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KINEMATICS
SOLUTIONS
LEVEL - 1

DISTANCE AND DISPLACEMENT, SPEED AND VELOCITY, AVG. SPEED AND AVG.
VELOCITY

1. A particle moves in the direction of east for 2 s with velocity of 15 ms-1. Then it moves
towards north for 8s with a velocity of 5 ms-1. The average velocity of the particle is
(@) 1 ms1 (b) 5 ms1 (c) 7ms1 (d) 10 ms-1

2. An aeroplane moves 400 m towards north, 300 m towards west and then 1200 m vertically
upwards. Then its displacement from the initial position is
(a) 1300 m (b) 1400 m (c) 1500 m (d) 1600 m
OP is the displacement

displacement in horizontal plane is

h = 4/(400)* + (300)* = 500m

Now net displacement is

s = 1/ (500)" + (1200)* = 1300m

3. An athelete completes one round of a circular track of radius R in 40 sec. What will be his
displacement at the end of 2 min. 20 sec.
(a) zero (b)2 R (c)2nR d7xR

Total time duration in consideration = 2 min 20 sec = 140 sec

He completed 1 round in 40 sec
; 140
In 140 sec, he will cover = Yl 3.5 rounds

After 3.5 rounds, he would be on the opposite side ot the starting point

So, the displacement will be the diameter or 2R.

4. A bus traveling the first one-third distance at a speed of 10 km/h, the next one-fourth at 20
km/h and the remaining at 40 km/h. The average speed of the bus is nearly
(@ 9 km/h (b) 16 km/h (c) 18 km/h (d) 48 km/h

Total distance =x

COLLEGES: ANDHERI / BORIVALI / CHEMBUR / DADAR / KALYAN / KHARGHAR / NERUL / POWAI / THANE m



..
pAc E Kinematics Phy. XI

Average velocity = ——MM———
total time taken

. x+3x+6x 10x
total time taken = =

180 180
Thus Average velocity = Sl 18 km/h
10 x
5. An insect crawls a distance of 4m along north in 10 seconds and then a distance of 3m
along east in 5 seconds. The average velocity of the insect is:
(@) 7/15 m/s (b) 1/5 m/s (c) 5/15 m/s (d) 12/15 m/s
6. A projectile is thrown with an initial velocity of [af+ bﬂ m/s. If the range of projectile is twice

the maximum height reached by it, then
(@) b=a/2 (b)y b=a (c) b=2a (d) b=4a

o g Vy b
Angle of projection , 8 = tan™' - = tan™! —
Vx a

From formulaR = 4H cot 6 = 2H

1 . .
= coth = 5 c.tan® =2 [AsR = 2H given J.....ccovueeeee (ii)

From Egs (i) and (ii), b =2a

7. A hall has the dimensions 10m x 10m x 10m. A fly starting at one corner ends up at a
diagonally opposite corner. The magnitude of its displacement is nearly :
(@) 5V2m (b) 1043m (c) 20J3m (d) 30v3m
Initial coordinates of fly (0,0,0) assume starting end of room to be origin.
Final coordinates of fly (10,10,10), hence it undergoes a displacement of 10

along each dimension.

Magnitude of displacement = 1/(x* + y* + z%) = 10v/3m

8. A particle starts from the origin, goes along y-axis to the point (0, 30m) and then returns
along the same line to the point (0, —30m). The distance and displacement of the particle
during the trip is :

(@ 0,0 (b) 90m, —30m (c) —30m, 90m (d) 0,-30m
Displacement=—30-0= -30m

Distance=30+[30—(-30)]

=90m

9 A train moves with a speed of 30 km/h in the 1st 15 minutes, with another speed of 40 km/h
in the next 15 minutes and then with a speed of 60 km/h in the last 30 minutes. The average
speed of the train for this journey is :

(a) 60 km/h (b) 47.5 km/h (c) 45 km/h (d) 50 km/h
dl = 30x15=450m

d2 = 40x15=600m

d3=60x30=1800m

Total dorten = 1800x 600 + 450

=2850m

Total level = 15+15+30

=60
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AVG. ACCELERATION AND APPLICATION OF CALCULAS

10. The position of a particle moving along x-axis is given by x = 10t — 2t2. Then the time (t) at

which it will

momently come to rest is

@0 (b) 25s (c) 5s (d) 10 s

Given that,

x = 10t — 2

S0,

dx
v=—=10—4t
dt

The particle will come to restif v=0

10-4t=0

t=25s

11. At any instant, the velocity and acceleration of a particle moving along a straight line are v

and a. The speed of the patrticle is increasing if

@ v>0,a>0 (b)v<0,a>0 (c)v>0,a<0 (d)v>0,a=0
acceleration of fan must be incensing in order to gain speed. if acceleration is
increasing then velocity also increases.

12. If v is the velocity of a body moving along x-axis, then acceleration of body is
dv dv du dx
a) — b) v— C) X— d v—
()dx (®) dx _ © dx @) dv
13. If a body is moving with constant speed, then its acceleration

(a) Must be zero (b) May be variable (c) May be uniform (d) Both (b) & (c)
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14.

15.

16.

17.

/
The initial velocity of a particle is u (at t = 0) and the acceleration a is given by at® 2. Which
of the following relations is valid?

32 3at® 2 1512

(b) v=u+ (c) v:u+ga 512

(@ v=u+at

(d) v=u+at

Asf=at :E:at
dt

v t T2
=>/ d\‘—/at dt =>V—u:a—
u 0 2

1,
> v=u~+ cat
2

The position x of particle moving along x-axis varies with time t as x = Asin (wt) where A and
w are positive constants. The acceleration a of particle varies with its position (x) as

(a) a=Ax (b) a=—w? () a=Awx (d) a=w?xA

Given, x = Asin(ot)

= v = Aocos(mt)

= a=-Ao’sin(ot) = a=-ox

A body is moving with variable acceleration (a) along a straight line. The average
acceleration of body in time interval t; to tz is

t, t,
.[ adt I adt
aft, +t] aft, —t] Y )
(8) =5 (b) === © . (@
L+Y -4
Since acceleration is variable, average acceleration = Jfad(it
adt
e t{— t

The position of a particle moving along x-axis given by x = (=2t + 3t +5)m. The acceleration
of particle at the instant its velocity becomes zero is

(@) 12 m/s? (b) -12 m/s? (c) -6 m/s? (d) Zero

The position of a particle moving along x-axis is given by

x=(268 432+ 5m

dx
Velocity, v = =0
elocity, v i

6t(—t+1)=0
—t+1=0
t= lsec

Acceleration, a = &
dt

a=-12t+6

al‘Fl-‘:EC =—]2x1+6

;2
ali=1sec = —6mM/s”
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A body is projected vertically upward direction from the surface of earth. If upward direction
is taken as positive, then acceleration of body during its upward and downward journey are
respectively

(a) Positive, negative (b) Negative, negative

(c) Positive, positive (d) Negative, positive

CONSTANT ACCELERATION AND FREE FALL

19.

20.

Shown here are the velocity and acceleration vectors for an object in several different types
of motion. In which case is the object slowing down and turning to the left?

a a,\ Na
v T T—}a
0 GRS I @ ¢ |
As the man is slowing down therefore, the acceleration component should be opposite to the
velocity. so, the angle between velocity vector and acceleration vector should be obtuse.

As the man is turning to the right therefore, the acceleration vector component should be
towards the left side.

A body is projected vertically upwards with a velocity v. It returns to the point from which it
was projected after some time. The average velocity and speed for the total time of flight are
respectively.

(8 3.v (b) 0, 7 () 0,0 @ 3 .0.
Average velocity = 0 because net displacement of the body is zero.
: . . e 2H
Average speed = Total distance covered / Time of flight = 2—max
w'g
2u?/2g ‘
= Ve = — Vay = W2
2u/g

Velocity of projection = v (given)

Lv=v/2

A body is released from the top of a tower of height h metre, it takes t second to reach the
ground. Where is the body at the time %?

(a) at h/2 meters from the ground

(b) at h/4 m from the ground

(c) depends on the mass and velocity of body
(d) at 3h/4 m from the ground

1

H = —gt’
78
t 1 1/1
At=.s = —g(t2y = - [ =gt
55~ 582) 4(2g)
1
s=-H
4

Therefore, the height from ground 1s given by,

1 3
x=H-s=H--H=-H
4 4
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A particle is projected vertically upwards and it reaches the maximum height H in time T
seconds. The height of the particle at any time t will be

1 1
@ gt -T2 b)H-2g (-T2 (9 ;9t-T*  (@H-g(t-T)
At the maximum height, final velocity is zero.

v = 0m/s

From 1st equation of motion,
v =u+at

O=u—gT

u=gT

From 2nd equation of motion,

gt’
H=ut—
u 3

Il
g

—
|

Il
o
n

aQ
=

%}

At anytime, t,
h=ut —gt?

h=gTt—0.5gt
Add and subtract 0.5¢T?, we get

h = (gtT —0.5gt> — 0.5gT>)+0.5gT?

PutH =¢gT"
h=-05g(T —t*+H

1 ,
h=H—_go(T —t7
h 23( )

23. A body starts from rest with uniform acceleration. If its velocity after n seconds is v, then its
displacement in the last two seconds is

2v(n-1 v(n-1

@) % (b) %

Initial velocity of body u=10

vin+1 2v(2n+1
©) v(n+) (d) 2v(2n+1)
n n
Let the acceleration be a.
Using v=u+at
Weget v=0+an
v
= a=—
n

For displacement in last two seconds, t=2

. at*
Using S =vt— >

Or S —v(2)- 2%(2)2 _2vn-1)
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24,

25.

26.

A patrticle start moving from rest state along a straight line under the action of a constant
force and travel distance x in first 5 seconds. The distance travelled by it in next five seconds
will be

(@) x (b) 2 x (c) 3x (d) 4 x

we know distance covered in straight line is given as S=ut+at?/2

for starting from rest take initial velocity u=0 we get S=at?/2

It is given that for t=5second S=x so x=a5%2=25a/2

Now distance in the duration of 6 to 10 second will be distance in 10 second - distance in 5
seconds =a10%/2-a5%/2=75a/2=3x25a/2=3x.

Answer is 3x

A body is projected vertically upward with speed 40 m/s. The distance travelled by body in
the last second of upward journey is [take g = 9.8 m/s2 and neglect effect of air resistance]
(@ 4.9m (b) 9.8 m (c) 124 m (d) 19.6 m

Let the horizontal distance be H and

let the distance traveled in the last second be d

H=28163m

[ZH
Now time taken by the body to reach a height of 81.36 m= Ve =4.08s

Now from equation of motion, we have

s=ut+ g‘r1

[SSaEe

H-d=40)t—1)— ég(t— 17?

81.63 —d = (40)(4.08 — 1) — é(9.8)(4.08 — 1y

d=4.85m

So, the correct answer is '4.9m'.

A ball is dropped from a bridge of 122.5 metre above a river. After the ball has been falling
for two seconds, a second ball is thrown straight down after it. Initial velocity of second ball
so that both hit the water at the same time is

(@) 49 m/s (b) 55.5 m/s (c) 26.1 m/s (d) 9.8 m/s
For the first ball: Let it takes tsec to river.

=1225=1xgx¢ s
for second ball: time taken = t — 2sec.

RG == o e i e 2)
= ;":E =1.rt—2u+53ﬁ +2g —2gt

=t=%2
from(1)
,r" — 21225

= 10g—5u=2g-2u
=8g=3u

u= Sxfg =26.1m/s
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28.

170

A balloon starts rising from ground from rest with an upward acceleration 2 m/s2. Just after 1
S, a stone is dropped from it. The time taken by stone to strike the ground is nearly

(@ 0.3s (b) 0.7 s (c)1s (d)14s

When the stone is dropped from the balloon, its initial velocity is the same as

the velocity of the balloon at that instant.

The upward acceleration of the balloon is a= 2m/s’
The balloon starts from rest, so u= 0 m/s

The balloon rises for 1 s before the stone is dropped, hence we have
v =u+at

v=0+=2 m/s in the vertically upw ard direction.

This is the initial velocity of the stone after being dropped.

The distance moved up by the balloon in 1 second is
V2 =1’ +2as

v = 2as

Hence, the stone falls by 1 m before hitting the ground

Now, the acceleration on the stone after being dropped is g = 9.8nv/s”
Hence, for the stone,

we have

u=-2m/s;s=lm:a=98m/s>:t=1s

uis negative as it is in the upward direction

Hence, using third equation of motion,
we get time as

]- vl
s=ut+ Ear

1
1=-2t+- %98t
2 x

492 -2t—1=0
oy VP 47495 CD _ 2VATI06 _ 2V236
o 2x98 2x98 938

Since, time cannot be negative, we have
2+4/23.6

t= ~os =0.7s

Hence, the stone will strike the ground 0.7 s after being dropped from the
balloon.

A boy throws balls into air at regular interval of 2 second. The next ball is thrown when the
velocity of first ball is zero. How high do the ball rise above his hand? [Take g = 9.8 m/s?]

(@ 49m (b) 9.8 m (c) 19.6 m (d) 29.4m

Velocity of a ball becomes zero when the ball is at maximum height.

The interval is 2 s, which means that after the 1 st ball reaches max height at that time 2nd
ball is thrown

It means time of ascent of ballis 2 s
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29.

30.

So, time of ascent=u/g = 2

So u=19.6 m/s

Then ,the max height= u"2/2g =19.6*19.6/2*9.8
Max height = 19.6 m

A ball projected from ground vertically upward is at same height at time t; and t>. The speed
of projection of ball is [Neglect the effect of air resistance]

@ olt, ] o) Lert] SR (@ glt, +1,]

Let us say, the ball take At
time to reach at to most point 3 from point 1

The ball will take time At again to reach from portion 3 to portion 2

= HAt At =1

=t +H2At=1t;

-0
2
Let the projected speed of ball be it at position 3 the speed of ball = 0

= At=

Applying I equation of motion

o=v—g(ty +At)

= v=g(t; +At)

2l
\T:g
gltt+—

(t +t)
2

> v=g

A ball is dropped from a height h above ground. Neglect the air resistance, its velocity (v)
varies with its height above the ground as

(@) +2g(h—y) (b) /2gh () gy (d +2g(h+y)
o T
—Y \hv\d

a v
L T
Y
LA
777l

U\s’ma,

v2-u*- Qas

V? - &a(‘,h—td)
g v 4730"33
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GRAPHICAL ANALYSIS

31.

32.

33.

34.

172

XA

Figure shows the displacement (x)-time (t) graph of a particle
moving on the X-axis.

(a) The particle is at rest

(b) The particle is continuously going along X-direction

(c) The velocity of particle increases upto time tg and then

becomes constant o
(d) The particle moves at a constant velocity up to a time tg,

and then stops.
The displacement-time graph is a straight line inclined to time axis upto time t0, indicates a
uniform velocity. After time t0, the displacement-time graph is a straight line parallel to time
axis indicates the particle is at rest.

v

The displacement-time graph for two particles A and B are straight lines inclined at angles of
30° and 60° with the time axis. The ratio of velocities of Vp : Vg is
(@ 1:2 (b) 1: 3 (c) V3:1 (dy1:3

dx

Asvelocity v = I slope of x —t graph.

1
s0 V5 : Vg = slopey : slopeg = tan30° : tan60° = — :4/3=1:3

V3

The velocity versus time graph of a body in a straight line is as shown in Figure. The
displacement of the body in five seconds is

4 v(m/s)
2

1

0f—+—— >

-1

-2
@ 2m (b) 25 m (c)4m (d)5m
"Area under the velocity-Time graph gives the Displacement ."

we divide the area into 3 parts

A=Ap3 T Az + Ay

a=Ltuzxa-luixaria
2 2

A=3m

Figure shows the displacement-time graph of a particle moving on the X-axis.
X

t, t
(a) the particle is continuously going in positive x direction
(b) the particle is at rest
(c) the velocity increases up to a time tp, and then becomes constant

(d) the particle moves at a constant velocity up to a time tp, and then stops.
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35.

36.

When an object travels equal distances in equal intervals of time, it moves with uniform
speed. The distance traveled by the object is directly proportional to the time taken. The
particle moves at a constant velocity up to a time to.

After time to, the displacement is constant because the graph is parallel to the time axis,
which shows the patrticle has stopped.

The velocity - time graph of a linear motion is shown in figure. The displacement from the
origin after 8 sec. is :

V(mis) 4

2__
0 t

B 1234\567/8

(@ 5m (b) 16 m (c) 8m (d) 6 m.

Distance is the area under the curve of v — t graph

—> t(sec.)

Then,

Distance travelled = A; + A, + Az + Ay, + As + Ag

(1N, 1 11
= (5) DU +2() + 5D + 5 (5) @+@3)

= (E) (5) (2)=19m

Displacement fillt=8s=A; + A; + A; — Ay — As — Ag

1 1 1 1
= 5(1)(4)+2(4)+ 5(1)(4)* (5) (E) 2

—2)(3) (%) (%) 2)=12-7=5m

Figure shows the graph of x-coordinate of a particle moving along x-axis as a function of
time. Average velocity during t = 0 to 6 s and instantaneous velocity at t = 3 s respectively,

will be

X
k

(m)
20-

104

T ——£(S)
0123 45€6
(a) 10 m/s, O (b) 60 m/s, O (c) 0,0 (d) 0, 10 m/s
Let the total displacement 0 s to 6 s is D and the time is t.

The average velocity from 0 s to 6 s is given as,

10+0+10-20
-
=0ms
Since, the instantaneous velocity at a time is equal to the slope of velocity time
graph at that time.

The instantaneous velocity at 3 s is given as,

Vi= 0
Thus, the average velocity from 0 s to 6 sis 0 m/s and the instantaneous velocity
at3 sis 0 ms.
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37.

38.

39.

For the acceleration-time (a-t) graph shown in figure, the change in velocity of particle from t
=0tot=6sis
a(m/s?)

4........

5 > i(s)

G S———
N

4

(@) 10 m/s (b) 4 m/s (c) 12m/s (d) 8 m/s

=2=
am/A

Y A\

. W R — — N

Area under acceleration (a) — time (t)

curve gives change in velocity.

Area = (3 x4 x4) + (3 x2x(-4))
Area =8—-4=4

So change in velocity =4 m/s

The velocity versus time graph of a body moving in a straight line is as shown in the figure
below

T

4
v (m/s
( )2

A J

t(s) =
(a) The distance covered by the body in0to 2 sis8 m
(b) The acceleration of the body in 0 to 2 s is 4 ms=
(c) The acceleration of the body in 2 to 3 s is 4 ms™
(d) The distance moved by the body during 0 to 3 sis 6 m

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 + t2. The speed of the particle will vary with time as

t

v ! ! 1

o t—» ° (> © 0 =
(@) (b) (€) (= (@

174
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40.

41.

The position (x)-time (t) graph for a particle moving along a straight line is shown in figure.

The average speed of particle in time intervalt=0tot=8 s is
x (m)

20T

10T

»t(s)
0 2 4 &6

(a) Zero (b) 5m/s (c) 7.5 m/s (d) 9.7 m/s
(b)
total distance
total time
total distance is 40m and total time is 8sec

average speed is v =

N
/= — = 5m
3

If R and H are the horizontal range and maximum height attained by a projectile, than its
speed of projection is

4R? R%g 8H R?
20R +—— b —= — d —
(a) ,, R+ (b) ,/29H+ = (c) 29H+Rg (d) y/2gH + m

(b)
Let the velocity of the projection is 'V' and angle of projection "6" with

horizontal

At maximum height H,v, = 0

Using Newton's third equation of motion
v? —u? = 2as
u=0,u=vsinf;a=-g;s=H

0—v2sin®0=2x(—g)H

vsmb =4/2gH — 1
Also the half time of flight-from A to B and from Bto C

Using Newton's second equation of motion from B to C

T
u=o:t= E S=-H, a=-g(HereTistotal time of flight)

1
S =ut + —at*
2

—H—0+1— 1 2
= E(g) b3

SH
T: [
g

=

Range (R)=vcos6 x T
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—\wwxv -HZ
vcosH = R\J — 3

Squaring and adchng land 2

5 g
“=20H +
VT H
R2
v=1/2gH+ :
8H

GROUND TO GROUND PROJECTION

42.

43.

Two projectiles A and B are projected with angle of projection 15° for the projectile A and 45°
for the projectile B. If Rp and Rg be the horizontal range for the two projectiles, then :

(@ RA<Rp

(b) Ra=Rp

(c) Ra>Rp

(d) the information is insufficient to decide the relation of R with Rp.

we Keow that, Rana—e S 8—?\/»6.\
‘99, R = ULS\\'\(Qﬂ()

Tn EO“‘T“Q.HOY\ LY crent Yo
decide the welahon o% Ra
[VORRETN Q@,

H"""° TIThnlovrmation © the

niH ol \IPlOQ\Lﬁ & not 64\/9"7
'™ the quesMon.
Hence, opHon (D) (g covveck

A projectile is thrown with an initial velocity of [af+ bﬂ m/s. If the range of projectile is twice
the maximum height reached by it, then

@) b =a/? (b)b=a (c) b=2a (d) b =4a
usin®
e
R:uzsinze
g
u?sinfcos® 2xu’sin’0
g 29
. e 2
(usine)(ucose):m
a.b:E
2
b=2a

176
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44,

45,

The angle of projection, at which the horizontal range and maximum height of projectile are
equal, is

(a) 45° (b) 6=tan"1 (0.25) (c) 6=tan"14 (d) 60°.

_ Wsin26

- g

[

R

_ usin’6
g

H

wsin20 v’ sin?

g 2¢g

=

sin?6
2sinBcos B =

ucos6 =snbd
tanb =4
f=tan4

A javelin thrown into air at an angle with the horizontal has a range of 200 m. If the time of
flight is 5 second, then the horizontal component of velocity of the projectile at the highest
point of the trajectory is

(@) 40 m/s (b) 20 m/s (c) 9.8 m/s (d) 5m/s
Range: S =ucos® x T

200
. ucosB = = =40m/s

The horizontal component of velocity u cos 8 remains same throughout

journey.

The position coordinates of a projectile projected from ground on a certain planet (with no
atmosphere) are given by y = (4t — 2t»)m and x = (3t) metre, where t is in second and point of
projection is taken as origin. The angle of projection of projectile with vertical is
(a) 30° (b) 37° (c) 45° (d) 60°
3 ‘.Olk‘f"]
Y - Yt -
o= Bt
1o, Fid n‘\,}jQ. .?J ;,r{ﬂwwmx

2 L{—— lf[’ af Fzo
At € =o Va?
I\’ni 3)
R
t’h‘mev %\
6: 3%

ﬂ’@&; (”%Za’n fgiEiTJ'kNg}
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47. A particle is projected from ground with speed 80 m/s at an angle 30° with horizontal from
ground. The magnitude of average velocity of particle in time interval t =2 stot=6 s is
[Take g = 10 m/s?]
(@) 402m/s (b) 40m/s (c) Zero (d) 40+/3m/s

2usmb

Time of flight =

2
2 XSOXS}.HBOO*S
N 10
As particle during journey at t = 2sec and at t = 6sec will be at same height and
hence vertical displacement is zero.

Horizontal displacement =(u cos 8) = (6 —2)

3
:80x%x4

=160\/§1n
60+/3

.. Average velocity = =404/3 m/sec

48. Two objects are thrown up at angles of 45° and 60° respectively, with the horizontal. If both
objects attain same vertical height, then the ratio of magnitude of velocities with which these
are projected is

5 3 2 3
(@) \E (b) \E (€) \/; (d) \/;

Given,
Angle 45°,60°
So,

i sina,
M| __2
Vv, sin® o,

29

a, =45°, o, =60°

Jé 2

Where [ﬁjz _ 2
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49, For an object projected from ground with speed u horizontal range is two times the maximum
height attained by it. The horizontal range of object is
2u® 3u? 3u? 4u®
(@ - - (b) — © ——- (d) —
39 49 29 59

Gi‘/w vo u‘tZ’ ﬁpw‘led/( on =U.
&wg/c = q Hmax.
To waJ Horigonkal W =

S R B

_ u=xin o
2

Aowuil' 4o <1WAH°r\-
MinS iy Yt

%8 A 7
&f%bﬁe; 2p” S]tane = &

= [
2 a 5(,,9:%_ =
1

g- Wxagine 30 uax g ox iy

i

Hmax

50. The velocity at the maximum height of a projectile is > times its initial velocity of projection

(u). Its range on the horizontal plane is
Jau? 3u? 3u? 2
(a)

u
(b) —— () — (d) ——
29
speed at the maximum height is only going to be horizontal component which is ucos@

29 29 g
ucosezg

0=30°
u?sin20  u?sin60°  +/3u’
9 9 29

Therefore range R =

51. A projectile is thrown into space so as to have a maximum possible horizontal range of 400
metres. Taking the point of projection as the origin, the co-ordinates of the point where the
velocity of the projectile is minimum are
(a) (400, 100) (b) (200, 100) (c) (400, 200) (d) (200, 200)
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Maximum possible range Rz = 400 m

Maximum height attained H = % =100 m

The particle has minimum velocity at the top most point of its projectile
motion whose co-ordinates are (Ry,/2, H)

So, x co-ordinate x = ? =200m

Y-co-ordinate y =H = 100m

52. If the time of flight of a bullet over a horizontal range R is T, then the angle of projection with
horizontal is

(9T 4 2R? 4 2R 4(2R
(@) tan [2Rj (b) tan [gTJ (c) tan (gZTJ (d) tan (gTj

53. When a patrticle is projected at some angle to the horizontal, it has a range R and time of
flight t;. If the same particle is projected with the same speed at some other angle to have
the same range, its time of flight is t, then

2R R 2R R
@ 4+t N () -1, ) (©) tt, =5 (d) tt, )

ecu\ao R ie came fov o and " -0

\ 3
Now , ta - Qus\n®

it
!

2 = aus(ncqo"e) _ 2u0s®
——/_’_‘ == CamE————

9 7

Mence, 4 tg = ousin®, QU\.—’LO/SG

] j
=2 9 U2 sIneost
B ,
itz 2u%sint o {?—"’ Uliﬂ—lel
— 1
ke - 20
3

E
54, A projectile is thrown with velocity v at an angle 8 with horizontal. When the projectile is at a
height equal to half of the maximum height, the vertical component of the velocity of
projectile is
vsin© vsin© vsin©

(a) vsinBx3 (b) 3 (c) 2 (d) 73
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A projectile is thrown with velocity v at an angle 6 with horizontal.
then, vy = vcosf, vy = vecosb

we have to find vertical component of velocity of the projectile at height equal
to half of the maximum height.
wsin’0
2
here u is intial velocity of projectile. but here given initial velocity is v
vZsm®0

$0, Himax =
2g

now, time taken to reach half of maximum height, t

we know, Hyax =

1
Y =vt+ antz

vZsin®f
2g
200t> — 40vsin .t + v?sin“6 = 0
(\/’:’ = 1) vsmo
10v/2

Vy = vy +agt

(\/5— 1) vsmo
V2

= vsinf.t — 5t

= ysmb —

_vsm9

V2

PROJECTILE FROM A HEIGHT

55.

Figure shows a projectile thrown with speed u = 20 m/s at an angle 30° with horizontal from

the top of a building 40 m high. Then the horizontal range of projectile is

u
Oc

40m

(a) 204/3m (b) 40/3m (c) 40m (d) 20m
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Given that,
Speed u = 20m/s

Angle 6 = 30°

Heighth =40m
Now, along y axis
Uy =u sin 30°
1
L =20% -
U, >
uy = 10m/s

Now, we know that

a=-10m/s?
s=—40m

Now, from equation of motion

= Uyt —1 gtj
S = Uyl — >
. 2

—40 = 10t — 5t
52— 10t—40=10
t?—2t—8=0

£-@4-2)t-8=0
tt—H+2t—-4H=0
t+2)t—4)

Now, neglect of negative value
So,t=4s

Now, the range is

R =ucos30° xt

3

R=20x Y3 4
2

R= 40\/§ m

Hence, the range is 40v/3m

56. Two paper screens A and B are separated by distance 100 m. A bullet penetrates A and B,
at points P and Q respectively, where Q is 10 cm below P. If bullet is travelling horizontally at
the time of hitting A, the velocity of bullet at A is nearly
(a) 100 m/s (b) 200 m/s (c) 600 m/s (d) 700 m/s
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So ludion:

3 \ ‘
Ler valocily T o A0 =k —()
D Time kakem 7o puaach i

mpowad t, heght °*

¢ £ime
Alss i this  doms 4o cm =0-1M

byt Wit deomast %
. . %

- %5& » 0-1= axd’ot

2.

> A= g Pt

:) ‘t= L/ﬁg
Puting quaron (1), we du N Foo m)js

Honce,  Option D W Correct.

57. A ball is projected from a point O as shown in figure. It will strike the ground after (g = 10

m/s?)
10 m/s
30°
é o]
z
60 mEZ
z
z
(@ 4s (b) 3s (c) 2s (d5s
Time period of projectile motion:
2usnf 2 x 10 x s 30° 1
= = =2x==1s
g 10 2

Then for vertically downward motion:
initial velocity (uy) = 10sm30° = Sm/s

a=gandh=60m

So applying equation h = ut + %atz

1
=60 = 5t+ 2(10)¢

= 60=5t+5tort* +t—12=0
t—3)t+4)=0

= t = 3s (t = —4s is not possible)
Therefore total time of flight=T +1t = 4s.

RELATIVE MOTION IN ONE DIMENSION

58. A body A of mass 4 kg is dropped from a height of 100 m. Another body B of mass 2 kg is
dropped from a height of 50 m at the same time. Then :
(a) Both the bodies reach the ground simultaneously.

(b) A takes nearly 0.7th of time required by B

(c) B takes nearly 0.7th of time required by A
(d) A takes double the time required by B.

COLLEGES: ANDHERI / BORIVALI / CHEMBUR / DADAR / KALYAN / KHARGHAR / NERUL / POWAI / THANE m



..
pAc E ' , Kinematics Phy. XI

59.

60.

Two particles are moving with velocities v1 and vo. Their relative velocity is the maximum

when the angle between their velocities is :

(a) zero (b) /4 (c) m/2 (d)

The relative velocity of one body w.r.t. other body is maximum if they move in opposite
direction. Thus the angle between their velocities must be 1 so that their relative velocity is
maximum.

A body falls freely from a height of 50 m. Simultaneously, another body is thrown from the
surface of earth with a certain initial velocity. The two bodies meet at a height of 10 m. What
is the initial velocity of the second body ?

(@) 4.9 m/s (b) 9.8 m/s (c) 17.5m/s (d) 19.6 m/s
let ball A dropped from top
ball B thrown up with velocity u
time taken by A to travel s, = 50 — 10 = 40
£ 4
2
t=2.85s
Sg=10,t=2285
sg = ut— %
10=ux285-40
50
u S
2.85
u=17.5m/s
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61. A body is projected vertically upward with speed 10 m/s and other at same time with same
speed in downward direction from the top of a tower. The magnitude of acceleration of first
body w.r.t. second is {take g = 10 m/s?}
(a) Zero (b) 10 m/s? (c) 5 m/s? (d) 20 m/s?
, - word
tohan bcm,hd 1S P»{@JGQ{{D\ VQ}(*‘U&JL% U-P’
U = lowm/s
\/i= O
NS
4 - 4%ec
S - U +a,t .
6= lo+all) D o= —lom/¢
now And bcsalﬁ ok Samu e wr it Same Q'P’uae
amn dowvuesel
=0
V= lowm/$
A= Qo
=4 cec
D Vo U+ Q,t D 10 =0,00 :3(11:\0%'\/8L
hemce u fuele 0—6 Second Lo
Wyt {A’w’s—t b"‘iﬁ = \l-lo . g
62.

Two balls are projected upward simultaneously with speeds 40 m/s and 60 m/s. Relative
position (x) of second ball w.r.t. first ball at time t = 5 s is [Neglect air resistance].

(@ 20 m (b) 80m (c) 100 m (d) 120 m

speed of first ball=40m/s

second ball=60 m/s
time=5s
Distance covered by first hall
S=ut+1/2at?
5=40x5-1/2x10 x 5 x5
s=200-125=75m
Distance travelled by second ball:
5=60x5-1/2x10x5x5
=300-125=175m
Relative position of second ball with respect to first=175-75=100m

RELATIVE MOTION IN TWO DIMENSION

63.

A swimmer wishes to reach directly opposite bank of a river, flowing with velocity 8 m/s. The

swimmer can swim 10 m/s in still water. The width of the river is 480 m. Time taken by him to
do so:

(a) 60 sec (b) 48 sec (c) 80 sec (d) none of these.

so to reach directly opposite bank of river he has to swim at an angle where

component of his velocity cancel out the flow of water so that he can go directly
opposite bank of the river.

so if we assume he is swimming at an angle 6 with the flow, we get
10Cos0 =8

and also 10Sm6 will be component which will help him cross the river.
so if Cosf = 0.8 then Sinb = 0.6

velocity helping in crossing the river = 10 = 0.6 = 6m/s

also distance is given width = 480m

time taken will be t = %0 = 80
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65.

66.

67.

A man who can swim at the rate of 2 km/h crosses a river to an exactly opposite point on the

other bank by swimming in a direction of 120° to the flow of the water in the river. The
velocity of the water current in km/h is :

(@) 1 (b) 2 ©) 1/2 (d) 3/2

V= Velocity of man,
V,= Velocity of rain,

Vi =V —V;
Taking components,

Vi c0s 120° = Vi cos 90° — V; cos 0°

So,V; = lkm/hr

A boat covers certain distance between two spots in a river taking t: hrs going downstream

and t2 hrs going upstream. What time will be taken by boat to cover same distance in still
water?

t+t 2tt
@ 22h (b) 2(t,~t,) © 2= (@) Jtt,
2 t+t,
Let the velocity of a boat in still water is u and velocity of the river is v and
distance is d

down the stream speed will add total velocity is u+v it takes time t_ {1}
in upstream speed will be subtracted total velocity is u-v it take time t_ {2}

u+v= g eq(1)..
1

1
u-v= t(_ eq(2)..

e

=34
;B
_d(ty )

24t

c . . d 211t
time take by the still boatis t= - = @ ! i)
1T

A train of 150 m length is going towards North at a speed of 10 m/s. A bird is flying at 5 m/s
parallel to the track towards South. The time taken by the bird to cross the train is
(a) 10 s (b) 15s (c) 30s (d) 12s
Relative velocity of the parrot w.r.t. the train [10 — (—5)] = (10 — (-5))m/s = 15nv/s
Time taken by the parrot to cross the train
150

15

= 10s.

Two cars are moving in the same direction with a speed of 30 km/h. They are separated

from each other by 5 km. Third car moving in the opposite direction meets the two cars after
an interval of 4 minutes. The speed of the third car is

(&) 30 km/h (b) 25 km/h (c) 40 km/h (d) 45 km/h
Let the speed of third car be x km/hr

t=4min = 1/15hr

D =5k

Relative speed =30 +x =D/t =75
Thusx = 75 - 30 = 45 km/hr
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69.

70.

Four persons P, Q, R and S are initially at the four corners of a square of side d. Each
person now moves with a constant speed v in such a way that P always moves directly

towards Q, Q towards R, R towards S, and S towards P. The four persons will meet after
time

d d 3d .
@ — (b) — (c) — (d) They will never meet
2V Vv 2V
v
Here, velocity components will be vecos45 = —
) p /2
d
And, displacement will be —
P V2
So time taken will be
d
t = _
Vv
e
_v2_d
A
V2

Two trains each of length 100 m moving parallel towards each other at speed 72 km/h and
36 km/h respectively. In how much time will they cross each other?

(@) 45s (b) 6.67 s (c) 35s (d) 7.25 s

Total lengh to be covered (1) = 200m

Total relative speed (v) = (¥, — ¥;) = 72 — (-36) = 108kmv/h = 108 x 1—; = 30m/s

. I 200
So, Time taken to cross each other = — = = =6.67s

Y

A ball is dropped from the top of a building of height 80 m. At same instant another ball is

thrown upwards with speed 50 m/s from the bottom of the building. The time at which balls
will meet is

(@) 1.6s (b) 5s (c) 8s (d) 10s
Step 1 - Draw diagrams according to given data Refer Figure
gatt ™
‘]‘ Ao
Lom
L=50 M)
7
2
e

Speed of ball 2 at which it is thrown, v=50 m/s
initial velocity of ball 1 is zero

Let both the balls meet when distance covered by ball 2 is x
So distance covered by ball 1 in this time is 80—x
Let t is the time at which both the balls meet.

S
fom M«Hva poimt-
o

£
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71.

72.

Step 2 - Calculation of time at which balls will meet

1
By 2% equation of motion (S =ut+ Ea12)

xzsm—%gﬁ (D)

80—x=0+%gt2 2

From equation (1) and equation (2)
1 1

80— 50t + —gt* = — gt
280 =38

80 = 50t
8

t=—-=16s
5

A shell is fired vertically upwards with a velocity vi from a trolley moving horizontally with

velocity v.. A person on the ground observes the motion of the shell as a parabola, whose
horizontal range is

2 2 2
(@) 24 () 24 0 22 (@) 24
g g
Vertical velocity of shell uy = v;

Horizontal velocity of shell u, =v;

2
Horizontal range of projectile R = el
— R= 2V1V2
g

Out of the two cars A and B, car A is moving towards east with a velocity of 10 m/s whereas
B is moving towards north with a velocity 20 m/s, then velocity of A w.r.t. B is (nearly)
a) 30 m/s b) 10 m/s C) 22 m/s (d) 42 m/s

188
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73. A man moves in an open field such that after moving 10 m on a straight line, he makes a

sharp turn of 60° to his left. The total displacement just at the start of 8™ turn is equal to

(@ 12m (b) 15m (c) 17.32m (d) 14.14 m
when @ ™an moves lom  befse twning by 60,
he makes ahexagon in gix Steps.
S In ei%ﬂt steps he will +3tace +two addi;
of hem%m Piom 5@%%@0}& , onal %%’Q }
;. Digplacement ig Ap

= { 10"+ 10+ 2xlox 10 c0560
= Vloo+ !
lOo+1oo(_D__>

=10f3=1932m

e
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LEVEL - 1

DISTANCE AND DISPLACEMENT, SPEED AND VELOCITY, AVG. SPEED AND AVG.
VELOCITY

1.

A particle moving in a straight line covers half the distance with speed of 3m/s. The other
half of the distance is covered in two equal time intervals with speed of 4.5 m/s and 7.5 m/s
respectively. The average speed of the particle during this motion is

(@) 4.0 m/s (b) 5.0 m/s (c) 5.5m/s (d) 4.8 m/s

—_

1=

Wl v
o

v

|

=45xt+75t = 12t =

(3]

We have t; = t3

. S S S S
Totaltimet=t; +t, +t3 = -+ — + — =
6 24 24 4

w

S
Average of TTs " 4m/s

B
4

The table shows the distance covered in successive seconds by a body accelerated
uniformly from rest

Time interval (s) I 1l v

Distance (cm) 2 6 10 14

What is the speed of the body after 4 sec?

(@) 4 cm/sec (b) 8 cm/sec (c) 14 cm/sec (d) 16 cm/sec

A body moves in a straight line along x-axis, its distance from the origin is given by the

equation x = 8t - 3t2. The average velocity in the interval fromt=0tot=4is
(@) 2m/s (b) —16 m/s (c) -4 m/s (d) 5m/s

The height y and distance x along the horizontal for a body projected in the vertical plane are
given by

y=8t- 5t2 and x = 6 t. The initial velocity of the projected body is

(a) 8 m/s (b) 9 m/s (c) 10 m/s (d) % m/s
—iae
M= R%-54? Xz 6F
= EL'EA = - * AX, = (o
N oy 8 - lo: 3
AN RS e 6w s
-0 *-0

Nz Jeotva)y
V= TOTHOT
~= Tohr e

ence Jre  coxaect opRon Ja C-
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5.

Choose the correct statement from the following:

(a) The magnitude of velocity of a particle is equal to its speed.

(b) The magnitude of the average velocity in an interval is equal to its average speed in that

interval.

(c) It is possible to have a situation in which the speed of the particle is never zero but the
average speed in an interval is zero.

(d) It is possible to have a situation in which the instantaneous speed of particle is always
zero but the average speed is not zero.

Velocity is speed in a certain direction. So, magnitude of velocity is speed.

But, average velocity is not the average speed in a certain direction. And, if a body is

moving, its average speed is always non-zero. If a body is not moving, its average speed

must also be zero.

The location of a particle has changed. What can we say about the displacement and the
distance covered by the particle.

(a) Neither can be zero (b) One may be zero

(c) Both may be zero (d) One is +ve, other is -ve and vice versa

When location of a particle has changed, it must have covered some distance and undergone some
displacement. As, initial and final position of body are different, so distance and displacement,
both can neither be zero.

A train moving with a constant speed along a straight track takes a bend in a curve with the
same speed. Due to this :

(a) its velocity is changed in magnitude (b) its velocity is not changed

(c) its speed only is changed (d) its velocity is changed.

A particle projected from origin moves in x-y plane with a velocity V = 3f+6xj, where 1 and

i are the unit vectors along x and y axis. Find the equation of path followed by the particle
1 1
@ y=x° (b) y=1z (€) y=2%° (d) y=7
V =3i+6x]
vV=%+9
& =3

from equation (1)
dx = sdt
mtegrate both side
x=3t....(3)
take equation (2)
dy = oxdt
putting the value of x from 3
dy = 6(st) dt
dy = 18tdt
mtegrate both side

y = 9(%)2 ....... from equation 3
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AVG. ACCELERATION AND APPLICATION OF CALCULAS

9. Choose the wrong statement .
(a) Zero velocity of a particle does not necessarily mean that its acceleration is zero.
(b) Zero acceleration of a particle does not necessarily mean that its velocity is zero.
(c) If speed of a patrticle is constant, its acceleration must be zero.
(d) none of these.

10. The initial velocity of a particle moving along x-axis is u (att = 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)?

(@) vZ—-u? =2kx (b) vZ =u? +2kx? (€) v? =u? +kx? (d) vZ+u? =2kx
a=kx

_dv _dv y dx

dt  dx dt
Vdv = adx

a

VvV kx?
2
att=20
c=0

velocity = u
So

35}

U
C:_
2

V2 =u?+kx*

11. A particle moving with a constant acceleration from A to B in the straight line AB has
velocities u and v at A and B respectively. If C is the mid-point of AB then the velocity of
particle while passing C will be

11
(@) vi+u? (b) Y c) YU (d) ﬂ
2 2 2 2
Let the distance between A and B=s and as mentioned C is the midpoint of A

and B thus distance between A C and

s
CB=_
2

From equation of motion we get distance between AB

R
v2 =u? + 2as

Let speed of the vehicle be pmv/s at point C

Again from equation of motion we get,

S
A= 2+2:—
P u '12
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12.

13.

14.

15.

as distance between A and Cis %

R AL

Computing 1 and 2 we get

2 2
p2 -u ‘.2 —u-

a 2a

pl i
2 vetu©
p’ =

If a body travels half of its total path in the last second of its fall from rest then the total time

of its fall will be
(@ 1.82s (b) 3.4s (c) 3.41 (d) 3.73

The displacement of a particle undergoing rectilinear motion along the x-axis is given by
x = 2t3 — 21t2 + 60t + 6. The acceleration of the particle when its velocity is zero will be.
(a) 36 m/sec? (b) 9 m/sec? (© —9m/sec? (d) —18m/sec?

X =2t% + 21t? + 60t + 6m

o:d—X:6t2+42+60
dt

whenv =0, 6t2 +42t+60=0

to —42 +/42% — 4 x 6% 60

12
_ —-42+18 _ 52
12
a =O|—U =12t +42
dt
att=-2
a =12(—2)+ 42
=18m/s2

A patrticle, initially at rest, starts moving in a straight line with an acceleration a = 6t + 4 m/s2.

The distance covered by it in 3 s is
(@ 15m (b) 30 m (c) 45m (d) 60 m

The acceleration ‘a’ in m/sz, of a patrticle is given by a = 3t2 + 2t + 2 where 't is the time. If
the particle starts out with a velocity v = 2 m/s at t = 0, then the velocity at the end of 2 s is
(@) 12 m/s (b) 14 m/s (c) 16 m/s (d) 18 m/s

e i

t=2
4 jQ/L*/*‘l)d/ = \}—U
”f':c 3
] - v
= S Eatd = oD
& - 13 ml
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16.

17.

18.

19.

20.

A balloon is ascending at the rate of 12 m/s. When it is at a height of 65 m from the ground,

a packet is dropped from it. The packet will reach the ground after time (take g = 10 m/sz)
(@) 10s (b) 25s (c) 5s (d 75s

Using the second equation of motion,
s=ut+ laf?

Here,s = 65m, u=—12 /s (since it's moving upwards), a = g = 10 m/s*
- 1,
65 =—12t+ - 102
2

=522 -12t-65=0

=>t=5 :t=-13/5
Since, time cannot be negative.

Thus, t = 5s

A body falls from a certain height. Two seconds later another body falls from the same
height. How long after the beginning of motion of the first body is the distance between the
bodies twice the distance at the moment the second body starts to fall?

(@ 3s (b) 10s (c) 15s (d) 20

The velocity v of 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 att =

(@) 0 (b) 2s (©) 3 (d) Both (a) & (b)
It is given that

_dv_d i
a= E = &(2‘(26 )

=2 [Pe}(-1) +e 2]
=e '(4t—2t)
So, a=0

= 4-2¢=0
Or 2t(2-1t)=0

= t=0andt=2
2
The velocity of a body depends on time according to the equation v = ;—0+20. The body is

undergoing

(a) Uniform acceleration (b) Uniform retardation

(c) Non-uniform acceleration (d) Zero acceleration
dv

d .
A= = 2204018 =021

dt
Since, acceleration, a, does depend on time, t, it is non-uniform acceleration.
A body starts from origin and moves along x-axis so that its position at any instant is x = 4t2

— 12t where tis in second and v in m/s. What is the acceleration of particle?
(a) 4 m/s? (b) 8 m/s? (c) 24 m/s? (d) 0 m/s?
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21.

22.

23.

24.

25.

26.

x =42 12t
& _ o g-12
a

dv

& a=3

a

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 a and B are positive constants]

() Bx=at+ap (b) ax =B+t (c) xt=op (d) at=\B+x
for a uniformly accelerated motion, acceleration must be a constant.\brSpace \brSpace In
the forth option,\brSpace \brSpace

at =B+ x \ brSpace = x = o’t> — \ br Space = v = cij_)t( =20t \brSpace = a = (:j—lt) = 20 = constant \ br Space

Which of the following distance time graphs is possible :

AX AX

(@) l (b)

A

N /N
(©) (d) t
If magnitude of average speed and average velocity over a time interval are same, then
(a) The particle must move with zero acceleration
(b) The particle must move with non-zero acceleration
(c) The particle must be at rest
(d) The particle must move in a straight line without turning back

When the velocity of body is variable, then
(a) Its speed may be constant

(b) Its acceleration may be constant

(c) Its average acceleration may be constant
(d) All of these

An object is moving with variable speed, then

(a) Its velocity may be zero (b) Its velocity must be variable

(c) Its acceleration may be zero (d) Its velocity may be constant

Velocity means instantaneous velocity which is nothing but direction + magnitude
of speed at that instant.

So velocity must be variable.

Acceleration can't be zero as the magnitude of velocity is changing.

If the displacement of a particle varies with time as \/; =t+7, then
(a) Velocity of the particle is inversely proportional to t

(b) Velocity of the particle is proportional to t2

(c) Velocity of the particle is proportional to «/’E

(d) The particle moves with constant acceleration
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=& )
Y

Thus, Velocity is proportional to time.
dv

Alspasa= — =
dt

Thus particle moves with a constant acceleration.

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

-2 1 1 1
@ — (b) ——— ©€) ——— d —=
x® 4x° 4x? X
Given x* = 2 + t Now differentiating this equation with respect to time we get ,
2 e _ 1
Yt
dx 1
vE— =
dt 2x
Q. ST fr . . dv dx 1
Now again differentiating equation A with respect to dx we get V@ o
X
dv 1
T =
dt 2x?
dv _ 1 1

1
& 22 e

CONSTANT ACCELERATION AND FREE FALL
28. A, B, C and D are points in a vertical line such that AB = BC = CD. If a body falls from rest at
A, then the times of descent through AB, BC and CD are in the ratio :

(@ 1: V2: 43
(© V3:1:42

Q

(b) V2 : 3 :1
(d)1:(v2 -1) : (V3-+2)

R
AcC
- ta(bth)"
9d Qa(
f AD
I =
= £+ 4t

AB AI
z
d’;gh i

C

Q

Q
e s [

o
©

2.
&)
Lg (htht®
5 (

il
— (6d
B‘J%

29. 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?|

(@ 10 m (b) 15m (c) 20m (d) 25m
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Velocity at equal height remains equal in magnitude and hence

Phy. XI

v =1+ 2as
202=10*+2x10xh

400100
T TR0

300 ~
=—=15m
20

30. A body 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 h is (g = 10 m/s?)
(@ 22m (b) 10.2m (c) 11.2m (d) 15m
Initial velocity, V = 52m/s

Time taken, t = 10 sec

]- <
=S =ut+ -at
u 2?1

=52(10)— % (10)(100)

=20m
As,S =2h
= h=10m

Hence, the answer is 10m.

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

10v2 m/s. The maximum height attained by it is
(@ 202m (b) 30 m (c) 15 m (d) 12.8 m
Holution:

Gwen that, V:loyg

let R be ‘ne maximum height Aeache o

The Ve locity o the thcl( when b o004 ﬂeacl\J

Lt mawi mom height 'S 2090

Distance travelled i$

h-h_ . 2h

3 7

Us(ng equation 6f mokion

vi: oty 2gh

(tovz)" - o+ axwus_:‘?.

h: 2xovi)”
Suapet

uxq.8
h- |53
h ~15m

32. A particle has a velocity u towards east at t = 0. Its acceleration is towards west and is
constant. Let xa and xg be the magnitude of displacement in the first 10 seconds and the
next 10 seconds :

() xa <xB
(b) xa =xp
(€) xa>xB
(d) the information is insufficient to decide the relation of xa and xg.
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A balloon rises from rest with a constant acceleration g/8. A stone is released from it when it
has risen to a height h. The time taken by the stone to reach the ground is

@)ZJE
9

h 2h
@)Jj (mﬂf—

g g
Upward velocity of stone at height H

H +/H
V2:;12+2as=)V2:0+2%xH:IV=Tg

H 2H
£—yf=——==0
g g
/H [H sH [H _/H
Y (ia i Y Ga Y e
Ve Ve & Vs g
2 2
H
t=24/—
g

GRAPHICAL ANALYSIS

34.

(©)

AX

(@) t

(b)

(d)

Which of the following distance time graphs is possible :

AX

t
A N
A X
Zéi>l4

@)4JE
g
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35.

36.

37.

Figure shows the time-displacement curve of the particles P and Q. Which of the following
statement is correct?
X P Q

(a) Both P and Q move with uniform equal speed

(b) P is accelerated Q is retarded

(c) Both P and Q move with uniform speeds but the speed of P is more than the speed of Q

(d) Both P and Q move with uniform speeds but the speed of Q is more than the speed of P.
As the x-t graph is a straight line, in either case, the velocity of both the particles is uniform. As the
slope of the x—t graph for P is greater, therefore, the velocity of P is greater than that of Q. (Slope
of x-t graph represents velocity)

A ball is thrown vertically upwards and its velocity v varies with time tas shown in  the
figure. Which of the graphs (a), (b), (c), (d) shows the correct curve of displacement versus
time?

\'

>t
5]

E L %

@ ° ¢ (b) © : () © : (d) © ;

A body is thrown vertically upwards with a velocity u. Which of the following graphs
represents the variation of velocity with time correctly ?

) ; t E ) i
t E i (;/ t— (\3/ t— (;l t—
() t— (b) (c) (d)

Velocity of a body thrown vertically upwards can be given as:
vy = vj +at
where a = —g (always acts in downward direction)
CSove=vi— gt
i

N . -
fort < —, v¢ is positive
g

o
att=—, wegetvy =0

Vi .
fort > —, v¢ is negative.
g
also the slope of v vs t graph is —g [Negative]
From the above explanations, we can conclude that the velocity starts from a

positive value, starts deceasing, reaches zero and keeps on decreasing for be a

negative value.
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38.

39.

40.

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

4 . o - a

(a) © R “© 9 " (@) O t

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

F 3

41

5 A > x (M)

(@) a®=x+3 (b) a=2x>+4 (c) 2a=3x+5 (d) a=4x-8
As shown in the given figure

equation of velocity and displacement is

V ——2x+4

lerationa =V
accelerantona— v —
&

=(2x+4)(-2)
=4x—8

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

r

Qp
—
O
N
le)

(@)

(c) O (d) O
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41.

42.

8
WA mmh&kxfnﬂakhﬁiw’
Vdmj}ﬂ W= % 1weey dapLol (1-1) Q’\Qph’
Fom alopy 0A W posiliau ar\d.f.’nmLQm_m‘
BC wo ;N&amuandfnvumfl\ﬂ

fix that o plase @): a7

OA alope, 4t D fnwum},\o R

wui-poziﬁju.

ABslopt, I L1 nigafie

and:atemh-ldfu:r\,\—,mp I T

J-A mU\.uAU\q.

huonprt) S Mtapanding podiin (1)~ Giria () 3 Mupanitiy
by oplisn(®) .

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

average acceleration of body may be
speed (n/s)

' 3

20 -

0 5 10 1)
(@) 0 (b) 4 m/s? (c) -4 m/s? (d) All of these

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 (t)?

a

ol t

o| T 0
() (b)
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.lh.v
O T > [
(d)
43. Which of the following speed-time (v - t) graphs is physically not possible?
Iy I
{ {
(@) (b)

N\
(c) U (d) All of these

(4)
Is also wrong because speed can’t be negative
At a single instance of time these can’t be two values of velocity

~.(D and (2) are false

44, 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 att = 8 s is

a (m/s®)
10.\
8
+—t — (s
2 4 6 i (s)
S Y R
(@) + 15 m/s (b) +20 m/s (c) -15m/s (d) -20 m/s
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Gaven -

U= -Smfs

We know,
vzu+toak

Por +=0 4o t= 65
Vs -s40(4)
Vs —§ml;\

for t-6s to t=8sec

W= -5 wmls
£ = Suss
a =—-\0r‘f\lS'-L

V2 -5+ (toy®x 2
L

45, The displacement (x) - time (t) graph of a particle is shown in figure. Which of the following is
correct?
Ton

S

O t

(a) Particle starts with zero velocity and variable acceleration
(b) Particle starts with non-zero velocity and variable acceleration
(c) Particle starts with zero velocity and uniform acceleration
(d) Particle starts with non-zero velocity and uniform acceleration

From the given graph, it is clear that

dz
Att =0, — =0
L dt

Velocit 9 _ ) att=o0
. Velocityv = — =0, att=
YU =

As time passes E increases

.". Velocity and hence acceleration changes.

46. Position time graph of a particle moving along straight line is shown which is in the form of
semicircle starting fromt = 2 to t = 8 s. Select correct statement
x(m)

/\ > {(s)

0,0 2 5 8
(a) Velocity of particle betweent=0tot=2 s is positive
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(b) Velocity of particle is opposite to acceleration betweent=2tot=5s
(c) Velocity of particle is opposite to acceleration betweent=5tot=8s
(d) Acceleration of particle is positive between t; = 2 s to t2 = 5 s while it is negative between
tp=5stot,=8s
Cpiven, )
ki

A

0
we. kwow, tn 0 pOSl'l’L.UM e T’[‘\Pk 0{»
A parhelo, Mt Qope of Uit araph- 8«'1/« Uiz
veloeity of U@ parkicle ok an Skt
Tw UE {Twe wleeval B-2c00 4258, velotity of
Mix - porhicle  ploereanes tonti nuously  aval betm,
D or LT wetank of k=52

Homeo welotity chould e oppocily «b
ocsplo varow W behueow F-28 Jo t=be

47. A particle is projected at angle 6 with horizontal from ground. The slop (m) of the trajectory of
the particle varies with time (t) as

o) \ "
(@) (b)

Jlm ‘m
p >t
O 0
(c) (d)
Gquahen of “Trajetdy:
(A-, tand - “'() f’l'))'
a0 tas’ '
N 4 (a0
dld (4 (’,\\'\ leind — ?, . {‘Eh o }
da |dn A ou’ 030
m = tane - {"(p’fog’ R () {Kanﬂ( " me)k]
3 b= (*uwse)
m = lane - & it (e
(ueos -
W, a-tane, b= 9] uwere
©0, (m S B pt) . \LEU‘ 1 F
: [oPrTo@ o
P m‘gt-\\ fant A g —

ot (=) r\lg(\h‘\m
Mebt and an Jf\k"up‘“
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48.

49.

50.

51.

52.

If H. and H; be the greatest heights of a projectile in two paths for a given value of range,
then the horizontal range of projectile is given by

@ Mt () P72 (©) 4R, (A) 4y +He]

A particle projected from ground moves at angle 45° with horizontal one second after
projection and speed is minimum two seconds after the projection. The angle of projection of
particle is [Neglect the effect of air resistance]

(a) tan~}(3) (b) tan=(2) (c) tan*(y/2) (d) tan~(4)

A particle is projected with speed u at angle 6 with horizontal from ground. If it is at same
height from ground at time t; and tz, then its average velocity in time interval t; to tz is

(a) Zero (b) usino (c) ucos6 (d) %[ucos@]

total displacement in'x’

Average velocity = :
total time

_ucoso(t, -t,)

(tz _tl)

=ucos0

Position-time graph for a particle is shown in figure. Starting from t = 0, at what time t, the
average velocity is zero?
A x (m)

=y

o=Nwhoo~N®©OO
v

t(s)
172345678 910111213

@ 1ls (b) 3s (c) 6s (d) 7s
Average velocity, V = total dlspIaTcement
total time

From the graph, at time 6 sec displacement is zero.
Hence, at 6 sec, average velocity is zero.

Acceleration-time graph for a particle is given in figure. If it starts motion at t = 0, distance
travelled in 3 s will be

b

(m/s?)
>
0 >
|1 l2 '3 t(s)
_o-
@ 4m (b) 2m (c) 0 (d) 6m
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15 second

distance traveled=ut + {at*

:O+%><2><1><1:1111

v=u+at v=0+2x1=2m/s
2" second
s=ut=2x1=2m

3" second

s=ut+latt=2x1x-1x2x1x1=2-1=1m

Total distance= 4m

53. Figure shows the position of a particle moving on the x-axis as a function of time
X

(m)
20

10

0 T T T > ()
2 4 6 8
(a) The particle has come to rest 4 times
(b) The velocity at t = 8 s is negative
(c) The velocity remains positive fort=2stot=6s

(d) The particle moves with a constant velocity

54. The position (x) of a particle moving along x-axis varies with time (t) as shown in figure. The
average acceleration of particle in time intervalt=0tot=8 s is

X (m)
40¢
o 246 g 10
(a) 3 m/s? (b) -5 m/s? (c) -4 m/s? (d) 2.5 m/s?
. Va— Vi
average acceleration a = eq(1)..

intial velocity is the slop of the graph in between the 0 to 2sec
0
Vi= 5 = 20ms ™!

final velocity os the slop of the graph in between the 6-8sec
40

vy =—— =—20ms "
2

total time is 8sec.
putv_{ijandv_{2}ineq(1)

—-20-20 40 —
= = — =-5ms -

8 8

a
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PROJECTILE MOTION

55.

56.

57.

58.

59.

The distance x and y along the horizontal plane of a projectile is given by x = 6t and y = 8t—

5t2 in metres where t is in seconds. The angle with the horizontal at which the projectile is
projected is

@ tan!(2) O el (3] @ snt(3] @ cos”?(3]

Three particles, A, B, C are projected from the same point with same initial speeds making
angles 30°, 45° and 60° respectively with the horizontal. Which of the following statement is
correct?

(a) A, B and C have unequal ranges

(b) Ranges of A and C are equal and less than that of B

(c) Ranges of A and C are equal and greater than that of B

(d) A, B and C have equal ranges.

If two bodies thrown at same speed at angles such that their sum ==/ 2 then both of them
will have the same range, so A and C will have same range. Also the range is maximum
when angle of projection is 45°.

A projectile is projected at an angle with an initial velocity u. The time t, at which its
horizontal velocity will equal the vertical velocity for the first time

(@ t= %(COSOL—Sin o) (b) tzg(c03a+sin o)
(c) t= %(sin o - COS o) (d)t= %(sinzoc - c0s? o)
at time 't

Vy=Vi=u;=ucosa
= ucosa =usina— gt
gt =u(sinag —cos o)
. u(sino — cos o)

g

What is the path followed by a moving body, on which a constant force acts in a direction
other than initial velocity (i.e. excluding parallel and antiparallel direction)?

(a) Straight line (b) Parabolic (c) Circular (d) Elliptical

This is the same as a projectile.

X=Uzt+azt?-y=uyt+ayt?

This gives rise to a parabolic trajectory.

Two stones are thrown with same speed u at different angles from ground in air. If both
stones have same range and height attained by them are h; and hy, then h; + h, is equal to

2 2 2 2
u u u u
(@) — (b) -— € — (d) —
g 29 39 49
Range will be same only when they are at an angle

S0 Hpey for 1% particle

~ u’sin? @

_ u? sin*(90 — o)

H,
2g
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60.

61.

62.

63.

64.

65.

66.

=’ [sin(90 — )]
_ v cos? a

2g

5

NowH; +H, = ;;(sz o+ cos’ o)
g

ra

r\,)‘g

(

A projectile is projected with speed u at an angle 6 with the horizontal. The average velocity
of the projectile between the instants it crosses the same level is
(@) ucos 6 (b) usin© (c) ucotB (dutan®

displacement = x = ucos 0 x t

time=t

A particle is thrown with a velocity of u m/s. It passes A and B as shown in figure at time t; =
1sandt;=3s. The value of uis (g = 10 m/s?)

-

o — ; 4
(@) 20 m/s (b) 10 m/s (c) 40 m/s (d) 5m/s

Which one of the following statements is not true about the motion of a projectile?

(a) The time of flight of a projectile is proportional to the speed with which it is projected at a
given angle of projection

(b) The horizontal range of a projectile is proportional to the square root of the speed with
which it is projected

(c) For a given speed of projection, the angle of projection for maximum range is 45°

(d) At maximum height, the acceleration due to gravity is perpendicular to the velocity of the

projectile

A projectile is thrown with speed 40 ms at angle 6 from horizontal. It is found that projectile
is at same height at 1 s and 3 s. What is the angle of projection?

@) tanl(J—lij (b) tanl(J—lg] (©) tan*(\3) (d) tan(+2)

Bullets are fired with velocity u at a fixed angle to the horizontal in all the directions. The
maximum area covered by the bullets is

2
@) % (b)

n2U2 n2u4
(c)
g g

4
(d) Ll
g2

A projectile is projected with kinetic energy K. If it has the maximum possible horizontal
range, then its kinetic energy at the highest point will be
(a) 0.25 K (b) 0.5K (c) 0.75 K (d) K

A stone projected from ground with certain speed at an angle 6 with horizontal attains
maximum height hi. When it is projected with same speed at an angle 8 with vertical attains
height h,. The horizontal range of projectile is
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67. From the top of a tower of height 40 m a ball is projected upwards with a speed of 20 m/sec
at an angle of elevation of 30°. Then the ratio of the total time taken by the ball to hit the
ground to its time of flight (time taken to come back to the same elevation) is (take g = 10

m/secz)
@2:1 (b)3:1 (c) 3:2 (d)y4:1
Time of flight,
2vsin® 2 x 20 xsin30°
m= = = 2sec
g 10
Total time taken by the ball to hit the ground is
distance 40 40
= = =4sec

t = = =
velocity 20 sin 30°

0x—

So, theratiois4:2=2:1
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68. Two seconds after projection, a projectile is moving at 30° above the horizontal; after one

more second it is moving horizontally. The initial speed of the projectile is (g = 10 m/sz)
(@) 10 3 m/s (b) 20 m/s (c) 10 m/s (d) 203 m/s

- ek o 88 WMr body Yeaele< upto point-

A ound avs—ﬁ}’ 1¢ ywore |, I poink B.

£-WSWME 5 3 ucind 230 0

Horizonkal éfvaov\auk— of weloctity romaus

de/udf congtant=, | (pe0 = VeDE 30°

fov vertical upward wotiow ‘ehuseon DavdA,

Va0 = uewmd - gx2 - 20-20

V- 20 m{Q
LD O~ VEDLH0 > D LR
uswm | . 20 2 60°
weo® 0 =1> 0280
W= QO3 w/e

RELATIVE MOTION IN ONE DIMENSION

69. To a man walking at the rate of 3 km/h the rain appears to fall vertically. When he increases

his speed to 6 km/h it appears to meet him at an angle of 45° with vertical from the front. The
actual speed of rain is

(@) 3 km/hr (b) 4 km/hr (©) 3v2kmih (d) 243 km/h
Lt the VQLOL&Y camw e Vm | vdnu:yY OX rain = Vg
lghe Ty U= oi+ bj

Wher  wan walks  of V= 3km/hr., rains TV
<§au \IMIXLaLb\(. Let \/elncii\{ Oé yaln W+l wan be ¢ Vem
Ve, = Np = U NVym
Vim = (a- 3)7+bd“
Snce, wan appeons to T‘e!,tvvmmzwf/ "
B=8 =0

o =R
Also, .u6 wan walks ot Vi = 61\‘0’"/,'\ , then,

Vs :@—G)?erf iw'
Vi = 5?—»&3‘“ o
Vi
5oin appears lo ~tau,af OV\@Q& 5:960._S0,
Ton e =§ = Tmyse

m

or) ‘2 -l > b=3.
Hence, vdoqj:'g vabn i8¢ Uy o= 5?1‘53\
= Jazi3?

s, we %Qr ’ ]v} = 5\]’5‘ KJ’YI/

70. Two cars are moving in the same direction with a speed of 30 km/h. These are separated
from each other by 5 km. Another third car moving in the opposite direction meets the two
cars after an interval of 4 minutes. The speed of the third car is
(@) 45 km/h. (b) 40 km/h (c) 35 km/h (d) 30 km/h.
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71.

72.

73.

74.

75.

76.

Let the speed of third car be x km/hr
t=4min = 1/15hr

D = 5km

Relative speed =30 +x =D/t =75
Thusx =75 — 30 = 45 km/hr

A passenger sitting by the window of a train moving with a velocity of 72 km/h observes for
10 seconds that a train moving with a velocity of 32.4 km/h completely passes by it in 10
seconds. The length of the second train is

(@ 110 m (b) 145 m (c) 210 m (d) 290 m

A body is thrown up in a lift with a velocity u relative to a lift and its time of flight is found to
be t. The acceleration with which the lift is moving up will be.

(a) U=9! (b) 2=9t (© Y9t (@ ;—t

2 t t

A parachutist drops freely from an aeroplane for 10 s before the parachute opens out. Then
he descends with a net retardation of 2.5 m/s2. If he falls out of the plane at a height of 2495

m and g =10 m/s2, hit velocity on reaching the ground will be :
(@) 5m/s (b) 10 m/s (c) 15m/s (d) 20 m/s

Initial velocity (u) =0
Fromt=0tot= 10 free fall
V =0+ (10)10)

V = 100m.s

1 A
Distance covered= + 5* 10x 10°

= 500m
After this retardation of a = 2.5m/s’

Now from here tall it reaches ground-

Distance covered = total distance—the distance covered in first 10sec
= (2495 — 500)m

= 1995m

Now, By 3" equation of motion-

v: =u’ +2as

v2 = (100)* +2(-2.5)(1995)
= 10000 — 9975

=25

= v =5m/s

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]
(a) Boyis—g (b) Boyis—(g+a) (c) Groundis—g (d) Both (b) & (c)

A stone is released from an elevator going up with acceleration 5 m/s2. The acceleration of
the stone after the release is :

(@) 5 ms2 (b) 4.8 ms 2 upward (c) 4.8 downward  (d) 9.8 ms-2 down ward.

A ball ‘A’ is thrown up vertically with speed u. At the same instant another ball ‘B’ is released
from rest from a height h. At time t, the velocity of A relative to B is :

(@ u (b) u-—2gt (€) Ju?-2gh (d) u—gt

COLLEGES: ANDHERI / BORIVALI / CHEMBUR / DADAR / KALYAN / KHARGHAR / NERUL / POWAI / THANE m



p.Ac E Kinematics

Phy. XI

77.

78.

velocity of ball Ais atany t va =u—gt
velocity of ball B is released from height h at any time t vg = —gt

speed of Arelativeto Bisvag =va—vg =u—gt—(—gt)=u

Two cars A and B are moving in same direction with velocities 30 m/s and 20 m/s. When car
A is at a distance d behind the car B, the driver of the car A applies brakes producing
uniform retardation of 2 m/s2. There will be no collision when

(@ d<25m (b) d>125m (c) d>25m (d)d<125m

A man can swim at a speed of 5 km/h w.r.t. water. He wants to cross a 1.5 km wide river
flowing at 3 km/h. He keeps himself always at an angle of 60° with the flow direction while
swimming. The time taken by him to cross the river will be :

(a) 0.25 hr. (b) 0.35 hr. (c) 0.45 hr. (d) 0.55 hr.

The man has to travel 1.5km perpendicular to the flow to cross the river.And

the velocity of the man is at 60 degree with flow, so component of man's

NE

velocity perpendicular to flow is vSin60 = 5 x 7

distance 1.5

time taken will be ~_ =0.35hr.
speed

ol%

5 x
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