MOTION IN A PLANE LEVEL 2

Single Correct Answer Type

(9

Because vertical downward displacement of both (target and bullet) will be equal
(9

a= 2—? =0 [As w = constant]

(a)

If the horizontal range is the same then the angle of projection of an object is 8 or (90° — 8) with the
horizontal direction. So, the angle of projection of first particle is 8 and the other particle is (90° — 9)

2usin®
tl ==
g
B 2usinB(90° — 8)
2 g
2ucos0
tz -
g
2usin® 2ucosO
1ty = :
)
2u?sin20
tity, = >
2R < uzsin29>
or tltZ = 0 R =
g g
(b)

Since the projectile is released its initial velocity is the same as the velocity of the plane at the time of
release

Take the origin at the point of release

Let x and y(= —730m) be the coordinates of the point on the ground where the projectile hits and let ¢
be the time when it hits. Then

1
y = —vyt cos 0 —Egt2

where 8 = 53.0°
This equation gives

y +5gt?

Vg = —————
tcos O
~730 +(9.8)(5)? »

T 5cos 53° = 202 ms
(b)
Only horizontal component of velocity (u cos 8)
(a)

Water will not fall down, if weight, mg = centrifugal force

) 21\ 2
= mrw* =mr (—)

T
(a)
(0.5)?+(0.8)2+c* =1
0.25+0.64+c*> =1
or c2=1-0.25-0.64 =0.11

or c =+0.11
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10.

11.

12.

13.

14.

15.

(c)

v?  (4.9)
F=ig  ax98
(b)

If |K| = |§| = x, then |E| =2x
Now,A + B = —C

or (A+B)-(A+B)=(-0)(-C)
or cos®@=0or 6=90°

or A'A+C-C+2A-C=B?

or x%+2x?+ 2x%\/2cos8 = x?

= 0.61

1
or cosO = -7
s or 0 = 135°

Again, B + C=-A
or  (B+0C)(B+C)=—(-A)(-4)
or x2+2x2 + 2x2/2cosB = x2

2
2x —%or 0 = 135°

or cos=————=
2x2+/2cos8

(d)

Tension in the string T = mw?r = 47*n’*mr

, My T, 2T
T oxn :n—1= T—1:n2=5 ?=7rpm

(b)

For same range angle of projection should be 8 and 90 — 6

2usin @
and

So, time of flights t; =
_ 2usin(90 —0)  2ucos®

t
2 g g
2
By multiplying = ¢,t, = Kms‘lz#
2 (u?sin26) 2R
tltZ :_—:—3t1t2 X R
g g
(d)

2 2 2
Radial force = % =1 (3) = %[As p = mv]

(@)

When body is released from the position p (inclined at angle 8 from vertical) then velocity at mean

position
v = /29I —cos )
=~ Tension at the lowest point = mg + mTvZ
=mg + ? [2g1(1 — cos 60)] = mg + mg = 2mg
(@)
B+ (1+2)—3Kk) =t
or B= —2j + 3k
(d)
(i+2§+2k)1 1

1
coshf=———M — — ==
(12+22422)1/2 3 3
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16.

17.

18.

19.

20.

21.

22.

= 0.4472 = c0s63°12’

(a)

Centripetal velocity at highest point = ,/gR = V10 X 1.6 = 4m/s
(9

The velocity of the particle at any time t

vV =Vv0+at

The x-component is

Uy = VUgy + ayt

The y-component is

Vy = Vgy + ay = (—0.5t)ms™?

When the particle reaches its maximum x-coordinates, v, = 0. That is

3—-t=0

=t=3s

The y-component of the velocity of this time is
vy =—05x3=—-15ms™!

® :
A=21—74+3k; B=31—-2]—2k; C=?
R=k=A+B+C

k= (21—7+3k) + (31— 2j — 2k)+ C
=51—3j+k+C

« C=-51+3j

(a)

Tangential acceleration a = La

~ Normal relation N = Ma = MLa

~ Frictional force F = mN = uMLa

For no sliding along the length frictional force = centripetal force
ie,uMLa > MLw?

As w=wg+at=at

o~ uMLa > ML(at)?> >t = \/g

(b)
mv? K
<« —=>vxr’
r r
i.e.speed of the particle is independent of r
(b)
3E
E} = Ej cos? 30° = Tk
(d)
Maximum tension in the string is
mv3
Thax =mg +

l

Pagel3



2mgl
=mg +T(1 — cos )

2mgl 0
=mg+Tg.Zsin2?0

]
(1 — cos B, = 2sin? ?0)
[Since 6, is small]
=mg(1 + 6§)
(@)
Horizontal component of velocity v, = 500 m/s and vertical components of velocity while striking the

ground
u=500m/s

500 m/s
K@
100 m/s
v, =0+ 10 %10 =100m/s

= Angle with which it strikes the ground

v 100 1
0 =tan™! (i) = tan™! <%) =tan™! (E)
(a)
Here, Mass of a stone, m = 2kg

Length of a string,r = 0.5m
Breaking tension, T = 900 N

AsT = mrw? or w? = — = —>_ = 900
mr 2X0.5
w=30rads™!
(b)
Umax = /Urg = V0.5 x 40 X 9.8 = 14 m/s
(<)
For projectile A
2 a2 o
Maximum height, H; = %
For projectile B
2 a2
Maximum height Hy = =& ?; o
As per equation
HA = HB
uj sin®45° _ ug sin®6
29 29
sin 6 uj
sin245°  uZ
Ug\?
= sin?f = (—) sin? 45°
Up
o= () (5 [+ 225 o)
sinf =|—]| (— w — = — (Given
V2/ W2 ug 2
no =1 =05 (1) =30
= =—> -] =30°
sin 3 sin™* {2

(0
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2
Centripetal acceleration = 4m?n?r = 4m? G) X 4 = 4m?
(b)
F; +F, + F5 + F, = (51 — 5] + 5k) + (21 + 8] + 6k)
+(=61 + 4] — 7k)+(—1— 3j — 2k)

=41+ 2k

This fore is in y — z plane. Therefore, particle will move in y — z plane.
(a)

Given, r = (20/m)m

v=80m/s

0 = 2rev = 4mrad

wy=0

From the equation
w? = w¢ + 200, we have

w? = 200

2
or ==2-29

T T

_v: _ (80)2
ora=79" 2X(20/7)X 4T
=40 ms™?
(d)
(D

Here,r = 5m,u = 0.5,w =?,g = 10ms ™2

mrw?> =F = puR = umg

fo.5><10 _
W= /%= T=1rads 1

(d)

Kinetic energy given to a sphere at lowest point = potential energy at the height of suspension
""""" @ P.E =mgl

I

l‘“'}iffi“: —mv?

L
= Emv =mgl

v = JZg0
(b)

Centripetal force = mrw? = 5 x 1 X 4 = 20N

)

A particle performing a uniform circular motion has a transverse velocity and radial acceleration

()

mv?  k k 1 k
=— o>mv’=— +KE==-mv?=—
r r? r 2r
k k
PE.= [Fdr=[—dr=—-
kK k k
~ Total energy = K.E. +P.E. = P
(9
Difference in K.E. = Difference in P.E. = 2mgr
(9
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38.

39.

40.

41.

42.

43.

44,

v=.urg=v0.64x20x10 =112 ms™*
(d)
A -(BxA)=(AxA)-B=(0)F=0
(d)
r =v/w;r =2v/(w/2) =4v/w = 4n,
a, =v?/ra, = Qu)t/ry = WP =v¥ /= a
(d)
. dze
Angular acceleration = prol 20,
(b)
Since range is max, therefore 8 = 45°
Hence, V, =V cos 8 =V cos 45° = z

V2
At the highest point, the net velocity of the projectile is
Ve =V cos 45°
-KE—1 1/2—1 VZ—OSK
“KE=oml =sm—=0.
(b)

Acceleration of electron

v (218 x 105)? N
= T os28x10-0 0 X107 ms

(d)
Given, equation is
y=9x* ...(0)

Since, x-component of velocity remains constant, we have

dx 1
_= = -1 ii
It 3ms .. (ii)

From Eq. (i), we have y-component of velocity.

d dx\>
_y:]_gx.(_x)

dt dt

dy dx\* 1\2 s
E— 18(&) = 18)((5) = 2ms

s ay =2jms?

(b)

Let a body be projected at a velocity u at an angle 6 with the horizontal. Then horizontal range covered

is given by

u? sin 20
R=—..(0)
g
and height His
u?sin?0
H = ... (i)
29
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45.

46.

47.
48.

Given, R = 3H
u?sin 26 u?sin?0
—=3X

g 29
Also, sin2 8 = 2sinBcos 06
u%2sin 6 cos 6 u?sin?0
ettt BV
g 29

or 2cos = 1.5sin0

2
ortan®@ 1 33

or @ = 53°7"”

Hence, angle of projection is 53°7’

(d)

When the string makes an angle 8 with the vertical, then

mv?

T —mgcos B =

Substituting the values, we obtain

1 x (4)?

6 — (1)(10) cos B = il

or 6 — 10 cos 6=16

or cos O = —1 = cos 180°
~=180°
(b)
u? sin 20
Range,R = ———
g
0 u? sin(2 x 30°)
g
uz_ 20 —20><2—40
g sin60° /3 3
u?sin?0
Now,H =
29
_ 40 9 sin?30°
= 75 >
N
w0 (G s
=—X—=—m
3 2 3
(b)
(b)
v? =u? + 2as (1)
C
h/2
h B
h/2
0]

AtB,u=10m/s
at max. height,v =0
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49.

50.

a=-10m/s%s=h/2
From equation (i)
0=(10)2+2(-10)h/2=>h=10m
(b)

_u*sin’0

=%

2u sin? @
dH = ———

2g

dH 2du 1
= —— =2 X—

H u 10
~% increase in H = %H x 100

du

2
:—)(1 =20
10 00 0%

(d)

For vertically upward motion of a projectile,

1
y = (u sin (x)t—zgt2

1
or h = (usin 0)t — Egt2
or gt? — (Qusina)t + 2h =0
. 2u sina + \/(4uzsin2a) — 8gh
= %

If two roots of quadratic Eq.(i) are ¢4, t, then

_ 2usina+ JAu?sin2a — 8gh

If particle crosses the wall at times t; and t, respectively, then time of flight t is

ty 29
_ 2usina — J4u?sin2a — 8gh
t, = 2
t=+tt,
ort? = tyt,
 (2usina Z (2usina)? — (4u?sin®a — 8gh)
' ( g ) - 492
4u’sina _ 8gh
or 7 g2

or 2u’sina = gh

Given,u = /2gh
~ 2(2gh)sin®a = gh

L, o1
or sin“a = —
4

) 1
or sina =<
2

»a = 30°
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