MOTION IN A PLANE LEVEL 2

Single Correct Answer Type

(@)

Here A — OP = 10 units along OP

B- (071) = 10 units along 0Q
£2X0P = 30°and £2X0Q = 135°
£Q0X'" = 180° — 135°=45°

X'

A A X
B sin 45° -i B cos 30° -i

Resolving A and Binto two rectangular components we have A cos 30° along 0X and A sin 30° along

OY. B cos 45° along 0X' and B sin 45° along OY".

Resultant component force along X-axis.

(A cos30° — Bsin45)i

= (10 xV3/2 — 10 x 1/v2)i = 1.59i

Resultant component force along Y -axis

= (A sin30° + Bsin45°)j

= (10 x 1/2 + 10 x 1/v2)j = 12.07j

(9

A+B=C (given)

So, it is given that C is the resultant of A and B
C? = A*> + B% + 2AB cosb

32=3+3+42x3xXcos

3=6 cosO or cosO = % = 060°

(a)

A-B=0=>AlB

Now, AxB=1 or ABsind=1

ABsin90°=1or AB=1=>A=1andB =1

So, A and B are perpendicular unit vectors.

()
Here, vyax =?,7 = 18 m,g = 10 ms™2
u=0.2
2
mv
——=F =R = ymg

Umax = /Urg = V0.2 X 18 X 10 = 6 ms™*

18
=6 x?km h ™! =21.6 kmh™?

(b)
v =,/5gR
When R’ =§
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10.

11.

1 1
v' =/5gR’' = \5gR/4 = E\/SgR =SV
(b)
T sin 0 = mrw? = m(lsin0)w?
2
or T = mlw? = ml (271 X E) = 16ml
Vs

(a)
R =mgcosf —

mv?

mg coso!
; Convex bridge

RN\
o

mg
g
$

When 6 decreases cos 0 increases i. e., R increases

()

Area of parallelogram = |A X B|

1
AB sinf = EAB

()

In this problem it is assumed that particle although moving in a vertical loop but its speed remain

constant

2
Tension at lowest point Ty, = % +mg
2

Tension at highest point Ty, = % —mg
1]2

Tmax 5 T™MJ 5

Tmin mv? - 3

By solving we get, v = \/4gr = V4 X 9.8 X 2.5 =98 m/s

(9

F =mw?R ~ F x R (m and w are constant)

If radius of the path is halved, then force will also become half

(d)

Let A, B and C be as shown in figure. Let 0 be the angle of incidence, which is also equal to the angle of

reflection. Resolving these vectors in rectangular components, we have

Y
A
i

ol

>
A N

. i
LIS

)

A =sin6i — cos6j
B = sinbi + cos0j

—

— A =2cos0]
or §=K+2cosej

ol

Pagel]2



12.

13.

14.

15.

16.

17.

18.

19.

AC= 2cos6j orB = Kcosej
A-2R.0fj or B=A-2(A.0)C (asj=0C)

In projectile motion given angular projection, the horizontal component velocity remains unchanged.
Hence
vcosa=ucosOorv =ucosdseca

(d)
1
s=0><1+§><9.8><1><1=4.9m
(d)
Minimum speed at the highest point of vertical circular path v = ,/gR
(<)

When 6 = 180°, the particle will be at diametrically opposite point, where its velocity is opposite to the
initial directions of motion. The change in momentum = mv — (—mv) = 2mv (maximum). When 6 =
360°, the particle is at the initial position with momentum m. Change in momentum mv — mv = 0

(minimum)
(d)
R = 4H cotf,if§ = 45°then R = 4H =~ ==
(b)
Maximum tension in the thread is given by
muv?
Tmax = mg +
or Tpax = mg + mrw? (vv=rw)
2 Tmax —myg
or w? =——m—m—=
mr
Given, Tpa.x =37 N,m = 500g = 0.5kg, g = mg~2,
r =4m
, 37-05x10 37-5
~ 05%x4 2
or w? =16

orw =4rads™?!

(a)
mv? 1% (4)?
mg =1x10 = 10N, —— = —

2
Tension at the top of circle = % —mg = 6N

=16

2
Tension at the bottom of circle = % +mg = 26N

(@)

Centripetal force

mv
R M
2
or a= n
a, v?
a; v?
Here, VL=V, Uy =2V, a,=a
a v? 1
a, @Qv)2 4
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20.

21.

22.

23.

24.

25.

26.

27.

or a, =+4a

(d)

Displacement is distance from initial to final position In 40s cyclist completes =1 round

1
=~ In 3 min(180 s) cyclist will complete = 45 round Displacement for 4 round is zero.

l
Displacement for > round = length of diagonal = 2v2m.

2m
A B

2\2m

D D

(d)
B,=10—6=4andB,=9-6=3

so, B=(B2+B2) /" =VaZ+32 =16+ 9
=v25=5
(c)
w =%=%(2t3 + 0.5) = 6t*
Att=2s,w =6X%X(2)>=24rad/s
(a)
Here,r =92 m,v = 26 ms™ 1, =?
AsmTvz=F=uR=umg

v2 26X 26

—=——=0.75
rg 92x9.8

‘u =
(©)
v=urg=v0.25x80x9.8 =14 ms™*
(@)

— 90
|Av| = 2vsin(8/2) = 2v sin (7) = 2vsin45 = vV2

(b)

Let A+ B =R then using parallelogram law of vectors we have

1=(1%2 4+ 1% + 2.1.1 cos0) /2

or 1=2(1+ cosb)

1
or 5_1: cosO

or cosO = —% = cos120°

or 0=120°

~ |A-B|=|A+ (-B)|

Now the angle between A and — B is 60°
The resultant of |A + (—B))|

(12 + 12 4+ 2 x 1 X 1 X cos60°)1/2

-3

(d)

We know that if two stones have same horizontal range, then this implies that both are projected at 6
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28.

29.

30.

31.

32.

and 90° — 6.
T
Given, 0 = 3 = 60°

» 90°—0 =90° —60° = 30°
For first stone,

. : u?sin®60°
Maximum height = 102 = Z—g
For second stone,

: _ u?sin?30°
Maximum height, h = TR

~h_sin?30°  (1/2)?
102 sin®60°  ((32)°

h=102 x L% = 34
orh = 34 m
(b)
sy vsin? 6 0 mv3

=7 X mi = H mvcos § = muv cos 0 =

2 42g
(<)
,UZ
E= 100 orv? =100 g
v?  100g

hmax. = z_g = z—g = 50m

(b)
wq, =2nr =21 X 20,w, = 0,t = 20a, a =7
As wy; = wq + at

Wy—w;  40m—0 _
o =—2—1= =2mrads

t 20
(d)

Maximum range = u; =100m

2

2
Maximum height = g—g =2 -50m

2
(b)

When a body is revolving in circular motion it is acted upon by a centripetal force directed towards the

center. Water will not fall if weight is balanced by centripetal force. Therefore

mu?
mg =——
g T
= vi=rg ..(>i)
Circumference of a circle is 27r.

) ) 2nr
Time of revoluation = —
v

Putting the value of v from Eq. (i), we get

2nr r
=21 |—

T
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33.

34.

35.

36.

37.

38.

2

Given,r =4 m,g =9.8 5

4

T =2m %

_\/ﬁ_
(b)

Centripetal force = breaking force
= mw?r = breaking stress X cross sectional area

Smw’r=pxA4A>w= \/p

~ w =4rad/sec

(d)

X A
mr

1 2
0 =2mn = wot +-at

2nx10=%a420ra=—

Let it make N rotations in the first 8 s

2

Then, 2N = %a 82

1 64

40T
16

40T

or N=—X—X—=40
2m 2 16
=~ The required number of rotations
=40-10=30
(d)
1 2 1 2 L
S mu” —omy® =mg

=>v=4u?—-2gL

\/4.8 x 107 x 106

10 x 0.3

1 — 1| = Vu? +v2 = Ju2 + u2 — 2gL = \/2(u? — gL)

()

Given, w; = 2w X 400 rad s~ !
wy, =2m X 200 rad s~*

21(400—200)
g=—-—"==

2

)

2007 rad s2

In uniform circular motion tangential acceleration remains zero but magnitude of radial acceleration

remains constant.

(b)

Horizontal range

u? sin 26
g

R =

Maximum height

u?sin% @

H= 20
Here (i)=(ii)

(D)

(i)

u?sin26 u?sin?6

g
) g = sin @
cosd =—
6 = tan~1(4)

2g
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39.

40.

41.

42.

43.

44,

45,

46.

47.

(d)
For critical condition at the highest point w = /g/R

2
:>T=Z=2” R/g =72x%x314,/4/9.8 = 4 sec

(d)
tanb = L
anf = —
tan30° = 10v
A= 3400

30 1963 m)
v=—=196.3m/s

V3
(d)
Umax = \/Hrg = V0.2 X 100 X 9.8 = 14m/s
(b)

2
F= % For same mass and same speed if radius is doubled then force should be halved

(a)
v? sin 20 2vsin0
R=——""=200,T = =
g
2 .
Dividing, v“Xx2sinBcos0 % g _ 200 — 40
g 2vsin® 5

orvcos® = 40ms™?!

It may be noted here that the horizontal component of the velocity of projection remains the same

during the flight of the projectile
(a)
2

Rpax =R =—

= u? =Rg
u?sin20
g

R Rgsin26
then— = —

2 g

1

= sin20 = > = sin30° = 0 = 15°

()
Velocity at the lowest point, v = /2gl

At the lowest point, the tension in the string
2

Now, as range =

mv
T=mg+ ;
(d)

Tension is string = centrifugal force

In first case, F = m r w?

In second case, F' = m(2r) 2w)? = 8mr w?> = 8F
(d)

At45°%, v, = v,

or u, =u, —gt

m
=mg+ T (2gl) = 3mg

T B

g
_ 40(sin60° —sin30°) L5
- 9.8 Bl
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48.

49.

50.

(o)
2 2
F= mv® _ 500x(10) — 1000N
T 50
(a)

At the highest point of trajectory, the velocity becomes horizontal. So, it is perpendicular to acceleration

(which is directed vertically downwards)
(b)

Area in which bullet will spread = nr?
2
For maximum area, 7 = Ryax = Ug [When 6 = 45°]

. P v2 v
Maximum area mRf,x = T 7)) =7
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