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Chapter 3. Motion in a Plane

The x and v coordinates ol the particle at any
time are x = 3t — 24 and y = 10/ respectively,
where x and y are in metres and ¢ in seconds,
The acceleration of the particle at f = 2 5 15
(a) Sms™— (b) =4 m s~

(¢) 8ms~ (d)y0 (NEET 2017)

In the given figure, @ = 15 m s ° represents the
total acceleration of a particle
moving 1n the clockwise
direction n a circle of radus
K =2.5m at a given mstant ol
time. The speed of the particle
15

(@) 45ms™

(c) 5.7ms™

(b) 50ms"

(d) 6.2ms’
(NEET-I] 20106)

If the magmitude of sum of two vectorsis equal

to the magnitude of difference 6f e two

vectors, the angle between these veefors 1s

(a) 45° by 180°

(c) O° (d) YOSNEET-T 2016)

A particle moves so thal its'position vector 1s

given by 7=cos mz ¥ +&in @ y , where o 1s a

constant,

Which ol the. fallowing 1s true?

(a) Velptily is perpendicular to 7 and
aceeleration 1s directed towards the ongin.

il

(b) Velocity 1s perpendicular to 7 and
acceleration 1s directed away from the
origin.

(¢) Velocity and acceleration both are
perpendicular to F

(d) Velocity and acceleration both are parallel

(NEET-I 2016)

If vectors A=cosmr i+sinmt j and

lo F

: mt~ . M~ _ _ . 1
Bzcus?;+sm? J are functions of time.

then the value of 7 at which they are orthogonal
to each other 1s

o el -

@) (o s L

o W 1=—  (2015)
. | — {d = — .
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The position vector of a particle R as a
[unction ®f time 18 given by

R = 4sin@ap)i+-4cos(2mr); Where R is in

meters: 118 i scconds and jand j denote unit

veetors along x-and y-directions, respectively.
Which one of the following statements 18
wrong for the motion of particle?
(a) Magnitude of the velocity of particle 1s
8 meter/second.
(b) Path of the particle 1s a circle of radius
4 meter,
(c) Acceleration vector 1s along ~R.
2

. ¢ . ¥
(d) Magnitude ol acceleration vector 1s 2

where v 1s the velocity of particle. (201/3)

A ship A4 15 moving Westwards with a speed of
10 km h' and a ship B 100 km South of A4, 15
moving Northwards with a speed of 10 km h'.
The time alter which the distance between them
becomes shortest. 1s

(a) SV’E h
(¢) Oh

(b) 10§2 h
(d)5h
(2015 Cancelled)

A projectile 1s lired [rom the surface of the earth
with a velocity of 5 m 57! and angle 0 with the
horizontal. Another projectile fired from another
planet with a velocity of 3 m s at the same
angle follows a trajectory which 1s 1dentical with
the trajectory of the projectile lired [rom the
earth. The value of the acceleration due to
gravity on the planet 1s (in m s7) 1s

(Given g =98 ms?)
(a) 3.5 (b) 59

(¢) 163 (d) 1108

(2014)
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9.

10.

11.

12.

13.

14.

16.

A particle 18 moving such that 1ts position
coordinates (x, v) are (2 m, 3 m) at time 1 = 0,
(6Gm, 7m)at time f = 2sand (13 m, 14 m) at
time /=5 s. Average velocity vector (v, ) from
1’=I[]1n."5~:is

(a) -%—[l?r+l4j‘_l (b) -E:-(F*i‘,?}

(c) 2{i+}} (d) H{h}] (2014)

The velocity of a projectile at the imtial pomnt /4
1S (2: +3}) m/s. [t’s velocity (in m/s) at pont B

IS Y

(@) 2i-3]

(b) 2i+3]

(@ -2i-3j A ‘r\:-x
(d) -2i+3j (NEET 2013)

Vectors A . B and C are such that A-B=0and

A-C=0. Then the vector parallel to A is
(a) AxB (b) B+C
(¢) BxC (d) B and C

(Karnataka NEET 201 3)

The horizontal range and the maximumc-height
of a projectile are equal. The angle of projeetion
ol the projectile 1s

(b)

(a) [-]:tan'l[%} 0 ='fan '{4)

(¢) B=1an(2) (d) B=45% (2012)

A particle has mitial veloeity (2i +3j) and
acceleration (0. 3 +[]2j) The magnitude of
velocity after 10 Seconds will be

(a) EJJE. units (b) SJE units

(¢) 5 umls (d)9 umits  (2012)
A parti€le moves in a circle of radius 5 cm with
constinl speed and time period 0.2 s. The
acceleration of the particle 1s

(@) 15 m/s° (b)y 25 m/s”

(¢) 36 m/s’ (dYy Smfiss  (2011)

. A mussile 1s lired for maximum range with an

mitial velocity of 20 m/s. Il g = 10 m/s-, the
range ol the mussile 1s

(a) 40m (b) 30m

(¢) 60m (d) 20m (2011)
A body 1s moving with veloeity 30 m/s towards
east. After 10 seconds 1ts velocity becomes
40 m/s towards north. The average acceleration
of the body 1s

17.

18,

19.

20.

21.

o

23.

(a) | m/s°
(c) V’Ernfsz (2011)
A projectile 15 fired at an angle of 45° with the
honizontal. Elevation angle of the projectile at
its highest poimnt as seen from the point of
projection, 1s

(a) 45°
(3 i}
: I = ke e
fc) Lan [2 (d) tan g
(Mnrm'.' 2011)

A particle has initial velocity (@i ¥47) and has
acceleration ([].4: +D3j), Its speed after 10 s

(b) 7 m/s*
(d) 5 m/s?

(b) 60°

18
(a) 7 units (b) 732 units

(¢) 8.5 unils (d) 10 umits ~ (2040)
SiX mcolorsy §

through f have the

magmitides and — 5 lﬁ —ﬁ'
direetions indicated 7
wi the higure. Which Tg" = \
of the following

statements 1s true?

(a) Ii+L-f {h}ﬁi"'f::f

(¢) d+é=f () b+é=f (2010

The speed of a projectile at 1ts maximum height
1s half of its initial speed. The angle of
projection 1s
(a) 60° (e 157

(¢) 30° (d)45°

(Mains 2010)

A particle moves i x-y plane according to rule

x = asm and y = acoswt. The particle follows

(a) an elliptical path

(b) a circular path

(¢) a parabolic path

(d) a straight hne path mechned equally to x
and y-axes (Meains 2010)

A particle shows

distance - time curve as

given 1n this figure. The

maximum instantaneous

velocity of the particle 18

around the point

(a) D (b) A

(¢c) B (d)y (2008)

A particle of mass m 18 projected with veloeity
v making an angle of 45° with the honzontal.

Distance

¢ Time



Mation in a Plane

24.

26.

7 R

28.

29,

When the particle lands on the level ground
the magnitude of the change in its momentum
will be

(a) m w@

(¢} 2Zmv

(b) zero

(d) nnJH\E (2008)
Aand B are two vectors and 0 is the angle
between them. if |AxB| = ﬁ{Aﬁ'} the
value of 0 1s
(a) 45°

(c) 90°

(b) 30°

(d) 60°. (2007)

. A particle starting from the origin (0, 0) moves

in a straight line in the (x. y) plane. Its
coordinates at a later time are (\E ,3). The path

of the particle makes with the x-axis an angle of

(a) 45° (b) 60°

(c) 0° (d) 307 (2007)
For angles of projection of a projectile at angle
(45° — 0) and (45° + 6). the horizontal range
described by the projectile are i the ratio of

(a) 2:1 (by 1:1
(e) 2:3 d1:2 (2006)
The vectors A and B are such that

|A+ B| = | A- B|. The angle between the two
vectors 1s
(a) 45°

(b) 90° (¢) 6O° (dy 75"

(2006, 19496, [991)

Two boys are standing at the ends A and B of

a ground where AB = 4_The boy at B starts
running in a direction perpendieular to AB with
velocity v, The boy at 4 starts running
simultaneously with Velo@ity v and catches the
other in a timesd, WHETE 7 15

€l

A

(a)

i
Y

il

(c)
l_.l— 'L!I

(2005)
A stone tied to the end of a string of 1 m long 18
whirled 1n a honizontal circle with a constant
speed. If the stone makes 22 revolutions in
44 seconds, what 1s the magnitude and
direction of acceleration of the stone?
(a) m* m s* and direction along the radius

towards the centre

(b) m* m s *and direction along the radius away

30.

J1.

32.

33.

34.
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[rom the centre
(¢) m m s and direction along the tangent to
the circle
(d) m*/4 ms* and direction along the radius
towards the centre, (2005)
If the angle between the vectors A and B 1s 0,
the value of the product (Bx A)-A is equal to
(a) BA%sin0 (b) BAZcosH
(¢) BAZsinOcosH (dy zero.
(2005, 1989)
Il a vector 2;+3}'+ﬂ£ 1s pérpendicular to the
vector 4_}:-4f+{1£ . then the valwe of o 1s

(a) 112 ) —1/2
) _1 . @ -1 (2005)
If | Ax B = +3A- B thew the value of | A+ B|
15
(a) (4* + B+ ABY"
1/2
, AB

. A + 8B +—
ol i 1
(@ A+B

¥ 3 I'Irz

(d) (A-+B-+J§AB) | (2004)

The vector sum of two forces 1s perpendicular
to their vector differences. In that case. the
forces

(a)
(b)
(c)
(d)

are equal to each other

are equal to each other in magnitude

are nol equal to each other 1n magnitude
cannot be predicted, (2003)

. & i 20
A particle moves along a circle of radius (E m

with constant tangential acceleration. If the
velocity of the particle 1s 80 m/s at the end of
the second revolution after motion has begun.
the tangential acceleration 1s

(a) 40 m/s* (b) 6401 m/s’

(¢) 1601 m/s* (d) 40m m/s*. (2003)

. A particle A 1s dropped Irom a height and another

particle B 1s projected i honzontal direction
with speed of 5 m/sec [rom the same height
then correct statement 1s

(a) particle A4 will reach at ground first with
respect to particle B

particle B will reach at ground lirst with
respect to particle A

both particles will reach at ground
simultaneously

both particles will reach at ground with

(b)

(c)

(d)
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36.

37

38.

39.

40.

41.

42.

43.

(2002)
An object of mass 3 kg 1s at rest. Now a [orce
of F =611 + 41 ] 1s applied on the object
then velocity of object at 1 = 3 sec. 15

(a) 187 +3] (b) 187 + 6

(¢) 3i+18] (d) 187 +4]. (2002)
If |A+B|=|A|+|B| then angle between A
and B will be

(a) 90° (b) 120°

(c) O° (d) 60°. (2001)
Two particles having mass M and m are moving
in a cireular path having rads R and r. If their
time period are same then the ratio of angular
veloeity will be

same speed.

R

(a) (b) ~

b8
R

©) 1 (d) i}. (2001)

The width of niver 1s | km. The velocity of boat
1$ 5 kmv/hr. The boat covered the width of river
in shortest time 15 min, Then the velocity of
river stream 1s

(a) 3 km/hr (b) 4 km/hr
(c) @ km/hr (d) m km/hr.

(2000, I'995)
Two projectiles of same mass and with same
veloeity are thrown at an angle 60° and 30°
with the horizontal. then which will remiain same
(a) time ol [Might
(b) range of projectile
(¢) maximum height agguiféd
(d) all of them. | (2000)
A man 1s shppiig on a [rictionless inclined
plane and & bag falls down from the same
height. Then the welocity of both 1s related as
@ ¥,
(b) v, <
(¢) v,=V
(d) v, and v can’t be related (2000)
A 500 kg car takes a round turn of radius
50 m with a velocity of 36 km/hr. The centripetal
[oree 15
(a) 1000N (b) 750N
(¢) 250N (d) 1200 N (1999
A person aiming to reach exactly opposite point
on the bank ol a stream 1s swimming with a
speed of 0.5 m/s at an angle of 120° with the
direction of flow of water. The speed of water
in the stream. 18

44.

46.

47.

48.

49.

. The position vector of a

(a) 0.25 m/s (b) 0.5 m/s

(¢) 1.0m/s (d) 0433 mfs (1999)
Two racing cars o masses m, and m, are moving
in cireles of radn » and r, respectively. Their
speeds are such that each makes a complete
cirele m the same time £, The ratio of the angular
speeds of the first to the second car is

(@) r :r, (b) m o,
(¢) 1:1 (Dym m, rr,
(1999)
AIf a umt vector 1s g@presented by

0.5/ —0.8] +ck then the wilue of ¢ is
(a) 0.0l (b)) ¢0-11
(¢) 1 (d) ~/0.39 .

What 1s the value of hnear velocity, 1f

r:=3f—4§'+i; and ®=5i -6 +6k?

(a) 4 —13 ]+ 6k (b) 187 +13] -2k

(¢) 6/+27=3¢k (d) 6i —2]+8k .
(1999)

Two parficles 4 and B T

are eonnected by a

ngid rod AB. The rod

(1999)

glides along X
perpendicular rails as A
shown here. The

velocity of A to the left 1s 10 m/s. What 1s the
velocity of B when angle of = 60°7

(a) 10m/s (b) 9.8 m/s

(¢) S.Bm/s () 17.3m/s. (1998)

A ball of mass 0,25 kg attached 1o the end of a
string of length 1.96 m 1s moving in a horizontal
circle. The string will break 1if the tension 1s
more than 25 N. What 1s the maximum speed
with which the ball can be moved?

(a) 5m/s (b) 3 m/s

(c) l4m/s (d)3.92 m/s. (1998)
Identify the wvector gquantity among the
following

(a) distance (b) angular momentum
(¢) heat (d) energy. (/997)

. A body 1s whirled in a honizontal circle of radius

20 ecm. It has an angular velocity of 10 rad/s.
What 1s 1ts linear velocity at any point on
cireular path?

(a) 20m/s
(c) 10m/s

(b) V2 m/s

(d)2 m/s. (1996)
particle 1s
F=(Hﬂﬂ5m!)f+(uﬂinmr)f. The velocity of
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th
N

56.

the particle 1s

(a) directed towards the origin

(b) directed away from the ongmn

(¢) parallel to the position vector

(d) perpendicular to the position vector,
(1995)

. The angular speed ol a llywheel making

120 revolutions/minute 1s
(a) 4m rad/s (b) 47~ rad/s
(¢) 7 rad/s (d) 2m rad/s.
The angle between the two veclors
A=3+4]+5k and B=3{+4j—5k will be
(a) 90° (b) 180"
(¢) zero (d) 45°, (1994)
A boat 15 sent across a niver with a velocity of
8 km h™' If the resultant velocity of boat 1s
10 km h™', then velocity of river 1s
(@) 12.8 kmh (b) 6 kmh'
(¢) Skmh (d) 10 kmh!

(1994, 1993)

(1993)

. Il'a body A of mass M 15 thrown with veloeity v

at an angle of 30° to the horizontal and another
body B of the same mass 1s thrown with the
same speed at an angle of 60° to the horizefital,
the ratio of horizontal range of 4 to B will be
(a) 1:3 (b) 1:1

(¢) 1:43 () /31107992, 90)
The resultant of Ax0 will be equal to

(a) zero (b) A

(¢) zero vector () ot veetor. (1992)

. An electric fan has blades of length 30 em

60,

61.

21

measured [rom the axis of rotation. If the fan 1s
rotating at 120 rpm. the acceleration of a pont
on the tup of the blade 15

(a) 1600 ms— (b) 474 m s

(c) 23.7ms™ (d) 50.55m s (1990)

. The maximum range of a gun of horizontal

terrain 1s 16 km. If g = 10 ms?, then muzzle
veloeity of a shell must be

(a) 160 m s (b) 20002 ms™!
(¢) 400 ms! (d) 80O m s (1990)

. A bus 15 moving on a straight road towards

north with a uniform speed of 50 km/hour then

it turns left through 90% I the speed remains

unchanged after tusning, the increase in the

velocity of bus in the turning process 1s

(a) 70.7 km/hr along south-west direction

(b) zero

(¢) 50 km/hr along svest

(d) 70.7 km/hr along north-west direction
(1989)

The magnitude of vectors A, B and C are 3. 4
and 5 units respectively. If A+B=C.the angle
hetween A and B is

(a) m/2 (b) cos™! (0.6)

(¢) tan' (7/5) (dy w4, (1988)
A train of 150 metre length 1s going towards
north direction at a speed of 10 m/s. A parrot
flies at the speed of 5 m/s towards south

direction parallel to the railways track, The time
taken by the parrot to cross the tramn 1s

(Answer Key )

I. (b) 2. (¢) 3. () 4. (a) S (a)
11. (¢) 12. (b) 13. (by 14. (d) 15 (a)
21. (b) 22. (d) 23. (a) 24. (d) 25. (b)
31. (b)y 32. (a) 33. (b)y 34. (a) 35. (c¢)
41. (¢) 42. (a) 43. (a) 44. (c) 45. (b
5l. (d) §2. (a) 5§53. (a) 54. (b) 55. (b)
61. (d)

6.

16.
26.
36.
46.
56.

(a) 12 sec (b) 8 sec

(¢} 15 sec (d) 10 sec.  (1988)
@y 7. (d) 8 (a) 9. (d) 10. (a)
(d)y 17. (¢) 18, (b) 19. (¢) 20. (a)
(by 27. (by 28. (d) 29. (@ab)30. (d)
(by 37. (¢) 38. (¢) 39. (a) 40. (b
(by 47. (d) 48. (¢) 49. (b) 50. (d)
(¢) §7. (b) 58. (¢) 59. (a) 60. (a)
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NIRRT EATE EXPLANA‘I‘IONS ‘IIIIIIIIIIIIIIII|III|IIIIIIIIlIIIIIIIIIlI

1. (b):x=51-2F,y=101

dx dy )
— =5-4f — =10 v=35-41v =10
¢t dr v ‘
dv, dv,
dt et ¥ y

Acceleration, d=a i+a, j=-4
s The acceleration of the particle at 1 = 2 s 1s
—4ms

2. (¢): Here.a=15ms™*
R=25m
From hgure.

V3

a =acos30° =15 x ? ms=

2
LI‘

As we know. q, = E = V=la:R

3 ;
vz\/lﬁxgxz.ﬁzﬁ.ﬁ‘}:ﬁ} ms™

3. (d): Let the two vectors be A and B.

Then, magnitude of sum of A and B,

A+ Bl — VA% + B? +2ABcos0

and magnitude of difference.of A and B,

|ﬁ—,§|=JA3+BI—ZABGth-

A+ Bl=|A-B (awen)

or A+ B2 4-34ABeos®= v A% + B2 —2ABcos0
= 4 AB ooy B =b
4 AB#Q, 4 cos 0=0 or 0= 90°

4. (a):(1ven, 7 =coswr x+sinwr y

_odr . ~ A
V=—=—0s8nu x+mcosu’ y

dt
L. av 7 % 2 5 iR 2
a= E’? == " CcosmXxX—0" SINMfyv=—-m"r

Since position veetor (#) 1s directed away from the
- i L . '

origin, so, acceleration (-=w<-7F) 1s directed towards

the orgin.

Also,

—

F-v =(cosmrx+sinm? yv) (—msinmfrx+wcosmr y)
= —(1) S11 0 cos o + @ sin w7 cos wif = ()

= TLV
5. (a) : Two vectors Aand B are orthogonal to
each other, il theiwr scalar product 18 zero

ie.A-B=0.

Here, A=cosmri+sinmr |
- mrs . ot~
and B:cns—j—:ﬂam?j

T B B ol e . A
A+ B = (coswri+sin mul--(cﬂs—z—"r + 810 5 |

(0! _ ]
= Cosmf iy R Qrsin ?

£

(oivi=J-j=landi-j=j-i=0)
(%)
= Q0S| mf ———
Z
(7 eos(d — B) = cosdcosB + smdsink)
But A«f=40 (as A and B are orthogonal to each

other)
nnsfmr—ﬂﬁ"—tﬂ
\ 2 ]
cos r‘ mr — E\ - a::r.-:-iE or W — L
\ 2 ) 2 2 2
mt m |
2 2 %%%

6. (a):Here, R= 4sin[211:rj}+ 4::05{21::]}'
The velocity of the particle 1s
R & 5
Y= il = i[-”lsill{Zm}f +4cos(2mr) j]
di di
= 8mcos(2mt)i — 8Brsin(27r) |

Its magmtude 1s

|v|= J{Emns{zmnl +(~8msin(2nr))?
= {647 cos?(2mr) + 647 sin” (2mr)

= \Iﬁq.ﬂzl;:ﬂSI{Zﬂf) +sin®(2mr)]

= xjﬁdmj

= ¥ m/s

(as sin"6 + cos20 = 1)

7. (d) : Given situation 1s shown mn the figure.

N
vy=10kmh '
W= g E
S1100 km
P

PN
‘*P"T p=10km h~!

-.
Hl
5

S



Motion in a Plane

Velocity of ship A,
.= 10 km h™' towards west
Velocity of ship B,
y = 10 km h™' towards north
085 = 100 km
OF = shortest distance
Relative velocity between 4 and B 1s

Do :.,}vi + U3 =10v/2 kmh™!

cc}sﬁu—ﬂp‘ 1 _GF
0s"J2 100
QP:E:@:E{]\Ekm

o 2

The time after which distance between them equals
to OF 1s given by

OP 50\2
b= =f=5h
VAR ][],f'
8. (a): The equation of trajectory 1s
.1'2
y=xtanb- f 5
2u”cos™ 0

where 0 15 the angle of projection and m 18 the

veloeity with which projectile 1s projeetéd.

For equal trajectories and for same-angles of

projection,
£
2

I

= constant

9.8 gf

As per question, —3 = _3

5" B*
where g’ is acceleration due to gravity on the planet,
e D.8x9 _
2 =% =35ms

9. () :
particle 18

At time 1 = 0, the position vector of the

AN
n=2i+3j
At time 7 = 5 s. the position vector ol the particle 1s

A M
=131 +14)
Displacement from £ to F; is
Ai=F —F =137 +14 ) - (27 +3]) =11i +11]
Average velocity,

4 Ar
Yov =Rf -

B I

l]£+|IJr (I-I-j)

=1 3

23

> L
NS

3
At pomnt B X component of velocity remains
unchanged while 1 component reverses ils
direction,

;. The velocity of the projectile at point B 1s
2i=3jm/s.

11. (c) : Vector triple product 6f three vectors A,

B and C is

l

Ax(BxC)=(4sc)B - (A B)C
Given' A- B#ﬂ A:C=0
Ax(BxT)=0
Thus fhe weetor A 1s parallel to vector Bx C -

' - 1= sin20
12. (b) :Horizontal range, R =~ >

where u 15 the velocity of projection and 6 1s the
angle ol projection

Maximum height, H = u” sin”0
28
According to question X = [T
1= sin 26 | u”sin~ 0

g

= N
2u-sinBicost

u: 51':;13{-1
g 28
tan0 =4 or 0 =tan'(4)

13. (b) :Here. 4i=2i+3j, a=03i+02/,t=10s
As v=u+at

i) F) i M
5=(2i +3)+(0.37 +02/)(10)

=2i+3j+3i+2j=5i+5]

151=+/(5)° +(5)* = 542 units

14. (d)
Time period, 7=0.2m s

: Here, Radius. R=5ecm=5 = 10~ m

Centripetal acceleration

3 2?1]2 { ZFTJ .
=W R=|—| R 10 m/s-
(0 ( = = (5x107%)= 5 m/s
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As particle moves with constant speed, therefore
its tangential aceeleration is zero. So, @ =0
The acceleration of the particle 1s

P . 2
a=qa-+a =a,=5m/s

It acts towards the centre of the circle.

15. (a) : Here, u =20 m/s, g = 10 m/s*
For maximum range. angle of projection 1s 0 = 45°

s I ~ = :
RS sin 9()” N ( R = ¥ smﬂﬂ]

o R‘nmx | =

5 8 8
2
_ (20 mfsl <
(10 m/s™)
N
16. (d): l Y
AT 7 ‘
-
) —— ——
| |
S

Velocity towards east direction, 7 =3ﬂ?n1f's
: R . A
Velocity towards north direction, @5 =407 m/s
4 My
Change n velocity. At =0, -0, = (40 - 304)

|AG]=1407-3071=50 m/s

Average acceleration, 4, = Chalni’;“ in velocity
' Ting interval
Z i '1:12 — f’l - Av
av Af Al
| ATl 50 mifs =
IH-'|= — — :5!‘[1 . i
Ay ﬂt Iﬂ B ,r‘r
17. (¢): ya
"
Ve R i

Let ¢ be elevation angle of the projectile at its
highest point as seen from the pomt of projection
() and 0 be angle of projection with the horizontal.

; H i
From figure, tan¢g = ——
rom figure, tan R/ (1)

In case of projectile motion
u=sin= 0
28
1= 5in20
&

Maximum height, H =

Horzontal range, R =

Substituting these values of /7 and R in (1), we get
g S |
u=sin=6

2g
tand = -
¢ 1= sin20

2g
sinZ0 sin=0 1
= =—tant
sin28  2sinfcost 2
1 1
tand =—tan45° =—
? 2 2

tang =

Here. 0= 45°

1 1 -
tan =—tan45° = — S=
an > an 2 L® tan453°=1)

( 1.
$ = tan 1[—.—).
3
18. (b): Here,
Initial velocityy 11_—_3;: . :1):
Acceleralion. n:{].d;* +0.3 ;
Time, 1= s
Let @ be veloeity of a particle after 10 s,
USing, 0= +at
S B=0i+4))+(04i+03/)(10)
=3i+4j+4i+3] =7i+7]
Speed of the particle after 10 s =19l

=P+ =742 units

19. (¢): f]—}
. '

i

From ligure, d+é=f

20. (a) : Let v be velocity ol a projectile at maximum

height 77, "

i ¢ = ncosh
i
F 9
tsing .
0 A
cost
v = peos()
According to given problem, =§
¥
. —=1cosh = cosB= E =» B=060°
. X i ;
21. (b): x=asinmwt or —=sinwmt (1)
a
Y=acosmt Oor ==cosmt (1)

i



Motion in a Plane

Squaring a_{':d at:rii:]ing. we get
2 .
e T ¢
- a

or x*+y=a

3 PR
S cosTwf +sintwt=1)

This 1s the equation of a cirele. Hence particle
follows a circular path.

22, (d) :

Because the slope 1s highest at €,

s
vV =— 1S maxumum.

dlt

The horizontal momentum does not change. The

change in vertical momentum 1s

: , |
mvsin = (=mvsin)) = 2myv— =+ 2myv

------

23. (a):

24, (d): |Ax B| = \B(A-B)
ABsin® = J3ABcosH

or, tﬂnﬁ-—-\@ or, 0=tan

25. (b) : Let O be the angle v
which the particle makes 4
[ 3-.:"'31

----------------

with an x-axis.
From hgure,

S EE A - E

tﬂﬂ['}:% =J§

(0, 0y ' P
or, 0= tan_l{\ﬁ] = 60%,
I sin 20

26. (b) : Horizontal range R =

For angle of projeeuon: (45° — 0), the horizontal

range 1s
Pt FIRED. . 9o
R _ Sin[2(45 H}I:u sin(90° —20)
v &
_I.!EEGEEH

u
For angle of projection (45° + 8), the horizontal

range 18
u”sin[2(45°+0)]  u”sin(90°+260)  u? cos20

g g g
R u?cos20/ g i
R, B u’cos20/ g E
. The range 1s the same,
27. (b) : Let O be angle between Aand B

|A+B|=|A- B|.then |[A+BF =| A— B

R?_=

| 1o the plane containing Aand B ie

25
or {;{-1— B)- (E+§)=(ﬁ—§}-fﬁ—ﬁ}
Or EE+EE+EE+EE
= A

55|
|
x|
v ]|
I
= St
X |
..|_
]
]

n
=
ol
il
C—
=

or 44dBcosB=10 orcostB=0" ¢

28. (d) : v

if

—

e
M
v

o

o i

o s 3
v =y

29. (a, b) : a=rw> . = 2M
22 revolution = 44 see
| revolution = 44/22 = 2 sec.

v=1/2Hz
4n°
a=ru’ = I:#:—— = m/s”,
Towards the gentre. lhu centripetal acceleration
=~ wR

and away [rom the centre,
aceeleration is +m-R,
o ta) and (b) are correct as the directions are given.

30. (1) : Let AxB=C

The cross product of B and A is perpendicular

the centrifugal

- perpendicular
to A

product and A is taken, as
the cross product 1s
perpendicular to A, CxA=0.

Therefore product of (Bx A)- A

31. (b): i=2i+3]+8k, b=4]—4i +ok
i-b=0ifa L b
(20 +3]+8k)-(—4i +4 ]+ k) =0

or. B+ [24+8x=0 = 44+8=0
= o= ~-1/2.

32. (a): | AxB|=34-B
Al B|sin®=+3]A]| B|cosH
tan0 =3 = 0 = 60°

It a dot product of this cross

|A+B| =y| AP +|BP 42| Al B|cos®

= (A7 + B>+ AB)'"-

33. (b): Given: (F, + Fy) L(F, - Fy)

W (F+F)-(F-F)=0
FF-F}-F-F+F-F=0= F =F’

e Fy, I, are equal to each other in magnitude,
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34. (a): Given

r:z—;:] m, v=80 m/s, 0 =2 rev = 471 rad.

From equation " =wz+2 a0 (w,=0)

i <350 (m={ anda=r(1)

o i
u—zrﬂ--ﬂl[} m/s”.

35. (¢) : Time required to reach the ground 1s

dependent on the vertical motion of the particle,
Vertical motion of both the particles 1 and B are
exactly same. Although particle B has an mitial
veloeity, but that 1s in horizontal direction and 1t
has no component in vertical (component ol a vector
at a direction of 90° = 0) direction. Hence they will

reach the ground simultaneously.
36. (b) : Mass, m = 3 kg, lorce, I'= ﬁ.f!.?+4r}
acceleration.
q oA -
r 6r i +41 2 .
a=Fim= e ) _ 242 +ifj
3 3
dy 22, 4
n@=E——=2"T+=1]:
Now, r 3 N

)

3

38. (¢) : m=“—::. (is same ot =
l km s

39. (a) © Veesutun =m='4 Kim/hr

% Vi, =Y 5° =d? =Fkm/hr
40. (b) : As 0= (90 =0,).

So range of projectile,
yfl- Sin26  _ vy 2sinBcosd

H| -

g g

- vy 2sin(90 - 8,)cos(90—9,)
2 : ¢

R, = Vg Ecmgﬁlsin 0, _ R,

41. (c) : Vertical acceleration in both the cases 1s
@, whereas horizontal velocity 1s constant.

i o B |
42. (a): F m-(3ﬁ}<]8)mf.a

centripetal — R ’

5ﬂux(3ﬁx D )

F |8
50

=1000 N

ceninpelsl =

43. (a) : Let v be the velocity y
ol river water, As shown n
hgure,

§in30° = ——
sin 30 03

or. v=10.25 sin30°

=0.5 x (1/2) = 0.25 m/s.

44 (o) =22 5 ]

m, W, W, |
45. (b) : For a unit vector #, J4i] =1
0.5/ 0.8 +ck| =1 = 025+0.64+c =1
V.11

—

or ¢c=
P K
46. (b): Vv=@%F=|5 -6 6|=18+13]-2k
3 =4 1
47. (d) : Let particle B move upwards with velocity
ylthen tan60° = -~ ;. = J3x10=17.3 ms.

10
2

e, TV ae o [25X1.96
4.8* [L] L] r ) —51 V= {}‘25
49. (b) : Since the angular momentum has both
magnitude and direction, 1t 1s a vector quantity,
S0. (d) : Radius of cirele () = 20 em = 0.2 m and
angular veloeity (w) = 10 rad/s.

hnear velocity (v) = ro = 0.2 x 10 = 2 m/s.

=14 m/s,

51. (d) : Position vector of the particle
Fo=(acos )i +(asnwi) |
velocity vector
Ldr : . s
o (—awsinmi )i +(awcoswr) j
§
= m[(—nrrsin{ﬂr)f+ (a cﬂsmr)j]
Ve F =l (—asinwr)i + (acos mr)}}] J(acoswi)i
+{a:&inmr}j]|
= ) [~a*sm wf cos wf + acos of s wi] =0
Therefore velocity vector 1s perpendicular to the
displacement vector.
52. (a) : Number of revolutions per mimnute (n) = 120,
Therefore angular speed (w)

B 2mr_2nxlﬂl’]_4 dl
G R TR
53. (a): A=3i+4j+5kand B=3(+4)-5k.
A-B
cos B=——
|/|5]
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(37 +4] +5k)- (3i +4]-5k)

YOF @) (5 1x1y3) + (4 +(5)

94+16-25
50

54. (b) : Let the velocity of river be v, and velocity
of boat 18 v,

= or =90~

Resultant velocity = .Ju + v +2v v cos@

(10)= \/p;} + vi +- Zvﬂvn cos 90"

(10)= '\[{E}T or (10)-=(8)+ 1,-;

v;_ =100 -640r v, =6 km/hr
55. (bh)

: For the given velocity of projection w, the

horizontal range 1s the same lor the angle of

projection 6 and 90" - B

7 .

Horizontal range R= %

For body A, R, = “sin(2x30°) _ u”sin60°

Ay E g
2 >
For body B. R. =% sin(2x 60°)
. 4 >
R o= leSiHIZ[]“ _ ”1 Sill(lgﬂu"ﬁnu}. u“ 607
# o - ki Eg

The range 1s the same
whether the angle 1s 0
or 90° =0,

The ratio of ranges 1.1 21
56. (¢) : The cross produet Ax B is a vector, with
its direction perpendieutar to both Aand B. AxB
1s area. Mstde B 1sw7ero, area 1s zero.

Ax0 i8.a gero vector,
If in case 015 a scalar, then also the product is zero.
But a scalar = a vector 1s also a vector.
Hence one gets a zero vector 1 any case.
57. (b) : Frequency of rotation v = 120 rpm = 2 rps
length of blade r =30 em =03 m
Centripetal acceleration a = m*r = (2mu)r

27

=d4mvrr =4n?(2)7(0.3) =474 ms™
i” sin 260

g
For maximum horizontal range 0 = 45°

58. (¢) : Honzontal range R =

2
or R =2
i g
where 1 be muzzle velocity of a shell
(1600 m)= d oru=400ms
(10ms )"
59. (a) : v, = 50 km/hr due north

v, = 50 km/hr due wesi
-y, = 50 km/hr duesouth
Magnitude of change wvelagity
O (PR O
=V, =V |=]¥V, +( ‘TH

3 . -
= \/ V" e V, B

= ﬁﬁﬂ‘f % (50)* =70.7 km/hr

V= 70.7 km/hr along south-west direction
60 (a) : Let O be angle between Aand B

Given . A=|A| = 3 units N
B=|B| =4 unmts Va
C=|C| =5 units + .
_A+B=C VTl
(A+ B)_‘(A +B)=C-C 15.2

EE+A B+BA+BB=CC g

A* + 24BcosO + B* = -

Y+ 2 ABeosO+ 16 =25 or 24BcosO =10
or cos0=0 .. 6=90°
61. (d) : Choose the positive direction of x-axis to
be from south to north. Then

Velocity of train v, = +10 m st

Veloeity of parrot v, = -5m s
Relative velocity of parrot with respect to tramn

=V =V, =(-Ims!) - (+ 10 ms!)=-15ms
i.e, parrot appears to move with a speed of 15m s
from north to south

Time taken by parrot to cross the train

=mzmﬁ

15ms™
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