Level - ||

Chapter 3

Motion in a Straight Line

| Solutions |

SECTION - A
Objective Type Questions

(Position, Path length and Displacement, Average Velocity and Average Speed)

1.

Sol.

Sol.

If average velocity of particle moving on a straight line is zero in a time interval, then
(1) Acceleration of particle may be zero

(2) Velocity of particle must be zero at an instant

(3) Velocity of particle may be never zero in the interval

(4) Average speed of particle may be zero in the interval

Answer (2)

If average velocity = zero, then displacement is zero it means particle takes a turn in the opposite direction
and at the time of turning back velocity has to be zero.

A particle travels half of the distance of a straight journey with a speed 6 m/s. The remaining part of the distance
is covered with speed 2 m/s for half of the time of remaining journey and with speed 4 m/s for the other half of time.
The average speed of the particle is

(1) 3 mis ) 4mis (3) 3/4 mis @) 5mis
Answer (2)
From C to B the time interval of travelling is same. Vi =6 M/s C
- v, 2m/s v, 4m/s
t t
V, +V 2+4
So, Vuy =%=T=3 m/s
6 m/s
N Al } 1B
oW, 3m/s

Now, first half is covered with 6 ms~' and second half with 3 ms~'. So when distances are same.

_2vv,  2x6x3 1

Vit V, 6+3

_ -1
vV, =4 ms

4 ms

av



Sol.

If magnitude of average speed and average velocity over an interval of time are same, then
(1) Particle must move with zero acceleration

(2) Particle must move with uniform acceleration

(3) Particle must be at rest

(4) Particle must move in a straight line without turning back

Answer (4)

Particle should have same distance and displacement in order to have final average speed and average velocity
which is only possible only in case of an object moving on a straight line without turning back.

(Instantaneous Velocity and Speed, Acceleration)

4.

Sol.

Sol.

Sol.

The initial velocity of a particle moving along x-axis is u (at t = 0 and x = 0) and its acceleration a is given
by a = kx. Which of the following equation is correct between its velocity (v) and position (x)?

(1) V2 — u? = 2kx (2) V2 = 12 + 2kx? (3) V2 = 12 + kx? 4) V2 + P = 2kx
Answer (3)
vdv

= —=a
a = kx and x

"4 X X
- _[vdv = Iadx = kadx
u 0 0

v X
v2 kx>
= —| =—
2u 2 0

= V2—U2=kX2: V2=U2+kX2

The velocity v of a body moving along a straight line varies with time t as v = 2t e, where v is in
m/s and t is in second. The acceleration of body is zero at t =

M o 2 2s (3) 3 (4) Both (1) & (2)
Answer (4)
v=2ret
_ﬂz 2 -t —t
a_dt 2[t°e™ x(-1)+e™ x2t]
Put, a = 0,

2t2et+4ate™ =0
= 2t2+4t=0 =>t(t-2)=0=t=0andt=2

t2
The velocity of a body depends on time according to the equation v = 0 + 20 . The body is undergoing

(1) Uniform acceleration (2) Uniform retardation
(3) Non-uniform acceleration (4) Zero acceleration
Answer (3)

2
v=—+20

10

, . . dv
To find acceleration find pry
So, a dv _ £+ 0

Tdt 10



= a=i=faed]

5
a is a function of time so it is not constant, rather it is non-uniform.

7. A body starts from origin and moves along x-axis so that its position at any instant is x = 4t2 — 12t where t
is in second and v in m/s. What is the acceleration of particle?

(1) 4 m/s? (2) 8 m/s? (3) 24 m/s? 4) 0 m/s?
Sol. Answer (2)

x = 4t% —12t
v=%_g_12
dt

d2

8. A particle moves in a straight line and its position x at time t is given by x2 = 2+ t. Its acceleration is given
by

-2 1 1 1
) 5 @ 53 ®) 52 -

Sol. Answer (2)

1 1

X¥Et+2= 15T (i)
= x=4t+2

dx 1 i
= —=—(t+2)?

dt 2

dx 1 1
= —=—(t+2)?2

dt 2

d?x 1( 1) S

— = -=|(t+2) 2
= g 2v )

_ 273__ 1 T _ 1 11
= a= —4t+2) A(t+2) 7 2 x
+2)?

a=__1_

= 4x°

(Kinematic Equations for Uniformly Accelerated Motion)

9. A car moving with speed v on a straight road can be stopped with in distance d on applying brakes. If same
car is moving with speed 3v and brakes provide half retardation, then car will stop after travelling distance

(1) 6d 2 3d (3) 9d 4) 18d
Sol. Answer (4)



10.

Sol.

1.

Sol.

v dy u?
S 7 ”2 X—
a d; uy*© a

u=3v,a8=al?2

u=yv
d, v? (al2)
— =X
So, d; 9v?> a
= d} =18d,

- [f=Tag

The relation between position (x) and time (t) are given below for a particle moving along a straight line. Which
of the following equation represents uniformly accelerated motion? [where o and 3 are positive constants]

(1) Bx=oat+of 2) ox=p+t (3) xt=op @) at=\B+x
Answer (4)
For uniformly accelerated motion,
V=u+2as or s=ut+%az‘2
Constant Constant
X = %at2 +ut

Or the maximum power of t has to be two.

So, .

A ball is dropped from an elevator moving upward with acceleration ‘a’ by a boy standing in it. The acceleration
of ball with respect to [Take upward direction positive]

(1) Boyis—-g (2) Boyis—(g + a) (3) Groundis — g (4) Both (2) & (3)
Answer (4)

Upward direction — Positive

Negative direction — Negative

If a person is observing from ground then, for

him the acceleration of ball is in the ELEVATOR Ta (Positive)
downward direction.
@m $u =0 m@
8pall 6 = @pall ~ ground = ~9 — 0 i dg ]
] [

a,s = Acceleration of ball w.r.t. ground.

@pall boy = Gpall ~poy =9 — @

|abb =—(9 + 8)|, a,, = Acceleration of ball w.r.t. boy.




12.

Sol.

13.

Sol.

14.

Sol.

A ball is thrown upward with speed 10 m/s from the top of the tower reaches the ground with a speed
20 m/s. The height of the tower is [Take g = 10 m/s?]

(1)10m (2) 15m (3) 20 m (4) 25m
Answer (2)

V= \/u2 +2gh

= (-202=102+2x10xh
300

= 2x10-1 = h=15m|

A ball dropped from the top of tower falls first half height of tower in 10 s. The total time spend by ball in air
is [Take g = 10 m/s?]

() 1414 s 2) 15.25s (3) 12.36 s 4) 17.36 s
Answer (1)
%zut—%gxmz o IU:O
LA 7
= H=gx10? 212 }“103
?
- —H=—%gt2 (Full journey) %

1
x10% = —gt?
g 59

= =200

= t=10J2s
=t=10%x 1414 s

=1414s=t

An object thrown vertically up from the ground passes the height 5 m twice in an interval of 10 s. What is its
time of flight?

(1) V28's (2) V/86's (3) V104's 4) V72s
Answer (3)

h=5m (given)

t,—t,=10s

T — Time taken to reach the highest point.

t=T- /T2—2—h t,=T+ 122"
g’ g



t,—t, =T+ /T2—2—h—T+ /TZ—@ T
g g
= 10=2,/T2—% & T t,

h

= 5_.T2_1 = 25=T?-1 l
T? =26
= T =426

Total time of flight = 27 = 2./26 = V4 x26 =104 s

15. A ball is projected vertically upwards. Its speed at half of maximum height is 20 m/s. The maximum height
attained by it is [Take g = 10 ms?]

(1) 35m (2) 15m (3) 25 m 4) 40m
Sol. Answer (4
4) @
V5 -Va =—29(%j
20 m/s ﬂ
H 2
H ) v
= O—400=—2><1Ox5 ®@
H
=

16. Aparticle starts with initial speed u and retardation a to come to rest in time T. The time taken to cover first half of
the total path travelled is

T 1 T 3T
— T1-— Z 2
M 5 @ [ ﬁ] O @
Sol. Answer (2) a
Retardation — a u % C
Initial velocity — u A® d °p
Time=T
() For total journey () For half journey
d 1
= —=ut-—at
v=u+ at 5 > ..(iii)
O=u-aT
= wu=aTl (1)
d=uT—tar?
2

Dividing by 2 on both sides

d uT 1aT? )
2" 2722 ()



On comparing equation (i) & (iii)

— T —ut-—at?

2 2 2 2
Putu=aT

aT? ar? 1 5
= ——-"—=aTt-—at

2 4

2 2
= T—=Tt—t—

4 2

Multiplying by 4 on both sides
TP=4Tt -2 =2 —-4Tt+ T? =0

On solving this quadratic equation,

t:T—% . t=T(1—%}

17.  Abody thrown vertically up with initial velocity 52 m/s from the ground passes twice a point at h height above at an
interval of 10 s. The height his (g = 10 m/s?)
(1) 22m (2) 10.2m @) 1M1.2m (4) 15m
Sol. Answer (2)
Given, t,—t, =10's
2u  2x52

t,+t, == =10.4
2 th g 10

= 2t,=204
= t,=102s
t,=02s
2h
So, tt; —?
2xh
10

= 1x102=h= [102m=h

18. When a particle is thrown vertically upwards, its velocity at one third of its maximum height is

10«/5 m/s. The maximum height attained by it is

0.2x10.2=

(1) 2042 m (2) 30m (3) 15m @) 12.8m
Sol. Answer (3) v=0
v2—u2=—29x% 2_,_,
3
100x2=-2x10 2H
= TIUXe=mmexAlX T v =10v2 ms™" - +10V2mis
H
= 3

FTrr7777777777777777777

19. Abody is dropped from a height H. The time taken to cover second half of the journey is

2H H H 2H 1
2 [ = I~ (V2 -1 =
M 2 @ 3 (3) g( ) @ g “W2-1




Sol. Answer (3)
The total time of journey

1 2
—s=ut-—gt
u 2g
1
= H=29T" ) —u=0
t
-H 1 2 2H
— =ut-—gt - |Z0
2 Y 2g T g H 4
H 1 , T |(T-9
=—gt
= 2729 1
1
= 597" =g’ (- ut=0)
po T
- V2
T 1 2H 1 H
= Second half time =T -t = T_E = T[1—$) = ?[1—3] = E(\/E—ﬂ

[(eBN4)]

20. A stone dropped from the top of a tower is found to travel (—j of the height of the tower during the last second of
its fall. The time of fall is
1) 2s (2 3s 3) 4s 4) 5s

Sol. Answer (2)
Let the total height of tower = H
Total time of journey =t

9

5h T
Time taken to cover the — is = last second I_

5h
So, St —St-1 =9

%gﬂ—%ga—n2=§x1gﬂ P-h:—gﬁ}

1 o 1 , 5
— —gt?—t?-1+2t)=—qgt’ x=
29( ) S99t %3

D 2
2t —1) = >t
( ) 9

l

18t — 9 = 52

52— 18t+9 =0

52 — 15t - 3t+9=0
5t(t-3)-3(t-3)=0
(5t-3) (t-3)=0

L A A

3 3
t= 5’ (t= 5 doesn't satisfy the given criterion, so we neglect it)



21. A stone thrown upward with a speed u from the top of a tower reaches the ground with a velocity 4u. The height of

the tower is
) 1502 ) 7u? 3) 160> @ z
- ero
29 29 g9

Sol. Answer (1)

v =+u? +2gh

(4u)? = u? +2gh

2 2 2
16U —u —h - h=‘|5u
29 29

(Graphs)

22. The velocity v of a particle moving along x-axis varies with its position (x) as v = g/x ; Where o is a constant.
Which of the following graph represents the variation of its acceleration (a) with time (t)?

a a
(1) (2)
6] ! e] t
3) (4)
ol t 0 !
Sol. Answer (3)
v =on/x

Squaring both sides v2 = o2x

Comparing above equation with 3™ equation of kinematics.
vZ = u? + 2ax

o’x = 2ax

Constant — not a function of time

So, a




23. The velocity (v) of a particle moving along x-axis varies with its position x as shown in figure. The acceleration

(@) of particle varies with position (x) as

v (m/s)

(1 a*=x+3

Sol. Answer (4)

2) a=2x2+4

vdv
a=—-
dx

av
— — slope
dax

-4
-2
So, >

Intercept = + 4
a — Negative

vdv
a=——-
So, dx

24,
(x)- time () is best represented by

é\ > x (M)

(3) 2a=3x+5 4) a=4x-8

Relation between v and x

=

=

The velocity (v)-time (f) graph for a particle moving along x-axis is shown in the figure. The corresponding position

Sol. Answer (1)

The graph of v-t can be converted into the x-t (parabolic) graph.

(1) ) (3)
@) ! 0] f o t o t




| ' &

25. The speed-time graph for a body moving along a straight line is shown in figure. The average acceleration of

body may be
speed (m/s)
A
20 1
>
i (s)
(10 (2) 4 m/s? (3) —4 m/s? (4) All of these

Sol. Answer (4)
The acceleration from zero to 5 s is

speed (m/s)

a=ﬁ=ﬂ=_4ms_2 A
5-0 5
From 5sto 10 s 20 m/s
a:M: 4 mS_2
10-5
o Total change in velocity 0 5 10s >t
Time
_ 20-20 0 ms>2
10-0

26. The acceleration (a)-time (t) graph for a particle moving along a straight starting from rest is shown in figure.
Which of the following graph is the best representation of variation of its velocity (v) with time (f)?

a

Sol. Answer (1)



From the graph it is evident that the acceleration is decreasing with time.

Also, a «< —t a
= a = —kt (decreasing with time)
To find velocity,
t
T
LA
at
[av = [ -ktdt

v « —t2 or graph of velocity should be parabolic with a decreasing slope.

27. Which of the following speed-time (v-t) graphs is physically not possible?

v
v v
A) ‘ :Z i 2) ‘i E (3) ‘Cz , (4) Al of these
t

Sol. Answer (4)
None of the graph is physically possible.

28. The acceleration-time graph for a particle moving along x-axis is shown in figure. If the initial velocity of particle is
-5 m/s, the velocity at t =8 s is

a (m/s?)
10

(1) +15 m/s (2) +20 m/s 3) —15m/s (4) —20 m/s

Sol. Answer (1)
The area under a-f graph gives change in velocity.

Given, u=-5m/s

1
= Area on positive side = E><6><10 =30 ms™

1
= Area on negative side = Ex2><10 =10 ms™'

Net area = 30 — 10 = 20 ms™’
Av = Area
V- (= 5)=20

= [r=15ms]



29. A body falling from a vertical height of 10 m pierces through a distance of 1 m in sand. It faces an average
retardation in sand equal to (g = acceleration due to gravity)

o

Mg @ 9¢g (3) 100g (4) 1000g
Sol. Answer (2)
If the ball is dropped then x = 0, the velocity with which it will hit the sand will be given by
V-7 =2(-g) (-9)

2_0=18¢g
u=0
0
- . 9m 10m
Now on striking sand, the body penetrates into sand v
for 1 m and comes to rest. So, v — initial for sand ™m

and final velocity = 0
v'? —v2 =2(a)x(-1)

= —-18g=-2a
=

30. The displacement (x) - time (f) graph of a particle is shown in figure. Which of the following is correct?
(1) Particle starts with zero velocity and variable acceleration X
(2) Particle starts with non-zero velocity and variable acceleration
(3) Particle starts with zero velocity and uniform acceleration
(4) Particle starts with non-zero velocity and uniform acceleration R
Sol. Answer (1) Ol t

From the graph it is clear that the x is a function of time and speed/velocity is also changing. So, if velocity
is changing then definitely the acceleration also changes with time. So, att = 0, x =0, so v =0 but it is
function of time and hence non-uniform.

31. Position time graph of a particle moving along straight line is shown which is in the form of semicircle starting
from t =2 to t = 8 s. Select correct statement

x(m)

LN

0,0 2 5 8
(1

) Velocity of particle between t = 0 to t = 2 s is positive

(2) Velocity of particle is opposite to acceleration between t=2tot=5s
)
)

3

(4) Acceleration of particle is positive between t, =2 s to t, = 5 s while it is negative between t, = 5 s to
t =8s

Velocity of particle is opposite to acceleration between t=5tot=8s



Sol. Answer (2) x(m)

32.

Sol.

(i) From 0 to 2 s the velocity = 0 as displacement
is zero.

(i) From 2 to 5 s velocity is decreasing but nature
is positive, but acceleration is negative.

t > {(s)
So, v and a have opposite nature. (0,0) 2 S 8

A particle moves along x-axis in such a way that its x-co-ordinate varies with time according to the equation
x =4 — 2t + 2. The speed of the particle will vary with time as

T
v
4 O t—
t—»

<—>
<—>
O <—»

(1) © t—» 2)

Answer (1)

dx
=4 _2t+ —=-2+2t
X t+tc = ot

v = 2t — 2 — Straight line
Slope — Positive

Intercept — Negative

(Relative Motion)

33.

Sol.

34.

Sol.

A body is dropped from a certain height h (h is very large) and second body is thrown downward with velocity of 5
m/s simultaneouly. What will be difference in heights of the two bodies after 3 s?

(1) 5m (2) 10m (3) 15m (4) 20m
Answer (3)

Ug = Uy —Uy =0—(-5)=5ms™’

t=3s

Gy =8~ =g —(-g)=0ms

=u t+1a t?

Srel rel 2 rel

= S =5x3=15m (v ag =0)

Two bodies starts moving from same point along a straight line with velocities v, = 6 m/s and
v, = 10 m/s, simultaneously. After what time their separation becomes 40 m?

(1) 65 (2 8s 3) 12s 4) 10s
Answer (4)

=u t+la t?

SreI rel 2 rel



— 40=(10-6)xt
40
= 4 =t=

35. Ball Ais thrown up vertically with speed 10 m/s. At the same instant another ball B is released from rest at height
h. At time ¢, the speed of A relative to B is

(1) 10 m/s 2) 10-2gt (3) 102 -2gn 4) 10-gt
Sol. Answer (1)

v, =10 ms™' —10¢

Vg =0-10t

Vg =Va—Vg =10—(10t)— (-=10t) =10 =10t + 10t = 0

= |Vu;5=10ms™

SECTION - B
Previous Years Questions

1. Preeti reached the metro station and found that the escalator was not working. She walked up the stationary
escalator in time t,. On other days, if she remains stationary on the moving escalator, then the escalator takes

her up in time t,. The time taken by her to walk up on the moving escalator will be [NEET-2017]
t+1t, titp titp
() 52 @ 4-1 ®) 4+t @ t -t

Sol. Answer (3)

Velocity of girl w.r.t. elevator = tg =V
1

ge

d
Velocity of elevator w.r.t. ground Vg = T then velocity of girl w.r.t. ground
2

VgG = vge + Ve

i.e, Vg6 =Vge T Ve
a_d.d
t L
1T 1 1
—_—— + R
t t
_ t1t2

(ti +1;)

2.  Two cars P and Q start from a point at the same time in a straight line and their positions are represented
by x(t) = at + bt? and x,(t) = ft — t2. At what time do the cars have the same velocity?

[NEET (Phase-2) 2016]
a-f a+f a+f f-a
M @ 2067 @) 20+ p) @) 21+b)
Sol. Answer (4)
Vp = e _ a+2bt

dt



Sol.

Sol.

Sol.

_ dxq

Vo = =f-2t
QT gt
Vp=Vq

= a+2bt=f-2t

2+ 2bt=f-a = t=_t"2
2(b+1)
If the velocity of a particle is v = At + Bt?, where A and B are constants, then the distance travelled by it
between 1 s and 2 s is [NEET-2016]
A B 3 3 7
4= SA+4B —A+-B
(1) 573 ) 5 + @) 3A+7B 4) 5 t3
Answer (4)
v = At + Bt?

dx 2
— = At + Bt
= dt

= dx = (At + BR)dt
A2 BT A B 3 7
=l —+—| ==(@4-1)+—-(B8-1) = -A+—-B
= XTI V3B = SA+3

A particle of unit mass undergoes one-dimensional motion such that its velocity varies according to v(x) = px2",
where 3 and n are constants and x is the position of the particle. The acceleration of the particle as a function of

X, is given by [AIPMT-2015]
(1) _2nB2 e—4n +1 (2) _2’762 X—2n -1 (3) —2nB2 X—4n -1 (4) _262 X—2n +1
Answer (3)

A stone falls freely under gravity. It covers distances h,, h, and h, in the first 5 seconds, the next

5 seconds and the next 5 seconds respectively. The relation between h,, h, and h; is [NEET-2013]
h _ h2 _ h3

1) =3 % (2) h,=3h,and h; =3h, (3) h, =h, = h, 4) h,=2h, = 3h,

Answer (1)

When a body starts from rest and under the effect of constant acceleration then the distance travelled by the
body in final time intervals is in the ratio of odd numberie.,1:3:5:7

So, hy:h,:h;=1:3:5

o1 om_1

h, 3 hy 5
h h
h=-2 h =-3
= =5 Ty



Sol.

Sol.

Sol.

The motion of a particle along a straight line is described by equation x = 8 + 12t — 3 where x is in metre
and t in second. The retardation of the particle when its velocity becomes zero, is  [AIPMT (Prelims)-2012]

(1) 6 ms32 (2) 12 ms=2 (3) 24 ms=2 (4) Zero
Answer (2)
x=8+12t-£
X _ 4o 32
at
If v=0,then 12-3£ =0
=4=pf£
=
d?x
=22 6t
dt?

alieys = 12 ms™

la|=12 ms™2

A boy standing at the top of a tower of 20 m height drops a stone. Assuming g = 10 ms=, the velocity with
which it hits the ground is [AIPMT (Prelims)-2011]

(1) 5.0 m/s (2) 10.0 m/s (3) 20.0 m/s (4) 40.0 m/s
Answer (3)
lu=0

7

AONONONNNNNNNY

1 2
-s=ut——gt 1
29

1 ) 20m
= _202_§X10Xt (- u=0)

4

= 40=10t2 TTT7T77T77T7T77

= [t=25]

v=u-gt

= (: u=0)
= [|v|=20ms™"

A particle covers half of its total distance with speed v, and the rest half distance with speed v,. Its average

speed during the complete journey is [AIPMT (Mains)-2011]
Vivy ViV, A v,
(M) yzr,7 2 © Ry @ Vv,
Answer (4)
As the distances are same so, Ae Y1 ' 2, B
_ 2ive

av
VitV,




Sol.

A ball is dropped from a high rise platform at t = 0 starting from rest. After 6 seconds another ball is thrown
downwards from the same platform with a speed v. The two balls meet at { = 18 s. What is the value of v?

(Take g = 10 m/s?) [AIPMT (Prelims)-2010]
(1) 60 m/s (2) 75 m/s
(3) 55 m/s (4) 40 m/s
Answer (2)
o]
As the ball meet at t = 18 s U lu=0l
v
So, it means both of them covered the same distance 'h'.
h
But the time of travel is different
18t body — t
2" pody — (t — 6) — as theorem after 6 s.
15t body 2"d body
—h=—lgp? —h——v(t—6)—lg(t—6)2
29 2

1 2 . 1 2 .

hzagt ..(i) h:v(t—2)+§(t—2) ..(i)

Equating (i) and (ii), we get
v=75m/s

For fitst body, t = 18 s

For second body, t = (18 —6) =12 s

h:%x10><(18)2:5><324
h=1620 m
For second body
1
1600 = v x (18 - 6) + o x 10 (18 — 6)2
1620 = v x 12 + 5 x 144

1620-720
12

900
— =V
12

= lv=75ms”]



10.

Sol.

11.

Sol.

12.

Sol.

A particle moves a distance x in time t according to equation x = (t + 5)~'. The acceleration of particle is
proportional to [AIPMT (Prelims)-2010]

(1) (Velocity)3? (2) (Distance)? (3) (Distance)? (4) (Velocity)?3
Answer (1)
x = (t+ 5)"
dx
V=—n=
dt
v=—(t+5)7?
_av_
="

(~1)(t+5)2 [ %(x”)= nx”q

a (-1)(-2)(t +5)7

a=2(t+5)° -2(t+5) 2 x(t+5)" Ve :w%x1

B (t+5) t+5
1

o< 2(v)x V2

3
g o< 2v2

3
a o< (velocity)?

A bus is moving with a speed of 10 ms™' on a straight road. A scooterist wishes to overtake the bus in
100 s. If the bus is at a distance of 1 km from the scooterist, with what speed should the scooterist chase

the bus? [AIPMT (Prelims)-2009]
(1) 40 ms™ (2) 25 ms™’ (3) 10 ms™ (4) 20 ms’

Answer (4)

T=100s —> 10 ms™’

S, = 1000 m

S,=U

rel

t ( 8rel = O)

rel

1000 = (v — 10) x 100

A particle starts its motion from rest under the action of a constant force. If the distance covered in first
10 seconds is S, and that covered in the first 20 seconds is S,, then [AIPMT (Prelims)-2009]
(1) S, =3S, () S, =4S, @) S, =S, @4 S, =2S,

Answer (2)

u =0, a — Constant

1 2 1 2
S, =—a(10 S, =—a(20
1=5a(10F, S, =2 a(20)

S, 10 100

S, (202 400




13.

Sol.

14,

Sol.

15.

Sol.

A particle shows distance-time curve as given in this figure. The maximum instantaneous velocity of the particle

is around the point [AIPMT (Prelims)-2008]
o D
e
3S ¢
a
A B
Time t
(1) A 2 B @) C 4) D
Answer (3)

Maximum instantaneous velocity will be at that point which has maximum slope.

As clear from the graph 'C' has maximum slope.

A particle moves in a straight line with a constant acceleration. It changes its velocity from 10 ms~! to 20 ms™

while passing through a distance 135 m in t second. The value of t is [AIPMT (Prelims)-2008]
1) 9 @ 10 (3) 1.8 4) 12
Answer (1)

Using 3™ equation, we first find acceleration,
V2 — u? = 2as

202 -102=2a x 135

- 300 4
2x135
e
18
0
= ?ms =a

= v=u+at

= 20:10+%xt

10
= 0=t =[t=95

4
The distance travelled by a particle starting from rest and moving with an acceleration — ms=2, in the third

3

second is [AIPMT (Prelims)-2008]

19
(1) =m (2) 6m

3

10

@) 4m @ m
Answer (4)

a
Snm =u+ E(Zn -1)

: 4 2
n =3, (given), a = 3 ms



16.

Sol.

17.

Sol.

18.

Sol.

a
Snm =u+ E(Zn -1)

4 1 2
= Snth =0+§X§(2X3—1) = §X5

10
= ? m:S3rd

A particle moving along x-axis has acceleration f, at time ¢, given f = f0[1 —%) , Where f,and T are constants.

The particle at t = 0 has zero velocity. When f = 0, the particle’s velocity (v,) is [AIPMT (Prelims)-2007]

(1) %fOT @ f,T
@ ShT @ 1,72
Answer (1)

A car moves from x to y with a uniform speed v, and returns to y with a uniform speed v,. The average speed

for this round trip is [AIPMT (Prelims)-2007]
2v,v
vV, +Vy u'd
M =% @ v+,
Vg +V,
(3) Vuvd (4) Vd + Vu
Answer (2)

The position x of a particle with respect to time t along x-axis is given by x = 92 — 3, where x is in metres
and t in seconds. What will be the position of this particle when it achieves maximum speed along the positive

Xx-direction? [AIPMT (Prelims)-2007]
(1) 24 m 2) 32m 3) 54 m 4) 81m

Answer (3)

x=9P -

dx

— =18t-3t2 = 18t — 3R
i = v =18t — 3f

To find the maxima of speed,

N _is_et

dt

Put ﬂ—o 18-6t=0
T

= [t=35]

So, the positions of particle at t =3 = ?
Xl=3s =9(3%)-3°



19. A particle moves along a straight line OX. At a time ¢ (in seconds) the distance x (in metres) of the particle
from O is given by x = 40 + 12t — 3. How long would the particle travel before coming to rest?

[AIPMT (Prelims)-2006]
(1) 24 m (2) 40 m
(3) 56 m (4) 16'm
Sol. Answer (4)

Ix = 40 +12t — 2]

The particle will come to rest when v = 0,

_ X gy 3
dt

= v=0 212=32=>f£=4 = [t=25]
So, the distance travelled by object is 2 s.
Xlt:O =40 m,
Xlt—2s =40+12x2-8

=40+24 -8

=40 + 16

=56 m
Distance travelled = (56 — 40) = 16 m

20. Two bodies, A (of mass 1 kg) and B (of mass 3 kg) are dropped from heights of 16 m and 25 m,

respectively. The ratio of the time taken by them to reach the ground is [AIPMT (Prelims)-2006]
5 12

M) 5 @ %
5 4

®) 15 @ <

Sol. Answer (4)

Y LN /v
g

h_ A

- T, H,
L_1e_4 : _ _

= T2_ 25 5 (Given, H, =16 m, H, = 25 m)
T, 4




21.

Sol.

22.

Sol.

23.

Sol.

The displacement x of a particle varies with time t as x = ae= + beP!, where a, b, o and B are positive

constants. The velocity of the particle will [AIPMT (Prelims)-2005]
(1) Go on decreasing with time (2) Be independent of 3

(3) Drop to zero when o and (4) Go on increasing with time

Answer (4)

x = ae ™ + pePt

= = a(-a)e™™ + b (p)e™

at
v = bpeP —aoe™™

As we increase time eP! increases and e decreases.
So, v keeps on increasing with time.

A ball is thrown vertically upward. It has a speed of 10 m/s when it has reached one half of its maximum height.

How high does the ball rise? (Taking g = 10 m/s?) [AIPMT (Prelims)-2005]
(1) 15m (2) 10 m

(3) 20 m (4) 5m

Answer (2)

The displacement 'x' (in meter) of a particle of mass 'm' (in kg) moving in one dimension under the action of a

force, is related to time 't (in sec) by t =+/x + 3. The displacement of the particle when its velocity is zero, will
be

(1 2m () 4m
(3) Zero 4) 6m
Answer (3)

t=Jx+3

(t-3)=x

= x=({t-3%=t>+9-6t

ax
v=—=2t-6

- at
fv=02t-6=0

=

At, t=3s, x=7?
x=(t-3)"=(3-3)

= [x=0]



24. The speed-time graph of a particle moving along a solid curve is shown below. The distance traversed by the
particle fromt=0tot= 3 is

2
215
=t
o)
0]
o
n
3
9 9 10 10
-m -m —m —m
M) 5 @ ® 5 @
Sol. Answer (2)
Speed
N
1.5ms™
1ms”

t=0 1s _ 2s f=3s !
Area under the speed-time graph gives distance.

1 9
= —x3x15 —m
Area > = 4

25. The displacement-time graph of a moving particle is shown below. The instantaneous velocity of the particle
is negative at the point

Displacement
—>
O
O

(1) E @ F @) C 4) D
Sol. Answer (1)

The angle made by the tangent at point 'C' is obtuse hence
tan Q. = negative, so slope = negative
hence, velocity is also negative.

26. Two bodies A (of mass 1 kg) and B (of mass 3 kg) are dropped from heights of 16 m and 25 m, respectively.
The ratio of the time taken by them to reach the ground is

N 3 @ 7 @ = @

Sol. Answer (1)



27.

Sol.

28.

A particle moving along x-axis has acceleration f at time t given by f:f0(1—%j, where fyand T are

constants. The particle at t = 0 has zero velocity. In the time interval between t = 0 and the instant when
f =0, the particle’s velocity (v,) is

(1) %fOTZ ) 72 3) =fT @ f,T

Answer (3)

t
f=f (1-—]
ot T

f — Acceleration
f, — Initial acceleration
Initial/lower limit of time =0, u =0
Upper limit of time =T, v =7
dv
a=—
at

Vy t
— [av=[adt
0 0

Vy T t
J;dv=£f0(1—?)dt

i

v T
vIg = £ty -2 —
|0 0|0 T 2

0

f
v, -0= fO(T—O)—%(Tz -0)

A ball is dropped from a high rise platform at ¢ = 0 starting from rest. After 6 seconds another ball is thrown
downwards from the same platform with a speed v. The two balls meet at { = 18 s. What is the value of v?
(Take g = 10 m/s?)

(1) 60 m/s (2) 75 m/s (3) 55 m/s (4) 40 m/s

Sol. Answer (2)

29.

The velocity of train increases uniformly from 20 km/h to 60 km/h in 4 hour. The distance travelled by the
train during this period is

(1) 160 km (2) 180 km (3) 100 km (4) 120 km

Sol. Answer (1)

V2 — U2 = 2as
v=u+ at
60=20+ax4



40 = 4a
a=10 km/h2
602 -202=2x 10 x s
3600-400 _ _
20

= [s =160 km|

30. A particle moves along a straight line such that its displacement at any time tis given by s = (t° — 6f
— 3t + 4) metres. The velocity when the acceleration is zero is

(1) 3 m/s (2) 42 m/s (3) -9 m/s 4) -15m/s
Sol. Answer (4)
s=0£-6t-3t+4

v=95_32 _12t_3
dt

a= _6t_12
dt

Puta=0 = 6t—12=0

Vlieos =3(2)2 -12(2)-3

=12-24-3
=-12-3

31. A car accelerates from rest at a constant rate o for some time after which it decelerates at a constant rate
B and comes to rest. If total time elapsed is ¢, then maximum velocity acquired by car will be

2 2 ) 5 t
_ t o+ t o 4B OLB
(1) (o =)t ) (" +B7)t 3) (o+B)t @ B
OLB aB aB .
Sol. Answer (4)
pt v
= N
“ p
In AABC, tan6 = slope = Vmax % i
t1 A'e t1 C /t
—v ) : )
In ABCD, 1—f = —max
T-t,
oct1 = BT = Bt1 Vimax = & X t1
b= PT Vo = afT
- b (04 + B max o + B




32.

Sol.

33.

Sol.

The water drops fall at regular intervals from a tap 5 m above the ground. The third drop is leaving the tap
at instant the first drop touches the ground. How far above the ground is the second drop at that instant?
(Take g = 10 ms2)

() 3.75m (2) 4.00 m 3) 1.25m 4) 2.50 m

Answer (1)

X=3x=5m

= 4x=5m 3rd drop
X
5m I. 2nd drop
So, second drop is at 3x
3x
= 3 x 1.25 = 3.75 m above ground. 1st drop

777777777

The acceleration of a particle is increasing linearly with time t as bt. The particle starts from origin with an
initial velocity v,. The distance travelled by the particle in time ¢ will be

1 1 1 1
(1) Vot +3bt° @ vot+bt? @) vot +gbt’ @) vot+bt°
Answer (3)
a = bt
u= VO
dv
a=—
dt
1% t
I dv = Jadt
VO 0
v
j dv = jbtdt
Vo
pe2|
0T o,
vvo =2 (£ -0)

v =v, +%bt2

Now, v = %

dt

X t
[ax = j[vo +—bt2j at
0 0




34. |If a car at rest accelerates uniformly to a speed of144 km/h in 20 s, it covers a distance of
(1) 1440 cm (2) 2980 cm
(3) 20 m (4) 400 m

Sol. Answer (4)

u =0, a — constant
5
v =144 km/h™! = 144x§ = 40 ms™!

1 -, 1
- s=—at° =—x2x400
t=20s 5 >

v=u+at

40 =a x 20

35. The position x of a particle varies with time, (f) as x = at?2 — bf®. The acceleration will be zero at time t equal to

a
(1) 3p (2) Zero

, 2 o 2
@) 3, @ 5
Sol. Answer (1)
X = at? — b3
v =% oat 32
dt
_av
dt
Put a = 0, to find 't

a = 2a-6bt

= t=—
2a = 6bt > 3b

36. Motion of a particle is given by equation, s = (32 + 72 + 14t + 8) m. The value of acceleration of the particle

att=1sis
(1) 10 m/s? (2) 32 m/s?
3) 23 m/s? (4) 16 m/s2

Sol. Answer (2)
s=3B+ 72 +14t+ 8

_ds

v =9t% + 14t +14
dt

2
a=25 _1gt+14
dt

ali_1s =18+14

ali—1s =32 ms™




37.

Sol.

38.

Sol.

1.

Sol.

2.

Sol.

3.

Sol.

If a ball is thrown vertically upwards with speed u, the distance covered during the last t seconds of its ascent is
1 .2
(1) ut (2) —ogt
2
1 12
(3) ut-—gt @) (u+ gttt
Answer (2)

As the motion is symmetric the distances covered during the last t seconds of ascent is same as that travelled
during 18t t seconds of descent.

At highest point, v =0

A man throws balls with the same speed vertically upwards one after the other at an interval of
2 second. What should be the speed of the throw so that more than two balls are in the sky at any time?

(Given g = 9.8 m/s?)

(1) More than 19.6 m/s (2) At least 9.8 m/s
(3) Any speed less than 19.6 m/s (4) Only with speed 19.6 m/s
Answer (1)

For move than two ball in air, time of flight should be

2u
Total time of flight < ?

42
g

2x9.8<u

SECTION - C

Assertion - Reason Type Questions
A ltis not possible to have constant velocity and variable acceleration.
R : Accelerated body cannot have constant velocity.
Answer (1)
A : The direction of velocity of an object can be reversed with constant acceleration.
R : Aball projected upward reverse its direction under the effect of gravity.
Answer (2)
A1 When the velocity of an object is zero at an instant, the acceleration need not be zero at that instant.

R : In motion under gravity, the velocity of body is zero at the top-most point.

Answer (2)



4.

Sol.

Sol.

Sol.

Sol.

Sol.

Sol.

10.

Sol.

1.

Sol.

12.

Sol.

A Abody moving with decreasing speed may have increasing acceleration.

R : The speed of body decreases, when acceleration of body is opposite to velocity.
Answer (1)

A : Foramoving particle distance can never be negative or zero.

R : Distance is a scalar quantity and never decreases with time for moving object.
Answer (1)

A : If speed of a particle is never zero then it may have zero average speed.

R : The average speed of a moving object in a closed path is zero.

Answer (4)

A : The magnitude of average velocity in an interval can never be greater than average speed in that interval.
R : For a moving object distance travelled > | Displacement |

Answer (1)

A : The area under acceleration-time graph is equal to velocity of object.

R : For an object moving with constant acceleration, position-time graph is a straight line.
Answer (4)

A: The motion of body projected under the effect of gravity without air resistance is uniformly accelerated
motion.

R : Ifabody is projected upwards or downwards, then the direction of acceleration is downward.
Answer (2)

A : The relative acceleration of two objects moving under the effect of gravity ,only is always zero, irrespective of
direction of motion.

R : The acceleration of object moving under the effect of gravity have acceleration always in downward direction
and is independent from size and mass of object.

Answer (1)

A: Inthe presence of air resistance, if the ball is thrown vertically upwards then time of ascent is less than the
time of descent.

R : Force due to air friction always acts opposite to the motion of the body.
Answer (1)

A : The following graph can’t exist actually

path length

| »time
R : Total path length never decreases with time.

Answer (1)



13. A: Thedisplacement (s) time graph shown in the figure represents an accelerated motion.
S

R : Slope of graph increases with time.

Sol. Answer (1)

14. A Average velocity can be zero, but average speed of a moving body can not be zero in any finite time interval.
R : For a moving body displacement can be zero but distance can never be zero.

Sol. Answer (1)

15. A Fora particle moving in a straight line, its acceleration must be either parallel or antiparallel to velocity.
R : A body moving along a curved path may have constant acceleration.

Sol. Answer (2)
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