MOTION IN A PLANE LEVEL 2

SET 1
SOLUTION
(d)
Given,x = 0.20m, y = 0.20 m,u = 1.8ms™?!
Let the ball strike the nth step of stairs,
Vertical distance travelled
1

=ny =nx0.20 =§gt2
Horizontal distance travelled, nx = ut

nx
or t=—

u
1 8 n?x?
=9

2u?y  2x(1.8)%? x0.20
orn=—-==

g x? 9.8 x (0.20)2

=33=4
(@)

m'U2
max +mg :
el — =2 ()
min L —
Simplifying Eq. (i), we get,

3x10x10
vy =4/3gL = — = 10 ms™1
(b)
The two angles of projection are clearly 6 and (90° — 0)
2vsin 6 2vsin(90° — 0)
T, = and T, =
g
T,T, = 2(v)?(2sin @ cos 8) _2R
gxg
(<)
ne w2 = 2gn
= Zg uc =29
Maximum horizontal distance
2

Rpmax = u?
u h
Rmax = 2h
()
R =4H cot@
When R = H thencotf = 1/4 = 6 = tan"1(4)
()
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10

11

12

13

14

v? sin v2cos?a hy
1= 5 =770
28
(c)

L=m(rxv)

28 'hy

’.‘

N 1
L=m [vocose ti + (vosine t— Egtz) ]]
X [vocos81 + (vosind — gt)j]

1 .
= mvycos0 t [— Egt] k

1 5 -
= —Emgvot cosO k
(b)
v? =u? + 2as
At max. height v = 0 and for upward directiona = —g
~u? =ng=>s=u—2' " Se =S
29’ p

2 2
5 9.8
<u_e> ) <&> =(3) =5 =g =35m/s?
Up 9p 3 9p

(b)

Reaction on inner wheel Ry = %M [g -

v2h
Reaction on outer wheel R, = M [g T

— =tan®«

v2h

where, r = radius of circular path, 2a =distance between two wheels and h = height of centre of gravity

of car
(d)
muv? 1 r
=10>-mv?’=10x=-=1]J
r 2 2
(b)
v? cos?
H = Z—gﬁ or vcosf3 =./2gH
vcosfB /2gH . 2H
= = ort= |—
g g g
(©) |
tan90° = Bsin® or A+ Bcosb =0
A+Bcos0
or cosb =—A/B (D)

B
R= 5= [A% + B? + 2ABcosb]/?

2
or 2= A%+ B%+2AB(—A/B) = B? — A?

or £_3 or 4_5
B2 4 B 2
From (i), cos® = —g = cos150°
o
P+Q=1
Q=1-1+j-k
=j-k
(b)
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Let the angle of projection be a.

u? sin 2a
~ Range, R = ——
g
_ _ u?sin’a
and maximum height H = 29

Now, it is given that,
(Range)? = 48(maximum height)?

u? sin 200\ u?sinZa\’
. | — | =48
g 29

u? sin 2« u?sina
snte g (s

29
2sinacosa  sin?a
or =
43 2
" 4 1
or tana = — = —
43 /3
~ a = 30°
(d)

AxB=(1—-2j+3k)x B1—-2]+k)

= —2k—j—6(—k) — 21+ 9§ — 6(—1) = 41 + 8] + 4k
Modulus is V42 + 82 + 42 =+/32 + 64

=+/96 = 4+/6 units.

(©)

From v = rw, when v is doubled and w halved, r must be 4 times. Therefore, centripetal acceleration

2
v . .
=—= rw? will remain unchanged

(9

uZ
Rinax =5 = 100 = u = 10V10 = 32 m/s
(a)

In uniform circular motion the only force acting on the particle is centripetal (towards centre). Torque
of this force about the centre is zero. Hence angular momentum about centre remains conserved.

@ )

F=Fi+FEj or F=21-3].

(d)
h—5 = —th—2x5—2 t
_Zr r—5 =3 = 2 metre
(d)

p = mvcos 0

1
=1 x 10 X cos 60° = 10 (E) kgms™! =5kgms~?!
(d)

vcos B =ucosa
ucos o

(d)

Here,r =50 m

cosf
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26

27

28

29

30

2
Astan 0 = :—g, therefore, when speed v is doubled; r must be made 4 times, if 6 remains the same

~ New radius of curvature,
r"=4r=4x50m=200m

(9

Frequency of wheel, v = % = 5 rps. Angle described by wheel in one rotation = 2 rad. Therefore,

angle described by wheel in 1 s = 2 X 5 rad = 10x rad

(b)

Here,m = 5kg,r = 2m,v = 6 ms™
The tension is maximum at the lowest point

mv?

Tmax = mg + r
5X6X6

=5%x98+ >

= 139N
)

But a =constant

0 2)2
SO, 1 — ( )
0,40,  (2+2)2

01

or —=
91+92

o
=
|
I e R

1

=" =0.5773 = cos54°44’

3
0 = 54°44’
(d)

For body to move on circular path. Frictional force provides the necessary centripetal force,
ie, frictional force = centripetal force

mvé 5
or umg = —— = mrw
r

or ug = rw?

~ 0.5%9.8 =10 w?
or w=0.7rads™?!
(d)

Horizontal range, R =

u?sin?45°

2g
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31

32

33

34

35

36

37

_ _ u?sin?45°  u?
Maximum height, H = —— = —

g 4g

R 4
"H 1
(b)

: 1

Given (KEDnighest = 5 (KE)
1 11
T2 ,0c2 Q= — —11y1y2
va cos“ 0 Z.va

2p = L = cos 0 = 1
cos“ 0 = > cos 0 = >
= 0 =45°
(a)

. u? sin 20

The horizontal range R, = T
When projected at angle of 15°

u? u?
R,; = —sin(2 X 15) = — = 1.5km
g 29

When projected at angle of 45°
2 2

u u
R,; = —sin(2 x 45°) —
) g

2u?
=—=2x%x15=3.0km
29
(b)
V2
For banking tan 8 = —
Rg
VZ
tan 45 = 30x10 " 1
V=30m/s
(a)
— — — K
A=A4A or A= n
ired uni s 1
. required unit vector is = V2

2 2
a=w?’R = (_n> (5x1072) =5m/s?

u? s
R =~ =16 X 10

= u = 400m/s

(@)

As,A- B=0soAis perpendicular to B.Also A.C = O means A is perpendicular to C.Since B x C is

perpendicular to BandC,so A parallel to B xC.
(9

They have same w

Centripetal acceleration = w?r

a;, w’n n

a, w’r, 1
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(d)

Let U, and U, be the initial velocities of the two particles and 8, and 6, be their angles of projection with
the horizontal

The velocities of the two particles after time ¢ are,

v, = (uq cos 09)i+ (uy sin®; — gt)j and

v, = (uq cos0,)i+ (u,sin@, — gt)j

Their relative velocity is V;, = V; — V,

= (uy cos 0y —u, cos0;) 1+ (u; sinB; — u, sin6,)j

Which is a constant. So the path followed by one, as seen by the other is a straight line, making a
constant angle with the horizontal

(<)

P+Q =16 (i)

P? + Q% 4+ 2PQcosb = 64 (i)

P+Qcosb

QsinB

0= —"""

P + QcosB
= P4+ Qcos6 =0 or Qcosd =-P
From Eq. (ii)
P?+Q*+2P(—P) =64 or Q> —P* =64
or (Q—P)(Q+P)=64
or Q-P="=4 (iii)
Adding Eq. (i) and (iii), we get
2Q =20 or Q = 10 units
From (i), P + 10 = 16 or P = 6 units

(<)

Let A and B be the two forces. As per question
VA2 +B%? =5

or A*+B?=25 1

and A% + B? + 2ABcos120° = 13
or 25+2AB x(-1/2) =13

or AB=25-13=12

or 2AB =24 (i)
Solving (i) and (ii), we get

A=3N

and B=4N

=) 2 2

IR _ “)ZRXR :T—ZXE:E[ASTT = Tg]
ar wigXr Ty r r

(9

x=20x%x5=100m

1
y=5x10x5x5=125m

r =+/1002 + 1252 = 160m
(@)
80

Initial angular velocity wg, = 0. Final angular velocity w = ; = Gom = 4mrad s™

1

angle described, ® = 4m rad
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46

47

48

49

2 2

. w —w
~ Angular acceleration, ¢ = s g
(4m)%-0 _
= = 2w rad s~2
2XATT

Linear acceleration, a = ar

20
=2 X — = 40 ms ™2

T
(b)
) _ v2cos?
Maximum height H = ———
29

or vcosP = /2gH
. veosB  /2gH

g g

2H
t= |—

g
(d)
In figure, sin30° = 2—i

=0

0
7’.
AB 4
or OA = Sna 1z 8m
I F mg
A0 AB OB
F—AOxF—Aomvz—8><10><52 125N
TAB”T T T AB r 4 4 =

(o)

The body crosses the top most position of a vertical circle with critical velocity, so the velocity at the

lowest point of vertical circle u = ,/5gr
Velocity of the body when string is horizontal is
v? = u? — 2gr = 5gr — 2gr = 3gr

3gr

2
-~ Centripetal acceleration = VT = = 3g

(@) o

Let A+ B=R.GivenAy,=7 and A4, =6
Also R, = 11and R,=9.Therefore,
B,=R,—A,=11-7=4

and B,=R,—A4,=9—-6=3

r

Hence, B= [Bf +Bj =V42+32=5
(b)

Net acceleration in nonuniform circular motion,
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50

900>
a= /a? +a2= [(2)2+ <%) =2.7m/s?

a; = tangential acceleration

2
. . v
a. = centripetal acceleration = -

(c)
Here,r = 300 m,u = 0.3,g = 10 ms™2
Umax = /78 = V0.3 X300 X 10 = 30 ms™*

18
=30 X ?km h ! =108 kmh™!
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