Motion

Numerical

Q.1 A particle is moving with constant acceleration 'a'. Following graph shows v? versus
x(displacement) plot. The acceleration of the particleis____ m/s?

x (m)
31st Aug Evening Shift 2021

/0000 + 24z
Q.2 If the velocity of a body related to displacement x is given by U m/s, then the

acceleration of the body is .................... m/s?.

27st Aug Morning Shift 2021

Q.3 Two spherical balls having equal masses with radius of 5 cm each are thrown upwards
along the same vertical direction at an interval of 3s with the same initial velocity of 35 m/s,
then these balls collide at a height of ............... m. (Take g = 10 m/s?)

26st Aug Morning Shift 2021



Q.4 A swimmer wants to cross a river from point A to point B. Line AB makes an angle of
3000 with the flow of river. Magnitude of velocity of the swimmer is same as that of the river.
The angle B with the line AB should be o, so that the swimmer reaches point B.

0 a
30° ?

A
27th July Evening Shift 2021

Q.5

N > P
Three particles P, @ and R are moving along thevectors 4 =i+ 7. B = j+ kand C i+ 7

respectively. They strike on a point and start to move in different directions. Now particle P is moving norma

4 rd
to the plane which contains vector A and B . Similarly particle Q is moving normal to the plane which
B

r 7
contains vector A and €' The angle between the direction of motion of P and Q is cos ! (;E) Then the
W

value of X is

22th July Evening Shift 2021

Q.6 A person is swimming with a speed of 10 m/s at an angle of 12000 with the flow and
reaches to a point directly opposite on the other side of the river. The speed of the flow is 'x'
m/s. The value of 'x' to the nearest integeris __

18th Mar Morning Shift 2021

Q.7 A swimmer can swim with velocity of 12 km/h in still water. Water flowing in a river has
velocity 6 km/h. The direction with respect to the direction of flow of river water he should swim
in order to reach the point on the other bank just opposite to his starting pointis o,
(Round off to the Nearest Integer) (Find the angle in degrees)

16th Mar Evening Shift 2021



Q.8

l > il d ¥
fP =@ = x P _the angle between P and ) is (0" = # < 360"). The value of '# will be

(9]

25th Feb Evening Shift 2021

Numerical Answer Key

1. Ans. (1)

2. Ans. (12)
3. Ans. (50)
4. Ans. (30)
5. Ans. (3)

6. Ans. (5)
7.Ans. (120)
8. Ans. (180)

Numerical Explanation

Ans 1.



e e
Given, P xQ =@ = P

-+ = = =
Itis possible onlywhen P x @ =@ = P =0

- =
= We know, P x () = PUsin g

_:.
Oonlyif P =0
_}
or@ =0

orsin#=0= 8= 0or180°
= =
The angle biw P & @ is 8(0" = # < 3607)

So, #=180"

Ans 2.
V = +/5000 + 24x

2./ 5000+ Xx +BO00 Fx

gk

_rdV
Mow, a_VI

— /5000 + 24z x 12

+ SO0 & 24

a=12 mf52

Ans 3.



When both balls will collied
Y1=Y¥2

35t — 3 x 10 x £ =35(t — 3) — 3 x 10 x (t — 3)°

35t — 3 x 10 x 2 =35t — 105 — 3 x 10 x 2 — 3 x 10 x 3* + § x 10 x 6t
0=150—30t
t=5sec

.. Height at which both balls will collied
h =35t — 3 x 10 x t*

=35><5—%><1|:}><.5E

Ans 4.

0
30°

L
e

v
Both velocity vectors are of same magnitude therefore resultant would pass exactly
midway through them
6 =30°
Ans 5.



f;'l|"'

120°
ya

N
10sin 30° Vr

N

Vi = 10sin 307

Ve===56mis

Vg =5mis
Ans 7.

The situation is depicted in the following figure.




where, Vg = velocity of man = 12 km/h

and vy = velocity of water flow in river = 6 km/h
As, Viyr should be along CD.

= vp — vypsingd =0

= 6 —125in0 =0 = sinf = -

1
2

= sinf =
— 0 —sin ! [%) — sin !(sin30") [ sin 30° = 1]
= 0 =30°

sae=00° + 0 = 00° + 30° = 120°

= o =120°

Ans 8.

ol

e

Given, P = Q =@ =
e I

Itis possible only when P x @ =@ < P =0

— =
= We know, P x @@ =PQsin @

_:.
Cnlyift P =0
_:'.
or@ =10

orsin@=0= 6@=0o0r180°
—
Theangle biw P & @Q is 8(0° = # < 360")

So, #=180"



MCQ (Single Correct Answer)

Q. 1 The ranges and heights for two projectiles projected with the same initial
velocity at angles 4200 and 4800 with the horizontal are Ry, Rz and Hy,
H: respectively. Choose the correct option:

© Ri=RpandHy=H;
e Ri=Rsand Hy < Hs
© Ri<RpandHq<H;
@ Ri=RpandHy=H,
1st Sep Evening Shift 2021

Q.2 A helicopter is flying horizontally with a speed 'v' at an altitude 'h' has to drop a
food packet for a man on the ground. What is the distance of helicopter from the
man when the food packet is dropped?

| 2ghv?+1
e \L"f h?

2ghv? + h?
O v

G 1{ 21;:}1 n J2

| 2gh 2
Q= +h

31st Aug Morning Shift 2021

Q.3 A player kicks a football with an initial speed of 25 ms-1 at an angle of 4500 from
the ground. What are the maximum height and the time taken by the football to
reach at the highest point during motion? (Take g = 10 ms-2)



Nmax = 10 M

A

T=25s

Nmax = 15.625 m

(e

T=354s%

Nmax = 15.625 m

CJ

T=177s

Nmax = 3.54 m

o

T=0125s

27th Aug Evening Shift 2021

Q.4 Water drops are falling from a nozzle of a shower onto the floor, from a height of
9.8 m. The drops fall at a regular interval of time. When the first drop strikes the
floor, at that instant, the third drop begins to fall. Locate the position of second drop
from the floor when the first drop strikes the floor.

Q +18m
G 294m
©245m
© 735m

27th Aug Evening Shift 2021

Q.5 Abomb is dropped by fighter plane flying horizontally. To an observer sitting in
the plane, the trajectory of the bomb is a:



@ nyperbola
Q parabola in the direction of motion of plane
G straight line vertically down the plane

@ parabola in a direction opposite to the motion of plane

26th Aug Evening Shift 2021

Q.6 A ball is thrown up with a certain velocity so that it reaches a height 'h'. Find the
ratio of the two different times of the ball reachingg in both the directions.

1.-"51
0 'u“§|1
1

Q;
V342
G VI2

0 |

V1

27th July Morning Shift 2021

Q.7 The instantaneous velocity of a particle moving in a straight line is given

as V=at+pt2V=at+ft2, where aa and (3§ are constants. The distance travelled by the
particle between 1s and 2s is:

Q a+78
3 7
.

©:+3

© Ja+38

25th July Evening Shift 2021



Q.8 A balloon was moving upwards with a uniform velocity of 10 m/s. An object of
finite mass is dropped from the balloon when it was at a height of 75 m from the

ground level. The height of the balloon from the ground when object strikes the
ground was around:

(takes the value of gas 10 m/s2)

300 m
© 200m
©® 125m
@ 250m

25th July Evening Shift 2021

Q.9 The relation between time t and distance x for a moving body is given as t =

mx?2 + nx, where m and n are constants. The retardation of the motion is : (When v
stands for velocity)

A JPR
® 2mn?
O
O 23

25th July Evening Shift 2021
Q.10 Water droplets are coming from an open tap at a particular rate. The spacing

between a droplet observed at 4th second after its fall to the next droplet is 34.3 m.
At what rate the droplets are coming from the tap? (Take g = 9.8 m/s?2)



@ 3 drops / 2 sconds
© 2 drops / second
@ 1 drop / second

@ 1 drop/ 7 seconds

25th July Morning Shift 2021

Q.11 A boy reaches the airport and finds that the escalator is not working. He walks
up the stationary escalator in time t;. If he remains stationary on a moving escalator
then the escalator takes him up in time t;. The time taken by him to walk up on the
moving escalator will be :

(DRI

20th July Evening Shift 2021

Q.12 A butterfly is flying with a velocity 4 m/s in North-East direction. Wind is

slowly blowing at 1 m/s from North to South. The resultant displacement of the
butterfly in 3 seconds is :

O 12v2m

©20m
©:3m
@ 15m



20th July Morning Shift 2021

Q.13 The velocity - displacement graph of a particle is shown in the figure.

UA

Vo

The acceleration - displacement graph of the same particle is represented by :

o]

> X
0 >

ol A

QO X
alk
&
) X
W
(D
(8] X

18th Mar Evening Shift 2021



Q.14 The position, velocity and acceleration of a particle moving with a constant
acceleration can be represented by :

=
x(t) v(t) 2
g fy ( = a(t)
. — o - |
A Z k- k>
(=] (] 2
o, > j
o
—_— — —
P =
< =] Vi 3 a(n)
2 x(1) 1 =
— ] -
=) 2 £
]
— | — w—p |
o a)
| *@ S| v S
= o o
(C) Z 2 3
=] 9] 4
=¥ - )
g
— | — | — |
g
v(l) =
S o =
o E 5
8 S 8
2 > (31
(1
—_ —_— —_—

18th Mar Morning Shift 2021

Q.15

A rubber ball is released from a height of 5 m above the floor. It bounces back repeatedly,

always rising to 1% of the height through which it falls. Find the average speed of the ball.

(Take g = 10 ms—2)



QO 250ms!
G 30ms
©20ms?
0 250ms 1

17th Mar Evening Shift 2021

Q.16 The velocity of a particle is v = vo + gt + Ft2. Its position is x = 0 at t = 0; then its
displacement after time (t=1) is:

O voro+f

@vn+%+F

17th Mar Evening Shift 2021

Q.17 A car accelerates from rest at a constant rate aa for some time after which it
decelerates at a constant rate {3 to come to rest. If the total time elapsed is t seconds,
the total distance travelled is:



4afl 9
(a+5)

A

2af 9
e |:ﬂ:+ﬁ:|t
&

af 9

2(x+-4)
afi 9
Q 4({x+f) £
17th Mar Morning Shift 2021

v = 05827 + 3t + Ok
Q.18 A mosquito is moving with a velocity m/s and

accelerating in uniform conditions. What will be the direction of mosquito after 2 s?

O tan! (%L) from y-axis
@ tan! (%) from y-axis
© tan’ (%) from x-axis

@ tan’ (%) from x-axis

16th Mar Evening Shift 2021

Q.19 The velocity-displacement graph describing the motion of bicycle is shown in
the figure.

v(ms ™)

50 f-------- T

o

10/
0 ;

200 400 ()

The acceleration-displacement graph of the bicycle's motion is best described by :



o 18 [

0 200 400 x(m)

a(ms 1)

V4

i
S

=

200 400 }{nﬂ

a(ms—2) 1

0 200 400 x(m)

a(ms™

I
L

',

v 200 400 x(m)

16th Mar Morning Shift 2021

Q.20

The trajectory of a projectile in a vertical plane is y = ax — ,8)(2, where e and [ are constants and x & y are
respectively the horizontal and vertical distances of the projectile from the point of projection. The angle of

projection # and the maximum height attained H are respectively given by -



©Q tan 1&%
@ tan 'o, %
@ tan ' (%) %1

@ tan '3, g_,a

26th Feb Evening Shift 2021

Q.21 A scooter accelerates from rest for time t; at constant rate a: and then retards

t )
. Wil be :
at constant rate a; for time tz and comes to rest. The correct value of -

0"
0 ==

e

0.

26th Feb Evening Shift 2021

Q.22 A stone is dropped from the top of a building. When it crosses a point 5 m
below the top, another stone starts to fall from a point 25 m below the top. Both
stones reach the bottom of building simultaneously. The height of the building is :

Qsom
©®5m
© 45m
®5m

25th Feb Evening Shift 2021



Q.23 In an octagon ABCDEFGH of equal side, what is the sum of
—

— = = = = =
AB+ AC + AD + AE + AF + AC + AH,

it AO — 23 + 35 — 4k

H C

@ 167 — 245 + 32k
Q@ 167 + 245 — 32k
©® 167 + 245 + 32k
Q@ 167 — 24j + 32k

25th Feb Morning Shift 2021

Q.24 An engine of a train, moving with uniform acceleration, passes the signal-post
with velocity u and the last compartment with velocity v. The velocity with which
middle point of the train passes the signal post is:

Q-

—

e '1i,. i 2'Ll.i
G U1
2

Q f v 4ul

2

25th Feb Morning Shift 2021



Q.25 If the velocity-time graph has the shape AMB, what would be the shape of the
corresponding acceleration-time graph?

/

Ao B
tinie(l)
M
di .

© _| -

L] .

e t

: A

24th Feb Morning Shift 2021

MCQ Answer Key

1. Ans. (C) 10. Ans. (C) 19. Ans. (a)
2. Ans. (C) 11. Ans. (C) 20. Ans. (a)
3. Ans. (C) 12. Ans. (D) 21. Ans. (C)
4. Ans. (D) 13. Ans. (a) 22. Ans. (C)
5. Ans. (C) 14. Ans. (B) 23. Ans. (B)
6. Ans. (C) 15. Ans. (a) 24. Ans. (D)
7. Ans. (B) 16. Ans. (B) 25. Ans. (C)
8. Ans. (C) 17. Ans. (C)



9. Ans. (a) 18. Ans. (a)

MCQ Explanation

Ans 1.

Here, two projectiles are projected at angles 4200 and 4800 with same initial
velocity.
As we know the expression of range of projectile,

_ usin2d
Range = —
fﬂ'\T 91 = 42“:
_ u'sin2{42)° ooyl
Range. Rl - iq _ g
At 92 = 48"
_ u'sin2(48)°  p ggy?
Raﬂge; R2 — q — q
At 92 = 48"
_ u'sin2(48)"  p ggy?
Range, Ry = — ~ T3

The range of the projectile is same for the two projectiles.

Therefore, R4 = R»



Now, as we know the expression of height of the projectile,

 JE— R
At 42(1: Hm:u: — Hl _u gin 42 — 0.669u

2g 2g

7 - o 2
At 48::1: Hmm — Hz — u 5;1;48. — ﬂ.?;;u

Higher the value of 0 higher the value of maximum height. Therefore, H1 < Ha.

Ans 2.
helicopter
A o
I \\ v “-‘\.
i \\ \\\
RN .
h i D\\ ‘\
: o \
1 ~ A
1 b3 1
i Mt
T e — R ~ Man
| 2R
EZ—-v—E.v
D=+R?+ h?

D:v"ﬁ%—th

Ans 3.



H— U2sin’d
2g

_ (25)".(sin 45)’

2x10

=25 x07

=1.775

Ans 4.

Je

»
I

9.8

t=1/2sec

At : time interval between drops



(=]

h=%g(\f—é) =%x9.8x%=¥=2.45m

H—h=98—245

Ans 5.
Relative velocity of bomb w.r.t. observer in plane = 0.

Bomb will fall down vertically. So, it will move in straight line w.r.t. observer.

Ans 6.
u = +/2gh
MNow,
k
S = T
a=—g
1 a
S =ut + yat”

L = 2ght + 3(—g)t
£(5) — v29ht+ 5 =0
From quadratic equation

2okt 2gh 2
q

by, ta =

i
2]




Ans 7.

V = at + gt

ds 2

jﬁl ds = J%{r::t + Bt?)dt
&

1

o2 | )7
Sﬂ_Slz [T+T]l
As particle is not changing direction

So distance = displacement

Distance =

ala-1] BB
2 3 ]

75m

- = = = —

Object is projected as shown so as per motion under gravity
5 =ut+ %atg

—75 = +10t + 3 (—10)t* = t = 5 sec

Object takes t = 5 s to fall on ground



Height of balloon from ground
H=75+ut

=75+10x5=125m
Ans 9.

t = mz? + nzx

2 _9mz+n

u dr
= !
2mzin
dv _ __ m (E)
df {2z :r;]l2 dt
a= —{27}1}1'3
Ans 10.

In 4 sec. 1%t drop will travel
= 2 X (9.8) x (4 =78.4m
.. 2" drop would have travelled

= 764 —343=441m.

Time for 2" drop



= (9817 =441
t=3sec
.". each drop have time gap of 1 sec

.. 1 drop per sec

Ans 11.

L = Length of escalator
I’Er;’r!sc — t_I;

When only escalator is moving.

L
1{?3: - %

iz
when both are moving

-["’Etj.’y — l;’{Ea..-’r?.'!:r_' + Vese

L L — L _ thh
ﬂm i + L = [t_ r h”z]

Ans 12.

M2

45°




In the above figure, vi is the speed of wind and vz is the speed of butterfly with
respect to wind.
So, v21 can be given as

va1 = 4v2 cos45°7 + 44/2sin 45"
—42x Li+ay2x Lj=4i+4j
V2 V2

and v4 can be given as

e

v =—]

.. Velocity of butterfly can be given as

Vs = 1) + Uy — 4i —|—43'—3‘=4:£ —|—33
.. Displacement of butterfly, D) = vy x ¢
— (414 3j) x 3 =121 +9j

. Magnitude of displacement, |D| = v/122 + 9% =15m

Ans 13.

The slope of the given v versus x graph is m = —:—'i and intercept is ¢ = + v. Hence, v varies

with x as
ih
v:—(z—;)x—l—vu ...... (1)

where vy and xp are constants of motion. Differentiating with respect to time t, we have



dv __(E)E
dt zo J dt
ora:—(ﬂ)u_______ 2)

In

Using Eq. (1) in Eq. (2), we get

— Uy U y
a=— (3_0) (—z—ul'—F‘L[l)

Thus the graph of a versus x is a straight line having a positive slope = (:—E) and negative

2
intercept = —;—3. Hence the correct choice is (a).

Ans 14.

Acceleration(a) is constant
- v & t (straight line graph)

and x xx t2 (parabolic graph)

Ans 15.

S

e'h
h=5m

v

Total distance d = h + 2e2h + 2e4h + 2eth + 2e8h + ......

d=h+2e?h(1+e2+et+eb+....)

d— (1-e*)hi2e*h h(14e%)

1-e? 1ot

Total time =T + 2eT + 2e2T + 2e°T + .

Totaltime =T+ 2eT(1+e+e2+ed+ )



- 1
—T"‘ EE.T(ﬁ)

T(1+e)

1—e

Total time =

Average speed of the ball

h:uj]
_ 1)
I"nrﬁu_q —

—E( 112 (1 “])
1\ (1te)(1-€) (1+€)

5(14e%)
I“';u_q— (110
N S
51 2
ﬁ
e=-2L =009

=250 m/sec.

Ans 16.



V=V +gt+Ft?

2 = Vy+gt+ Ft?

tl ‘l—tg :t}Vi :I]'+l‘]f1

V=u+at
0 =at, — ft,
to =2, =t



Distance = %{tl +15) % at; (area of friangle)

1 8
_Etxa(a—lg)t

of

— 2
- z[aiﬂ)t

Ans 18.

¥ = (0.5¢%7 + 3tj + 9k) mis
Att=2s
v = (2i + 65+ 9k)

Direction cosine along y-axis,

(v.7) 6 6
cosl = —— = — = =
Vorseti?r Wiz U
. N
s.sinf ==

11

and tan @ = st5

.. Mosquito make angle tan ! (@) from y-axis.

Ans 19.

dv
We know that, a = v

as slope is constant, so a oc v (from x = 0 to 200 m)

& slope =0s0a=0 (fromx =200 to 400 m)



\J

| X
Ans 20.
y = ax — fBx?

comparing with trajectory equation

2
1 &z

y==ztand - 550

tanf = o = A = tan ‘o

1 9
H — T wiosid
2 q
= ul =
2fcosl

Maximum height H :

H — ulsin’d o q sin 8

2g _ 2fcos?8 29

--------

Vo

t; t




From given information :

from (1) & (2)

a ly=axt;

25m

5m
i I** particle

u; =10 m/s

d .
11" particle



For particle (1)
20+ h =10t + 3gt* .. (i)

For particle (2)

put equation (i) in equation (i)
20 + 1gt° = 10t + 1 gt’
t=2 sec.

Put in equation (ii)

h = gt
= 3 % 10 x 2
h=20m

The height of the building = 25 + 20 =45 m

Ans 23.

We know,
—r — — —3 —% —+ —F —F
“"OA+OB+0OC+0OD+OE+OF+0G+0H= 0

By triangle law of vector addition, we can write



—F — — —F —F —
AB=AO+ OB; AC = A0+ 0OC

. . » . yo—
AD = A0+ OD; AE = AO + OF

Now

—r = — —r —r —r
AB+AC+ AD+ AE+ AF + AG+ AH

S

— > 4 > e A 4

= (TAO) + OB+ OC + 0D + OE + OF + OG + OH
— =5 —

= (7TA0)+ 0 —0A

—

—
— (TAO) + AO

—F . - .
— 8AO = 8(2i + 3] — 4k)

— 167 + 245 — 32k

Ans 24.

Signal-post

N




Let initial speed of train u. When midpoint of the train reach the signal post it's
velocity becomes v0.

*uﬁ =u’+2as . (1)
When train passes the signal post completely it's velocity becomes v.

vt =} + 2as ....(2)

Subtracting (2) from (1) we get,

. . . a
=}~‘t=ﬁ-vﬁ=t{2't“

VI

>t

From the graph for first line, the slope is negative and intercept is positive.

So, equation of line is

v=—mt+c

— dn _
;\‘ﬂ.l—E—

=~ The corresponding acceleration-time graph as shown below



a




Uniform Motion

Distance, Displacement & =
TOPIC » ISP 2%
A particle is moving with speed y = p./y along positive
x-axis. Calculate the speed of the particle at time =1 (assume

that the particle is at origin at t =0). [12 Apr. 2019 II]
b*t b*t b’t
- b — 2 dH —
@ = ® = © »r @ N

All the graphs below are intended to represent the same
motion. One of them does it incorrectly. Pick it up.

[2018]
velocity f}imnce
(a) position (b) L» time
position Xelocity
(C) time (d) \ time

A car covers the first half of the distance between two
places at 40 km/h and other halfat 60 km/h. The average

speed of the car is [Online May 7, 2012]
(a) 40 km/h (b) 45km/h
(c) 48km/h (d) 60km/h

The velocity ofa particleis v=v, + gt + fi%. If its position
isx =0 at £ =0, then its displacement after unit time (¢ =
1) is [2007]
@ vytgl2+f (b) vy +2g+3f

(©) votgl2+f3 (d) voytgts

A particle located at x = 0 at time ¢ = 0, starts moving
along with the positive x-direction with a velocity 'v' that
varies as v = a+/x. The displacement of the particle
varies with time as [2006]

(a) 72 (b) ¢ (c) 12 d £

6.

The velocity (v) and time (¢) graph of a body in a straight
line motion is shown in the figure. The point S'is at 4.333
seconds. The total distance covered by the body in 6 s is:

[05 Sep. 2020 (IT)]
4 A B
v (m/s)
| (2) S D — i(ins)
o] 123 Ay
C
37 49
(@) 3 m (b) 12m (c) 1lm d) om

The speed verses time graph for a particle is shown in the
figure. The distance travelled (in m) by the particle during
the time interval 1= 0to =5 s will be .

[NA 4 Sep. 2020 (IT)]

12345
time —>
(s)
The distance x covered by a particle in one dimensional
motion varies with time ¢ as x> = a* + 2bt + c. If the
acceleration of the particle depends on x as xn, where n
is an integer, the value of n is . [INA9Jan 20201]
A bullet of mass 20g has an initial speed of 1 ms™, just
before it starts penetrating a mud wall of thickness 20 cm.
Ifthe wall offers a mean resistance of2.5x102 N, the speed
of the bullet after emerging from the other side of the wall

is close to : [10 Apr. 2019 II]
(@ 0.Ims" (b) 0.7ms"
(¢) 0.3ms’ (d) 0.4ms!



Motion in a Straight Line

P-15

10. The position of a particle as a function of time ¢, is given

11.

12.

13.

by

x(f)=at+ bt —cP

where, a, b and c are constants. When the particle attains
zero acceleration, then its velocity will be:

[9 Apr. 201911]
2 2
b
+— +—
(@) a m (b) a ”
2 »2
(c) a+— (d) a+—
c 2c

A particle starts from origin O from rest and moves with a
uniform acceleration along the positive x-axis. Identify all
figures that correctly represents the motion qualitatively
(a = acceleration, v = velocity, x = displacement, ¢ = time)

[8 Apr. 2019 11]
T
(A) a B) v
O t O t
X//k X
©) (D)
O t (0] t
(@) (B), (C) () (A)

© (A)B),©) (d) (A),(B), (D)

A particle starts from the origin at time t = 0 and moves
along the positive x-axis. The graph of velocity with
respect to time is shown in figure. What is the position
of the particle at time t = 5s? [10 Jan. 2019 II]

(m/ Sv)‘

I

I

I

I
R

i

3

—_— - N — —

(@ 10m
(c) 3m
In a car race on straight road, car A takes a time t less

than car B at the finish and passes finishing point with
a speed 'v' more than of car B. Both the cars start from
rest and travel with constant acceleration a, and a,
respectively. Then 'v' is equal to: [9 Jan. 2019 II]

(a) (b) /2a;a,t

a;t+a
1 2t

2a, a, )

a +a,

© ya at (d)

14.

15.

16.

17.

18.

An automobile, travelling at 40 km/h, can be stopped at a
distance of 40 m by applying brakes. Ifthe same automobile
is travelling at 80 km/h, the minimum stopping distance, in
metres, is (assume no skidding) [Online April 15,2018]
(@ 75m (b) 160m (c) 100m (d) 150m

The velocity-time graphs of a car and a scooter are shown
in the figure. (i) the difference between the distance
travelled by the car and the scooter in 15 s and (ii) the time
at which the car will catch up with the scooter are,

respectively [Online April 15, 2018]
A Car B
(@) 337.5mand25s e
;‘.\ 30 E Scooter G
g
(b) 2255mand10s 515+
() 1125mand225s ~ b c, i
0 5 10 15 20 25

(d) 11.2.5mand15s

A man in a car at location Q on a straight highway is moving
with speed v. He decides to reach a point P in a field at a
distance d from highway (point M) as shown in the figure.
Speed of the car in the field is halfto that on the highway.
What should be the distance RM, so that the time taken to
reach P is minimum? [Online April 15, 2018]

/1
Q > R Ml

d d
@ 75 ©® 3 ©

Time in (s) >

4w
2@

Which graph corresponds to an object moving with a
constant negative acceleration and a positive velocity ?

[Online April 8,2017]
(@) 1 (b) 4
\/
Veloctty Velocity
—
i S
Time p—
© " (d) "
Velocity Velocity
—
Distance Distance

The distance travelled by a body moving along a line in
time ¢ is proportional to £3.

The acceleration-time (a, ) graph for the motion of the
body will be [Online May 12, 2012]
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19.

20.

21.

TA A (x,-x) (X, —x,)
i f ‘
a
(@ (b) (© 0|/’\\’ @ — '
L
= —> 22. Acar, starting from rest, accelerates at the rate fthrough a
4 4 distance S, then continues at constant speed for time t
I I and then decelerates at the rate A to come to rest. If the
total distance traversed is 15 S, then [2005]
(© (d) )
. () S=—fi° (b) S=/1
1—> 1—> 6
1 1
The graph of an object’s motion (along the x-axis) is shown (c) S= 1 St 2 d S= Py St 2

in the figure. The instantaneous velocity of the object at

) velv. Th 23. A particle is moving eastwards with a velocity of 5 ms~!.
points 4 and B are v, and v, respectIVfii y. "{vlen 2012 In 10 seconds the velocity changes to 5 ms~! northwards.
[Online May 7, 2012] The average acceleration in this time is [2005]
x(m)
T (a) lms =2 towards north
15— 2
— (b) Lms’2 towards north - east
_ 2
10— 1 )
N (c¢) —=ms™~ towards north - west
— B V2
s (d) =zero
f 24. The relation between time t and distance x is t = ax? + bx
- Ax=4m where a and b are constants. The acceleration is [2005]
= @ 203 () 2abv? (©) 202 (d) 2
0 10 20 £(s) 25. An automobile travelling with a speed of 60 km/h, can
(a) v,=vz=0.5m/s (b) v, =05m/s<v, brgke to stop.within a distance 0f20m. Ifthe car is gping
twice as fast i.e., 120 km/h, the stopping distance will be
(© v =05m/s>v, (d vy=vp=2m/s [2004]
An object, moving with a speed of 6.25 m/s, is decelerated (@ 60m (b) 40m (c) 20m (d) 80m

at a rate given by
dv

o -2.5\v where v is the instantaneous speed. The time
taken by the object, to come to rest, would be:  [2011]
(@ 2s (b) 4s (c) 8s (d 1s

Abodyisatrestatx =0. At ¢=0, it starts moving in the
positive x-direction with a constant acceleration. At the
same instant another body passes through x = 0 moving
in the positive x-direction with a constant speed. The
position of the first body is given by x,(¢) after time *#’;
and that of the second body by x,(¢) after the same time

26.

27.

28.

A car, moving with a speed of 50 km/hr, can be stopped by
brakes after at least 6 m. If the same car is moving at a
speed of 100 km/hr, the minimum stopping distance is
[2003]
(@ I2m (b) 18m () 24m (d) 6m
If a body looses half of its velocity on penetrating 3 cm in
a wooden block, then how much will it penetrate more
before coming to rest? [2002]
(@ lcm (b) 2cm () 3cm (d) 4cm.
Speeds of two identical cars are u and 4u at the specific
instant. The ratio of the respective distances in which the

interval. Which of the following graphs correctly two cars are stopped from that instant is [2002]
describes (x; — x,) as a function of time ‘’? [2008] (@ 1:1 (b) 1:4 (c) 1:8 (d 1:16
(x17x2) (x17x2) '/ .................................................... -
{TOPIC [E] Relative Velocity %
(b) / ‘ 29. Train A4 and train B are running on parallel tracks in the

@ — z

Ol\"/

opposite directions with speeds of 36 km/hour and 72
km/hour, respectively. A person is walking in train 4 in
the direction opposite to its motion with a speed of 1.8
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30.

31.

32.

33.

34.

3s.

p-17

km/hour. Speed (in ms™") of this person as observed from
train B will be close to : (take the distance between the
tracks as negligible) [2 Sep. 2020 (D]
(@) 29.5 ms™! (b) 28.5 ms’!

(c) 31.5 msld (d) 30.5 ms!

A passenger train of length 60 m travels at a speed of 80
km/hr. Another freight train of length 120 m travels at a
speed of 30 km/h. The ratio of times taken by the
passenger train to completely cross the freight train when:
(i) they are moving in same direction, and (ii) in the
opposite directions is: [12 Jan. 2019 II]

noos 3B
@< O35 ©35 @]

A person standing on an open ground hears the sound of
a jet aeroplane, coming from north at an angle 60° with
ground level. But he finds the aeroplane right vertically

above his position. If v is the speed of sound, speed of the
planeis: [12 Jan. 2019 IT]

2v v
(@) g v 3 © v @ 3
A car is standing 200 m behind a bus, which is also at rest.
The two start moving at the same instant but with differ-
ent forward accelerations. The bus has acceleration 2 m/s?
and the car has acceleration 4 m/s?. The car will catch up
with the bus after a time of :

@ +110s (b) 1205
© 10425 d 15s

A person climbs up a stalled escalator in 60 s. If standing
on the same but escalator running with constant velocity
he takes 40 s. How much time is taken by the person to
walk up the moving escalator?  [Online April 12,2014]
(@ 37s (b)y 27s (c) 24s (d) 45s
A goods train accelerating uniformly on a straight railway
track, approaches an electric pole standing on the side of
track. Its engine passes the pole with velocity u and the
guard’s room passes with velocity v. The middle wagon of
the train passes the pole with a velocity.

[Online May 19, 2012]

[Online April 9, 2017]

u+v
2

(@)

© v (d) L 5

A helicopter rises from rest on the ground vertically up-
wards with a constant acceleration g. A food packet is
dropped from the helicopter when it is at a height 4. The
time taken by the packet to reach the ground is close to

[g is the accelertion due to gravity] : [5 Sep. 2020 (I)]

36.

37.

38.

39.

@ =2 [ﬁj b) t:l.gﬁ
3\lg g

(c) t=34 f[ﬁj () t= 2h
g 3g

A Tennis ball is released from a height h and after freely
falling on a wooden floor it rebounds and reaches height

h . The velocity versus height of the ball during its motion

may be represented graphically by :
(graph are drawn schematically and on not to scale)
[4 Sep. 2020 (I)]

el

/2

hi2
(a) \

/

h
%- h(v) (d) — h

A ball is dropped from the top of a 100 m high tower on a

> h(v) (b) > h(v)

)

h(v)

1
planet. In the last 73S before hitting the ground, it covers a
distance of 19 m. Acceleration due to gravity (in ms?) near
the surface on that planet is .
[NA 8 Jan. 2020 II]
A body is thrown vertically upwards. Which one of the

following graphs correctly represent the velocity vs time?
[2017]

v \Y
T (b) (=
)
v !
s © =
Two stones are thrown up simultaneously from the edge
of a cliff 240 m high with initial speed of 10 m/s and 40
m/s respectively. Which of the following graph best

represents the time variation of relative position of the
second stone with respect to the first ?
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40.

41.

(Assume stones do not rebound after hitting the ground
and neglect air resistance, take g = 10 m/ s2) [2015]

(The figures are schematic and not drawn to scale)

(@) (v, - (b) |-y)m
»=yp) m 27N
240 240
g 12 g 12 2
240 (y,—yp)m 24 (y,—y))m
(©) (d)
T 17 >t 2 )

From a tower of height H, a particle is thrown vertically
upwards with a speed u. The time taken by the particle, to
hit the ground, is n times that taken by it to reach the
highest point of its path. The relation between H, u and n
is: [2014]
(a) 2gH=n?u? (b) gH=(n-2)>u3d

(¢) 2gH=nu?(1n-2) (d) gH=(n-2)u?

Consider a rubber ball freely falling from a height 2=4.9m
onto a horizontal elastic plate. Assume that the duration
of collision is negligible and the collision with the plate is
totally elastic.

Then the velocity as a function of time and the height as
a function of time will be :

[2009]

Y™
YV

42.

43.

44.

3,

N

t
tl
t
)i (A
@ o | t

A parachutist after bailing out falls 50 m without friction. When
parachute opens, it decelerates at 2 m/s? . Hereaches the ground
with a speed of 3 m/s. At what height, did he bail out ? [2005]

(@ 182m (b) 91m

(© 1llm (d 29m

A ball is released from the top of a tower of height h meters.
It takes T'seconds to reach the ground. What is the position

T
of the ball at ? second [2004]

8h
Ky meters from the ground

(@)

Th
Y meters from the ground

(b)

h
9 meters from the ground

©

17h
(d) 13 meters from the ground

From a building two balls 4 and B are thrown such that 4 is
thrown upwards and B downwards (both vertically). If v,
and v, are their respective velocities on reaching the
ground, then [2002]
(a) v 5> Vy

(b)
(©)
(d)

V4~ VB
VATV .
their velocities depend on their masses.
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1. @) Given,v=px
dx

1/2
or ——=bx
dt

X t
or [¥Pdx=[bdt
0

0
xl/2 " b2t2
or ——= or x=——
1/2 4
Differentiating w. r. t. time, we get
dx  b*x2t
p—— t:
dt 4 ¢=7
bt
or v=—
2

2.  (b) Graphs in option (c) position-time and option (a)
velocity-position are corresponding to velocity-time graph
option (d) and its distance-time graph is as given below.
Hence distance-time graph option (b) is incorrect.

distance
A

>

time

3. () Average speed = Total dlsta.nce travelled _X
Total time taken T

X
= ————— =48kmh
X X

+
2x40  2x60
4. (0 Weknow that, V=§
t
= dx=vdt

x t
Integrating, I dx = Iv dt
0 0

t 2 !
or x=I(v0+gt+ft2)dt ={vot+g7+—}

0 3 0
2 3
or, X=V0t+g +%
Att=1, x v0+—+§,
5. @ v=ox>
dx
= = =ax = —=odt
d e

Integrating both sides,

Hints & Solutions

xdx t 2% X
Z—afde; | Y2 o,
I { i } “lrh

2
o
:>2\/7=0Lt :szt

@) 4] A4__B

0[T 2 3 4\5/6 (in's)
oY

2

0S=4+l=E
3 3
sp=2-1-2
3 3

Distance covered by the body = area of v-¢ graph
=ar (OABS)+ar (SCD)

1(13 ) 1 5 32 5 37
=—| —+1|x4+—x—%x2 =4 _—__
2\3 273 " -

3 3 3
Q0
Y P .A
ip
O 5 !

Distance travelled = Area of speed-time graph
1
=—x5x8=20m
2
(3) Distance X varies with time t as x> = a* + 2bt + ¢

= 2xﬂ =2at+2b
dt

dx dx (at+b)
> x—=at+h=> —=——=

dt dt X

dx [dsz
S>Xx—+|— | =a

arr \dt

8] )

d’x dt X
= = =

dt? x X

~ ax? —(at+b)2 ac—b?

N 3 3
X X

= axx?® Hence,n=3
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9. (b) From the third equation of motion t \/a
22— =t =<2
v:—u*=2aS o \/a_ \/g
But. a = £ Putting this value of t, in equation (i)
’ m

.'.V2:u2—2[£js V_(al_aZ)\/a_\/g—azt

m
2 2 {2 5x102} 20 :(\/aﬂ/g) \/gt —at = q/ajayt+ast—ast
= =) -(2)| =

20x107 |100 or, v=1fajant
- 1 14. () Accordingtoquestion,z; =40km/h,v,;=0ands; =40m
=v=177 using v2 — u? =2as; 02— 402=2a x40 ..(i)
| Again, 02— 80% =2as (i)
=v= Em/s =0.7m/s From eqn. (i) and (ii)
10. (®) x=at+bf—cP Stopping distance, s = 160 m
dx _d 2, .3 15 Usi ion, a= 2% and S=ut+ ~ar®
Velocity, v = == E(at +bt? +ct) . (¢) Usingequation, a = and S'=ut 5
- 1 (45
=a+2bt=3ct’ Distance travelled by car in 15 sec = 5(1—5) (15)2
dv d
Acceleration, — = —(a +2bt — 3Cf2) _675
de dt -, m
) b Distance travelled by scooter in 15 seconds =30 % 15=450
or 0=2b-3cx 2t e . _ .
3c (- distance = speed x time)
D) Difference between distance travelled by car and scooter
b % ( b ) .
and v= a+2b(_j_3c(_j =La +§J in15sec,450—-337.5=112.5m
3¢ 3¢ Let car catches scooter in time t;
11. () For constant acceleration, there is straight line 675
N T+45(f-15)=30t
1lel to t-axi —t.
prrafiefotaxison a 337.5 + 45t — 675 =30t = 15t = 337.5
- — _
Inclined straight line on v—¢, and parabolaon x—¢. = 1=22.5sec . .
12. () Position ofthe particle, 16. (a) L.et the car turn of the highway at a distance 'x' from
B . _ the point M. So, RM =x
S = area under graph (time t=0 to 5s) . ) . )
1 And if speed of car in field is v, then time taken by the car
= E><2><2+2><2+3><1=9m to cover the distance QR = OM — x on the highway,
13. (c) Lettime taken by A to reach finishing pointis t, = OM —x Q)
.. Time taken by B to reach finishing point = t, +t ! v
. X R Time taken to travel the distance 'RP" in the field
2 2
| | L (ii)
! v
u=0 Va=at, Total time elapsed to move the car from Q to P
Vg =t + 1) OM —x ~Nd*+x*
_ t= tl + t2 - +
VpA— V=V . 2v %
=>v=a, f)—a, (t, Tt =(a; —ayty-a,t ..(1) o dt
1 For 't' to be minimum e 0

kel

1
B XaAT5 9 té =Eaz (t, +t)2

2
l _l_f_; :O
Vart,=+fa; (t,+t) v{ 2 d2+x21
Q N
j(\/;_ az)to: a,t d

U

S~

=
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17.

18.

19.

20.

21.

(¢) According to question, object is moving with
constant negative acceleration i.e., a = — constant (C)

yv_ .

dx
vdv=-Cdx

2 2
Yo _Cx+k x:—v—+E
2 2C C

Hence, graph (3) represents correctly.

() Distance along a line i.e., displacement (s)
=8 (" 5 o 3 given)

By double differentiation of displacement, we get
acceleration.

pods_de _
dt dt
a=6tor qoct

Cdv A3t

332 and a="— ="
dt dt

6t

Hence graph (b) is correct.

(@ Instantaneous velocity y = ﬂ

At
A)CA 4dm
From graph, v, =—% =— =0.5m/s
Ax 8
ande=—B=—m:0.5m/s
AtB 16S

ie,v,=vp=0.5m/s

a) Given, v_ 2.5y
dt

dv
= NS =-25dt

Integrating,
0 _
[ v dv=-25[ a
6.25 0
., 10
v+/z .
— =-2.5|t
o]
6.25

= —2(6.25)">=-2.5¢
= —2%x25=-2.5¢
= t=25

() For the body starting from rest, distance travelled
(x,) is given by

1
x1:0+5at2

= X =5at

X=X

v/a

22,

For the body moving with constant speed
Xy =Vt

X|—Xp = latz — vt
2
at t=0,x,—x,=0
This equation is of parabola.
For ¢< 2; the slope is negative

A%
For t = — ; the slope is zero
a

A%
For ¢t >— ; the slope is positive
a

These characteristics are represented by graph (b).

(d) Letcar starts from A from rest and moves up to point
B with acceleration f.

1
Distance, AB=S= Eﬁl2

Distance, BC = (fi))t

2 2
1
Distance, CD:u—z (1) fft12:2S

2a  2(f/2)

D

L L2

4 t 2t
) 158 g

Total distance, AD=AB + BC+ CD=15S§
AD=S+BC+2S

= S+fyt+25=158
= ftltZIZS
1

2
—fq =5
2f1

Dividing (i) by (ii), we get # =

-39 -5

—

(c) Vo
N

— — — A
Av =vy+(-vy)

90°

Initial velocity, v, = 51,
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Final velocity, @ = 5}',

Change in velocity Av = (\72 - \71)

= \/Vlz + v% + 2vv, c0s 90

= 5% +52+0 = 5v2m/s

[As[vi[=]|v2[=5m/s]

. Av
Avg. acceleration = -

521

0 a0

tanezi:—l

/s>

which means 0 is in the second quadrant.
(towards north-west)
24. d) Given, r=ax?+ bx;
Diff. with respect to time (¢)
i(t) = ai(xz) T L
dt dt dt dt
= 1=2axv+bv=v(2ax + b)(v=velocity)

1
2ax+b= —.
%

Again differentiating, we get

a2 dt

25. (d) In first case speed,
u =060 xim/s =§m/s
18 3

d=20m,

Let retardation be a then

(0)? —u?=—2ad

or u?=2ad .. (1)

5
In second case speed, u' = 120 “Is

= —m/s

and (0)2 — u'?> = 2ad'
or u'?=2ad ...(ii)
(i) divided by (i) gives,

'

4=%:>d'=4x20=80m
26. (c) Fir first case : Initial velocity,
u=50x im/ S,
18

v=0,s=6m,a=a

Using, 2 32 = 245

27.

28.

5 2
:02—(50x—j —2xax6
18

5 2
:>—(50><—) =2xax6
18

20250
a= 324x2x6 ms=

Case-2 : Initial velocity, # =100 km/hr

5
=100x—
X T m/sec

v=0,s=s,a=a
Asv? —u?=2as

5 2
:>02—(IOO><EJ = 2as

5 2
:>—[IOO><EJ =2x(-16)x5

500 x 500
5= a, —24m

324x32
(@) In first case

u
ulzu;vlza,s1:3cm,a1:?

Using, v12 —u12 =2ay5 (1)
u 2
(_) _uz =2xagx3
2
2
—u
= a=—
8
In second case: Assuming the same retardation
2

uy=u/2;v,=0;5,=7 “=e

v% —u% =2a, x5, (i)

2 2
0—”—:2[ “ an
4 8

= s,=lcm
(d) For first car
uy=u,v;=0,a,=-a,s;=s,

AS V12 —u12 = 2a1s1
= —u*=-2as,
= u’= 2as

u? .
= 5= (1)
2a
For second car

uy=4u,v,=0,a,=~a,s,=s,
2 2
Vo) Uy = 2612.5‘2
=  —(4u)’=2(-a)s,
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29.

30.
31.

32.

P-23

= 16 u2:2as2

u2

= 5= — .-(if)
a

Dividing (i) and (ii),

S u2 a 1

s, 2a 8?16

(@ According to question, train 4 and B are running on
parallel tracks in the opposite direction.
1.8 ke/h 36 km/h
A —

e

V, =36 km/h =10 m/s
L o B

72 km/h
Vy ==72 km/h =-20 m/s
Vi =—1.8km/h=-0.5m/s
Vman,B = Vman,A + VA, B

= Vman,A + VA - VB =-05+10- (_20)

=—0.5+30=29.5m/s.

@
\s
P
@ =
60
v
R (Observer)

Distance, PQ = v, xt (Distance = speed x time)
Distance, QR =V.t

P
cos60° = PQ
QR
I VpX t v
2 Vit L)
() —> 4 m/sec’ —> 2 m/sec?
Car Bus
1 [ 1]
200 m

Given,u.=u,=0,a =4 m/s>,a, =2m/s’
hence relative acceleration, a_, = 2 m/sec’

1
Now, we know, s =ut+ Eat2

200=%><2t2 cu=0

Hence, the car will catch up with the bus after time
t =10~/2 second

33. (¢) Person’s speed walking only is —

34

3s.

36.

1 "escalator"
60 second
Standing the escalator without walking the speed is

1 "escalator"

40 second

Walking with the escalator going, the speed add.

So. th , di i +i B i "escalator"
O, THCPETSON'S SPEECIS "0 ™40 ~ 120 second

So, the time to go up the escalator t = 120 24 second.

(d Let 'S be the distance between two ends 'a' be the
constant acceleration
As we know V2 — u? = 248

2 2
vV —u

2
Let v be velocity at mid point.

or, aS =

S
Therefore, v,? —u? = ZaE

vg =u*+aS

u? +v?

¢ 2

(¢) Forupward motion of helicopter,

Vi =u? +2gh = :O+2gh:>v:@
Now, packet will start moving under gravity.

Let 'f' be the time taken by the food packet to reach the
ground.

L,
s=ut+—at
2

1 1
=-h= 2ght—5gt2 3Egt2—w/2ght—h=0

1/2ghir,/2gh+4x§xh
or, =
2><§

2
or, t = /Lgh(l+\/§):>t= /2—h(1+\/5)
g g
0r,t=3».4\/Z
g

(¢) Foruniformly accelerated/ deaccelerated motion :

v =u? +2gh

As equation is quadratic, so, v-k graph will be a parabola
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v 39. ) y,=10t—5t2;y,=40t— 5t
for y,=-240m,t=8s
at=0, h=d . y,—y, =30tfort<8s.
2
d 1 - 2:V increases downwards for t>38s,
3 I h 2  velocity changes its direction v, —y, =240 — 40t - 1 o2
2 — 3:V decreases upwards 2
40. (c¢) Speed on reaching ground u 5;
collision > :
takes |2 V= \Ju”+2gh I
place IE|

37.

38.

Initially velocity is downwards (—ve) and then after
collision it reverses its direction with lesser magnitude, i.e.
velocity is upwards (+ve).

Note that time # = 0 corresponds to the point on the graph
where h=d.

Next time collision takes place at 3.

(08.00) Let the ball takes time t to reach the ground

1
Using, S =ut +Egt2

1
= S=0><t+5gt2

= 200 = g’ [+ 28 =100m]

200

== .(0)

1 1
In last 25 body travels a distance of 19 m, so in [t - Ej

distance travelled = 81

2
1 1
—glt—=| =81
Now, 2g( 2)

g(t_sz _g1x2
:g Y- I

= \/, — (/200 —/81x2) using (i)
= Jg =2(102 -912)
= Jg =242
cog=8m/s
(a) For a body thrown vertically upwards acceleration
remains constant (¢ =— g) and velocity at anytime ¢ is

given by V=u—gt

During rise velocity decreases linearly and during fall
velocity increases linearly and direction is opposite to
each other.

Hence graph (a) correctly depicts velocity versus time.

41.

42,

Now, v=u+ at
= u2+2gh=—u+gt

Time taken to reach highest point is  =—,
g

u+\/u2 +2gH  nu

g g
(from question)

= 2gH=n(n-2)u?
(b) For downward motion v=-gt
The velocity of the rubber ball increases in downward

=>t=

direction and we get a straight line between v and ¢ with a
negative slope.

1
Alsoapplying y—y, = ut+5at2

We get y—h= —%gt2 =y =h—%gt2

The graph between y and ¢ is a parabola with y =/ at t=0.
As time increases y decreases.

For upward motion.

The ball suffer elastic collision with the horizontal elastic
plate therefore the direction of velocity is reversed and the
magnitude remains the same.

Here v =u — gt where u is the velocity just after collision.

As tincreases, v decreases. We get a straight line between v
and ¢ with negative slope.

1 >
Also y=ut _Egt
All these characteristics are represented by graph (b).
(d Initial velocity of parachute
after bailing out,

= \J2gh
u=/2x9.8x50 = 145 $
The velocity at ground,
v=3m/s

2 2
Vi —u

<

(9,1
—_3—
=

~ 3%-980 043
STk T4 TBm
Initially he has fallen 50 m.

-, Total height from where
he bailed out =243 + 50 =293 m

a=-2m/s

é3m/s
[ ]



Motion in a Straight Line

43.

1
(@ Wehave s:ut+5gt2,
1
= h:0><T+EgT2
1 2
h=—gT
= 58

Vertical distance moved in time E is

2 2
h=a [Z) =l 8
283 2779 9
h

.. Position ofball from ground = 4 oy

8h

44.

() Ball 4 is thrown upwards with
velocity u

from the building. During its
downward journey when it comes
back to the point of throw, its
speed is equal to the speed of
throw

(u). So, for the journey of both
the balls from point 4 to B.

We can apply v — u? = 2gh.

As u, g, h are same for both the
balls, v, =v,

S~—

Uy

ju

P-25



D 5. Two forces P and Q, of magnitude 2F and 3F, respectively,
{ 9 (s are at an angle 6 with each other. If the force Q is
‘\i[OPHQ Vectors Ug doubled, thengiheir resultant also gets doubled. Then?the

T L angle 0 is: [10 Jan. 2019 II]
1.  Aforce F=(i+2j+3k)Nactsatapoint (4i+3j— k) m. (@) 120° (b) 60°
Then the magnitude oftorque about the point (? + 2}' + lAc) m (c) 90° (d) 30°
will be vx N-m. The value of x is .

6. Two vectors A and B have equal magnitudes. The

[NA Sep. 05, 2020 (D) magnitude of (K + E) is ‘n’ times the magnitude of (K - }§)

2. The sum of two forces p and Q is B suchthat |R| =

- The angle between A and B is: [10 Jan. 2019 II]
| P|. The angle O (in degrees) that the resultant of 2 p 5 |
- - 1| n = 1 1| n—=
and O will makewith J is . (@) cos Lz JJ (b) cos [—n +J
[NA 7 Jan. 2020 11| 5
. 1| n -1 . -1 n-1
. — — (c) sin 3 (d) sin" |—
3. Let |A1| =3, |A2| =5and |A1+A2 = 5. The value of n-+1 n+1
(2Aﬁ1 + 3,?2') . (3E - 2,?2') is : [8 April 2020 I1] 7. Let A= (I + 3) and B= (; - 3) . The magnitude of a
coplanar vector ¢ such that AC=B.C=A.B is given
(@) - 106.5 (b) —99.5 by [Online April 16, 2018]
(c) —1125  (d) —1185 5 T
4. In the cube of side ‘a’ shown in the figure, the vector (@) \/: (b) \/:
from the central point of the face ABOD to the central 9 9
point of the face BEFO will be: ~ [10 Jan. 2019 I] 20 \/j
—_ d J—
; © % @ |
B : E 8. Avector A is rotated by a small angle A radian (A8 << 1)
| to get a new vector B. In that case |§—X| is :
A ! H |a Online April 11, 2015
G B Iﬂ ﬁP ) |
i ol F ; (a) |A| A (b) |B|A9—|A|
o ~, Ae?
» © |A|(1——2 @ 0
D a
X ~ — — -
9 If Ax B = B x A, then the angle between A and Bis [2004]
@) %a(k—z) (b) —a(f—lé) n
@ 7 ®) 3
1 A a 1 A ~ Y
© ali-i) @ ali-4 © = @



Motion in a Plane

10.

11.

12.

13.

14.

p-27

Aballoon is moving up in air vertically above a point A on the
ground. When it isat a height /2, a girl standing ata distance
d (point B) from A (see figure) sees it at an angle 45° with
respect to the vertical. When the balloon climbs up a further
height £, it is seen at an angle 60° with respect to the vertical
ifthe girl moves further bya distance 2.464 d (point C). Then the
height £, is (given tan 30°=0.5774): [Sep. 05,2020 (I)]

NN

A<+— Jd—>B«2.464d»C

(a) 1.464d (b) 0.732d

(c) 0464d d d

Starting from the origin at time ¢ = 0, with initial velocity

57 ms, aparticle moves in the x—y plane with a constant

acceleration of (107 +4 ) ms2 At time ¢, its coordiantes

are (20 m, y, m). The values of # and y, are, respectively :
[Sep. 04,2020 ()]

(b) 4sand52m

(d) S5sand25m

(@) 2sand 18 m
(¢) 2sand24m
The position vector of a particle changes with time
according to the relation r(t) =15t i+ (4- 20t2)}’.
What is the magnitude of the acceleration at =17

[9 April 2019 IT]
(a) 40 (d) 50

®) 25 () 100

A particle moves from the point (Z.Of + 4.0]’) m,att=0,

with an initial velocity (S.Of + 4.0]’) ms™" . Itis acted upon

by a constant force which produces a constant acceleration

(4.017+4.0j)m872. What is the distance of the particle

from the origin at time 2s? [11 Jan. 2019 II]
(@) 15m () 20v2m
(©) 5m @ 10v2m

A particle is moving with a velocityy =K (v +x ),
where K is a constant. The general equation for its path
is: [9 Jan. 2019 1]
(@) y=x*+ constant (b) y*=x+ constant

(c) y*=x*+ constant (d) xy = constant

16.

17.

18.

19.

A particle starts from the origin at # = 0 with an initial
velocity of 3.0/ m/s and moves in the x-y plane with a

constant acceleration (6,0f+4,0}') m/s?. The x-

coordinate of the particle at the instant when its y-
coordinate is 32 m is D meters. The value of D is:

[9 Jan. 2020 I1]
@ 32 (b) 50 (c) 60 (d) 40
A particle is moving along the x-axis with its coordinate
with time ‘2’ given by x(¢) = 10 + 8¢ — 3. Another particle is
moving along the y-axis with its coordinate as a function of
time given by y(¢) =5 — 8. At t = 1 s, the speed of the
second particle as measured in the frame of the first particle
is given as /) . Then v (in m/s) is [NA 8 Jan. 2020 1]
A particle moves such that its position vector 7 (f) =cos
ot +sin ot j where o is a constant and ¢ is time. Then
which of the following statements is true for the velocity v
(¢) and acceleration a (¢) of the particle: [8 Jan. 2020 II]
(@) v isperpendicularto 7 and a isdirected away from

the origin
(b) v and a both are perpendicular to 7
(¢) v and a both are parallel to 7
(d) v is perpendicular to 7 and a is directed towards
the origin

A particle is moving with velocity v = k(yi + xj) , where k
is a constant. The general equation for its path is  [2010]
(@) y=x%+ constant (b) »*=x+ constant
(c) xy = constant (d) y*=x? + constant
A particle has an initial velocity of 3; + 4}’ and an
acceleration of 0.47 + 0.3 . Its speed after 10sis: [2009]

() 72 units (b) 7 units
(c) 8.5units (d) 10units

20. The co-ordinates of a moving particle at any time ‘#’are
givenby x= or’ and y= [313 . The speed of the particle
at time ‘¢’ is given by [2003]
@ 3tyJo’ +B> (b) 32\a? +p?
(©) 2ya? +B2 (d) yo? +[32

TOPIC H Projectile Motion %

21.

A particle of mass m is projected with a speed u from the

ground at an angle 6 = g w.r.t. horizontal (x-axis). When
it has reached its maximum height, it collides completely
inelastically with another particle of the same mass and
velocity ui. The horizontal distance covered by the combined

mass before reaching the ground is: [9 Jan. 2020 II]



P-28

22,

23.

24,

25.

26.

[10 Jan. 2019 1]
d 1:8

33 32 12 27. Two guns A and B can fire bullets at speeds 1 km/s and
a) —— b) ——— 2 km/s respectively. From a point on a horizontal
(@ (b) = . nt on a h

g g ground, they are fired in all possible directions. The

542 u? ratio of maximum areas covered by the bullets fired by
© < (d) 22— the two guns, on the ground is:

8 g g

. . (@ 1:16 (b) 1:2 (c) 1:4

The trajectory of a projectile near the surface of the earth

is given as y = 2x — 9x>. If it were launched at an angle 0,

with speed v, then (g= 10 ms™): [12 April 20191]
-1 1 5 1
(@) 0,=sin E and v, = 3 ms~

2

3
(b) 6, =cos™ [ ] and v = — ms™'
0 5 0 5

1

1 9
(c) ©,=cos" [E] and v, = 3 ms”

(d) 6,=sin" [%] and v, = % ms™!

A shell is fired from a fixed artillery gun with an initial
speed u such that it hits the target on the ground at a
distance R from it. If 7, and ¢, are the values of the time
taken by it to hit the target in two possible ways, the
product # ¢, is : [12 April 2019 1]
@) Rég () Rz () R2g  (d) 2R/g

Two particles are projected from the same point with the
same speed u such that they have the same range R, but
different maximum heights, i, and h,. Which of the

following is correct ? [12 April 2019 I1]
(@ R*=4hh, (b) R*=16hh,
(c) R*=2hh, (d) R*=hh,

A plane is inclined at an angle o = 30° with respect to the
horizontal. A particle is projected with a speed u=2 ms™,
from the base of the plane, as shown in figure. The distance
from the base, at which the particle hits the plane is close to
: (Take g=10 ms?) [10 April 2019 1]

’ o
u // 4\6
Ao =300

(@) 20cm (b) 18cm (¢) 26cm  (d) 14cm

A body is projected at t = 0 with a velocity 10 ms! at an
angle of 60° with the horizontal. The radius of curvature
of its trajectory at t = 1s is R. Neglecting air resistance
and taking acceleration due to gravity g = 10 ms2, the
value of R is: [11 Jan. 2019 1]
(a) 10.3 m (b) 2.8 m

(©) 25m (d) 5.Im

28.

30.

31.

32.

33.

34.

The initial speed of a bullet fired from arifle is 630 m/s. The
rifle is fired at the centre of a target 700 m away at the same
level as the target. How far above the centre of the target ?

[Online April 11, 2014]

(@ 1.0m (b) 42m (c) 6.1m (d) 9.8m
The position of a projectile launched from the origin at ¢ =
0 is given by 7 = (40f + 50}')111 at t = 2s. If the projectile

was launched at an angle 6 from the horizontal, then 0 is

(take g= 10 ms2) [Online April 9, 2014]
42 43
tan  — t el
@ 3 (b) tan”™ >
7 14
t. — tan —
(¢) tan~ (d) s

A projectile is given an initial velocity of (i +2 ) m/s,

where ; is along the ground and j is along the vertical.

If g=10m/s?, the equation of its trajectory is : [2013]

(@) y=x-5x (b) y=2x-5x

(©) 4y=2x-522 (d) 4y=2x-25x

The maximum range of a bullet fired from a toy pistol
mounted on a car at rest is R ;=40 m. What will be the acute
angle of inclination of the pistol for maximum range when
the car is moving in the direction of firing with uniform
velocity v=20m/s, on a horizontal surface ? (g = 10 m/s?)

[Online April 25, 2013]
(@ 30° (b) 60° (c) 75° (d) 45°
A ball projected from ground at an angle of 45° just clears
awall in front. If point of projection is 4 m from the foot of

wall and ball strikes the ground at a distance of 6 m on the
other side of the wall, the height of the wall is :

[Online April 22, 2013]
@ 44m (b) 24m © 36m (d) lL6m

A boy can throw a stone up to a maximum height of 10 m.
The maximum horizontal distance that the boy can throw

the same stone up to will be [2012]
(a) 20v2m (b) 10 m
(©) 1042 m (d) 20m

A water fountain on the ground sprinkles water all around
it. If the speed of water coming out of the fountain is v, the

total area around the fountain that gets wet is: [2011]
4 4 2 2
n

@ F 05 © g @



Motion in a Plane

3s.

36.

37.

TOPIC

39.

40.

P-29

A projectile can have the same range ‘R’ for two angles
of projection. If ‘7}” and ‘T,’ to be time of flights in the
two cases, then the product of the two time of flights is
directly proportional to. [2004]
1 1
b —_ —
® =  ©

(@) R (d) B

A ball is thrown from a point with a speed 'vy' at an
elevation angle of 6. From the same point and at the same

' '

7
instant, a person starts running with a constant speed TO

to catch the ball. Will the person be able to catch the ball? If
yes, what should be the angle of projection 07 [2004]
(@) No (b) Yes,30°

(c) Yes, 60° (d) Yes,45°

A boy playing on the roof of a 10 m high building throws
a ball with a speed of 10m/s at an angle of 30° with the
horizontal. How far from the throwing point will the ball be
at the height of 10 m from the ground ? [2003]

NG

1
[ g =10m/s?, sin30° = 2+ 0307 = 7]

(a) 5.20m (b) 4.33m (¢) 2.60m (d) 8.66m

Relative Velocity in Two
Dimensions & Uniform
Circular Motion

A clock has a continuously moving second's hand of 0.1

m length. The average acceleration of the tip of the hand

(in units of ms~2) is of the order of: [Sep. 06, 2020 (I)]

(a) 1073 (b) 104

(c) 1072 (d) 107!

When a carsit at rest, its driver sees raindrops falling on

it vertically. When driving the car with speed v, he sees

that raindrops are coming at an angle 60° from the hori-

zontal. On furter increasing the speed of the car to (1 +

B)v, this angle changes to 45°. The value of 3 is close to:
[Sep. 06, 2020 (ID)]

(a) 0.50 (b) 0.41

(c) 0.37 (d) 0.73

The stream of a river is flowing with a speed of 2 km/h.

A swimmer can swim at a speed of 4 km/h. What should

be the direction of the swimmer with respect to the flow

of the river to cross the river straight? [9 April 2019 I

(@ 90° (b) 150°

(o 120° (d) 60°

41.

42.

43.

44.

Ship A is sailing towards north-east with velocity km/hr
where points east and , north. Ship B s at a distance of 80
km east and 150 km north of Ship A and is sailing towards
west at 10 km/hr. Awill be at minimum distance from B in:

[8 April 2019 1]
(@) 4.2hrs. (b) 2.6 hrs.

(c) 3.2hrs. (d) 2.2hrs.

Two particles A, B are moving on two concentric circles
of radii R, and R, with equal angular speed . Att =0,
their positions and direction of motion are shown in the
figure : [12 Jan. 2019 II]

AY

n
The relative velocity v,> —vg” and t = LY is given by:

@) oR;+Ry)] (b) —oR;+Ry)]

(© oR,-Rpi (d) oR; - Ry)i

A particle is moving along a circular path with a constant
speed of 10 ms~!. What is the magnitude of the change in
velocity of the particle, when it moves through an angle of
60° around the centre of the circle?

[Online April 10, 2015]
(a) 10«/§m/ S (b) zero
© 10/2m/s (d 10m/s

Ifa body moving in circular path maintains constant speed
of 10 ms~!, then which of the following correctly describes
relation between acceleration and radius?

[Online April 10, 2015]

a a
@ 1 o) 1

a a
© t @ 1




195)
Given: F=(i{+2j+3k) N

And, 7 =[(4i +3]—k)— (G +2]+k)] =3+ j - 2k

Torque, T=7x F = (37 + ] — 2k) x (7 + 2] + 3k)

i j ok
t=3 1 =2[=7i-11j+5k
12 3

Magnitude of torque, | T| = 195,

(90) Given, .
T, D, 2P+ 0
[Rl=|P| = |P+0|-|7] 7

P>+ Q?+2PQ. cosb = P*

= Q+2Pcosb=0 0

= cosez—% Q (1)
tana:ﬂ:oo (- 2Pcos8+0=0)

Q+2PcosH

= a=90°

(d) Using,

RP=A2+A+24 A,cos 0

52=32+5+2x3x5c0s0

or cos 9=-03

(> ) ([ > =)
L2A1+3A2J .L3A1—2A2) = 2A1 X 3A1
+(34,) (34,) cos 6 — (24,)(24,) cos © — 34, % 24,
=64,>+94,4,c08 0—44 A,cos 60— 64
=64,> 64,>+ 54" A,cos 0
=6x32-6x52+5%x3x5(-0.3)
=-118.5
(¢) From figure,

~ ~ ar anr ar ar af »
ST :(EﬁEkJ _(EhLEk) ZE(]—I)

(@) Using, R?=P?+ Q>+ 2PQcos0
4 F2+ 9F2+ 12F2 cos 0 = R?

When forces Q is doubled,

4 F2+36F% + 24F2 cos O =4R?

Hints & Solutions

4 F2+36F2+24F2cos 0
— 4 (13F2+12F2c0s0)= 52 F2 + 48 F2 cosh
2
S cosD=— 12F2=—l =0=120°
24F 2

(@) Let magnitude of two vectors A and B =a
|A+B|=4/a’+a’+2a’ cosOand
|A-B|=/a’+a’~2a’[cos(180°-0)]

= Ja’+a*—2a’cosO

and accroding to question,
|A+B|= n|A-B|

a’+a*+2a’cos®
——n

. -
O 2242 2a%cos0

- ﬁ/z/(1+1+2cose)n2 :>(1+cose) R

=n
/(1+1—2c0s9) (1-cos0)
using componendo and dividendo theorem, we get

2
6=cos1[n2 1]
n°+1

@ IfC=ai+bjthen AC=AB

atb=1 . 1)
BC=AB

2a-b=1 .. (i)
Solving equation (i) and (ii) we get
oLz

3 3
. = fl 4 5
Magnitude of coplanar vector, |C| = 5 + 9 = \/;

(@) Arc length = radius x angle
So, |[B—A|=| A| A0

ol
>

[
o]

(© AxB-BxA=0 = AxB+AxB=0
AxB=0

Angle between them is 0, w,or 2 1t

from the given options, = 1t



Motion in a Plane

10.

11.

12.

13.

(d) From figure/ trigonometry,

ﬁ =tan45°
d

N,

.
hoS
.
45°p.,

30,

ASTq "B246ad C

hy + hy
" d+2.464d
= (b +hy) x3 = 3.46d
4
:>(h1+h2):m:>d+h2 =

NG

And = tan30°

Shy=d
(@ Given: ii =5 m/s

Acceleration, 4 =10i +4; and

final coordinate (20, y,) in time £.

1
S, =u.t +—axt2

2

1 2
220=0+5><10><t =>t=2s

_ LI

Sy—uyxt+5ayt

1 2
y0=5><2+5><4><2 =18 m

@ 7 =152 +(4-202)]

N
N

v =L 30d 404
dt

S
av

H
Acceleration, 4 = =30i - 40}
t

5 a=430%+40% =50m/s>

®) As gzﬁt+%ét2
§=(5i+4j)2+%(4i+4j)4

=101 +8]+81+8]

T —T =18i+16]

[ass = change in position = & — L ]
£ =20i+20]

% =202

3.46d

3

14.

15.

16.

17.

P-31
(¢) From given equation,
V= K(yi + x})
dx =ky and &y = kx
dt dt
dy
dt _x_dy
Now dx y dx .= ydy=xdx
dt
Integrating both side
y2 — X2 + c
. )
(¢) Using S = ut+5at
1 5 .
y=uyt +ant (along y Axis)
= 3= 0><t+%(4)tz
1 2
= 7 x4xt =32
=t=4s
1
Sy =uxt+5axt2 (Along x Axis)
1 2
= x=3><4+5><6><4 =60
(580)
For pariticle ‘4’ For particle ‘B’
X,=-3£+8t+10 Y,=5-8¢
V,=@8-60)i Vy=-24]
i, =61 g =484
Att=1sec
V,=(8-6t) =2i andv, =24
SV, =V V=224
. Speed of Bw.rt. A, \fy =+/22 +242
=/4+576 =+/580
.. v=580 (m/s)
(d) Given, Position vector,

7 =cosoti +sinot |
.- dr .o o
Velocity, v = T = @(—sin ot +coswt j)
t
Acceleration,
_dv
dt
2

a=-or

=- o)z(cos ofi +sin ot j)

Ql

. a isantiparallel to
Also v.r=0 Vv LF

Thus, the particle is performing uniform circular motion.
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18.

19.

20.

21.

22,

@ v=k(yi+xj)
v=kyi + kxj

dx dy

a g TR

Y _b b

de dt dx

Y _

dx  ky
ydy = xdx ..(0)
Integrating equation (i)
j ydy = jx-dx
P=x2+c

@ Givenii =3i+4], a=0.4i +0.3],t=10s
From Ist equatoin of motion.

v—u
a=
t
Sv=attu
=v=(04{+03])x10+(3 +4])
= 4i+3j+3)+4)
= v=7Ti+7]
= [Fl=v72+7% = 72 unit.
() Coordinates of moving particle at time ‘¢’ are
x=os and y=pr
dx 2 dy 2
vy =—=3as" and v, =E=3Bt

dt
Lov= \/v)zc + v)2, = \/9a2t4 +op2et

=312 \Ja? +p?

(@) Using principal of conservation of linear momentum

for horizontal motion, we have
2my_= mu + mu cos 60°

3u
vy =—
For vertical motion
2h
h=0+lgT2 = I'=,|—
2 g

Let R is the horizontal distance travelled by the body.
1
R=vT +5(0)(T )2 (For horizontal motion)

3u |2k
R=vT =—7X
x 4 g

_ 33u?

R =
= 8g

(c) Given, y=2x—9x*

On comparing with,

gx?

y=xtan@-———"——
2u? cos> 0

23.

24,

25.

We have,

1
tan@zZorcosGZE

g g 10 _9

and w?cos?® O 2uz(l/\/§)2

u=>5/3m/s
(d) R will be same for 6 and 90° — 6.
Time of flights:

2usin®
t= and

g

2usin(90°-0) 2ucosO
t = =
2 g g

2usin® | 2ucos0O
Now, #,t,=
g g
E(uz sin26\ _ﬁ
’gL g J g

() For same range, the angle of projections are :
0 and 90° - 0. So,

3 u’sin0 d
=g an
u’sin? (90°-0) u? cos? 0

g 2g 2g

u’sin 20
Also,R=—""

2

u*sin®0  u*cos® 0
X
2g 2g
ﬁ u2(2sin Ocos 9)2
16 g2

hh,=

1772

_R?

16
or R*=16hh,

(@) On an inclined plane, time of flight (T) is given by

2usin©

T:
gcosa

Substituting the values, we get
7o (2)(2sin15°)  4sin15°
- ~ 10cos30°

gcos30°

1.
Distance, S = (2¢0s15°)7 =~ g sin30°(T)?




Motion in a Plane

26.

27.

28.

)

e o
= Qeostst) L S [L g n300 | LS
1010cos30° \2 100cos2 30°
1 _
= m =0.1952m = 20cm
60
10 m/s o N I 5
£
gcosO v

@

g
(10-53)
Horizontal component of velocity
v.=10cos 60° =5 m/s
vertical component of velocity
v,= 10cos 30° = Sﬁm/s
After t=1 sec.

Horizontal component of velocity v =5 m/s
Vertical component of velocity

v, = |(5\/§—10) Im/s=10-53

2

. . v
Centripetal, acceleration a, = —
R

ViV, 25+100+75-1004/3
a 10cos 6

n

From figure (using (1))
g 10-53
5

=R=

()

tan :2—x/§:>9=15°

100(2-+3)
R=——*=28m
10cos15

u?sin 20

As we know, range R = g

and, arca A=nR?
.. AcR?or, Aocu?

ﬁ_ﬁ_[lT_L
S Ay ud L2] 16

(c¢) Let ‘¢ be the time taken by the bullet to hit the target.
. 700m=630ms'¢
700m 10
= t= = _S€e
630ms 9
For vertical motion,
Here,u=0
1 5
h=—=gt
5 g

2
:lxlox(ﬂj
2 9

29.

30.

31.

32.

500
=—m=6.1m
81

P-33

Therefore, the rifle must be aimed 6.1 m above the centre

of the target to hit the target.
(¢) From question,
Horizontal velocity (initial),

4
U, =—O= 20m/s
2

1
Vertical velocity (initial), 50 = u R 7 gt?

1
= qu2+5(—10)><4
or, 50:2uy -20

70

or, uy77—35m/s
u

tan® = -2 =

Uy

le
S|
FNEIEN]

7
= Angle § =tan"! 1

(b) From equation, ¥ =7 +2;
=> Xx=t

y= 2:—%(10:2)
From (i) and (ii), y = 2x — 5x?
)

P

wall
(b) 450
O~ 7m A 6m

()
... (i)

As ball is projected at an angle 45° to the horizontal

therefore Range =4H

or 10:4H:>H=¥=2.5m
(~~ Range=4m+6 m=10m)

u’sin? 0

2g

»  Hx2g 2.5x2x10

Maximum height, H=

= = =100
sin® 0 [ 1 jz
V2
or, u=+100=10ms"
Height of wall PA
2
:OAtane—l%
u” cos” 0
=4—lx%=2.4m
10x10x —=x—

NCRNG



P-34

33.

34.

3s.

36.

37.

38.

39.

@ R=u2sin29’ H=u2sin29
g 2g
H_, . at20=90°
2
u
Hmax: E
2
L _10=u?=10gx2
2g
2 2
u”sin26 u
= T = Rmax =
10x gx2
Roax =872 =20 metre

(@) Let, total area around fountain

A=TR2 o ()
2 2o 2
v©sin20  v“sin90° v
WhereR_ = = =— (i
max g g ( )

From equation (i) and (ii)

4
A= ch—2

g

(@ A projectile have same range for two angle

Let one angle be 6, then other is 90° — 0
T - 2usin 0 T, = 2u cosO
g

h =
g

412 sin O cos O _
g

then, 1,7, = 2R

u? sin® 0
(v R=""2)
g
Thus, it is proportional to R. (Range)
(¢) Yes, Man will catch the ball, if the horizontal
component of velocity becomes equal to the constant
speed of man.

\%
-2 =y, cosO
2

or 6=060°
(d) Horizontal range is required

_u?sin20  (10)% sin(2 x 30°)

R =53 =8.66m
g 10
(@ Here,R=0.1m
2n  2m.
=—=—=0.105
T 60 rad /s

Acceleration of the tip of the clock second's hand,

a=0"R=(0.105%(0.1)=0.0011=1.1x10"> m/s
Hence, average acceleration is of the order of 1073,

(d The given situation is shown in the diagram. Here v,
be the velocity of rain drop.

40.

41.

ox
.
S
A 45°
A
*

£ 60°
- Vear = (B + 1)V

Vear VY
o
When car is moving with speed v,
v
tan 60° = — (i)
v

When car is moving with speed (1+p)v,

v
tan45° = L

(B+1)yv
Dividing (i) by (ii) we get,

Bv=B+1y=p=+3-1=0732.

(i)

sin0 =2 === !
© Ty 4 2 v
or 6=30° 0
with respect to flow, u

=90°+30°=120°

j(North)

> 7 (East)

¥, =30i +50; km/hr

Vg = (~107) km/hr

rg4 = (80 +150/) km

Vg =V —V, =—100 —30i — 507 = 40i —50

minimum

|(807 +150)(~407 - 50 )|
- (10/41)*
107

fo— 20700 107, ohis
10J41 x10+/41 41




Motion in a Plane pP-35

P Change in velocity,
42. () From,0=0t= o> = | AV |=\/v12 +V5+2v,v,cos(n—0)
So, both have completed quater circle 0
y :2vsin5 (19, =]V, )=V

1
%Rls =(210)sin(30°) =2 10
>X =10 m/S
\ _y 44. (c¢) Speed, V' = constant (from question)

Centripetal acceleration,

OR, | B V2
Relative velocity, a= .

Vv, —Vy =0R, (—i)—mRz(_i):w(Rz_Rl)i ra = constant . |
Hence graph (c) correctly describes relation between

43. d) acceleration and radius.
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