distance covered by the ball, s = 20 m 

Acceleration, a = 10 m/s2 

Initial 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: 

v 2 = u 2 + 2 as 

v 2 = 0 + 2 (10) (20) 

v = 20 m/s 

Concept Insight - Choose the equation of motion wisely out of the three, to minimize the number of steps in calculations.

The ball will strike the ground with a velocity 20 m/s.

According to the first equation of motion: 

v = u + at 

20 = 0 + 10 (t)

t = 2s

Hence, the ball will strike the ground after 2s with a velocity of 20 m/s.

8. (a) The distance travelled by the car in the first 4 seconds is given by the area between the curve and the time axis from t = 0 to t = 4 s. This area has been shaded in the graph below.
 [image: http://cdn.topperlearning.com/topper/bookquestions/842_1111.jpg]
Number of squares in the shaded part of the graph = 62
Concept Insight: While counting the number of squares in the shaded part of  the graph, the squares which are half or more than half are counted as complete squares but the squares which are less than half are not counted.
On  X-axis,
5 squares represent 2 s.
1 square represents [image: http://cdn.topperlearning.com/topper/bookquestions/842_c5c0c82958fe03d856ca3dccd50eb6c1.png]s.
On Y-axis,
3 squares represent 2 m/s.
1 square represents [image: http://cdn.topperlearning.com/topper/bookquestions/842_6428ba994c712d3afe2f1af2f5b31d6a.png]m/s.
So, area of 1 square on the graph = [image: http://cdn.topperlearning.com/topper/bookquestions/842_270be399c9b128a27b42393b16ea80c9.png]
Area of the shaded region of the graph = [image: http://cdn.topperlearning.com/topper/bookquestions/842_047001ba9ef7337b8e9998b66a317ba4.png]
Therefore, the car travels a distance of 16.53 m in the first 4 seconds.
 
(b) The uniform motion of the car is represented by the part AB of the graph, which represents constant speed.
 
9. (a) Possible
 
When a ball is just released from a height, then it is being acted upon by a constant acceleration equal to the acceleration due to gravity i.e. 9.8 m/s2 but its initial velocity is zero.

Concept Insight - An object with a constant acceleration but with zero velocity is possible.
 
(b) Possible

When a car is moving in a circular track, its acceleration is perpendicular to its direction of motion at each instant. 
 
 
Concept Insight - An object moving in a certain direction with an acceleration in the perpendicular direction is also possible.
 
10. Concept Insight - Circumference of a circle is given by (2 x [image: http://cdn.topperlearning.com/topper/bookquestions/844_ee5cbe4f476b3dbda8d8f2dce0411466.png] x r) where, r is the radius of the circle and [image: http://cdn.topperlearning.com/topper/bookquestions/844_ee5cbe4f476b3dbda8d8f2dce0411466.png]= 22/7 = 3.14
 
Radius of  the circular orbit, r = 42250 km
 
Time taken to revolve around the Earth, t = 24 h
Speed of an object moving in a circular orbit,  [image: http://cdn.topperlearning.com/topper/bookquestions/844_01d77f5785d19d6fdb89782f2a8074b5.png]
[image: http://cdn.topperlearning.com/topper/bookquestions/844_a00aadd09f69955173fc7b43c051722c.png]

Hence, the speed of the artificial satellite is 3.07 km/s
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