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Q1. What does slope of velocity-time graph represent?

Q2. Read the statement below carefully and state with reasons and examples, if it is true or false:

with positive value of acceleration must be speeding up.

Q3. Can Earth be regarded as a point object if only the orbital motion of Earth around the Sun
is considered?

Q4. Why the speed of the object can never be negative?

Q5. Two balls of different masses (one lighter and other heavier) are thrown vertically upward
with same initial speed. Which one will rise to the greater height?

Q6. Consider that the acceleration of a moving body varies with time. What does the area
under acceleration-time graph for any time interval represent?

Q7. If the acceleration of particle is constant in magnitude but not in direction, what type of
path the particle follow?

Q8. Give an example of a body possessing zero velocity and still accelerating.
Q9. A ballis thrown straight up. What is its velocity and acceleration at the top?
Q10. Why does the earth impart the same acceleration to all. bodies?

Q11. Two particles A and B are moving with speeds.of 2kmh™ and 3 kmh™ respectively in the
same direction. Find how far will B be from.A after 1 hour?

Q12. A train moving with a velocity of 48 kmh~'is brought to rest in 11 second to avoid collision.
What is the retardation of the train in‘m's? and kmh™2?

Q13. A car travelling at 40 km h™ overtakes another car travelling at 58 kmh™"'. Assuming each
car to be 5 metre long, calculate the time taken for overtaking.

Q14. A train which is 150 m long is moving due south at a;speed of 10 ms™. A parrot flies at a
speed of 5ms™ towards north parallel to the rail track. In what time the parrot shall cross
the train?

Q15. Ambala is at a distance of 200 km from Delhi,"Ram sets out from Ambala at a speed of
60 kmh™" and Sham sets out at the same time from Delhi at a speed of 40 kmh™'. When will
they meet?

Q16. Two trains of lengths 109 m and-91m are moving in opposite directions with velocities
34kmh™" and 38 kmh™ respectively. In what time two trains will completely cross each
other? Choose the most logical reference point for time measurement.
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Q17. The acceleration-time graph for a body is shown in the adjoining. Plot the corresponding
velocity-time graph.

Acceleration (ms™)

Time (sec)— |

Q18. Two balls are thrown simultaneously, A vertically upwards with a speed of 20 m s~ from
the ground and B vertically downwards from a height of 40 m with the same speed and
along the same line of motion. At what point do the two balls collide? Given: g=9.8 ms™.

Q19. A stone is dropped from the top of a tower 100 metre high. At the same time, another
stone is thrown vertically upwards with a velocity of 50 ms™'. When and where the two
stone will meet?

Q20. The velocity-time graph of a particle in one-dimensional motionis 4v
shown in figure:

Which of the following formulae are correct for describing the
motion of the particle over the time-interval t, to ¢,?

1
X(t,) =x(t) +v(t)(t,—t)+ [EJ a(t,-t)’

L ]
3

vit,)=v(t)+al(t,-t)
VAverage = (X (tz) - x(t1 )) / (tz - t1)
aAverage = (V(tz) - V(t1)) /(tz = t1)

1
x(tz) = x(t1) + vAverage (t2 - t1) + [E] aAverage (tz - t1 )2

x(t,) — x(t,) = area under the v—t curve bounded by the t-axis
and the dotted line shown.

Q21. Figure shows the x-t plot of one-dimensional-motion of a particle. Is'it correct to say from
the graph that the particle moves in a straight line for t < 0 and on a parabolic path for
t > 07 If not, suggest a suitable physical context for this graph. x

Q22. The figure gives the x-t plot of a particle in one-dimensional motion. Three different equal
intervals of time are shown. In which interval isthe average speed greatest, and in which
is it the least? Give the sign of average velocity for each interval.
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Q23. The figure gives the x-t plot of a particle executing one-dimensional simple harmonic
motion. Give the signs of position, velocity and acceleration variables of the particle at
t=0.3s,1.2s,-1.2s. r

-2—11123 >t

Q24. Suggest a suitable physical situation for each of the following graphs:

() — —>

L S

Q25. (a) A stone is dropped from a balloon moving upwards with a velocity of 4.5 ms~'. The
stone reaches the ground in 5 second. Calculate the height of the balloon when the
stone was dropped.

(b) A stone falls freely under gravity, starting from rest. Calculate the ratio of distance
travelled by the stone during the first half of any interval of time to the distance
travelled during the second half of the same interval.

(a) —

Q26. A stone is thrown upwards from the top of tower 85 m high. It reaches the ground in 5
second. Calculate (a) the greatest height above the ground (b) the velocity with which it
reaches the ground and (c) the time taken to reaches the:maximum height. Given:
g=10 ms™

Q27. Two ships are 10 km apart on a line running south to north. The one farther north is
steaming west at 20 km h™'. The other is steaming north.at 20 kmh™. What is theirdistance
of closest approach? How long do they take to reach it?

Q28. A car starts from rest and accelerates uniformly for 10 s to a velocity of 8 ms™. It then
runs at a constant velocity and is finally brought to rest in 64 m with a.constant retardation.
The total distance covered by the car is 584 m. Find the values of acceleration, retardation
and total time taken.

Q29. Define the acceleration, it is vector ,quantity or scalar. A boy standing on a stationary lift
(open from above) throws a ballupwards with the maximum initial speed he can, equal to
49 m/s. How much time does the ball take to return to his hands? If the lift starts moving
up with a uniform speed of 5 m/s and the boy again.throws the ball up with the maximum
speed he can, how long does the ball take to return to his hands?

Q30. The figure gives a speed-time graph of a.particle in motion along a constant direction.
Three equal.intervals of time are shown.
(a) In which interval is the average acceleration greatest in D
magnitude? ¥
(b) In which interval is the average speed greatest? : i
(c) Choosing the positive direction as the constant direction A_ C
of motion, give the signs of vand ain the three intervals. b
(d) What are the accelerations at the points A, B, C and D? T2 3

Speed

Q31. Define the instantaneous acceleration. Derive an equation for the distance covered by a
uniformly accelerated body in n'" second of its motion. A body travels half its total path in
the last second of its fall from rest. Calculate the time of its fall.
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Q32. The speed-time graph of a particle moving along a fixed

direction is shown in figure. Obtain the distance traversed by ?2
the particle between (a) t=0sto10s,(b)t=2s to 6 s. g
What is the average speed of the particle over the intervals in - o 5 1o >t
(a) and (b)?
Q33. Two stones are thrown up simultaneously from the edge of A
a cliff 200 m high with initial speeds of 15 m/s and 30 m/s. ﬁlﬁg
Verify that the graph shown in figure, correctly represents §; soF
the time variation of the relative position of the second T 60
stone with respect to the first. Neglect air resistance and < 40f
assume that the stones do not rebound after hitting the 20¢
ground. Take g = 10 m/s? Give the equations for the linear 2 4 6 8 10

and curved parts of the plot.
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Nurturing Success...

PHYSICS - XI | Acceleration ncert-Solution

Date: 13/10/2021

S1. Acceleration.

S2. True.
Explanation: This statement is true when both velocity and acceleration are positive, at the
instant time taken as origin. Such a case happens when a particle is moving with positive
acceleration or falling vertically downwards from a height.

S$3. Yes. Thisis because the size of the Earth is very small as compared to the size of the orbit of the
Earth around the Sun.

S4. Speed is distance covered per unit time. Since distance cannot be negative therefore speed
cannot be negative.

S§5. Both the balls will rise to the same height. It is because, for a body moving-with given initial
velocity and acceleration, the distance covered by the body does not depend on the mass of the
body.

S$6. The area under acceleration-time graph for any time interval represents the change of speed of
the body during that time interval.

S7. It will follow a non-linear path.
$8. A body thrown up vertically has zero velocity at the top-most point, but has acceleration of g.

S$9. Velocity at the top = 0.

and acceleration at the top = 9.8 ms™ (downwards)
$10. Acceleration is force on unit mass..So, Earth does exert samejaceeleration.

S11. Relative velocity of Bw.r.t. A
Vag= (3—2)kmh™" = Akmh™
B will be ahead of A by.a distance of 1 kmh™" x = 1 km.

s12. Given, u=48 kmh™

8 5 40
=M x——=—ms"
M3 3
v=0, t=11sec
v=u-at

u=at
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u 40 40 _2
a= —= =—ms
t 3x11 33
a= Y -48%3000 _ 45700 kmn2.
t 1"
S13. Relative velocity = (58 —40)kmh™

= 18kmh~' = 18 x > ms™"!
18
=5ms™
Total distance to be travelled = 10 m;
Time = E = 2s.
5
S14. Relative velocity of parrot w.r.t. train

=(5+10)ms'=15ms™

Displacement= 150 m

Time taken = 150m1 = 10s.
15ms”
S15. Relative speed = 60 — (-40) kmh™" = 100 kinth™";
Time taken = m =
100 kmh~

Distance from Ambala at where they meet = 60 x2 =120 km and 80 Km from Delhi.

S16. Relative speed = (34 + 38) kmh™" = 72 kmh™"

72400 =20ms™
18

Total distanege'= (109 + 91) m = 200 m

. 200m
Time= —— =10s.
20ms™
S17. For time {, there isan.acceleration a.
Velocity increases after time ‘t acceleration is zero.

Thus v —.t graph will be shown as
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A A
a v —_—
> : >
0 t Time 0 t t
$18. For A, u=20ms™', a=-98ms7,
x = 2Ot—%x9.8t2 ... (i)
For B, u=-20ms~", ‘S’=—(40-x),
‘a’=-9.8ms?,
Using S=ut+ % at?,
We get —(40-x) = —20t—%x9.8t2
or 40— x=20t+4.9¢ (D)
Adding (i) and (ii),
40t=40
or t=1s;
From equation (i),
x=20x1-49x1Tx1=15.1m.
$19. When the stone is thrown vertically upward A A T
X = ut—%grz 100 -x
1 100m 1 *
x=50t— —gt* ()
2 X
When the stone droped from top of tower Y Y vL
1 2
100 —x=wut—= —gt
2
1 5 .
X= 100—Egt ... (i)

Put the value x in Eq. (i), we get

100 — %gt2= 50t — %gr2 —  t=2sec
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From Eq. (i), we get
X=49x2x2m=19.6m
Height= (100 - 19.6)m = 80.4 m.

$20. The correct formulae describing the motion of the particle are (c), (d) and, (f)

The given graph has a non-uniform slope. Hence, the formulae given in (a), (b), and (e) cannot
describe the motion of the particle. Only relations given in (c), (d), and (f) are correct equations
of motion.

S21. No.

The x-t graph of a particle moving in a straight line for {t <0 and on a parabolic path for t> 0
cannot be shown as the given graph. This is because, the given particle does not follow the
trajectory of path followed by the particle as { = 0, x = 0. A physical situation that resembles the
above graph is of a freely falling body held for sometime at a height.

S§22. Interval 3 (Greatest), Interval 2 (Least)
Positive (Intervals 1 & 2), Negative (Interval 3)

The average speed of a particle shown in the x-tgraph is obtained from the slope of the graph in
a particular interval of time.

It is clear from the graph that the slope is maximum and minimumsrestively in intervals 3 and 2
respectively. Therefore, the average speed of the particle is the greatest in interval 3 and is the
least in interval 2. The sign of average velocity is positive in.both intervals 1 and 2 as the slope
is positive in these intervals. However, it is negative in interval 3 because the slope is negative
in this interval.

§23. Negative, Negative, Positive (at t=0.3 s)

Positive, Positive, Negative (att= 1.2 s)

Negative, Positive, Positive (at t=—-1.2's)

For simple harmonic motion (SHM).of a particle, acceleration{(a)is given by the relation:
=_ »?x ® — angular frequency .. (i)

t=0.3s.

In this time interval; x iSsnegative. Thus, the slope"of the x-t plot will also be negative. Therefore,
both position and velocity are negative. However, using equation (i), acceleration of the particle
will be positive.

f =L 8.

In this time interval, x is positive. Thus, the slope of the x-f plot will also be positive. Therefore,
both position and velocity are positive. However, using equation (i), acceleration of the particle
comes to be negative.
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t=-1.2s.

In this time interval, x is negative. Thus, the slope of the x-f plot will also be negative. Since both
x and f are negative, the velocity comes to be positive. From equation (i), it can be inferred that
the acceleration of the particle will be positive.

S24. (a) The given x-t graph shows that initially a body was at rest. Then, its velocity increases with
time and attains an instantaneous constant value. The velocity then reduces to zero with
an increase in time. Then, its velocity increases with time in the opposite direction and
acquires a constant value.

A similar physical situation arises when a football (initially kept at rest) is kicked and gets
rebound from a rigid wall so that its speed gets reduced. Then, it passes from the player

who has kicked

it and ultimately gets stopped after sometime.

(b) In the given v-t graph, the sign of velocity changes and its magnitude decreases with a
passage of time. A similar situation arises when a ball is dropped on the hard floor.from a

height

It strikes the floor with some velocity and upon rebound, its velocity decreases by a factor.
This continues till the velocity of the ball eventually becomes zero.

(c) The given a-tgraph reveals that initially the body is moving with'a ¢ertain uniform velocity.

lts acceleration increases for a short interval of time, which again drops to zero.

This indicates that the body again starts moving with'the.same constant velocity. A similar

physical situation arises when a hammer moving withsa uniform velocity strikes a-nail.

$25. (@) u=-45ms™;

(b)

or

t=5s: a=+98ms? S=7?

[Dawnward direction-is'taken along +ve Y axis]
= _4_5x5+%x9.8x5x5
==225+122.5=100m.

2
&=Oxt%+%g[é}
8
2
S=0xr+%gﬁ_%%
gt* gt*> 3gt®
2 8 8
ot
81_ 8 _1_
S, agft 3
8
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$26. Let us first calculate the velocity with which the ball was thrown.

or

(a

(b)

(©)

85= 5y + % x10x5x5 [upward direction is taken +ve]

u=-8ms™".
Let us now calculate the height, from the top of tower, which the ball has attained.
u=-8ms™—', v=0, a=+10ms™
0°—(-8)=2x10xh

or h=-32m.
Greatest height above the ground
=(85+3.2)m=88.2m.

Given u=-8ms™": a=10ms™>
4t = 5sec
v=u+at
=—-8+10x5
=42ms™".
Given u=-8ms™": v=0; a=#+10ms>
t="7?;

0=-8+10f or_ t=08s.

$27. v, =20kmh™" due north, v, = 20kmh™" due west: Impress velocity (—v,) énboth B and A. While
B would come to rest, A would possess two velocities; 20 kmh™ due ‘north and 20kmh™' due

east.

V=202 kmh™.

Note that the length d of the-perpendicular will give the-distance of closest approach.

AN + 4 /
d ,-"'
20kmh™ 7
-9 B 7

XA

10km

Al 20kmh”

Add.: 855, Nitikhand-I, Indirapuram, Gzb. | Ph.: 7292077839, 7292047839 | www.smartachievers.in | info@smartachievers.in

Page 6



Now, sin 45° = 1&

or d=10sin45°
=19 ~7.07km
J2
Also, cos 45° = ﬂ
10
or AA = 10 km
V2
Now, 20V2 = —
J_
1
or t=—h =0.25h
4
S$28. First part
Given, u=0, t,=10sec, v=8mfs
Acceleration (a) = 8 0.8 m/s? as=tve a= 0 a=-ve
10 0 A B C
S1=u1‘1+131‘12 S, S, S,=64m

ny
5(10](10) =40 m

Second part S, + S, + S; = 584

and S, =584 —(S, 4 Sy
= 584 —(40,+ 64) = 480 m

1
S, ='uts +— at?
2 2 2 2

a=0
S, = ut,
S, 480
t,=—==——=60sec
2 u 8
Third part v=u-at,
u= at3
a=8/t,
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S, = ut,— % at?

- 8t, —1[3] (t,)

2\ ¢,
= 8t, —4t,
= 4,
64
t,= — =16 sec
54
a= 8 = - 0.5 m/s?
16

Totaltime =t, +{,+{,=10+60 + 16 = 86 sec.

$29. The rate of change of the velocity w.r.t. time it called the acceleration. It is vector quantity.
Initial velocity of the ball, u=49mfs

Acceleration, a=-g=-98m/s

Case I: When the lift was stationary, the boy throws the ball.
Taking upward motion of the ball,

Final velocity, v of the ball becomes zero at the highest point.

From first equation of motion, time of ascent ({) is given as:

v=u+at
f= V-=u
a
=;.4£ =5g
=08

But, the time of ascent.is equal to the time of descent.

Hence, the totaltime taken by the ball to return'to the boy’s hand =5+ 5=10s.

Case lI: The lift was moving up with a uniform veloCity of 5 m/s. In this case, the relative velocity
of the ballwith respect to the boy rémains the same i.e., 49 m/s. Therefore, in this case
also, the ball will return back to the boy’s hand after 10 s.

$30. (a) Average acceleration is greatestin interval 2
Explanation:

Acceleration is given by the slope of the speed-time graph. In the given case, it is given by
the slope of the speed-time graph within the given interval of time.
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Since the slope of the given speed-time graph is maximum in interval 2, average acceleration
will be the greatest in this interval.

(b) Average speed is greatest in interval 3

Explanation:

Height of the curve from the time-axis gives the average speed of the particle. It is clear
that the height is the greatest in interval 3. Hence, average speed of the particle is the
greatest in interval 3.

(c) vis positive in intervals 1, 2, and 3

a is positive in intervals 1, zero in interval 3 and negative in interval 2

Explanation:
Ininterval 1: The slope of the speed-time graph is positive. Hence, acceleration is positive.
Similarly, the speed of the particle is positive in this interval.

Ininterval 2: The slope of the speed-time graph is negative. Hence, acceleration.is negative
in this interval. However, speed is positive because it is a scalar quantity.

In interval 3: The slope of the speed-time graph is zero. Hence, acceleration is zero in this
interval. However, here the particle acquires some uniform speed. Itis positive in this interval.

(d a=0atA, B CD
Explanation:

Points A, B, C, and D are all parallel to the time points.. Therefore, at points A, B, 'C, and D,
acceleration of the particle is zero.

$31. Theinstantaneous acceleration of an object is different as the limiting value of average acceleration
of the object in a small time interval around that instant when the time intervalapproaches zero.

For a body having a uniform acceleratiop.a’ ina straight line, starting with an initial velocity u,
the displacement in ‘n’ seconds is given by,

S = nu+ T an?
2
In (n— 1) seconds,

S, .= (n—1)u+%a(n—1)2

Displacement in n" second= S, -8, ,
a
="u+—(2n -1
> ( )

Let S be the complete length of fall and ¢ be the time taken for it. Then,
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S32.

S= %gr2 o u=0) ..()
S . .
Also, 5 is covered in the last second.

R )
> 0+2(2t 1) ()

Using Eq. (i) and (ii), solve for t to be,

L
g2t -H=5gt,

ie., 4tg—2g = gf
gt —4tg+2g=0
= £—4t+2=0
i (o 42416-8 _4:2\2
e 2 2
t=2+42.

(a) Distance travelled by the particle = Area under the given graph

= %x(10—0)x(12—0)=60m

Average speed = M = 0 =6m/[s
Time 10
(b) Lets, and s, be the distances covered by theparticle between time t=28t05s
and t=5sto 6s respectively.

Total distance (s) covered by the particle intime t=2sto6s
S =.S7=hiS, .. (i)
For distance s, :

Let u” be the velocity of the particle after 2 s and a” be the.acceleration of the particle in t= 0 to
t=5s.

Since the particle undergoes uniform acceleration.in the interval = 0 to t= 55, from first equation
of motion, acceleration can be obtained as:

v=u+ at
Where, v = Final velocity of the particle
12=0+a’'x5

a’= —=24m/s?

Again, from first equation of motion, we have
v=u+at
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=0+24x2=48m/s
Distance travelled by the particle between time 2 sand 5si.e.,in3s

’ 1 rg2
s, ut+§at

= 4.8><3+%><2.4><(3)2
=252m

For distance s,:
Let a” be the acceleration of the particle between time t=5s and t= 10s.
From first equation of motion,

.. (i)

v=u+ at (where v = 0 as the particle finally comes to rest)

0=12+3”" x5
a’= _?12 = —2.4 m/s?

Distance travelled by the particle in 1s (i.e., between t=5sand t=6s)

T ;2
S, = u”t+_—at
? 2

=12 %1 +%(—2.4)><(1)2

=12-12=108m ... (iii)
From equations (i), (ii), and (iii), we get
§=252+108=36m
Average speed = ? =9m/s.
8§33. For first stone:
Initial velocity, u;=15mf/s
Acceleration, a=-g=-10m/s?
. . 1.5
Using the relation, X, = Xo + Uyt 5 at
Where, height of the cliff, X, =200'm
x, =200+ 15t-5¢ . (i)
When this stone hits the ground, x, =0
—5t*+15t+200=0
£ —3t—40=0
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t*—8t+5t—40=0
t(t-8)+5(t-8)=0
t=8s or t=-5s

Since the stone was projected at time { = 0, the negative sign before time is meaningless.

t=8s
For second stone:
Initial velocity, u;=30m/s
Acceleration, a=-g=-10m/s®
Using the relation, X, = Xo+Ugt+ % at?
=200+ 30t-5¢ .. (i)

At the moment when this stone hits the ground; x, =0
5¢-30t-200=0
£ -6t-40=0
2 —10t+4t-40=0

t(t—10)+4(t-10)=0
tt-10)(t+4)=0
t=10s or t=-4s

Here again, the negative sign is meaningless.
t=10s
Subtracting equations (i) and (ii), we get
X, — X, = (200 + 30t -5 %) — (200 + 16t =5 )

X, =%, =15t ... (iii)

Equation (jii) represents the linear path of both stones. Due 1o this linear relation between (x, - x,)
and t, the path remainsa.straight line till 8 s.

Maximum separation.between the two stonesiis at{=8s.
(X, = X )max = 15 x8=120m
This is in-accordance with the given graph.
After 8 s, only second stone is in motion whose variation with time is given by the quadratic

equation:

X, =X, =15t
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Hence, the equation of linear and curved path is given by
X, — x, =15t (Linear path)
X,=200+30t-5¢ (Curved path).
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PHYSICS - XI | Kinematic equations for uniformly accelarated Motion NCERT

Date: 13/10/2021

Q1. The graph shows the velocity of a body at different times during motion. What does the
area of the shaded portion of the graph represent?

Q2. Isitpossible that your cycle has a northward velocity but southward acceleration? If yes,
give an example?

Q3. Mention one consequence of the fact that instantaneous acceleration does not depend
upon instantaneous velocity.

Q4. Even when rain is falling vertically downwards, the front screen of a moving car gets wet.
On the other hand, the back screen remains dry. Why?

Q5. What is the velocity-time graph for a body moving with uniform velocity?

Q6. If the acceleration of the particle is constant in magnitude but.not in direction, what type
of path does the body follow?

Q7. Is it possible to have the rate of change of velocity.Constant while the velocity itself
changes both in magnitude and direction?

Q8. A uniformly moving cricket ball is turned back by hitting it with a bat for a very short
time-interval. Suggest acceleration-time graph for this situation.

Q9. Two masses in the ratio 1 : 2 are thrown vertically up with the same speed. What is the
effect on the time by the mass?

Q10. The position coordinate of a moving particle is given by x =6 + 18t + 9£ (x in metres and
tin seconds). What is its velocity at t = 2 sec?

Q11. A body thrown up vertically reaches a maximum height of 100 m. Another body with
double the mass thrown up with double the initial velocity reaches a maximum height h.
What is the value of h?

Q12. A truck and a car with the same kinetic energy are brought to rest by the application of
brakes which provide equal retarding forces. Which of them will come to rest in a shorter
distance?

Q13. Which of'the two decides the direction of motion of a particle: velocity or acceleration?
Give one example in support of your answer.

Q14. What is the effect of operation of time reversal (changing t by — ) on the kinematic
equations?

Q15. How long will see a boy sitting near the window of a train travelling at 54 kmh™ see a train
passing by in the opposite direction with a speed of 36 km h™'. The length of the
slow-moving train is 100 m.
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Q16. A swimmer’s speed in the direction of flow of river is 16 km h™'. Against the direction of
flow of river, the swimmer’s speed is 8 kmh™'. Calculate the swimmer’s speed in still water
and the velocity of flow of the river.

Q17. A highway motorist travels at a constant velocity of 45 km h™' zone. A motorcyclist police
officer has been watching from behind a bill board and at the same moment, the speeding
motorist passes the bill board, the police officer accelerates uniformly fromrest to overtake
her. If the acceleration of the police officer is 10 km h™%, how long does he take to reach
the motorcyclist?

Q18. The engine of an electric train 72 m long passes a stationary car with a velocity of 6 ms™.
When the tail end of the train passes the same car, its velocity is 9 ms™. Calculate the
acceleration of the car and the time taken by the train to pass the car.

Q19. Derive an expression for stopping distance of vehicle in terms of initial velocity v, and
deceleration a.

Q20. The position of an object moving along x-axis is given by x = a + b where a = 8.5 m,
b=2.5ms?and tis measured in second. What is its velocity at t= 0s and t=2s? What is
the average velocity between t=2s and t=4s?

Q21. An electron travelling with a speed of 5 x 10°ms™ passes through an electric field with an
acceleration of 10'>m s How long will it take for the electron to double its speed?

Q22. A stone is thrown downwards with a speed v from the top.of.a tower. It reaches the
ground with a velocity 3v. What is the height of the tower?

Q23. Is it possible for a body to be accelerated if its speed is constant?

Q24. A particle moves along x-axis in such a way that its'co-ordinate x varies with time t
according to the equation x = 2 — 5t + 6£2. What is'the initial velocity of the particle?

Q25. Discuss the motion of an object under free fall. Neglect air resistance.
Q26. What is the position at any time, for a body starting from rest, with.acceleration a = af*?

Q27. A ball is thrown vertically up with-a velocity of 20 m/s. Construct acceleration-time and
displacement-time graph.

Q28. The velocity of a particle is'v=5 + 2 (a, + a, f) where a, and a, are constants and tis the
time. What is the acceleration of the particle?

Q29. The race car accelerates on a straight road from rest to a speed of 180 kmh™ in 25s.
Assuming uniform acceleration of the car throughout, find the distance covered in this
time. Use onlythe graphical method.

Q30. Is it possible that the brakes of a car-are so perfect that the car stops instantaneously? If
not, why.not?

Q31. Awoman standing on the edge of a cliff throws a ball straight up with a speed of 8 km h™’
and then throws another ball straight down with a speed of 8 km h™ from the same position.
What is the ratio of the speeds with which the balls hit the ground?
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Q32. Amass A is released from the top of a frictionless inclined plane 18 m long and reaches
the bottom 3 sec later. At the instant when A is released, a second mass B is projected
upward along the plane from the bottom with a certain initial velocity u. The mass B
travels a distance up the plane, stops and returns to the bottom so that it arrives
simultaneously with A. The two masses do not collide with each other at any stage. Find
the acceleration and initial velocity of B.

Q33. On a foggy day two drivers spot each other when they are just 80 metres apart. They were
travelling at 72 km h™" and 60 kmh™ respectively. Both of them applied brakes retarding
their cars at the rate of 5 ms™. Determine whether they avoid the collision or not.

Q34. The variation of velocity of a particle moving along a straight line is shown in figure.
Calculate the distance traversed in 4 second.

[X]
=1

Velocity (in ms™) ——=

Time (in second)

Q35. A car moving along a straight highway with a speed of 126 kmh™ is brought to a stop
within a distance of 200 m. What is the retardation of the car (assumed uniform), and how
long does it take for the car to stop?

Q36. A body dropped from the top of a tower falls a through 40 m during. the last two second of
its fall. What is the height of the tower. Given: g =10 ms™.

Q37. The speed of a motor launch with respect to still water is 7 ms™" and the speed of the
stream is 3 ms™'. When the launch began travelling upstream, a float was dropped from
it. The launch travelled 4.2 km upstream, turned aboutand caught up with the float. How
long is it before the launch reached the float?

Q38. A ball is thrown vertically upwards with a velocity of 20 ms™ from the top-of a multi storey
building. The height of the point from where the ball is thrown is 25.0 m from the ground.
(a) How high will the ball rise? (b) How long will it be before the ball hits the ground? Take
g=10ms=2

Q39. A body travels 200 cm in the first two second and 220 cm in the next four second. What
will be the velocity at the end of seventh second from start?

Q40. The reaction time for an.automobile driver is 0.7 second. If the automobile can be
decelerated at 5 ms?, calculate the total distance travelled in coming to stop from an
initial velocity of 30 kmh™, after a signal is observed.

Q41. A body is thrown-up with a velocity of 78.4ms™". Find how high it will rise and how much
time it will.take to return to its point of projection.

Q42. A car accelerates from rest at a constant rate o for some time, after which it decelerates
at a constant rate p to come to rest. If tis the total time elapsed, then calculate:
(a) the maximum velocity attained by the car

(b) the total distance travelled by the car.
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Q43. A train moves from one station to another in two hours time. Ilts speed during the motion
shown in the graph. Determine the maximum acceleration during the journey. Also
calculate the distance covered during the time interval from 0.75 hour to 1 hour.

3

B

Speed (in km h™)

0 0.50 0.5 1.00 2.00
Time (in hour) ———

Q44. Given: The equations of motion of four particles a, b, c and d.
(a) x,=3t+9; (b) x,=4f+t-1; (¢) x,=3F-4f+7t-8
(d) x,=4sin 45° -6 sin 60° + 7 cos 30° — 18.
Comment on the nature of motion of the four particles.

Q45. The figure shows the x - t of a particle moving along a straight line. What is the sign of the

acceleration during the intervals OA, AB, BC and CD? [ )

o Time —=

Displacement ——=

Q46. The figure gives the displacement of a particle along the A B
x-axis as a function of time. What is the direction of f JV_]C
velocity (a) between O and A (b) between A and B (c) i OJ{ "~ TTime -
between C and D? b

Q47. Points P, Qand Rare in a vertical line such that PQ ='QR. Aball at P is allowedto fall
freely. What is the ratio of the times of descent through PQ and QR ?

Q48. Water dips from a water-tap on to the floor x metre below. 1' s
The first drop strikes the floor at the instant the fourth
one begins to fall. Determine the positions of the drops
when a drop just strikes the floor. Assume that the drops A
fall at regular intervals of time.

Q49. An object travels at a steady speed for a time t,, then decelerates uniformly for time ¢,
until it comes to rest. Sketch the following graphs for,the motion:

(a) Displacement vs time (b) Velocity vs time (c) Acceleration vs time.

Q50. Abody is projected vertically upwards from A, the top of a tower. It reaches the ground in
t, second. If itis projected vertically downwards from A with the same velocity, it reaches
the ground in £, second. If it falls freely from A, prove that it would reach the ground in

t,t, second.

Q51. The x —'t.graph of a moving particle is shown in figure below. Comment on the signs of
the velocities at the points C, D, E and F.

o

Displacement —
2]
"

(s}

|
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Q52. A motor car starts from rest and accelerates uniformly for 10 seconds to a velocity of
8 metre/sec. It then runs at a constant velocity and is finally brought to rest in 64 metres
with a constant retardation. The total distance passed over is 584 metres. Find the value
of acceleration, retardation and the total time taken. Represent the motion graphically.

Q53. Two trains A and B of length 400 m each are moving on two parallel tracks with a uniform
speed of 72 km h™ in the same direction, with A ahead of B. The driver of B decides to
overtake A and accelerates by 1 m/s?. If after 50 s, the guard of B just brushes past the
driver of A, what was the original distance between them?

Q54. A ball rolls down an inclined track 2 m long in 4 s. Find (a) acceleration (b) time taken to
cover the second metre of the track and (c) speed of the ball at the bottom of the track.

Q55. A car has a speed of 30 km/hour at any one instant. 2 sec later its speed is 36 km/hour
and 2 sec after that it is 42 km/hour. If it continues to accelerate like this find (a) the speed
at 8 sec and 9 sec. (b) What was its speed 4 sec before it was 30 km/hour. (c) What is its
acceleration?

Q56. Brakes are applied to a train travelling at 72 km per hour. After passing over 200 meters
its velocity is reduced to 36 km per hour. At the same rate of retardation, how much
further will it go before it is brought to rest?

Q57. A stone is dropped from a certain height. After falling for 5 second, the stone breaks
through a plane of glass and instantaneously loses half of its velocity. If the stone then
takes one more second to reach the ground, determine the height of the glass above the
ground. Given: g=10 ms™.

Q58. A body moving with uniform acceleration describes 135 m-in the last second of its motion.
If is starts from rest, how long was it in motion and through what distance did it move if
the distance covered in the first second is 15 m.

Q59. A player throws a ball upwards with an initial speed of 29.4 m s,

(a) What is the direction of acceleration'during the upward motion of the ball?

(b) What are the velocity and acceleration of the ball at the highest point of its motion?

(c) Choose the x=0m and t = 0s to be the location and time of the ball at its highest
point, vertically downward- direction to be the positive direction of x-axis, and give
the signs of position, velocity and acceleration of the ball during its upward, and
downward motion.

(d) Towhat heightdoes the ball rise and after howlong does the ball return to the player’s
hands? (Take g= 9.8 m s and neglect air resistance).

Q60. A particle starts from rest at time f = 0 and suffers acceleration as shown in figure. Draw
the velocity-time-graph for the time interval from 0 to 4 second.

+3

o ‘
E 2773 a4

Elo
5 1 i t{in second}—
o i

-3
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Q61. The velocity of a train increases at a constant rate a from zero to v and then remains
constant for an interval and finally decreases to zero at a constant rate . If x be the total
distance covered by the particle, then prove that the total time taken is

= i + 1 1 + 1
v 2{a B
Use only the graphical method.

Q62. A balloon is ascending at the rate of 14 ms~' ata height of 98 m above the ground when a

packet is dropped from the balloon. After how much time and with what velocity does it
reach the ground?
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PHYSICS - XI | Kinematic equations for uniformly accelarated Motion NCERT-Solution

Nurturing Success...

S1.

S2.

S3.

S4.

S5.

S6.

S7.

S8.

S9.

S10.

S11.

The area of the shaded portion of the graph represent the Distance.

Date: 13/10/2021

Yes, when brakes are applied to a moving cycle, the directions of velocity and acceleration are

opposite.

The directions of velocity and acceleration are not related to each other.

The rain strikes car in the direction of the relative velocity of rain with respect to car.

Straight line parallel to time-axis.
The particle run in the circular path.
Yes. It is possible in Projectile motion.

The figure shows the acceleration-time graph.

Mass does not influence time.

Given X =6 + 18t +9¢°
Now, v=% =18 + 18t
dt

(v),.4=18+18 x2=54 ms™".

Given, Height(h)=100m, w=0, u=?
We know,
V2= t? - 2gh
u=2gh

Now, second whose velocity
u’=24 andheight h’
v'=0

Vr2 = u;z _ zghf
u? 40

h' = -
29 29
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S12,

S13.

S14.

S15.

S16.

S17.

4 x 29 xh
T2
h’=4x100m =400 m.

Both truck and car will stop at the same distance.
It is the velocity which determines the direction of motion of a particle and not the acceleration.
As an example, when a ball is thrown up, the acceleration is directed downwards but the direction

of motion of the ball is in the direction of velocity.

The kinematic equations are invariant under the effect of operation of time reversal. So, even if
tis replaced by ‘-, the kinematic equations do not change.

The relative velocity of the slow-moving train w.r.t. the boy = (54 + 36) km h™

= 90x 2 ms '=25ms"
18

Now, 25 [1kmh*1 =%ms‘1}

or = —s =4s.

Let v, and v, represent the velocities of swimmer and river respectively.
Now, v, tv,=16 .. (i)

and v,—Vv,=8 ... (i)

Adding, Eq. (i) and (ii), we have
2v,=16+8
= 24kmh™’

Vo= 12kmh™
From Eq. (i), 12+y, =16 or v,=4kmh7,

Let the bill board be taken as the origin. let t be the required time. Let P represent the position
where the police officerreaches the motorist.

For the motorist: (It is a case of uniform motion.)

When t=0,7 x(0)=0, v=45kmh™
x()=x0)+vt or x(f)=wvt [+~ x(0)=0]
=45kmh™' xt =45 tkm .. (i)
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S18.

S19.

S20.

For the police officer: (Itis a case of accelerated motion.)

When t=0, x(0)=0, v(0)=0, a=10kmh™
Now, x(t) =x(0) + v(0)t+ % af
x(t)=0+0+%><10><t2=5t2km ... (i)

Comparing (i) and (ii), we get

5¢ =45t or t=9 hour.

Given, u=6ms’, v=9ms', S=72m
Using V2 — 1 =2aS
we get 9°-6°=2xax72
_ _ _ 45 o -2
or 144a=(15x3)=45 or a—mms =0.3125ms

Again using v = u + at, we get

9=6+ 45 t
144
or £t=3 or Es=£-l.6'3..
144 15
Let d, be the distance travelled by a vehicle before it'stops
Using v?—u?=2aS,
we get, 0? - % = -2ad,
2

or d,= Yo

2a

The stopping distance is proportional to the square of the initial velocity. Doubling the initial
velocity increases the stopping distance by a factor of 4, provided deceleration is kept the same.

dx d
= bz
v i dt(a+ )

= 2bt

=50tms™

At t=0s, v=0ms™ andat t=2s, v=10ms™

x(4)-x(2) a+16b-a-4b
4-2 2

=6b=6x25=15.0ms™".

Average velocity =
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S21. v(0)=5x10°ms™, a=10"ms>
vi)=2xv(0)=2x5x10°ms™, t=7?
Now, v(f)=v(0) + at

2x5x10°=5x10° + 10'%¢

or 10"%t=5%x10°
¢ 5x10°
or =g
or t=5x10"s.
$22. Using, V2 —u? = 2a8,
2 2
We get, 9V -V =2gh or h=8" o n=2"
2g g

§23. Yes, it is possible for a body to be accelerated even if the speed of the body isiconstant. As an
example, consider a particle moving with uniform speed along the circumference of a circle.
This particle shall possess acceleration called centripetal acceleration.

s24. x=2—5t+6Ff
Velocity, v= %:%(z—snetz’) or-v=-5+12t
For initial velocity, t=0
Initial velocity u=-5ms".

S$25. Anobject released near the surface of the Earth is accelerated downward 'under the influence of
the force of gravity. The acceleration due‘to gravity is represented-by g. If air resistance is
neglected, the object is said to be.in.free fall.

If the height through which the object falls is small compared to the Earth’s radius, g can be
taken to be constant, equalto 9.8 ms™. Free fall is thus.a case of motion with uniform acceleration.

$26. Given, a = of is a variable acceleration.

ﬂ=c:uatz = dv=ofdt

dt
t (:u‘e’r at®

jdv=jat2dt - y= ¥ _ot
0 3 3

0
Also v=ﬁ = dx=vdt

dt
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at®

dx= —dt
3
r ¢ of3 4
or Jx ax = (gt = |x|xf=£
X; 0 3 i 12
_ at? _ ot
Xf—xi.—? Xf_ XE+E
is the final position at time ‘f seconds.
S27. u=20ms™', a=gms™>
Time to reach the highest point,
t= — =2 seconds.

Q|<

Max. height = %g x4 =20m.

a A X A

10 1 20 \
0 ——————+—> {(sec) 0 —> [(sec)
2 4 6 8 2\’
4 _20 4

-10
\ Y
a-t graph x-tgraph
$28. Given v=5+2(a, va,l)

dv .d

Now a= —=—-—[5+2(a +a,t
. dt[ (a) + a,1)]

a=2a,

S29. 5
v=180x—ms"
18

=50 ms™’

o 25s t >

1
Distance covered = Area under graph = 2 x25x50m = 625 m.
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$30. Suppose the car is stopped instantaneously. This would mean that the velocity is reduced to
zero in an infinitesimally small interval of time. This would further mean that the car has infinite
deceleration. This is not possible. Thus, we cannot have a car which can stop instantaneously.

S$31. 1 : 1. Both the balls will hit the ground with the same speed. This is because the first ball will

cross the point of throw in the downward direction with a velocity of 8 kmh™".

S$32. As the mass A starts from rest.

=

Given, u=0, S=18m, t=3sec and a=?
1 5 1
Now, = —at or 18=—ax9
2 2
a=4ms™ c

i.e., the acceleration down the plane is 4 ms™

As the two masses return simultaneously without collision, total time taken by mass B is 3 sec.

Thus it takes 1.5 sec to reach a point where it stops and then returns. Hence for the'mass B

Initial velocity u=? v=0 t=15 and a=-4ms™>
O=u+(—4x1.5)

or u=6ms”

hence initial velocity of B is 6 ms™' and acceleration —4 ms™.

S$33. The two drivers will avoid the collision if the total distance covered by both is less than 80 m.

Foronecar u=72kmh'=20ms™"', a=-5ms?
VZ _uz
S= 2a
2 2
_02220° 400 _ .
2% (-5) 10
t.090 2
For the other car u = 60 km:h =?ms , a==5ms
V2 - U2
S= 2as
)
=—3=27.78m
2x (-95)

Total distance =40+ 27.78 =67.78 m

As this distance is less than 80 m, hence collision will be avoided.
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S34. The distance traversed in 4 second is given by the area under velocity-time graph.
Area under velocity-time graph = Area of AOEA + area of rectangle AEFB
+ Area of trapezium BFGC + Area of rectangle CGHD

= [%(1><20)+(1><20)+%(20+10)1+10><1)]m
=(10+20+15+10)m=565m.

$35. Initial velocity of the car, u= 126 km/h = 35 m/s
Final velocity of the car, v=0

Distance covered by the car before coming to rest, s =200 m

Retardation produced in the car=a
From third equation of motion, a can be calculated as:

vi—u®=2as

(0)> - (35)> =2 x ax 200

__35x35 _ )
S 200 - 308 m/s

From first equation of motion, time (f) taken by the car to stop.can be obtained as:
v=u+at

g= VU _ =30 Zgdas.
a  -3.06

S36. Let h be the height of the tower, Let t be the-time of fall.

Now, initial velocity, v = 0; acceleration;@=10ms™

Using S="ut +%at2,
we get h=0xt+%x10xt2
or h =58 (1)
Since the body travels 40 m during the last two second therefore the body covers (h — 40)
second.
Again, using

1 .2

S=ut+—at”,

2

we get h—40=0xt+%x10(1‘—2)2
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or h—40=5 (t-2) (D)
Subtracting (ii) from (i), we get
40=5[f - (t—2t)4
[t—(t=2)][t+ (t—2)]=8 or 2t—-2=4
t = 3 second
From equation (i),

Height of tower = 5 t2
h=5x3x3m=45m.

$37. Relative velocity of the launch while travelling upstream

= launch velocity — stream velocity

=(7-3)ms'=4ms™.

Time taken by the launch for travelling a distance of 4.2 km,

_ 4.2x10°

t, =1.05 x 10° sec

Suppose tis the time taken by the launch after dropping the float and meeting it again.
Distance travelled by the float during time

=3(ms™") x t(s) = 3t metre.

Relative velocity of the launch while travelling downstream= (7 + 3) ms™ = 10 ms™.
Distance travelled down the stream
= (4.2 x 10° + 3fymetre.

If £, is the time taken to cover this distance, then

_ 4.2x10° +3t
10 '

t,

.\ 4.2 x10%4.3t
10 '
t =1.05%x10%+0.42 % 10° + 0.3t

Again, t=t, +t,=1.05x10°

On simplification, #=2100 s = 35 minute.
$38. (a) v(0)=+20ms v () =0ms™,
a=-10ms®, S=h
Using v(t)? — v(0)? = 2ah,
weget 0°-20x20=2(-10)h

l!B

25m

h=@m =20m ”
20

'
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(b) v(0)=+20ms™', a=-10ms™
t=?, y()=—25m

Using y(b) = v(O)t+%at2
1 2
we get, -25= 201‘—§x10><t
or 5£-20t—25=0
or £—4t-5=0
or £ -5t+t-5=0
or t(t-5)+1(t—5)=0
On solving t=-1s, b5s.

Rejecting negative value of time, =5s.

Note: For solving part (b), there is no need to separately consider paths AB and BC.

While using S =uf + % at?, we have taken S as magnitude of displacement and not path
length. The path length is clearly greater than the magnitude of displacement.
$39. At t=0, x(0)=0, v(0)=u(say),
x(f)=200cm, t=2s
x(t) = (200 + 220)cm = 420 cm
t=(2+4)s=6s;

If a be the uniform acceleration of the particle, then

x(f) = x(0) + v(0) t + % at’

200=0+ux2+%a><4 or 100=u+a (i)
Again, X (t) =x(0)+ v(0)t+ % at’? 0 ' '
— Xx(f) —»
420=0+u><6+§><a><36 € Y S —
70=u+3a e (i)
x(f) =200 cm
x(') =420 cm
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Subtracting (i) from (ii), we get
-30=2a or a=-15cms™
From Eq. (i), we get
u=100-(-15)=115cms™

Now, t’=7s, v(t")=7?
vty = v(t)+ at”
v(t)=(115-15x7)cms ' =10 cms™.

$40. Since the reaction time of the driveris 0.7 second therefore the automobile, during this time, will
continue to move with uniform velocity of 30 kmh™",

ie. 30><ims‘1 or §ms"'.
18 3

Distance covered during 0.7 second = % x0.7m=15.83

Let us chose that time as reference time (f = 0) when the automobile begins to decelerate.

So,at t=0, x(0)-0, v(0)= %,a=—5ms'2, x()=7, v{®y=0

3
0? -(%5} =2(-5)[x(t)- 0]

625 1
=——x—m
9 10
Total distance travelled = 5.83 m+6:94m=12.77 m.

or x(f)

S41. Given, u=78.4ms™', time=2t=7?, h=7

Let time () taken maximum height'ef the body h in this case v=.0

V=" -2gh
2
h= g788.-‘-12 Y
X t h t
=313.6 m
v=u-gf 1 v
u =gt u=784ms""
t=ufg
= 73; = 8 sec.

Total time taken 2t=2 x 8 = 16 sec.
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$42. (a) Starting from rest, let the car accelerate for a time f,. Then, its velocity-time graph is a
straight line OA sloping upwards. Let v be the maximum velocity attainted by the car. Slope
of velocity-time graph OA gives the acceleration o..

=~ or t=2 () A
t o T T
After attaining the maximum velocity, the car begins to v ol B
decelerate. The velocity-time graph is AB. Its slope will %‘
give the retardation J. §
Now, B= —— or t—t =2 ... (ii) 0 : b
-4 B Time —>

or v ——t
which gives the maximum velocity attained by the car.

(b) Again, we know that the area under the velocity-time graph.gives the distance covered.

Distance covered = Area of AOAB

xfxv=lex op t=1a—Bt2.

2 o+ 20+

N[ =

S$43. We know that the slope of the velocity-time graph gives acceleration. It is'clear from the graph
that the slope is maximum between 0.75.hto 1 h.

Change in velocity in this interval = (60'— 20) kmh™" = 40 kmh™

1
Acceleration in this interval = w =160 kmh™
—h
4

Distance covered during the time interval from 0.76h'to 1h
= Area under.the corresponding velocity-time graph
= %(20 +60) 0.25=10km
[+ Area of trapezium = (sum of.|| sides) x perpendicular distance between parallel sides]

s44. d d
(a) E(Xa)—a(3f+9)—3

Since velocity is independent of time therefore the particle moves with uniform velocity.
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d d
() —(X)=8t+1 v, =8t+1 —

(VD)ZS; ab=8

The acceleration is independent of time. So, the particle moves with uniform acceleration.

(s) %(xc)zg(aﬁ—4t2+7t—8)=9t2—8t+7; v, =92 -8t+7: aC=%(9t2—8t+7)=18t—8

The acceleration is time-dependent. So, the particle moves with variable acceleration.

(d) x,does notdepend upon time. So, the particle is at rest.

$45. (a) Acceleration is —ve during the interval OA.

(b) Acceleration is zero during the interval AB.

(c) Acceleration is +ve during the interval BC.

(d) Acceleration is zero during the interval CD.

S$46. Slope of the given graph gives velocity.
(a) Between O and A, the slope of x-t graph is +ve. Since the slope of x-f graph gives velocity,

therefore, the direction of velocity is along +ve direction of x-axis.

(b) Between A and B, the position does not change with time. So, velocityiis zero.

(c) Between Cand D, the velocity is —ve.

$47. Let, t, is the time taken from Pto Q and ¢, is the time taken from. Qo R.

For motion from Pto Q, we apply

S=ut + % gt?
1 .2
= —gt
y > gty
Similarly, motion from Pto R.
1
2y = *z—g(ﬁ +t2)2
Now, 262 =(t, + )
or V2t =t +t,
or t,(N2-1) =t, or h_

S48. If t be the time-interval between two successive drops, then

Distance'between CD

b

CD= ut+%gt2

1

N2 -1

(- u=0)
Pe—%x
y
Qe
y
Re Y
(: u=0)
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1
CD= — gt?
59

1 2
BD= 4x—qgt
X 5 g
1 2
and AD=9><§xgt
AD = x
9
x= —qgt
29
2X
1‘2:_
9=y

Put gf® value of Eq. (i) & (iii), we get

1.7
BD=4x—x"—x
Z 9
4
=_X,
9
1 2
CD=—x—"x
Z 9
cp=X.
9
49, (a) a2 () 4
£ 2|
t(sec) ! t(sec)
LG E %]

§50. Given: 1
h= —ut, +§ gty

h= ut, +%gt§

Subtracting Eq. (i) and (ii), we get

1 1
0=ully +4,)+ g7 - ot}

or ulty +t)+ 9t + )6 ~t) = O

a(mfs?)

()

. (ii)
(v u=0) .. (i)

A

t(sec)
t, t, i

N0

.. (i)
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or u+%g(t2—t1)=0

g
or u=-=(t, -t

(-t

t 1 1
Now, hz%(tz—t1)+§gt$=§gt1t2

Again, when the body falls freely,

1 - 1 1 .5
h=—gt*;, —gt.t,=—gt
29 2912 29’

S$51. At C, the velocity is +ve. The tangent to the displacement-time graph at C makes an acute angle
with the time-axis. So, slope and hence velocity is +ve.

(a) AtD,thevelocityiszero. (a) AtE,thevelocityis—ve. (a) AtF,the velocityis +ve.

S§52. Given, u=0, v=8m/sec, t=10s

Substituting in the relation v=u+ at, we get
a= LY _8 =0.8ms™
t 10

Hence distance covered in 10 seconds

S= ut+%at2=0+%x0.8x100 =40m

The motor car moves for some time with.-uniferm velocity of 8 metres/sec before suffering
retardation. When the body suffers retardation, its

Initial velocity u=8mfsec, v=0 and S=64m
vi-u® 0-8°
Acceleration aw = =—_0.5ms™?
28 2 x 64
or Retardation = 0.5 ms™

Time taken to'cover the distance during retardation

t= V_”=H =16 s
a -0.5

Total distance travelled =584 m

Distance travelled during accelerated and retarded motions
=40+64=104m

Distance travelled with constant velocity
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=584 -104 =480 m Y
Time taken to cover 480 m = 480/8=60s 4
Total time to cover 584m=10+16+60=86+s

40m 480 m

=
ol| 8m/s
 /
8 m/s
(s3]
=

Graphical representation of motion is shown in the figure:

S§53. Fortrain A:

Initial velocity, u=72km/h=20m/s
Time, t=50s
Acceleration, a,= 0.

Since it is moving with a uniform velocity.

From second equation of motion, distance (S,) covered by train A can be obtained as:

1 2
S,= ut+—a,t
1 2 1

=20x50+0=1000 m.

For train B:

Initial velocity, u=72km/h=20m/s
Acceleration, a=1m/s?

Time, t=50s

From second equation of motion, distance (S,,)covered by train A can be obtained.as:
1 .2
S, = ut+—at
2
=20 x 50+ % x 1 x (50)% = 2250.m:

Hence, the original distance between the driver of train A and the guard of train B is
2250 -1000 = 1250 m.

§54. (a) Given, S=2m, ~t=4s, u=0

Substituting inrelation S = ut + % at?,\we get

2= 0+%a><4x4

or a=2/8=025ms™

Velocity at the end of 1 metre is given by
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S55.

S§56.

vi—u?=2aSs

or v2=2x%x025%x1=05
or v= 405 =0.707 ms™.

Now time to cover first one metre is find out from the relation v=u + at, i.e.,
0.707=0+at=0.25t

0.707
or t= —— =283s
0.25
(b) Time taken to cover second metre =4-2.83=1.17s
(c) Speed at the bottom v=u+at=0+0.25x4=1ms™".

Speed at any instant t = 30 km/hour = 30000 _ 25 -1

=—ms
3600 3

As the body covers equal distance in equal intervals of time, the motion is uniformly accelerated.

Velocity after (t + 2) sec = 36 km/h =10 ms™

- —(10-28) 1 5 e
Acceleration, a (.10 3)><2_6ms

As the body starts fromrest, u=0

v=u+at

25 5
22 =0+ 2t
3 6

or t=§x§=103

(a) Letv, bethe speed of the body 8s after the instance {, then

v, = 0+§(10+8)=§x18=15ms—‘ =54 kmh™.
! 6 6

Similarly, if v, be the'speed at 9 s after the instance ¢, then

v, = 0+%(10+9)=96—5ms'1 =57 kmh™.

(b) Thespéed 4 s before it was 30 km K is given by

v= 0+%(10—4)=g><6=5ms‘1 =18 kmh™.

Initial velocity 4

% x5
u=72km/hour= ~———— =20ms™"
18
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,3{{2 x5

Final velocity v =36 km/hour= ———— =10ms™
A8
Distance covered S=200m
Now, Vv — P = 2aS
or 10% - 20% = 2a x 200
2 9502 _
_10°-20 _ 30x-10 = —0.75 ms2
400 400
Let S’ be the further distance covered by the train before coming to rest with the same retardation,
then at this point
Initial velocity u=10m/sec and v=0
2aS’ =V —*
2 2
or =071 _gee7m.
-2x0.75
§57. Totaltime, t=1t, +1,
v
a= —
b
v
or t1 = 5 A
v
Similarl t,= —
y > 2a ‘
Vv
Now’ t= K + i. = E K =~
a 2a 2a ¢ l ¢
1 2
or v=2at o) f—
3
or he by =tx2ar=] g
2 2 3

$58. The body starts from resthence u = 0.

Let t be the total time of.motion of the body and abe the uniform acceleration, then

. . 1
Distance covered in f sec = 2 at?

Distancecovered in (f— 1) sec = —;— (t—1)°

Distance covered in first sec = % a=15

Acceleration a= 30 ms™
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. ) 1 1
Distance covered in last second = — af® — > a(t-1)>

a(2t—1)

N[ = N

% x30(2t—1)=135

or 21‘—1-E=9
15

t=5sec.

Thus, the body was in motion for § seconds.

Total distance covered % x30x 25=375m.

$59. Downward
Velocity = 0, acceleration = 9.8 m/s?
x > 0 for both up and down motions, v< 0 forup and v> 0 for down motion, a > 0throughout the

motion

Explanation:

(a) Irrespective of the direction of the motion of the ball.acceleration (which is actually
acceleration due to gravity) always acts in the downward direction towards the:Centre of
the Earth.

(b) At maximum height, velocity of the ball becomes zero. Acceleration due.to gravity at a
given place is constant and acts on the ball at all points (including the'highest point) with a
constant value i.e., 9.8 m/s?.

(c) During upward motion, the sign.of position is positive, sign of velocity is negative, and sign
of acceleration is positive. During downward motion, the signs of position, velocity, and
acceleration are all positive.

(d) Initial velocity of the ball,| u=29.4m/s
Final velocity of the'ball, v = 0 (At maximum-height, the velocity of the ball becomes zero)

Acceleration, a=-g=-98m/s’

From.third:equation of motion, height(s) can be calculated as:

vi—u?=2gs
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= (0)2 — (29'4)2 =441 m.
2%(-9.8)

From first equation of motion, time of ascent (f) is given as:

v=u+at

v-u_-294 _

= 3s.
a -9.8

t=

Time of ascent = Time of descent

Hence, the total time taken by the ball to return to the player's hands =3+ 3 =6s.

$60. At t=0, v(0)=0.

It is clear from the given graph that acceleration has a constant value of 3 ms™ fromif'=0 to
t=2 second.

During this time interval, the velocity at any instant of time ¢t may be given by

v(i)=v(0)+at=0+3t=3tms .

This is the equation of a straight line (y = mx) which passes through the.origin and has a slope 3.
This is represented by the portion OA of the velocity-time graph.

At t=0, v(0)=0
At t=1, v(t)=3ms"
At t=2, v() =6 ms™

From t=2s to t = 4s, the acceleration is given to be —3ms ™.

Let this time interval be t'. P
Then, t=t-2 "
At t=2s, t'=0 E
Again at t' =0 (t=2s), v(0)=6ms". %" :
2

Now, the velocity at any_instant of time ¢’ is given by

[P

y

V()= v(0)+ at' =6=3t' =6 -3 (t—2) = 12 -3t o 1 2 3 4

which is the equation of a straight line whoseslope is ‘- 3. t(in sec.) —=

S61. The portion.OA of the velocity-time graph represents the constant acceleration o of the train.

AB
= — slope of OA
o OB [slop ]
or o= AB_V [+ AB=V]
oL ol
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The portion CE of the velocity-time graph represents the retardation 3 of the train

CD
= — slope of C
B= oF [slop E]
or pe=P_Y [+ CD=V]
BB
Area under the velocity-time graph OACE
=%(OE+AC)AB
This is equal to the total distance travelled by the train.
A c
x=%(OB+BD+DE+AC)AB ]""
1 E
or X = E(OB+2BD+DE)V G
0 BT_ D E
m —
or 2x=[1+259+1]v or 2X_Y . o8p+Y i
o B v o B
or oBp=2X_YV_V o pgp-l[E_Y_V
v o B 2lv o B
Total time, t=0B+BD+DE
X 1(2x v v %
or f= —+—| —————|+—
a 2\v o B) B
X Vv v x v(1 1
or = —t— —h— | —+— .
v 20 2B vie 2o B

$62. Let O be the origin and the vertically.upward direction be the positive direction of x-axis.
At O, x=0, t=0.
Height of O above the ground is 98 m.

When the packet is dropped from the balloon, it has the same velocity as that of the balloon, i.e.,
14ms™" in the vertically upward direction

v(0) = 14 ms™

Acceleration'due to gravity will act in‘the vertically down ward direction.
a=-g=-9.8ms™>

In order to reach the ground, the packet has to cover a vertically downward distance of 98 m. If
the packet does so in time {, then
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x(f)=-98m
Now, x(f) = x(0) + v(0) t + % at?
1 OT(x=0,t=0)
or —98=0+14t+ — (-9.8) £ T
2 98 m
or —98 = 14t—4.9¢ l
or 49 -14t-98=0 -
or 49 - 140t-980=0 or 7£-20t-—140=0
. —(-20) + J(-zo)z — 4(7)(-140) .
14
_ 20465727
14
Ignoring —ve value, t= w s =6.12s

Let v(f) be the velocity with which the packet reaches the ground.
Now, v(t)=v(0) +at=(14 -98x6.12)ms™' =—-46'ms™’

Negative sign indicates a vertically downward velocity,

Aliter: ‘Ww=-14ms~', v=?, t=7?, °S=98m
Using V2 — 12 = 2a8,
We get V- (—14)°=2x9.8x98
or V¥ =196+ 1920.8.=2116.8
or v=+2116.8ms.' =46ms™
Using v =u + at, we get 46 = - 14+ 9.8t
or 9.8t=60 or t=ﬂs =6.12s.
9.8
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Y__E!:B_g Nurturing Success...

Nurturing Success...

PHYSICS - XI | Relative velocity ncert

Date: 13/10/2021

Q1. Ajetairplane travelling at the speed of 500 kmh™ ejects its products of combustion at the
speed of 1500 km h™" relative to the jet plane. What is the speed of the latter with respect
to an observer on ground?

Q2. The driver of a truck travelling with a velocity v suddenly notices a brick wall in front of
him at a distance d. Is it better for him to apply brakes or to make a circular turn without
applying brakes in order to just avoid crashing into the wall? Why?

Q3. Two parallel rail tracks run north-south. Train A moves due north with a speed of 54 km h™
and train B moves due south with a speed of 90 km h™'. What is the relative velocity of B
with respect to A in ms™'?

Q4. Prove that v,z =v, — V5, where symbols have their usual meaning.

Q5. Two particles A and B are moving along the same straight line. B is ahead of A. Velocities
remaining unchanged, what would be the effect on the magnitude of relative velocity if A
is ahead B?

Q6. A police van moving on a highway with a speed of 30 km h™’ fires a bullet at a thief’s car
speeding away in the same direction with a speed of 192 km h™. If the muzzle speed of
the bullet is 150 ms™, with what speed does the bullet hit the thief’s car ?

Q7. Define the relative velocity. The distance between the two towns M and Nis 400 km. Two cars
A and B set off simultaneously from the towns M and N towards each other. The.car A from M
travels at a speed of v, = 60 kmh™ and the car'B from N at a speed of v4= 40 kmh™. Find
analytically, the point, where they will meet and the time that will elapse ‘before they meet.

Q8. Two parallel rail tracks run North-South. Train A moves North with a speed of 54 kmh™.
What is the (a) relative velocity of B'w.r.t. A? (b) relative velocity of ground w.r.t. B?
(c) velocity of a monkey running on the roof of the train A against its motion (with a
velocity of 18 kmh™ w.r.t. the train A) as observed by a man standing on the ground?

Q9. Define the relative velocity. A jet airplane travelling at the speed of 500 km h™ ejects the
burnt gases at a speed 0f 1,200 km h™ relative to'the jet airplane. Find the speed of the
burnt gases w.r.t. a stationary observer on earth.

Q10. On a two-lane roadycar A is travelling with a speed of 36 km h™. Two cars B and C
approach car Ainopposite directions with:a speed of 54 km h™' each. At a certain instant,
when the distance AB is equal to AC; both being 1 km, B decides to overtake A before C
does. What minimum acceleration'of car B is required to avoid an accident?

Q11. What is relative velocity. Two trains 121 m and 99 m in length are running in opposite
directions with velocities of 40 km h™ and 32 km h™". In what time they will completely
cross each other.

Q12. Define the relative velocity. Delhi is at a distance of 250 km from Chandigarh. A sets out
from Chandigarh at a speed of 80 kmh™' and B sets out at the same time from Delhi at a
speed of 45 km h™'. When will they meet each other.
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Q13. When two bodies move uniformly towards each other, the distance between them
diminishes by 16 m every 10 s. If the bodies move with velocities of the same magnitude
and in the same direction as before, the distance between them will increase by 3 m every
5s. What is the velocity of each body?

Q14. Two parallel rail tracks run North-South. Train A moves North with a speed of 54 km h™,
and train B moves South with a speed of 90 km h™'. What is the (a) velocity of B with
respect to A?, (b) velocity of ground with respect to B?, and (c) velocity of a monkey running
on the roof of the train A against its motion (with a velocity of 18 km h™" with respect to the
train A) as observed by a man standing on the ground?

Q15. Two towns A and B are connected by a regular bus service with a bus leaving in either
direction every T minutes. Aman cycling with a speed of 20 km h™' in the direction Ato B
notices that a bus goes past him every 18 min in the direction of his motion, and every 6
min in the opposite direction. What is the period T of the bus service and with what speed
(assumed constant) do the buses ply on the road?
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Nurturing Success...

PHYSICS - XI | Relative velocity ncert-Solution

S1.

S2.

S3.

S4.

Date: 13/10/2021

Speed of the jet airplane, v, = 500 km/h
Relative speed of its products of combust
Y = —1500 km/h

smoke

Speed of its products of combustion with respect to the ground = v_ ..

Relative speed of its products of combustion with respect to the airplane,

— I
Vsmoke — Vsmoke ~ vjet

- 1500 = v, 500

smoke

= —1000 km/h.

combustion with respect to the plane,

v, .==1000 km/h

smoke

The negative sign indicates that the direction of its products of ceambustion is opposite to the
direction of motion of the jet airplane.

Foxd= % mv> [ Work done’=-Change in kinetic energy]

mv
F.=
5 2d
mv?
Fr= - ( F;= Centripetal Force)
F = 2F

Hence, it is better to apply brakes.

Given, v,=54km/hr ‘and vgy=-90 km/hr

Let due north direction be taken as +ve direction

v

ga = Vg =V, =—90-54

=+ 144 km/hr = -144 x%m/s

= —40 m/s due to south.
[-ve sign shows that velocity is in opposite direction]

Consider two bodies A and B moving with velocities v, and v,. Let x,; and x,, be their initial
positions. their position after time f is given by,

x1f= X.“-"' vAt
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S5.

S6.

S7.

S8.

and Xpe = Xo + Vgt
Subtracting,

(X”— xzf) = (Xw— xzf) + t(VA - Vs)

(Xyp= Xpp) = (Xq; = X)) = E(v = V)

The change in separation in ‘'is t (v, — vp). (v, — V;) is called relative velocity of A with respect to
B. It is nothing but the change in separation per unit time.

There will be no effect on the magnitude of relative velocity because relative velocity is (v, — V)
which always remains constant.

Speed of the police van, v, =30 km/h =8.33 m/s
Muzzle speed of the bullet, v, =150 m/s
Speed of the thief’s car, v,= 192 km/h = 53.33 m/s

Since the bullet is fired from a moving van, its resultant speed can be obtained as:

=150 + 8.33 = 158.33 m/s

Since both the vehicles are moving in the same direction, the velocity with which the bullet hits
the thief’s car can be obtained as:

Vot = Vo — V4

= 158.33 — 53.33 = 105 m/s:

When two object A and B move in the same direction along a straight line, the magnitude of
velocity of the object a minus the magnitude of thewelocity of the object B.

Here, v,=60kmh' “and v,=-40kmh™.

The negative sign has been taken for the reason that the car B is moving in a direction opposite
to that of the car A.

Therefore, relative velocity of the.carA w.r.t. B,

Vag = Vy— Vg =60 — (—40) =100 kmh™
Distance between the'towns M and N, x = 400 km
Therefore, time afterwhich the two cars meet;
|V:B| ) % “4n
The distance from the town A, at which the two cars meet,

S=v,xt=60 x4 =240 km.

Given, v, =54kmh™" (due North)
and vy =90kmh™ (due South)

Let us consider the positive direction of motion from South to North. Then,
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- —1
vy =54 kmh

and vy = -90kmh™
— - — 1
@) Vga = Vg — Vg = (=90) + (—54) = —144 kmh"

=144 kmh™ (due South)
(b) Let E}GB be the relative velocity of the ground w.r.t. the train B. Then,

-

Vs = Vg — Vg =0—(=90)=90 kmh™

=90 kmh™' (due South)

(c) Let \?M be velocity of the monkey w.r.t. a man on the ground and ;MA be velocity of the
monkey w.r.t. the train A. Then,

Vya = 18 kmh™ (against the motion of train A)
=—-18kmh™
S 5 o5
VvMa = Vm —Va
or Vi = Vg4 —Vya =54+ (- 18)=36 kmh™

= 36 kmh™' (due North).

S$9. When two object A and B move in the same direction along a-straight line, the magnitude of
velocity of the object a minus the magnitude of the velocity-of the object B.

Let us consider the positive direction of motion as to be away from the observer on the ground.

Suppose that v, represents the velocity of the jet airplane w.r.t. the observer on'the ground and
v, represents the relative velocity of the burnt'gases w.r.t. jet airplane. Then;

v, = 500 km h.' (away from the observer on the ground)
and Ve, = 14200 kmh™ (away from the observer on the ground)

If v is the velocity of the combustion products (away from the ebserver on the ground), then

Ves=Ve= Yy
or Vo= Vg, + v, =—1,200+500 = — 700 km h™’
=700 kmh™. (away from the observer on the ground)
$10. Velocity of car A, v, =36 km/h =10 m/s
Velocity of car B, Vg = 54'km/h = 15 m/s
Velocity of'car C, Ve =54'km/h =15 m/s

Relative velocity of car B with respect to car A,
Vea= Vg~ Va
=15-10=5m/s
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S11.

S12.

Relative velocity of car C with respect to car A,
Vea= Ve = (=V,)

=15+10=25m/s

At a certain instance, both cars B and C are at the same distance from car A, i.e.,
s=1km=1000 m
. 1000
Time taken (f) by car C to cover 1000 m = =5 = 40s
Hence, to avoid an accident, car B must cover the same distance in a maximum of 40 s.

From second equation of motion, minimum acceleration (a) produced by car B can be obtained
as:

L
s= ut+—at
2
1000 = 5 x 40 + % X a x (40)?

1600

- - 2
a 1600 1 m/s”.

When two object A and B move in the same direction along a_straight line, the magnitude of
velocity of the object A minus the magnitude of the velocity of the object B.

Relative speed of the first train w.r.t. the second train,

Vyp =V, =V, =40'= (=32) =72 kmh™' = 20.m s
Total distance travelled by each train so as toeross each other,
S=121+99=220m

Therefore, time after which the two trains will cross each other,

When two object. A'and B move in the same direction along a straight line, the magnitude of
velocity of the object'A minus the magnitude of the velocity of the object B.

Relative speedof Aw.rt. B,

Vag = V= Vg = 80— (—45) =125 kmh™

A
Therefore, time after which A and B will meet,
i _ 250

t= =—— =2h.
Vag 125
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$13. Let v, and v, be the velocities of the two bodies A and B.
When two bodies are moving towards each other:

Relative velocity of body Aw.r.t. B,

VEV,—(=Vg) =V, + Vg
Since distance diminishes by 16 m every 10s,

v= % =16ms™

or Vy+vg=16 .. (i)
When two bodies move Iin the same direction:

Relative velocity of body Aw.rt. B, v =v,—v,

Since distance increases by 3m every 5s,

3.

6m —1

v 0.
5
0.6 ms™ ... (ii)

or Vy—

On solving the equation (i) and (ii), we get
v,=1.1ms™

and v;=0.5ms™.

S$14. Choose the positive direction of x-axis to be from South to North. Then,
v,=+54kmh '=15ms7’
Vg=—90kmh™' =-25ms™’

1

Relative velocity of B with respectto A= v, = vg—v,=-40ms™ ', i.e., the train B appears to A

to move with a speed of 40 ms™" from North fo South.
Relative velocity of ground with respect to
B=0~+v,=25ms™ .
In (c), let the velocity of the monkey with respect to groundbe v,,. Relative velocity of the monkey
with respect to A,
Via =Vy— V= —18 kmh™ ' ==5ms™".
Therefore, v,=(15-5)ms *=10ms™ ",

S$15. Let V be the speed of the bus running between towns A and B.
Speed ofthe cyclist, v=20%km/h

Relative speed of the bus moving in the direction of the cyclist

=V-v=(V-20)km/h

. . 1 . .
The bus went past the cyclist every 18 min i.e., 6—3 h (when he moves in the direction of the
bus).
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Distance covered by the bus = (V - 20) g km ()

Since one bus leaves after every T minutes, the distance travelled by the bus will be equal to

T
V x— .. (i
60 (ii)
Both equations (i) and (ii) are equal.
18 VT
V-200X—=——
V=200 55= %0 (i)

Relative speed of the bus moving in the opposite direction of the cyclist

= (V + 20) km/h

Time taken by the bus to go past the cyclist

=6min=—h
60
6 VI .
\% +20)&—E .. (Iv)

From equations (iii) and (iv), we get

6 _wo20x B
(V+20)x o5 = (V= 20)x o
V+20=3V-60

2V =280

V =40 km/h

Substituting the value of V in equation (iv), we get

6 40T

40+ 20)X—= ——

( ) 60 60
T:@:Smin.

40
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- SMART ACHIEVERS

Y__E!:_B_g Nurturing Success...

Nurturing Success...

PHYSICS - XI | Position, path length and displacement ncert

Q1.

Q2.

Q3.

Q4.
Q5.
Q6.

Q7.

Qs.

Date: 13/10/2021

Look at the graphs carefully and state, with reasons, which of these cannot possibly
represent one-dimensional motion of a particle.

v
[

N L,
N

Look at the graphs carefully and state, with reasons, which of these cannot possibly
represent one-dimensional motion of a particle.

A

L

The length covered by a body is found to be directly proportional to the square of time.
What is the nature of acceleration?

What is the significance of the slope of x - tgraph?
Which vector can be associated with a plane area? And what is its direction?

Under what condition will the distance and displacement of a moving object have the
same magnitude?

Look at the graphs carefully and state, with reasons, which of.these cannot possibly
represent one-dimensional motion of a'particle.

Speed
[

\ /\;t
\Sf \

Look at the graphs carefully and state, with reasons, which of these cannot possibly
represent one-dimensional motion of a particle.

Total path length
k
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Q9. The motion of particle along x-axis is given by the equation x =9 + 5¢, where xis distance
in cm and t is time in second. Find (a) the displacement after 3 second and 5 second
(b) average velocity during the interval from = 3 second to t=5 second (c) instantaneous
velocity at t= 3 second.

Q10. Two bodies of different masses m, and m, are dropped from two different heights ‘a’ and
‘b’. What is the ratio of time taken by the two to drop through these distances?

Q11. Adrunkard walking in a narrow lane takes 5 steps forward and 3 steps backward, followed
again by 5 steps forward and 3 step backward, and so on. Each step is 1 m long and
requires 1s. Plot the x-t graph of his motion. Determine graphically and otherwise how
long the drunkard takes to fall in a pit 13 m away from the start.

Q12. Is the time variation of position shown in figure observed in nature possible?

¥

Time (f)

0 Position (x)

Q13. The displacement of a particle moving in one dimension under the action.of a constant
force is related to the time ¢ by the equation t= x + 3, where x is‘in metre and tis in
second. Find the displacement of the particle when its velocity iszero.

Q14. An object is thrown vertically upwards with a velocity of 19.6 ms=". Calculate the distance
and displacement of the object after 3 second?

Q15. Apolice constable is chasing a thief, who is initially 10-m ahead of the constable. The
uniform speeds of the constable and the thief are 10'ms™ and 8 ms™ respectively.
From the plot of position-time graphs for the constable and the thief, find the time,
the constable will take to catch the thief and the distance, the constable has to run.

Q16. Adjoining figure shows the x — t plot of one dimensional motion of Yo
a particle. Is it correct to say that the particle moves in straight i
line for t < 07 If not, suggest a suitable physical context for this i
graph. t—>

Q17. Stopping distance of vehicles: When brakes are applied to a moving vehicle, the distance
it travels before stopping-is called stopping distance. It is an important factor for road
safety and depends on the initial velocity (v,) and'the braking capacity, or deceleration,
—athat is caused by the braking. Derive an expression for stopping distance of a vehicle
in terms of vo and a.

Q18. (a) Aboy drives a scooter at a speed of40°km h™ for the first 10 km distance and then at
a speed of 60 kmh™ for the next:10 km. Find his average speed. Why the average
speed of the scooter is not 45 kmh™', the mean of the two speeds?

(b) If the boy drives the scooterat a speed of 40 km h™ for the first 0.5 h and then at a
speed of 60 kmh™ for the next 0.5 h, Find his average speed.
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Q19. The position-time (x-f) graphs for two children A and B returning from their school O to
their homes P and Q respectively are as shown in figure. Choose the correct entries in
the brackets below;

(a) (A/B) lives closer to the school than (B/A)

(b) (A/B) starts from the school earlier than (B/A)
(c) (A/B) walks faster than (B/A)

(d) A and Breach home at the (same/different) time
(e) (A/B)overtakes (B/A) on the road (once/twice).

-~y

Q20. Free-fall: Discuss the motion of an object under free fall. Neglect air resistance.

Q21. A ball is thrown vertically upwards with a velocity of 20 ms™" from the top of a multistorey
building. The height of the point from where the ball is thrown is 25.0 m from the ground.
(a) How high will the ball rise ? and (b) how long will it be before the ball hits the ground?
Take g=10 ms™2

Q22. Obtain equations of motion for constant acceleration using method of calculus.

Q23. The position-time graph for a dancer demonstrating dance steps along a straight line is
as shown in the figure. What are the average speed and average velocity for.each dance
step? !

x(m) —»
L= - Y

E\n 6
0

i
1.2 3 4 5 é\ 7i879 10
[ \ t{s)—»

| |
Mo
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Nurturing Success...

PHYSICS - XI | Position, path length and displacement ncert-Solution

S1.

S2.

S3.

S4.

S5.

S6.

S7.

S8.

S9.

Date: 13/10/2021

The given v-tf graph, does not represent one-dimensional motion of the particle. This is because
a particle can never have two values of velocity at the same instant of time.

The given x-tgraph, does not represent one-dimensional motion of the particle. This is because
a particle cannot have two positions at the same instant of time, while it has two positions at the
same instant of time.

Given length (x) o {time ()}’
X o< P
dx
No , = —oc2f
W VT o

= ﬂ < 2 (constant)
dt

Hence acceleration is constant.
xo<t? . vect and a t°(i.e.) acceleration is constant.

Slope of x — t graph provides velocity of motion. The nature of motion is identified by the shape
of the graph.

Area vector, outward drawn Normal to the plane will be its direction.
When the object moves in a straight line.

The given v-t graph, does not represent one-dimensional motionof the particle. This is because
speed being a scalar quantity cannotbe negative.

The given v-t graph, does not represent one-dimensional metion of the particle. This is because
the total path length travelled by the particle cannot decrease with time.

(a) Given, x=9+5¢8
Now, attime (=3
(X),.5 =9+ 5x(3)2= 54 cm

attime f(=5sec
()5 = 9% 5 x(5)° =134 cm

Displacement

b) Average velocit =
(b) g y Total time taken
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S10.

S11.

S12,

134 - 54
=———¢
2

ms =40cms™.

()

Instantaneous velocity,

dx
v=— =10¢
at

Velocity at t=3sis:

v=10x3cms ' =30cms™.

We know, S=ut+ %alz . (i)
u=0, t=t, and S=a
Setting this values in Eq. (i), we get
1 2a
a= Egz‘12 or t, = /E
- 1 2b
Similarly, b= 2 gty or t,= T
ho|a
ty b

The x-t graph for the motion of drunkard is shown in figure

It is clear from the graph that he takes 37 s to fall'in the pit.

Distance of the pit from the start =13 m

Time taken to move first 5m=5s

5 steps (i.e., 5 m) forward and 3 steps-(i.e., 3 m) backward
means that net distance covered =6 +-3=2m

t

Te 1316 2104 2032 a7

5 10152025 30 35 40
Time () —»

Time taken during process =543 =8 s.

Time taken in moving 8 m = 8—;8 =32s.
Distance of the pit from the drunkard after covering a net distance of 8m=13-8 =5m. Now, in
next 5 steps ferward, the drunkard will fall'into the pit, for which he will take 5 s more /.e., total
time taken tofall in the pit=32 + 5 = 37s.

No, when x increases, the time first increases and then decreases. It is not possible. It implies
that at a given time, the body in motion is simultaneously at two different positions which is not
possible.
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$13. Given \/; =t-3

Squaring the both side
x = (t—3)?
x=t"—2t+9
ax
v — =2t-2=0
dt
2t-2=0
t=1
Now, x =(t-3)

=1-32 = x=4m

S14. Given, u=196m/fs; v=0m/s

Now using relation v=u+at
v=u-gt
0=196-98t

= t=2sec

Attained maximum height in 2 sec

T 2
h_ = ut——gt
ut--g

max

19.6X2—%9.8x2x2=19.6m.

Distance covered innext 1 s

= 0x1—%x9.8x1x1 m.=4.9m.

Total distance covered

=(19.6+49)m=24.5m
Displacement =(19.6 —4.9)m = 14.7 m.

S15. Suppose thatthe point from which the constable starts chasing the thief is regarded as the
origin of'the position-time graph. Then,

initial distance of the constable from the origin = 0;

initial distance of the thief from the origin = 10 m;
speed of the constable =10 ms™

and speed of the thief = 8 ms™
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A _ Place of catching the thief

50-{
x — t Graph for
40T the thief
- x — t Graph for
307 the constable
€ 201
= 101 Time of catching
the thief
! / e |eL

0 1 2 3 4 5 t(s)—»

If follows that the constable will catch the thief after 5s and during this time, he will cover a

distance of 50 m.

S$16. Since shape for f < 0 is not given we cannot be sure about the nature of path. The graph

corresponds to, x =%az‘2. So this can be compared to the motion of a body droppéd from

certain height.

S17. Let the distance travelled by the vehicle before it stops be ds. Then, using equation of motion

v, = vﬁ + 2ax, and noting that v = 0, we have the stopping distance

Thus, the stopping distance is proportional to the square of thesinitial velocity. Doubling the initial

velocity increases the stopping distance by a factor of 4 (for the'same deceleration).

For the car of a particular make, the braking distancewas found to be 10m, 20m, 34 m and 50m
corresponding to velocities of 11, 15, 20 and 25 m{/s which are nearly consistent.with the above

formula.

Stopping distance is an important factor considered in setting speed limits,.for example, in school

Zones.

$18. (a) Lett, and t, be the time takenby.the boy to cover the first distance of 10 km and the second

distance of 10 km respectively. Then,

10 10 5
t+t,=—+—=—h
T2 40 60 12

Total distance covered =10+ 10 =20 km

Therefore, average speed

20 20

v,,= = =48 km h™
t,+1t, 5/12
It is tempting to guess the average speed as
v, = 40;60 =50 km h™",
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which is not the correct answer. The average speed is equal to the mean of the two speeds,
only if the boy drives the scooter for equal lengths of time (and not the equal distances).

(b) The distance covered in the first 0.5 h,
S;=v,xt =40 x0.5=20 km

The distance covered in the next 0.5 h,
S,=v,xt,=60x0.5=30km
Therefore, average speed

, _Si+S,_ 20430 _50
“" ti+t, 05+05 1

=50 kmh™.

§19. (a) A lives closer to school than B.

Explanation: Inthe given x-t graph, it can be observed thatdistance OP < OQ. Hence, the
distance of school from the A’s home is less than that from B’s home.

(b) A starts from school earlier than B.

Explanation: Inthe given graph, it can be observed that for x = 0,.t = 0-for A, whereas for
x = 0, t has some finite value for B. Thus, A starts his journey from school earlier than B.

(c) B walks faster than A.

Explanation: In the given x-t graph, it can be observed.that the slope of B is greater than
that of A. Since the slope of the x-f graph gives the speed, a greater slope means that the
speed of B is greater than the speed A.

(d) A and B reach home at the same time.

Explanation: |t is clear from the given-graph that both A and B reach their respective
homes at the same time.

(e) B overtakes A once on the road.

Explanation: B moveslaterthan A and his/her speed is greater than that of A. From the
graph, itis clear that B overtakes A only once on.the road.

$20. An objectreleased near the surface of the Earth is accelerated downward under the influence of
the force of gravity exerted by the earth. The magnitude of acceleration due to gravity is
represented by g.If air resistance is neglected, the object is said to be in free fall. If the height
through which.the object falls is small compared to the Earth.s radius, g can be taken to be
constant,equal to 9.8 ms™2. Free fallis thus a case of motion with uniform acceleration.

We assume that the motion is in y-direction, more correctly in — y-direction because we choose
upward direction as positive. Since the acceleration due to gravity is always downward, it is in
the negative direction and we have

a=-g=.98ms?
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The object is released from rest at y = 0. Therefore, v, = 0 and the equations of motion become:

v=0-gt =98tms™'
y=0-gt =-4.9t*m
v,=0-2gy =-19.6ym?s™?

These equations give the velocity and the distance travelled as a function of time and also the
variation of velocity with distance. The variation of acceleration, velocity, and distance, with time
have been plotted in figure (a), (b) and (c).

t(s) = t(s) —» 0

C) —T (b) R L 1 5 5 © 4]
_5- -104 —20+

* ~30-

—40-
-50+
_60-
_?0-
— 404 -804
_90_

I
>
—
R
o
1
y(m —

Figure: Motion of an object under free fall: (a) Variation of acceleration with time. (b) Variation
of velocity with time. (c) Variation of distance with time

S21. (a) Let us take the y-axis in the vertically upward direction with

zero at the ground, as shown in figure. ‘!,( )
Y=Y
Now, V,=+20ms’,
a=-g=-10ms 2 < A

v=0ms™'

If the ball rises to height y from the point of launch, then a =—10m/s?
using the equation

vZ=VvZ +2a(y-y,)
we get 0=(20)* +2(=10) (¥ - )

Solving, we get, V=Y, =20m.

(b) We can solve this part of the problem in two ways. Note carefully the methods used.

First Method: Inthe first method, we split the path in two parts : the upward motion (A to B)
and the downward motion (B:to C) and calculate the carresponding time taken ¢, and £,.
Since the velocity at Bis zero, we have:

v=y,+al
0=20-10¢,
Or, t,=2s

This isithe'time in going from A toB. From B, or the point of the maximum height, the ball
falls.freely under the acceleration.due to gravity. The ball is moving in negative y direction.
We use equation

Y=Y, +V01‘+%at2

We have, Yo=45m, y=0, v,=0, =—g=-10ms™2

0=45+(1/2) (-10) £
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Solving, we gett,=3s
Therefore, the total time taken by the ball before it hits the ground = ¢, +t,=2s + 3s = 5s.

Second Method: The total time taken can also be calculated by noting the coordinates of
initial and final positions of the ball with respect to the origin chosen and using equation

Y=Y, +v0t+%at‘2

Now, Yo=25m y=0m
v,=20ms™ ', a=-10ms™?,  t=2?
0 =25+ 20t + (1/2) (- 10) t

or, 5t° —20t—25=0
Solving this quadratic equation for ¢, we get
t=5s
S22, . _ av
By definition a= —
dt
dv=adt
Integrating both sides dv = | adt
grating i -[:; v J';
=a J;df (a is constant)
v—y,=at
v=y,t+at
Further, V= g
dt
dx = vdt

Integrating both sides _[X dx J;;vdt

Xp

J;(vg + at)dt

X=X, = vt,t‘+%.':'n2

X= x,,+v0t+%a1‘2

We can write 4= —=——=V
dt dx dt ax

or, vdv =adx
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S§23.

. . X
Integrating both sides, f: vdv = L adx
0 0

2 2
Vi—v,

2

a(x—xp)

V2=V +2a(x - X,)

The advantage of this method is that it can be used for motion with non-uniform acceleration

also.

Now, we shall use these equations to some important cases.
For the dance step depicted by OA:
Path length =2m; displacement=2m; timetaken;, {=2s

Path length _ 2 _ 1 »

Average speed = — = ms
Time taken 2

and average velocity = Displacement _ 2 _ 1ms™’
g Y Timetaken 2

For the dance step depicted by AB:

Path length=0; displacement=0; timetaken; (=1s

Average speed = % =0
.0 _
and average velocity = 17 0

For the dance step depicted by BC:

Path length=2m; displacement=2m; <timetaken; = 1.5s

Average speed = % =1.33ms™
: 2 -1
and average velocity = 15 =133 ms

For the dance stép.depicted by CE:

Path length =5.5m; displacement=-556m; timetaken; t=2s

Average speed = 5? =2.75ms™

L&y

and average velocity = =-275ms™

For the dance step depicted by EF:

Path length = 0; displacement =0; timetaken;, t=1s
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0

Average speed = =0
1.5
: 0
and average velocity = 15 =0

For the dance step depicted by FG:

Path length =1.5m; displacement=1.5m; timetaken; (=1.5s

—
(4]

Average speed = E =1ms™
, 1.5 »
and average velocity = 15 =1ms

Add.: 855, Nitikhand-I, Indirapuram, Gzb. | Ph.: 7292077839, 7292047839 | www.smartachievers.in | info@smartachievers.in Page 9
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Y__E!:_B_g Nurturing Success...

Nurturing Success...

PHYSICS - XI | Velocity and speed ncert

Q1.
Q2.

Q3.

Q4.

Q5.

Q6.

Q7.
Qs.
Q9.

Q10.

Q11.

Date: 13/10/2021

What conclusion can you draw if the average velocity is equal to instantaneous velocity?

What is the common between the two graphs shown in figure (a) and (b)?

t t
x(m) Hs) —> x(m)
—
(a) (b)

Is the speed-time graph shown in the figure, possible?

: Time —»

What is the common between the two graphs shown in figure (a) and (b)?

Speed »

te)— ts)—
f f

(a) (b)

A train 100 m long is moving with a speed of 60 kmh™". In whattime shall it cross a bridge
1km long?

What can you say about the nature of acceleration, associated with a mass whose v -t
graph is shown? ok

(AN

10 20 K(s)

What will happen to a hydrogen balloon released on the moon?
Can a body have constant speed but a varying velocity?

When a ball hits a wall with.a velocity of 50 m/s and bounces back with the same speed,
what is the change in momentum of the ball?

Velocity-time graph-of a moving object is. Shown below. What is the acceleration of the
object? Also draw displacement-time graph for the motion of the object.

Welocity —m

Time —»

A body starts from rest and moves along a straight line. It has uniformly accelerated
motion upto time £,. During the interval t, — £, it moves with uniform velocity. After time t,
its motion is retarded, and it comes to rest at time t,. Draw the velocity-time graph.
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Q12.

Q13.

Q14.

Q15.

Q16.

Q17.

Q18.

Q19.

Q20.

Q21.

Q22.

Q23.

Q24.

Q25.

Do the following two graphs represent same type of motion? Name the motion.

Y ¥

AVAV.VS

xim) —=
(m f5) —=

] 0
t(s) —» ()

Draw velocity-time graph for an object, starting from rest. Acceleration is constant and
remains positive.

The position of an object moving along x-axis is given by x = a + b where a = 8.5 m,
b=2.5 ms ?and tis measured in seconds. What is its velocity at t=0s and t=2.0 s. What
is the average velocity between t=2.0s and t=4.0s?

Read the statement below carefully and state with reasons and examples, if it is true or false:

with zero speed may have non-zero velocity.

Read the statement below carefully and state with reasons and examples, if it is true or false:

with constant speed must have zero acceleration.

Read the statement below carefully and state with reasons and examples, if it is true or false:

with zero speed at an instant may have non-zero acceleration at that instant.

A bicyclist is travelling along a straight road for the first half time.with speed v, and for
the second half time with speed v,. What is the average speed-of the bicyclist?

A particle is moving with uniform velocity v along a straight line. What will be the position-time
graph of the motion of the particle in the following cases?
(@) +vex,+vev (b) +vex, —vev (¢) .. =vex, +vev (d) —vex, -vev

Given : x, represents the position of the particle at't= 0.

A passenger arriving in a new town wishes to go from the station to.a hotel located 10 km
away on a straight road from the station. Adishonest cabman takes him along a circuitous
path 23 km long and reaches the hotelin.28 min. What s (a) the average speed of the taxi,
(b) the magnitude of average velocity? Are the two equal?

Four persons K,L,M, N are initially at the four corners ofa square of side‘d’.Each person
now moves with a uniformspeed v in such a way that K always moves directly towards
L, L directly towards M, M.directly towards N and N directly towards K. What is the time
after which the four.persons will meet?

A train 110 m long is-travelling at 60 km h="..In what time it will cross a cyclist moving at
6 kmh™ (a) in the'same direction (b) in the opposite direction?

A car covers the first half of the distance between two places at a speed of 40 kmh™ and
second half at 60 kmh™"'. Calculate-the average speed of the car.

A person travels along a straight road due east for the first half distance with speed v,
and the second half distance with speed v,. What is the average speed of the person?

An object moving on a straight line covers first half of the distance at speed v and second
half of the distance at speed 2v. Find (a) average speed, (b) mean speed.
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Q26. A body goes from A to B with a velocity of 40 m/s and comes back from B to A with a
velocity of 60 m/s. What is the (a) average velocity during the whole journey and (b) average
speed during the whole journey?

Q27. The two straight rays OA and OB on the same displacement-time
graph make angle 30° and 60° with time axis respectively as shown
in figure.

(a) Which ray represents greater velocity?
(b) What is the ratio of two velocities represented by OA and OB?

Displacement —»

Q28. A stone falls from a cliff and travels 34.3 m in the last second before it reaches the ground.
Calculate the height of the cliff.

Q29. A girl walks to her school at a distance of 1 km with a speed of 2 km h~' and comes back
with a speed of 3 kmh™. Calculate the average speed for the round trip in km h".

Q30. Agunis fired from a distance of 1.2 km from a hill. The echo of the sound is heard back at
the same place after 8 second. Find the velocity of sound.

Q31. On a long horizontally moving belt (see figure), a child runs to and fro with a speed 9 km h™’
(with respect to the belt) between his father and mother located 50 m apart on the moving
belt. The belt moves with a speed of 4 km h™". For an observer on a'stationary platform
outside, what is the

(a) speed of the child running in the direction of motion of the belt?

(b) speed of the child running opposite to the direction of- motion of the belt?
(c) time taken by the child in (a) and (b)?

Which of the answers alter if motion is viewed by oneof the parents?

Moving belt — &  4kmh

Stationary observer

Q32. Athree-wheeler starts from'rest; accelerates uniformly.with 1 ms~2 on a straight road for
10 s, and then moves with uniform velocity. Plot the distance covered by the vehicle
during the nth second(n.=1,2,3....) versus n. What do you expect this plot to be during
accelerated motion:a straight line or a parabola?

Q33. In Exercises 3.13 and 3.14, we have carefully distinguished between average speed and
magnitude of average velocity. No such distinction is necessary when we consider
instantaneous speed and magnitude of velocity. The instantaneous speed is always equal
to the magnitude of instantaneous velocity. Why?

Q34. Two trucks started at the same time towards each other from cities A and B which are
480 km apart. The first truck took eight hours to travel from A to B. The second truck
travelled from B to Ain ten hours. If both the trucks travelled with constant speed, then at
what time from starting do the trucks meet and at what distance from A?
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Q35. A ball is dropped from a height of h metre above the ground and at the same instant
another ball is projected upwards from the ground. The two balls meet when the upper

ball falls through a distance g Prove that the velocities of the two balls when they meet
are in the ratio 2 : 1.

Q36. The motion of a car along y-axis is given by the relation y = £ — 6 + 9t + 5, where y is in
metre and tis in second. Calculate the position, acceleration and total distance travelled
at t= 5 second.

Q37. Explain clearly, with examples, the distinction between:

(a) Magnitude of displacement (sometimes called distance) over an interval of time, and
the total length of path covered by a particle over the same interval;

(b) Magnitude of average velocity over an interval of time, and the average speed over
the same interval. [Average speed of a particle over an interval of time is defined as
the total path length divided by the time interval]. Show in both (a) and (b) that the
second quantity is either greater than or equal to the first.

When is the equality sign true?

Q38. A man walks on a straight road from his home to a market 2.5 km away with a speed of
5 kmh™. Finding the market closed, he instantly turns and walks back home-with a speed
of 7.5 kmh™. What is the magnitude of average velocity, and average speed of the man
over the interval of time (a) 0 to 30 min, (b) 0 to 50 min, (c) 0 to 40.min? [Note: You will
appreciate from this exercise why it is better to define average speed as total path length
divided by time, and not as magnitude of average velocity. You would not like to tell the
tired man on his return home that his average speed was:zero!]

Q39. Derive the three equations of motion by calculus method. Express conditions underwhich
they can be used.

Q40. Aballiis dropped from a height of 90 m on a floor. At each collision withthe floor, the ball
loses one-tenth of its speed. Plot the speed-time graph of its motion between t=0to 12s.

Q41. Draw velocity-time graph of uniformly accelerated motion in one dimension. From the
velocity time graph of uniform accelerated motion, deduce the equations of motion in
distance and time.

Q42. (a) With the help of a simple case of an object moving with constant velocity show that
the area under velocity-time curve represents the displacement over a given time
interval.

(b) Establish the relation x= vot+%at2 graphically.

(c) A car moving with a speed of 126 km/h"is brought to a stop within a distance of
200 m. Calculate the retardation of the car and the time required to stop it.
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PHYSICS - XI | Velocity and speed ncert-Solution

Nurturing Success...

S1. The particle is moving with constant velocity.
S2. Both represent positive velocity, because slope of graph is positive.
S$3. No. Because speed cannot be negative.

S4. Both represent negative velocity, because slope of the both graph is negative.

S5. Intrain-bridge problems, the total distance to be covered
= Length of bridge + Length of train.

Total distance to be covered by train

=1Tkm+100m=1100m

Speed = 60 kmh™ = 60x—>ms" =i0ms‘1;
18 3
Time = 1100 s=66sec.
50/3

S6. Since slope is uniform. So acceleration is constant.
§7. The balloon will fall with an acceleration of g/6 ms ™.
$8. Yes, itis possible one if direction changes: Example Uniform circular motion.

$9. Given, Velocity =50 ms™
Let's Mass.=m kg

Now change in momentum. Ap=-2mv=-100kgm s

S$10. Acceleration = zero.

X — tgraph is as.shown below:

.
'

Displacement
x —

—
Time(t) —»

Date: 13/10/2021
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S11. Ay

=
3
g
> X
0 b Time 2 4
S12. Both the graphs represent the non-uniform type of motion.
S13. A
S
P &
Q}Q'
v ?_c?
t—>
S14. In notation of differential calculus, the velocity is
v= ﬁ=i(a +bt?) =2bt=5.0tms '
at dt
At t=0s,v=0ms 'andatt=2.0s,v=10ms .
) x(4.0) - x(2.0)
A locity =
verage velocity 210-20
_ a+16b-a-=4b —8.0xb
2.0

=6.0x25=15ms .
S15. True.

Explanation: Acar moving on astraight highway with constant speed will have constant velocity.
Since acceleration is defined as the rate of change of velocity, acceleration of the car is also
zero.

S16. False.
Explanation: This statement is false in the situation when acceleration is positive and velocity
is negative at the«instant time taken as origin. Then, for all the time before velocity becomes
zero, there is slowing down of the particle. Such a case happens when a particle is projected
upwards:

S17. False.

Explanation: Speed is the magnitude of velocity. When speed is zero, the magnitude of velocity
along with the velocity is zero.

S18. Let t be the total time taken.

Distance covered in the first half time = v; x (%) = %t :
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Distance covered in the next half time = v, x (%) = %f
vt vt
o T vi+v
Average speed v, = 2 : 2 _U 5 2
S19.
Xo
. ~_ .1
¥ X Xq X
s \
(a) (b) © (d)
S20

' Total distance travelled in 28 min = % h

Average speed of the taxi = % =49.29km/h
(50
Shortest distance between the hotel and the station = 10 km*= Displacement of the car

Average velocity = % =21.43km/h

60
Therefore, the two physical quantities (average speed and average velocity) are not equal.

S21. ltis clear from the figure that they will meet at the centre of the square.
Component of velocity towards the centre O of the square

= v.cos 45° = % R 453,,»'? ]
. JVd? +d?> d N
Displacement of each person = =— X
Required time = danf2 _4d
V,-"\/E v N M
$22. Velocity of train v,=60kmh™"
Velocity of cyclist, v,=6Kmh"'

(a) Relative velocity of train w.r.t. cyclist,
V. = (60 —6)kmh™’

=54kmh™" = 54 x% =15ms™"
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Now, 15=m or t=ms=7.33s.
t 15

When the two bodies are moving in the same direction, the relative speed is equal to the
difference of the individual speeds.

(b) Relative velocity of train w.r.t. cyclist,

V_= (60 + 6) kmh™' = 66kmh™' = 66 x— .
18
Now t=Ms=65.
66 x5

When the two bodies are moving in the opposite directions, the relative speed is equal to
the sum of the individual speeds.

The above results hold good only for one-dimensional motion.

$23. Let the car cover the distance (= x/2) from A to B at a speed of 40kmh™" in time t, 'hour.

Then 40=X12 o ¢ = Xhour
t 80
A B c
= x/2 = x[2 >

Similarly, the car travels a distance (= x/2) from B to C at a speed of 60 km h™ in time t, hour.

Then 60 = X2 or t,= ~hour
ty 120
Now, average speed = X2t %2 kmh™'
x/80+x/120
= 80120 h-t = agkmhit
200

S24. Let S be the total distance travelled.

Time taken forthe first half distance = Si2 R 5"
Vel " 2v,
Time takenfor the second half distance = % = i
Vo,  2v,
Total time taken = S +i
2v, 2v,
S 2v,v

Average speed, v, = _ 412

°°F ¥ S S v+,
P + -
2v, 2v,
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S$25. Let total distance be x.

Distance of first half= —, Speed=v
X
Time taken t, = 2_Xx
v 2v
Distance of second half = % Speed 2v
X
Time taken ¢, = 2 X
2v 4y

Total distance travelled

a Average speed =
@) gesp Total time taken
- X _4
X, x 3
2v  4v
(b) Mean speed = v +22V =3—2V.

$26. Since, there is net displacement =0

Total displacement,

Average velocity = 0
verage velocty Time
Hence average velocity is zero
Total distance = 2AB
. AB+ BA
Total time = — +—
! 50 60

Total distance _ 2AB
Tme  AB,AB
40 60

Average speed = =48 mfs.

S§27. (a) OB, because the'slope OB is greater than the OA.

(b) Ratio of two velocities

vy _ tan30° 1/J3 1

vg “tan60° 3 3

S28. a
Snm= U+§(2n—1),

34.3= % (2n 1)
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Now, h= %x9.8x4x4m =78.4m.
S29,
Totaltime=1+1=§ ,
2 3 6
_1+1 12

-1 _ -
V= g5 = 5 Kmh™' =2.4kmh .

$30. Echo will be heard when the sound reaches back the place of firing. So total distance travelled
by soundis 2 x 1.2km =2.4km = 2400m

2400
Velocity = M = 300ms™.
$31. Speed of the belt, Vg =4 km/h
Speed of the boy, v, =9 km/h

Since the boy is running in the same direction of the motion of the belt, his speed (as observed
by the stationary observer) can be obtained as:

Velocity of boy with respect to belt
Vig=V,+ vg=9+4=13km/h
Since the boy is running in the direction opposite to the direction of the motion of the'belt, his

speed (as observed by the stationary observer) can be ebtained as:

Vig =V, + (—vz) = 9—4=5km/h

Distance between the child’s parents = 50 m

As both parents are standing on the moving belt, the speed of the child: in either direction as
observed by the parents will remain the'same i.e., 9 km/h = 2.5 m/s.

Hence, the time taken by the child to-move towards one of hisparents is 25—% =20s

If the motion is viewed by any one of the parents, answers obtained in (a) and (b) get altered.
This is because the child.and his parents are standing on the same belt and hence, are equally
affected by the motion of the belt. Therefore, forboth parents (irrespective of the direction of
motion) the speed of the child remains the same i.e., 9 km/h.

For this reason, it can be concluded that the time taken by the child to reach any one of his
parents remains unaltered.

$32. Straight line
Distance covered by a body in n"" second is given by the relation

D, = u+g(2n—1) ()
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Where, u = Initial velocity
a = Acceleration

n=Time=1,2,3, ...,

In the given case,
0 and a=1m/s?

u‘ =
1 ..
D,= E(Zn—1) ... (i)
This relation shows that:
D,=<n ... (i)
Now, substituting different values of n in equation (jii), we get the following table:
n 1 2 3 4 5 6 7 8 9 10
D,| 05 1.5 2.5 3.5 45 5.5 6.5 7.5 8.5 9.5

The plot between n and D, will be a straight line as shown:

—

Dn (m) E——

O] 2N WhAND 00O
—_—

56780910

) —

1234
n(s

Since the given three-wheeler acquires uniform velocity after 10 s, the line willbe-parallel to the
time-axis aftern=10s.

Which of the answers alter if motion is viewed.by one of the parents?

$33. Instantaneous velocity is given by the first derivative of distance with respect to time i.e.,
W dx
In dt
Here, the time interval df is so small that it is assumed.that the particle does not change its
direction of motion. As a result, both the total path length.and magnitude of displacement become
equal is this interval‘ofitime.
Therefore, instantaneous speed is always equal to instantaneous velocity.
$34. Let us choose the city A as the reference point. Tuekll Truck |
B

For first truck (which travels from Ao B) T -{
At t=0, x(0)=0 E EE

< st g
At t=8h, x(f) = 480 km = Iq

ke
For second truck (which travels from B to A) § J

o \
At t=0, x(0) = 480 km - — .

A 4.45h 8h 10h
At t=10h, x()=0 Time (in hour) —>
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S§35.

With the help of this data for the two trucks, we can plot distance-time graphs as shown in figure.

The two straight line graphs intersect at the point P. This point of intersection gives both the

position and time of meeting.

The time corresponding to point Pis 4.45 h while the distance (from A) corresponding to P is 267 km.

Thus, the trucks will meet at a distance of 267 km from A, 4.45 h after starting.

For the first ball,
h 1 .
— = —qt
3 2 g
For the second ball,
h 1 .
h— —=vt——gt
3 2 g
Adding (i) and (ii),
h=vt or t= 2
v

From equation (i),

w| >
]
N =
Q
o
<|>
A
[ 3%

JS
or v=.,—gh.
29‘

Velocity of the first ball at the position where it meets the second ball is given by

vi-0%= 2gx-g— or v,= 1’%

The velocity of the second ball at.theplace where it meetsithe first ball is given by

v -2 = —2g[h—£]

3
or v§=v2—2gx%
3
> 3 4gh (3 4]
2= 5391773 [2 3)9
or v§=%gh, v, = %h
Now, Vio 200 |6 2 5.
v, 3 gh 1

.. (i)
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§36. To calculate the position at t = 5 second, substitute { =5 in the given equation.
y=5"-6x52+9x5+5
=125-150+45+5=25

Differentiating the given equation with time ¢, we get

v 3P —12t+ 9.
dt

Differentiating again w.r.t. t, we get acceleration,

2
Y - 6t-12.
dt

Acceleration atf=5sis6x5-12, ie., 18ms™2.

In order to calculate the distance covered in 5 second, let us calculate the value of y at different
times.

Yo=5m, y,=9m, y,=7m,
y;=om, y,=9m and y,=25m

Distance covered in first second = |9 — 5|m = 4m. Similarly, distanéecovered in 2™ second, 3"
second, 4" second and 5" second are |[7-9|mi.e., 2m, |5-7|mie., 2m,|9-5|mie. 4m,
|25 - 9|mie., 16m respectively.

Total distance coveredis4+2+2+4+ 16 ie., 28m.

§37. (a) The magnitude of displacement over an interval of time is the shortest distance (whichis a
straight line) between the initial and final positions of the particle.

The total path length of a particle is the'actual path length covered'by the particle in a given
interval of time.

For example, suppose a particle moves from point A to point B and then, comes back to a
point, C taking a total time.f,»as shown below. Then, the magnitude of displacement of
the particle = AC.

-+ ———»
A C B

Whereas, total path length = AB + BC

It is alsoimportant to note that the magnitude of displacement can never be greater than
the total path length. However,\in some cases, both quantities are equal to each other.

Magnitude of displacement
Time interval

(b) Magnitude of a average velocity =

For the given particle,
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. A
Average velocity = TC

Total path length  AB + BC
Time interval

Average speed =

Since (AB + BC) > AC, average speed is greater than the magnitude of average velocity.
The two quantities will be equal if the particle continues to move along a straight line.

$38. Time taken by the man to reach the market from home,

25 1 .
t, = ?Szah = 30 min

Time taken by the man to reach home from the market,

Total time taken in the whole journey = 30 + 20 = 50 min

(a) 0 to 30 min
Displacement 2.5

Average velocity = _ = =5km/h
Time 1
2
Distance 2.5
Average speed = = =5km/h
gesp Time 1 /
2
(b) 0 to 50 min
Time = 50 min = gh
Net displacement = 0
Total distance = 2.5 +2.5=5 km
Average velocity. = Dlsplalcement =0
Time
Average speed = Distance _ S _ 6km/h

Time Bl
6
(c) 0to 40 min

Speed of the man = 7.5 km
Distance-travelled in first 30 min = 2.5 km
Distance travelled by the man (frommarket to home) in the next 10 min

=75 XE=’1.25km
60

Net displacement = 2.5 - 1.25=1.25 km
Total distance travelled = 2.5+ 1.25=3.75 km

- (@)

- (b (i)

. (a (i)

.. (b (ii))
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1.25 3 1.25x3
(5)

60
Average speed = % — 5625km/h ... (biii))
[5)

$39. Consider an object moving in straight line with uniform acceleration = a.

Average velocity =

=1.875km/h ... (a(iii))

Let at t=0 velocity of the body = u
at t=t velocity of the body = v

(@) Velocity-time relation: Let dv be the change in velocity in time interval. df. Then
acceleration.

a=ﬂ or dv=adt
at

Integrating from 0 — t when velocity changes from u — v

v t
Idv =a_[dt
u 0
or v—u=at

or v=u+at (1)

(b) Distance-time relation: Consider an object.-moving in a straight line.with uniform
acceleration ‘a’. Let at any instant t, dx be the displacement of the object intime interval at.
Then instantaneous velocity vis given by

v= ﬁ or «dx=vdt

dt
or dx =A(u +at)dt [from Eq. (i) v=u + af]
Let X, = displacement at t=0

x = displacement at =t

Integrating within limits

—_—
£
1

j(u+at)dt=ujdt+ajtdt
0 0 0

X=X, = ut+%at2

or X=X, +ut+%at2 .. (i)
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If x— x, = s = distance covered by an object in time ¢ then
L
s=ut+_at".
2

(c) Velocity-displacement relation: Consider a particle moving in a straidght line with initial
velocity u, and uniform acceleration ‘a’. Then,

_dv_dv dx_ dv
dt dx dt dx
adx = vdv
Let u be the velocity of object at position x,,.

v be the velocity of object at position x Integrating above within limits

v X
jvdv = jadx
u Xo

2 2
v u
a(x—x,)= ———
(= %) 2 2
V2 — u? = 2a(x — x,)
Putting, x —x, = s, we get
Vv, — U, = 2as .. (i)

The above three laws are valid under the conditions, only when-the acceleration is uniform.

$40. Let v be the speed on reaching the floor

vi-u?=2as

or vi—(0)>=2x9.8x90
v2 = 1764
or v=42.ms™

Let t, be the time taken by the ball in.reaching the ground.

v=u+at
or 42=0+98t,
= t,=4.28s.

(a) The speed of the ball will go on increasing at a constant rate from 0 m/s to 42 m/s for
4.28seconds. This is shown by.the line OA.

At A, the ball strikes the floor and its speed is decreased by % x42=42 (ie.,42-42=
37.8) m/s.

This is shown by the line AB.

(b) The ball goes up vertically with a speed u = 37.8 m/s and at the highest point its speed v
becomes zero.
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Suppose it reaches the highest point in time t,

v=u+ at,
0=37.8-981,
or t,= 378 =3.85s.
9.8
Therefore, the speed of the ball goes on decreasing at constant rate from 37.8 m/s to O for
3.85s.
vi=u?+2as
or (0> - (37.8)°=-2 98 s
2
or s = (37.8) _ 72.9m
2x9.8

Thus, the ball rises to the height 72.9 m. The decrease in speed in the upward motion is
shown by BC.

(c) After reaching the highest point, the ball will take the same time.as in.(b), i.e., 3.85 s to
come down and strike the floor. Its speed will increase from 0 to 37.8 m/s. The speed with
which it bounced back. This is shown by CD.

(d) On hitting the floor, its speed will decrease by % of 37.8=3.78

37.8-3.78=34.02m/s
This is represented by DE.

5071

Bouncing

Speed (m/s)

The total time since the ball was dropped =4.28s + 3.85s + 3.855s=11.98s = 12s.

S41. Consider an object moving along a straight line with uniform acceleration a. Let u be the initial
velocity at {= 0 and v the final velocity after time .
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From graph OA=ED=u v A Velocity
OC=EB
OE=t=AD A D

s= ut+af? —>
2 (@] E Time

area under velocity time graph for a given time interval represents the distance covered by a
uniformly accelerated object in a given time interval.

From graph, acceleration, a = slope of velocity-time graph AB.

_ BD _DB
AD t
or DB = at

Distance travelled by object in time tis

s = Area of trapezium OABE
= Area of rectangle OADE + Area of triangle ADB

= QA x OFE + %DBXAD=UE+ %atz
vV —u’=2as

Distance travelled by an object in time interval t is
s = Area of trapezium OABE

=%(EB+OA)><OE

= % (EB + EDyx OE {~ OA=ED)
Acceleration, a = slope of velocity time graph AB
= DB, EB-ED
AD  OE
OF = EB-ED
a
s= l(EB'FED)X@
2 a
1 2 2
= —(EB® - ED"%)
2a
= 2 2
= = (v -u
2 ¢ )
v2—u?=2as.
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S42. (a) Leta body with constant velocity v, between time ¢, and t, as (m/s)A Velocity
shown in graph.

Area below = area ABCD = v(t,-1t,)

Also, the displacement = velocity x time i i
=vx(t,-1t) [Thus proved.] t, t, Time (s)

(b) Slope of v — t graph is constant. So there is uniform acceleration. Area below the graph
gives the displacement (x).

Displacement = Area of trapezium A Velocity

=ON><OP+%NA><MA

1 ) 4 A
=y, xt+ = (f)(v—-v,) >
0 2 0 o t._Time
Since a= /"o
t
_ 1 : 1
We have, X=vt+ Etat-vot-i-iatz.

(¢) wu=126km/hr=35m/sec, v=0, s= 200 m.

Using, vZ=u?+ 2as,
. vi-u? 357
2s  2x200
=-3.00 ms™
v=u+at
0=35-3xt
t= % = 11.66 sec.

Add.: 855, Nitikhand-I, Indirapuram, Gzb. | Ph.: 7292077839, 7292047839 | www.smartachievers.in | info@smartachievers.in Page 15



