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Motion in a Straight Line

TOPIC 1
Terms Related to Motion

01 A person travelling in a straight line
moves with a constant velocity v,
for certain distance X and with a
constant velocity v, for next equal
distance. The average velocity v is

given by the relation
[NEET (Odisha) 2019]

wlelel 2l
VoV, VoV,
v, +v
(C)%z% (d)V:,lVWVz
Ans. (b)

For distance x, the person moves with
constant velocity v, and for another x
distance, he moves with constant
velocity ofv,, then

Total distance travelled, D = x + x =2x
Total time-taken, T =t, +t,
X, X 0 . _Distancel
=2+ =t =
v, E[ VelocityH
The average velocity,

- total distance - D

av

total time T

_ x _ 2 ..
v= =4 [ov,, =v]
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02 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
timet,. The time taken by her to
walk up on the moving escalator

will be [NEET 2017]
t+t tt
(a)—2 (b)—-2_
2 t, =t
tt
(C) 12 (d)t1 _tz
t, +t,
Ans. (¢)

Speed of walking =h =v,
tW
_h_
Speed of escalator = — =v,
2

Time taken when she walks over running
escalator

O t= h
v, v,
O 1:5+V72:l+i
t h h t] tz
O L
t,+t

E If the velocity of a particle is

v=At +Bt?,where A and B are
constants, then the distance

travelled by it between 1s and 2s is
[NEET 2016]

3.7

(a)3A+78B (b)=A+-=B
2 3

A B
4+ —
2 3
Ans. (b)
Velocity of the particle is given as
v=At + Bt

where Aand B are constants.

dl:At + Bt?
dt

(c) (d)§A+ABS

0., -0
H  atH

O dx =(At + Bt?)dt
Integrating both sides, we get

fz dx =Lz (At +Bt?) dt

O A x=x, -x =AI2 tdt+BJ’2 t’dt
1 1

xd  _md
=Ag—n+B

RH " EH
2 -1) +§<23 1)

N>

[ Distance travelled between 1s and2s is

szé % (3) +§(7):%+E
2 3 2 3

04 Two carsP and 0 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 —=t*. At what time do the
cars have the same velocity?

[NEET 2016]
- +
(a)o—f b a+f
1+b 2(b -1
a+f f-a
(c)
2(1+b) 2(1+b)
Ans. (d)
Velocity of each car is given by
Vs =9 0 = 4 opt
dt
and v, =20 fy
dt
Itis given thatV, =V,
ad a+2bt =f -2t
_ f-a
t=
2(b+1)

EA particle of unit mass undergoes

one-dimensional motion such that
its velocity varies according to
v(x)=B x*" where, Band nare
constants and x is the position of
the particle. The acceleration of



the particle as a function of x, is
given by [CBSE AIPMT 2015]
(a) —2np? x> (b) —2np® x™*"

)_ZBZ X—2n+'\ (d) _ZnBZ e—Zm-H
Ans. (b)

Given, v=px?"

_dv _dx gy

dt dt dx
— dV_ -2ny _ -2n-1
O a=v—_=Bx""\-2nBx
dx

0 a=-2nB*x" """

06 The motion of a particle along a

straightline is described by equation
=8 +12t —-t°
where, xisin metre andtin sec.

The retardation of the particle

when its velocity becomes zero, is
[CBSE AIPMT 2012]

(a)24 ms™ (b)zero
(c)6ms™ (d)12 ms™
Ans. (d)

Concept Double differentiation of
displacement equation gives
acceleration and single differentiation
gives velocity of the body.

Given, x =8 + 12t —t°

We know U:d—x

. _dv
and accelerationa =—

So, v=12-3t? and a=-6t
At t=2s
v=0 and a=-6x2

=-12m/s’

So, retardation of the particle =12 m/s”.

FA body is moving with velocity 30

m/s towards East. After 10s, its
velocity becomes 40 m/s towards
North. The average acceleration of

the body is [CBSE AIPMT 2011]
(a)7m/s? (b)7m/s?
(c)5m/s? (d)1m/s?

Ans. (c)

Average acceleration
_ Changein velocity

Total time
_lv,—v, | _ 30" +40°
At 10

_800+T600 __

10

08 A particle moves a distance x in

time t according to the equation
x=(t +5)™". The acceleration of

particle is proportional to
[CBSE AIPMT 2010]

(a)(velocity)®? (b)(distance)?
(c)(distance)®  (d)(velocity)®®
Ans. (a)

Given, distance x =(t +5)” i)

Differentiating Eq. (i) w.r.t. t, we get

dx -1 i,
=(v) = (i)
dt (t+5)°
Again, differentiating Eq.(ii)w.r.t.t, we get
X ()= 2 (D)
dt? (t+5)°

Comparing Egs. (ii)and (iii), we get
(a) O(v)*?

EA bus is moving with a speed of

10ms™ on a straight road. A
scooterist wishes to overtake the
busin 100 s. If the busisat a
distance of 1km from the
scooterist, with what speed should

the scooterist chase the bus?
[CBSE AIPMT 2009]

(a)20ms™ (b)40ms™
(c)25ms™ (d)10ms™
Ans. (a)

Let vbe the relative velocity of
scooter(s)w.r.t. bus(B), then

v=U, — U,
S B
 ——————— . —_—
1km u=10ms"’
a v, =0+ U .0)
Relative velocity = Displacement / Time
_ 1000 _ .
=———=10ms
100

Now, substituting the value of vin Eq. (i),
we get

=10+10=20ms"

10 A particle moving along x-axis has

accelerationf, at time t, given by
f=f, @—£§ wheref, andT are
T

constants. The particle att =0has
zero velocity. In the time interval
betweent =0and the instant when
f =0, the particle’s velocity (v ) is
[CBSE AIPMT 2007]

11

1

(@)f,T (t>)§fUTZ (©fT2  (d)-£T

Ans. (d)
Acceleration

t
=t -t
dv t 0., _dvD
or f=C=f0--0 f =2V
at ‘0T H atH

or dv=f, Q—%Qar N0

Integrating Eq. (i) on both sides,
t
dv=(f @—@dt
I Y .[“ T
2
0 v=ft-Rdo+c i)
T 2
where, cis constant of integration.

Now, whent =0, v =0.
So, from Eq. (i), we get c =0

2
O v=ft-ld i)
T 2

As, f=f, @\ —1@
T
When,f =0,
t
0=t B-7H

As, f,#0,80,1--=0

—~ |~

O t=T
Substituting, t =T in Eq. (iii), we get

)
—fT—f i fr-hl ]

—f,T
2 2
A car moves from X to Y with a
uniform speedv, and returns to X
with a uniform speedv . The

average speed for this round trip is
[CBSE AIPMT 2007]

2

(a)ﬂ (b)[v, v,
Ud + Uu

(c) oY (g) 2 %
v, +u, 2

Ans. (a)

Total distance travelled
Time taken
Lett andt, be times taken by the car to
go from XtoY and then fromY to X
respectively.

Average speed =

_XY XY

Then, t +t, =— +"——



12

13

Total distance travelled = XY + XY =2 XY
Therefore, average speed of the car for
this round trip is

2XY 2v,v,
Vpy=——«F—F—— Oor v, =—
XY ;[lv * Y é v, Y,

The position x of a particle w.r.t.
time t along x-axis is given by
x=9t” —t°,where x is in metre and
t in sec. What will be the position of
this particle when it achieves
maximum speed along the +x

direction? [CBSE AIPMT 2007]
(a) 32m (b) 54 m

(c)81m (d) 24 m

Ans. (b)

Given, the position x of a particle w.r.t.
timet along x-axis

x=9t" -t ()
Differentiating Eq. (i), w.r.t. time, we get
speed, i.e.

U:dl :1(98 —ts)

dt dt

or v=18t —=3t’ (i)
Again differentiating Eq. (i), with respect
to time, we getacceleration i.e.

a=3V_ (18t
at

-3t%)
or a=18-6t (i)
Now, when speed of particle is
maximum, its acceleration is zero, i.e.
a=0
18-6t=0 or t=3s
Putting in Eq. (i), we obtain position of
particle at the time
x=9(3)° ~(3)°=9(9) -
=81-27=54m

A particle moves along a straight
line OX. At a timet (in second), the
distance x (in metre) of the particle
from O'is given by

X =40+12t -t°
How long would the particle travel
before coming to rest?
[CBSE AIPMT 2006]

(a)24m (c)56m (d)16m

Ans. (c)

Concept First Xby Xdifferentiating
displacement equation we get velocity
of the body, since body comes to rest so
velocity becomes zero. Now by putting

(b)40m

the value of timetin displacement
equation we get the distance travelled
by the body when it comes to rest.

Distance travelled by the particle is
x =40 +12t -t°
We know that, velocity is the rate of

change of distancei.e.v= CLX

dt
_d 3
0 v=—" (40 + 12t -t°)
dt
=0+12-3¢t?
but final velocity v =0
g 12-3t* =0
or =122,
3
or t=2s

Hence, distance travelled by the particle
before coming to rest is given by
x=40+12(2) -(2)°
=40+24-8
=64-8=56m

14. The displacement x of a particle

varies with time t as
x=ae ™ +be®, wherea,b,a and
are positive constants. The velocity
of the particle will

[CBSE AIPMT 2005]
decrease with time
be independent of a andf3
drop to zero whena =3
increase with time

(
(
(
(

a
b
c
d
Ans. (d)

Given, x=ae™ ™ +bef

Velocityv=-""=—aae * +bBe™

=A+B

where, A=-aae
B =bpe™

The value of term A = —aae”

decreases and of term B =bBe®

increases with time. As a result, velocity
goes on increasing with time.

- at

at

‘E A particle moves along a straight

line such that its displacement at
any time t is given by

s=3t° +7t* +14t +5.The
acceleration of the particle at
t=Tsis [CBSE AIPMT 2000]
18m/s?

32m/s’

29m/s’

(
(
(
(d) 24m/s*

a)
b)
c)
d)

Ans. (b)
Concept On double differentiation
of displacement equation gives
acceleration of body

d X

i.e.
dr?

The displacement of a particle along a
straight lineis
s=3t°+ 7t +14t +5 (i)
Differentiating Eq. (i) w.r.t. time, which
gives the velomty
_ds _
dt

(St +7t% + 14t +5)

(3r)+ )+ 2 9 (141 + 9 (5)
dt dt

d d

V=3 () + 7 (t?) +1
dt dt

(as differentiation of a constant is zero)

4—(1‘) +0 ..(ii)
dt

n-1

Now usei(x”) =nx

dt
So, v=3@) T+ () (t27) +14(t")
O v=0t? + 14t +14 ... [iii)

(- t%=1)
Again differentiating Eq. (iii) w.r.t. time,
which gives the acceleration

a—@——(Stz + 14t +14)

dt
=18t+14+0=18t+14
Att=1s,
a=18(1) + 14=18 + 14 =32 m/s>

‘E The position x of a particle varies

with time t,as x =at? —bt®. The
acceleration of the particle will be

zero at timet equals to
[CBSE AIPMT 1997]

a
(a) zero (b)—
3b
2a q
(c)— (d)—
3b b
Ans. (b)
2
Acceleration, a = _L
dt dt’
\/elocityv:d—x.
The given equationis
x=at? —bt*
Velocity, v:dl =2at —3bt?
t
Accelerationa = =2a —6bt
t
but a=0 (given)

020 -6bt =00or Bbt =20 or r:%j:i

3b



17.

18.

A car accelerates from rest at a
constant rate a for some time,
after which it decelerates at a
constant rate 3 and comes to rest.
If the total time elapsed ist, then
the maximum velocity acquired by

the caris [CBSE AIPMT 1994]

( )D’B;wzut (b)BLQ_ B,

¢ af3 H ap B
(a+p)t OoBt O

(0)70[3 (d) EWH

Ans. (d)

This situation is plotted on(v-t) graph. In
(v-t) graph, OArepresents the
accelerated part and AB represents the

decelerated part.
v

Vmax

o t B

Lett,andt, be the times for part OAand
ABrespectively.

At point Avelocity is maximum and let it
bev,,,.-

0 v, =at, =pt,

But t=t, +t, = Cme 4 Urac

a B
L 1H_ . [W+BH
= U L +7D_Umax L

o pO Hap O

max

0
or v, =tO——-0
O

g
o

Alternative

This problem can also be solved by
checking the dimensions on both sides.
On checking the dimensions we note
that the dimensions of option(d) match
with that of velocity.

A particle moves along a straight
line such that its displacement at
any timet is given by

s=(t° —6t” +3t +4)m

The velocity when the

accelerationis zero, is
[CBSE AIPMT 1994]

(a)3ms™ (b)-12ms™
(c)42ms™ (d)-9ms™
Ans. (d)

Given, s =t° —=6t? +3t +4

0 Velocityv=2—i:3tz “0t+3 )

Accelerationais given by

_dv
a=_=
dt
O a=6t-12 i)
Fora =0, we have0 =6t =12
or t=2s

Hence, att =2 s the velocity will be
v=3x2% =12 x2 +3=-9ms’’

‘E A train of 150 m length is going

towards North direction at a speed
of 10 m/s. A parrot flies at the
speed of 5 m/s towards South
direction parallel to the railways
track. The time taken by the parrot
to cross the train is

[CBSE AIPMT 1992]

(a)12's (c)15s  (d)10s

Ans. (d)
Concept Velocity of Aw.r.t. Bis given by
Uy =y, - Ug-

Relative velocity of the parrot w.r.t.
the train

(b)8s

=[10-(-5)Ims" =15ms™.
Time taken by the parrot to cross the train

:@:‘]OS

20. A bus travelling the first one-third

distance at a speed of 10 km/h, the
next one-third at 20 km/h and the
last one-third at 60 km/h. The
average speed of the bus is

S
(73], (s/3) , (s /3)
10 20 60
=—_=18km/h
(s/18)

21. A car moves a distance of 200 m. It

covers the first-half of the distance
at speed 40 km/h and the
second-half of distance at speed
vkm/h. The average speed is

48 km/h. Find the value of v.
[CBSE AIPMT 1991]

(a)56 km/h (b)B60 km/h
(c)50 km/h (d)48 km/h
Ans. (b)

Total time

Lett, t, be time taken during first-half
and second-half respectively.

Average speed =

So, t, =@s
40
and t, :@s

U
So, according to average speed formula

48 = 200
@OO%_QOOQ
40 v
o 4lz-2_1
40 v 48 24
1_ 2 1
or —== =
v 120 60
O v=60km/h

[CBSE AIPMT 19911 22. A car covers the first-half of the

(a) 9 km/h (b)16 km/h
(c)18 km/h (d) 48 km/h
Ans. (¢)

Concept Average speed can be
calculated as the total distance travelled
divided by the total time takn.

P R S Q

«——s/3 s/3 s/3—>

Lett,t,.t, be times taken in covering
distances PR, RS and SQ respectively.

0 f :(3/3)’ t, :(5/3)
10 20
and t, =7(S/3)
60

O Average speed = Total distance

Total time
= S
t+t, +t,

distance between two places at 40

km/h and other half at 60 km/h.

The average speed of the car is
[CBSE AIPMT 1990]

(a)40 km/h (b) 48 km/h
(c)50 km/h (d)60 km/h
Ans. (b)

Let the distance between two places be
dandt, is time taken by car to travel
first-half length, t, is time taken by car to
travel second-half length. Time taken by
car to travel first-half length,

Time taken by car to travel second-half
length,

t

120

2

ueln)
60



O Totaltime =t, +t,

dD1+1Dd

=_d :%]:48 km/h
l“1 + tz
st
Alternative
= 200 J2X40X60_ gy,

av

v,+v, 40+60

TOPIC 2

Kinematics Equations of
Uniformly Accelerated Motion

23. A car starts from rest and
accelerates at
5m/s?. Att = 4s, a ball is dropped
out of a window by a person sitting
in the car. What is the velocity and
acceleration of the ball att =6 s?
(Take, g =10m/s?) [NEET 2021]

a)20 m/s, b m/s?

b)20m/s, 0

¢)20v2 m/s, 0

d)20+/2 m/s,10 m/s?

Ans. (d)

Given, the initial velocity of a car,u=0

The acceleration of a car,a =5 m/s®

(
(
(
(

At t=4s, v=u+at

O v=0+(5)4 O v=20m/s
Thus, the final velocity of caratt=4sis
20m/s.

Att=4s, the ballis dropped out of a
window by a person sitting in the car.

The velocity of the ball in the x-direction,
v, =20 m/s (due to the car)

Therefore, in the y-direction, the
acceleration is equal to the acceleration
due to gravity,

a, =g =10m/s*

The velocity of the ball in the y-direction,
v,=u+at 0O v, =0+10x2

0 v,=20m/s

Thus, the velocity of the ballin
y-direction is 20 m/s.

The net velocity at t = 6s,

v=vi +vi O v=4/20) +(20)°
O v=202m/s
Thus, the velocity of the ballatt=6sis
2042 m/s.

2T A small block slides down on a

E A person sitting in the ground floor

and there is no accelerationin the

H H _ -2
x—d|re'ct|or'1, a,=0ms 5 According to question, time taken by the
Iny-direction,a, =10ms ball to cross the window,
Now, we shall determine the net t=01s
acceleration

h=15
at t=6s, a=,al +a] m y
um/s

O a=40)+(10)* O a=10ms™

Ans. (b)

Window
1.5m

smooth inclined plane, starting
fromrest at timet =0. Let s be
the distance travelled by the block

If u be the velocity at the top most point
of the window, then from equation of

in the intervalt =n—1tot =n. Then, motion, :
.S, . — 2
the ratio —"— is h=ut+ogt
Sn+l [NEET 2021] 0 15—ux01+]x10 x(0.1)?

(a)Zn—1 b2n—1 C2n+1 (d) 2n : Ty :

an 2o+l zn=lo2n-d 0 15=0.1u+005
Ans. (b) AT L R VTV
Distance covered nth secondsis s,. 0.1
Distance coversin(n+ 1) th seconds — . .
iss ., 26. Aball is thrown vertically

downward with a velocity of 20 m/s
from the top of a tower. It hits the
ground after some time with a
velocity of 80 m/s. The height of

the tower is (g =10m/s?)
[NEET (Sep.) 2020]

Initial velocity of small block, u=0
Distance cover in nth seconds,

s, =u +202n-1)
2

0 s,=0 +%(2n—1)

0 s,=%@n-1) o) (a)340m
2 (b)320m
Distance coverin(n+ 1)th seconds, (g) égg m
s, =u+22n+1) 1] \d) 560 m

2 Ans. (¢)

0 s, =0+%@n+2-1 Given, u=20m/s,v=80m/sandh="?
2 From kinematic equation of motion,
0 s, =2@n+1) i) v2 =y? +2gh
2 v =2
On dividing Eq. (i) by Eq. (ii), we get U h= 29
a
~—(2n-1 2 _ 2
S, — 2( ) =M('.‘ given, g =10m/s?)
R I 2x10
Sper Z(2n+)
2 =300m
0 s, _(2n-1) Hence, correct optionis(c).
S 2n+1) —

n+1

27. A person standing on the floor of
an elevator drops a coin. The coin
reaches the floor in timet, if the
elevator is at rest and in time t,, if
the elevator is moving uniformly.
The which of the following option is
correct? [NEET (Odisha) 2019]
(a) t,<t, ort,>t, depending upon

whether the lift is goingup or down

of a building notices through the
window of height 1.5 m, a ball dropped
from the roof of the building
crosses the window in 0.1s. What is
the velocity of the ball when it is at
the topmost point of the window?

(g=10m/s?) [NEET (Oct.) 2020]

(b) t, <t,
(a)15.5m/s (b)14.5m/s (o) t, >t
(c)4.5mls (d)20m/s 1

(d) t, =t,



Ans. (d)

Lethbe the height through which the
coinis dropped. Then, according to the
equation of motion, it is given as

h=ut+%gtz ot= /2

g

[*-u=0]

Oto_L

Jg
As the elevator is moving uniformly i.e.
its velocity is constant, so the
acceleration is zero.
ORelative acceleration of the lift when it
is either moving upward or downward is
givenas,g'=g+*a=gx0=g
Hence, the time for the coin to reach the
floor willremains samei.e.t, =t,.

28. A toy car with charge g moves on a
frictionless horizontal plane
surface under the influence of a
uniform electric field E. Due to the
force gE, its velocity increases
from 0 to 6 m/s in one second
duration. At that instant, the
direction of the field is reversed.
The car continues to move for two
more seconds under the influence
of this field. The average velocity
and the average speed of the toy
car between 0 to 3 seconds are
respectively [NEET 2018]
(a) Tm/s, 3.5m/s
(b) Tm/s, 3m/s

(c) 2m/s, 4mls

(d) 1.5m/s, 3m/s

Ans. (b)
According to the question,
For the time duration0<t<Ts,

the velocity increase from 0 to 6 ms™

As the direction of field has been
reversed for, 1<t <2s: the velocity firstly
decreases from 6ms™ to 0.

Then, for2<t<3sas the field strength is
same; the magnitude of acceleration
would be same, but velocity increases
fromQto-6ms™.

«— 0<t<1s—pe—1<t<2s—>

A
v=0 a vy=6ms' -a 9:0
D

v=-6msT-a
«— 2<t<3s —>

Acceleration of the car

-6-0

lal=|Z— =6ms™

The displacement of the particleis givenas

s =ut +lat2

2

For t=0tot=1s
u=0,a=+6m/s’

O s]=0+%><6 x(1)2 =3m

Fort=1stot=2s
u=6ms’,a=-6ms”

O s, =B><1—% x6 x(1)? =6-3=3m

Fort=2stot=3s
u=0a=-6ms"

O ss=0—%><8 x(1)? = =3m
O Netdisplacement, s=s, +s, +s,
=3m+3m-3m=3m
Hence, average velocity
_ Netdisplacement _3 _ 4
= - o =Z=Ims
Total time 3
Total distance travelled,d =9m
Total distance

Hence, average speed = -
Total time

=3ms’

W | o

Alternative Method
Given condition can be represented
through graph also as shown below.

ol

(ms™)+6

-6

[Displacement in three seconds
=Areaunder the graph

=Area of AOAQO' + Area of AAO'B - Area
of ABCD

:1x] xB6 +l X1 xB —1 X6 xX1=3m
2 2 2
-1

0 Average velocity == =1ms" .

NN

Total distance travelled,d =9m

0 Average speed =§ =3ms”’

2? A stone falls freely under gravity. It
covers distancesh,,h, andh, inthe
first bs, the next 5s and the next bs

respectively. The relation between
h,.h, andh,_ is

[NEET 2013]

_hZ _h3
b == =3
(c) h, =3h,andh, =3h,
(d) h, =h, =h,
Ans. (b)

For free fall from a height, u =0
[0 Distance covered by stoneinfirst5s,

-

1 2 )
h =0+-g(5
) +29() 2g (i)

[0 Distance coveredinfirst10s,

s, =0 +%g(10)2 :?g

[0 Distance coveredinsecondbs

100 25 72 .
h,=s, —h,=——qg-""g ="Z¢..(ii)
2 2 1 2 g 2 2 g
Distance coveredin first 15°s,
1 225
s.=0+_-g(15)?* =222
’ zg 2 ’

0 Distance coveredinlastbs,

ho=s - _225 100  _125
TR TR YT Ty
From Egs. (i), (ii) and (iii), we get
256 75 125

=—g:—g:—qg=1:3:5
2 g 2 g 2 J

h, _h,

=2
3 5

g ..(iii)

h, :h, :h,

0 h,

ﬁ A boy standing at the top of a tower
of 20 m height drops a stone.
Assuming, g =10ms 2, the velocity

with which it hits the ground is
[CBSE AIPMT 2011]

(a)20m/s (b) 40 m/s
(c)5m/s (d)10 m/s
Ans. (a)

Given, g =10 m/s” andh=20m

We have v=.2gh=,/2x10 x20
=+/400=20m/s

31. Aballis dropped from a high rise
platform att =0starting from rest.
After 6's, another ball is thrown
downwards from the same
platform with a speedv. The two
balls meet att =18 s. What is the
value of v?

(Takeg=10ms™?)
[CBSE AIPMT 2010]
(a)74ms™
(b)55ms™
(c)40ms™
(d)60Oms™



Ans. (a)
For first ball, u=0

O

For second ball, initial velocity = v

O

O

Here,

1 2 1 2
—g(18)* =12v+-g(12)
2 J 2g

O

32. A particle starts its motion from rest
under the action of a constant

1 1
5, =5 0t] = xgl1gf

34. The distance travelled by a particle
starting from rest and moving with

an acceleration 3 ms

2 inthe

third-second is [CBSE AIPMT 2008]

T .0
s, =vt, +—qgt
) (a)6m (b)4m
t, =18-6=12s (C)g (d)gm
s, =ux12+1 (127
2 Ans. (¢)

S, =5,

Distance travelled inn™ second is given

v=74ms”

force. If the distance covered in first

10sis s, and that covered in the

first20sis s,, then
[CBSE AIPMT 2009]

O

by

sn:u+la(2n—1)
2

4

Here, u=0, a==
3

s, —O+1xﬁx(6 -N)= ]O
2 3

35. Two bodies A(of mass 1kg) and B(of
mass 3 kg) are dropped from heights

(a)s, =2, (b)s, =3s, of 16 m and 25 m, respectively. The
(c)s, =4s, (d)s, =s, ratio of the time taken by them to
Ans. (c) reach the ground is
Since, the body starts fromrest u =0 [CBSE AIPMT 2006]
O = ]atQ (a)-5/4 (b)12/5
2 (c)5/12 (d) 4/5
Now, s, = a0y (i) Ans. (d)
2 For free fall from a height, u =0(initial
locity).
and s, =La(20)? (i) velocity) _ ,
2 From second equation of motion
Dividing Eq. (i)and Eq. (ii), we get h=ut+lgt2
s, (07 ’
s, (20)° or h=0 +%gt2
0 =4
SZ S, . h _Dt] [jz
33. A particle moves in a straight line h, o, %

with a constant acceleration. It

changes its velocity from10ms ™' to

Given, h,=16m,h, =25m

20ms ™' while passing through a g L_fh_[®_4

distance 135 mint sec. The value t, \h, V25 5

oftis [CBSE AIPMT 2008]

(a)10 (b)1.8 36. A man throws balls with the same
(c)12 (d)9 speed vertically upwards one after
Ans. (d) the other at an interval of 2 s. What
Usingv® —u” =2as should be the speed of the throw

(20)* =(10)* =2 xa x135

300 _
270

20 -

=10
9

10=19 x¢
9

t=9s

so that more than two balls are in

the sky at any time? (Take
g=9.8m/s’) [CBSE AIPMT 2003]
Now, using v—u =at (

(
(
(

a
b
c
d

)
)
)
)

Any speed less than 19.6 m/s
Only with speed 19.6 m/s
More than 19.6 m/s

Atleast 9.8 m/s

Ans. (¢)
From equation of motion time taken by
ball to reach maximum height v=u —gt

At maximum height,

final speediszeroie.v=0

So,

u=gtort=Y

g

In2s, u=2x98=196m/s

If man throws the ball with velocity of
19.6 m/s then after 2 s it will reach the
maximum height. When he throws 2nd
ball, 1st is at top. When he throws third
ball, 1st will come to ground and 2nd will
be at the top. Therefore, only 2 balls are
in air. If he wants to keep more than 2
balls in air he should throw the ball with a
speed greater than 19.6 m/s.

37. If aballis thrown vertically upwards
with speed u, the distance covered
during the last t sec of its ascent is

[CBSE AIPMT 2003]

1
(a)ut—§ gt’ (b)(u+gt)t
1
(c)ut (d) = gt?
5 g
Ans. (d)
Let the ball takesT second to reach
maximum height H. v=u-gTl
?v =0 -
C
H
u
A
put v=0
(at heightH)
a0 u=gT
or T=Y i)

g

Velocity attained by the ball in(T —t)sis,
v'=u-g(T-t)=u-gT +gt

=u-gY+gt=u-u+gt

v'=gt L)
Hence, distance travelledin last t sec of
its ascent
cB=vit-! gt’ =(gt)t - gt2
2
=gt’ %th [From Eq. (ii)]

T .2
:,gt
2



38. A stone is thrown vertically
upwards. When stone is at a height
half of its maximum height, its
speed is 10 m/s, then the maximum
height attained by the stone is

(g=10m/s?)  [CBSE AIPMT 2001]
(@)8m (b)10m

(c)15m (d)20m

Ans. (b)

Let ube theinitial velocity and H be the
maximum height attained.

At heighth=g, we have v=uv, =10 m/s

From third equation of motion,

v) =u’ -2gh
%Negative signindicates that velocity and%
[Acceleration are in opposite direction [0

or (100 =2 —Zgg )

AtheightH, v, =0
v =u”=2gH or 0=u” -2gH ..{ii)
Subtract Eq. (ii) from Eq. (i), we get

2
(1O)Z=2gg or =10

g
2
or H=(1O) =10m
Alternative
Maximum height attained by the stone
2
H:L
29
_H
When, H—E,u—mm/s
2
ﬂ:(]o) orH:@:]Om
2 2g 10

39. A car moving with a speed of
40 km/h can be stopped after 2 m
by applying brakes. If the same car
is moving with a speed of 80 km/h,
what is the minimum stopping

distance? [CBSE AIPMT 1998]
(a)8m (b)2m

(c)am (d)Bm

Ans. (a)

According to conservation of energy, the
kinetic energy of car =work done in
stopping the car

i.e. Dot =Fs

2

where, Fis the retarding force and sis
the stopping distance.

For same retarding force,

sOv
o, f
si:DviD :?g =4
o uo 0
g s, =4s, =4 x2
=8m

Alternative

Initial speed of caru =40km/h
=40 xém/s =@m/s
18 9
From 3rd equation of motion,

v’ =u® -2as

0 0:@%@2—%00

Lo = 100 x 100
81
| a=200¢
81
Final speed of car =80 km/h
=80 XE :@m/s
18 9
Suppose car stops for a distance s'.
Then
v’ =u’ -2as’
[poo[f 2500
0= Bﬁ -2 x s’
9 5 81
0 ,_ 200 %200 x81 _

T 9x9x2x2500

K If a car at rest, accelerates
uniformly to a speed of 144km /h

in 20s, it covers a distance of
[CBSE AIPMT 1997]

(a) 2880 m (b) 1440 m
(c)400m (d)20m
Ans. (c)

Concept First of all find acceleration
from the given values and then using
equation of motion calculate distance
travelled.

Given,

Initial velocity u =0, timet =20s
Final velocity v =144km/h =40 m/s
From 1st equation of motion,

v=u+at
_v-u _40-0
a= =

t

a =2m/s’

Now, from 2nd equation of motion,

distance covered, s = ut +%atZ

=0 +% x2 x(20)? =400 m

41. If aball is thrown vertically upwards
with a velocity of 40 m /s, then
velocity of the ball after 2s will be

(g=10m/s*) [CBSE AIPMT 1996]
(a)15m/s (b)20 m/s
(c)25m/s (d)28 m/s

Ans. (b)

u=40m/s *a:*Q

Here, initial velocity of ballu =40 m/s
Acceleration of ball a = = g m/s?
=-10m/s’
Time=2s
From first equation of motion,
v=u+at=40-10 x2
O v=20m/s

42. Three different objects of masses
m,.m, and m_ are allowed to fall
from rest and from the same point
Oalong three different frictionless
paths. The speeds of the three
objects on reaching the ground will
be in the ratio of [CBSE AIPMT 1995]
(alm,:m, :m,

(b)m,:2m, :3m,
(c)1:1:1
@t

m, m, m
Ans. (c)

When an object falls freely under gravity,
then its speed depends only on its height
of fall and is independent of the mass of
the object. As all objects are falling
through the same height, therefore their
speeds on reaching the ground will be in
theratioof 1:1:1.

Alternative

The vertical displacement for all the three
is same and paths are frictionless. So, by
conservation of mechanical energy,

T 2
—mv° =mgl
’ g

O v=12¢l

So, v, i, tu, = 11111



43.

a4.

45.

The water drops fall at regular
intervals from a tap 5 m above the
ground. The third drop is leaving
the tap at an instant when the first
drop touches the ground. How far
above the ground is the second
drop at that instant ? (Take
g=10m/s?) [CBSE AIPMT 1995]
(@)1.25m

(b)2.50m

(c)3.75m

(d)5.00 m

Ans. (¢)

Let tbe the time interval of two drops.
For third drop to fall

5=%g(2t)2 [As u=0]

1 .,_5b .

or —gt- == D)
27 T

Let xbe the distance through which
second drop falls for timet, then
1 5

X=_ [‘2 =—m [fromE (l)]
29 4 q
Thus, height of second drop from ground
:5—5 :E =3.75m
4 4

A body is thrown vertically upwards
from the ground. It reaches a
maximum height of 20 min5s.
After what time it will reach the
ground from its maximum height

position ? [CBSE AIPMT 1995]
(a)2.5s (b)5s

(c)10s (d)25s

Ans. (b)

Time taken by the body to reach the
ground from some height is the same as
taken to reach that height. Hence, time
to reach the ground from its maximum
heightisbs.

A stone released with zero velocity
from the top of a tower, reaches
the ground in 4 s. The height of the
toweris (g =10m/s?)

[CBSE AIPMT 1995]

(a)20m (b)40m
(c)80m (d)160 m
Ans. (¢)

Initial velocity of stone u =0
Time to reach at groundt =4s

Accelerationa=+¢g =10m/s’

s motion of body is along
he acceleration due to gravity

[ Height of tower

h=ut + 1 gt? =(0 x4) + ) x10 x4?
2 2

=80m

E A body starts from rest, what is the

ratio of the distance travelled by
the body during the 4th and 3rd s?
[CBSE AIPMT 1993]
@ ©2 @l @
5 7 3 7
Ans. (a)

Distance travelled by the body in
nth second is given by

n

s :u+9(2n—1)
2

Here, u=0

O For 4t 3,34=%(2><4—1)

and  For3"s,s, :%(sz -1

Hence, S, _(@x4-1_7
s 2x3-1 5

3

E A body dropped from top of a

tower fall through 40 m during the

last two seconds of its fall. The

height of tower is(g =10m /s?)
[CBSE AIPMT 1991]

(a)60m (b)45m
(c)80m (d)50m
Ans. (b)

Let the body falls through the height of
tower int seconds.

Froms, K =u +%(2n—1),we have

Total distance travelled in last 2 s of fall is

S:Sr +s(r71)

=0+ 9015 B+ S -1 -2
E”z” >g§]+2<“ )-1g

wt -4)=19 x4(t 1)

2
or 40=20(t=1) or t=2+1=3s
Distance travelledint secis

s =ut+1ot2
2

:o+%x1o x3” =45 m

— 30 km/h

% 48. What will be the ratio of the

distance moved by a freely falling
body from rest in 4th and 5th second

of journey? [CBSE AIPMT 1989]
(a)4:5 (b)7:9

(c)16: 25 (d)1:1

Ans. (b)

As distance travelled in n" sec is given by
1

s,=u+-a(2n-1
2
Here, u =0, acceleration due to gravity

0=9.8m/s’

O For4®s, s, =% x9.8(2 x4 1)

andfor6®s, s, -1 x9.8(2 x5 —1)

)

O 4 =

5

[%)]
ola ™

49. Acaris moving along a straight road

with a uniform acceleration. It
passes through two points P and 0
separated by a distance with
velocity 30 km/h and 40 km/h
respectively. The velocity of the car
midway between P and Qis

[CBSE AIPMT 1988]

(a)33.3 km/h (b)20+/2 km/h
(c)25+/2 km/h (d)0.35 km/h
Ans. (¢)

Let xbe the total distance between
points Pand 0 and vbe the velocity of
car while passing a certain middle point
of PQ. Ifais the acceleration of the car,
then

— 40 km/h

P R x/2 Q

For part PQ,
40?7 =307 =2ax
_350
X

or a

For part RQ,
40% = 0? -20x
2
Putting value of a from Eq. (i) in Eq. (ii),

we have

. [iif)

40° - v* =2 [P0 i
x 02
or 40% - v? =350 or
v? =1250
O v=25+/2 km/h



TOPIC 3
Graphs in Motion

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

the particle is around the point
[CBSE AIPMT 2008]

g D

3 C

2

A B
Time

(a)B (b)C
(c)D (d)A
Ans. (b)

Maximum velocity point means, the point
at vvhich%x i.e.the slope of the graphis
t

maximum.
At pointC, slope is maximum.

51. The displacement-time graph of

moving particle is shown below.

S
z

()

£

()

(&)
5 D £ 3
Q.

(%]
2| /c

Time t

The instantaneous velocity of the

particle is negative at the point
[CBSE AIPMT 1994]

ws)}

(a)

(b)

(c)C

(d)E

Ans. (d)

Instantaneous velocity is the slope of
displacement-time graph. At point E, the
slope is negative so instantaneous
velocity of the particle is negative. At

pointsC andF, the slope is positive and
at D, the slope is zero.

=

5? Which of the following curves does

not represent motion in one
dimension? [CBSE AIPMT 1992]

Vv
(@) C
t
v
(o) /
e ————1
v
o | O
L ¢
v
(d)
t
Ans. (¢)

In option(c), particle have two velocities
at a particular instant of time, which is
impossible.



