(Q1: NTA Test 01 (Single Choice)
A small block of mass m is released from rest from point A inside a smooth hemisphere bowl of radius R, which is fixed on ground such that OA

1s horizontal. The ratio (x) of magnitude of centripetal force and normal reaction on the block at any point B varies with £ as:

(A) (B)

X X

A A
>0 > 0

(C) (D)

X X

A A
>0 » 0

Q2: NTA Test 02 (Single Choice)

A road is banked at an angle of 30° to the horizontal for negotiating a curve of radius 10+/3 m. At what velocity will a car experience no friction
while negotiating the curve? Take g = 10 ms :

(A) 54 km/hr (B) 72 kin‘hr

(C) 36 km/hr (D) 18 km/hr

(Q3: NTA Test 03 (Numerical)

A point P moves in a counter-clockwise direction on a circular path as shown in the figure. The movement of P is such that it sweeps out a length

s = t° + 5 where s is in metre and t is in seconds. The radius of the path 1s 27 m. The acceleration of P whent = 3si1s mfsg*
(Take /T3 = 3.6)
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(Q4: NTA Test 04 (Single Choice)

A long horizontal rod has a bead which can slide along its length, and initially it is at a distance L from the end A of the rod. The rod is set in

angular motion about A with constant angular acceleration « in a gravity free space. If the coefficient of friction between the rod and the bead is
it, then the time after which the bead starts slipping is

(A) %,e"'fﬁ (B) L

W

(D) infinitesimal
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Q5: NTA Test 05 (Single Choice)

The angular velocity of a particle is u.r} =4i + j — 2k about the origin. It the position vector of the particle 1s I 3:}: 5 3?, then its linear
velocity is

(A) 51 + 8] — 14k (B) 3] + 8] + 10k

(C) 8i + 3j — 10k (D) —8i + 35 — 2k

Q6: NTA Test 05 (Single Choice)
An aircraft loops a vertical loop of radius R = 500 m with a constant velocity v = 360 kmh !, Find the weight of the flier of mass m = 70 kg
in the lower, upper, and middle points of the loop.

(A)2.1 kN, 0.7 kN, 1.5 kN (BY0.7 kN, 1.5 kN, 2.1 kN
(Cy1.5 kN, 2.1 kN, 0.7 kN (D) none of these

()7: NTA Test 08 (Single Choice)

When a ceiling fan is switched off, its angular velocity reduces to 50% of its initial value while it makes 36 rotations, [f angular retardation of the
fan is uniform, then how many more rotations will it make before coming to rest?

(A) I8 (B) 12

(C) 36 (D) 48

Q8: NTA Test 11 (Single Choice)

A smooth semicircular wire track of radius R is fixed in a vertical plane. One end of a massless spring of natural length % 15 attached to the
lowest point O of the wire track. A small ring of mass m which can slide on the track is attached to the other end of the spring. The ring is held
stationary at point P such that the spring makes an angle of 60° with the vertical. The spring constant X = —Z. Consider the instant when the

R
ring 1s released. The normal reaction on the ring by the track is

P
-
8]
{Aﬁm% (B) mg
= (D) =

Q9: NTA Test 16 (Single Choice)
A block of mass m 1s placed at the lowest point of a smooth vertical track of radius . In this position. the block 15 given a horizontal velocity u

such that the block 1s just able to perform a complete vertical circular motion. The acceleration of block, when its velocity is vertical 15

(A) g (B) 3g
(C) gy/10 (D) 24/2g



(Q10: NTA Test 19 (Single Choice)
A rough platform OA rotates in a vertical plane about a horizontal axis through the point O with a constant counterclockwise velocity
w =3 rad s . As it passes through the position @ = 0, a small mass m is placed upon it at a radial distance. If the mass is observed to slip at

f = 37", then the coefficient of friction between the mass & the member 1s

(A) 2+ (B) =
SR | 5]
(fe)g (D) 5

(Q11: NTA Test 28 (Single Choice)

m

@ m

As shown in the figure, a bob of mass m is tied 1o a massless string whose other end portion is wound on a {ly wheel (disc) of radius r and mass

m. When released from rest the bob staris falling vertically. When 1t has covered a distance of h, the angular speed of the wheel will be:

————
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Q12: NTA Test 33 (Single Choice)
A stone tied to a string is rotated in a vertical circle. The minimum speed of the stone during a complete vertical circular motion

(A) is independent of the mass of the stone (B) i1s independent of the length of the string

(C) decreases with increasing mass of the stone (D) decreases with increasing

length of the siring

Q13: NTA Test 34 (Single Choice)

_l‘}
For a particle in a uniform circular motion, the acceleration a at a point P (R, @) on the circle of radius R is (here 8 is measured from the y-axis)
¢Sl T on 2 ~ 2 ~
A beiTad (B) ——cos 8 i + —sin 8 j
( R R R R
1.'2 - L? - IL_Z - \_'}! -
(C) ——sinf i — —cosf | (D) ——cos# i1 — —sinf )
R R R R

Q14: NTA Test 40 (Single Choice)

A car is moving along the circle 22 + y* = a? in the anti-clockwise direction with a constant speed. The & — ¥ plane is a rough horizontal
stationary surface. When the car is at the point (@ cos#, a sin#), the unit vector in the direction of the friction force acting on the car is
(A) cost? i1 + sind | (B) cosf! 1 — sinf |

A ~

(C) —cosfi— sinﬂj (D) — cosf i + sind

Q15: NTA Test 41 (Single Choice)



The figure below shows a block of mass M connected to an ideal string which passes through a thin fixed smooth pipe. On the other end, a particle
ot mass m 15 connected which revolves in a vertical circle of radius 7. If the coefficient of friction between M and the surface 1s 4 = % then for
what minimum value of M| the block of mass m can undergo complete vertical circular motion?

[A} i-l‘i’i-rn:in — ﬁﬂ’l {B} ﬂ-‘{n]in == g?fl
(C) Mnin = 3m (D) Muin = 15m

Q16: NTA Test 42 (Numerical)

The bob of the simple pendulum is given a vertically downward velocity of magnitude vp = 5m s !

, as shown in the figure. The string can

withstand a maximum tension equal to twice the weight of the bob and during motion the string breaks at an angle € with the vertical. If

cosfl = % where m and n arc smallest integers, then, the valuc ot m + n is

lO

Q17: NTA Test 43 (Single Choice)

A stone hanging from a massless string of length 15 m is projected horizontally with speed 12 m s~ 1. The speed of the particle, at the point where

\vg

the tension in the string 1s equal to the weight of the particle, 15 close to
(A)10ms! (B 7Tms?
(C)12ms ! (D)5ms

(Q18: NTA Test 44 (Single Choice)

A particle of mass m 1s released from height 2 on a smooth curved surface which ends into a vertical loop of radius 7, as shown. If h = 27, then

(A) the particle reaches the top of the loop with zero velocity (B) the particle reaches the top of the loop with a non-zero velocity

(C) the particle breaks off'at a height A = r from base (D) the particle breaks oft at a
height r << h < 2r

Q19: NTA Test 45 (Single Choice)
In figure, a particle 1s placed at the highest point A of a smooth sphere of radius r. It 15 given shight push, and 1t leaves the sphere at B, at a depth
h vertically below A. The value of v is

A



(A) £

(C) %r

Q20: NTA Test 46 (Single Choice)

A block of mass m is placed on a vertical fixed circular track and then it is given velocity v along the track at position A on track. The coefficient

of friction between the block and the track varies with the angle £. If the block moves on track with constant speed then the coefficient of friction

18

(B) =7
(D) 57

{.’\} = sin @ - {B} o= gifl HTE
ot ﬂ-:—TI_ COs ﬂ—m
(C) po = 2l (D) pp = —288
‘:UEE}— r_ tan EJ-— ki)
Ry Ry

Q21: NTA Test 47 (Single Choice)
A hollow vertical cylinder of radius R and height h has a smooth internal surface. A small particle 1s held in contact with the inner side of the
upper rim at a point P. [t is given a horizontal speed vy tangential to the rim. It leaves the lower rim at point Q), vertically below P. The number of

revolutions made by the particle will be [Take acceleration due to gravity g]

b vy R
(A) 525 (B) — -.v.f’ 7
g f 20 T fz'q?t

Q22: NTA Test 48 (Single Choice)
AB is a light rigid rod, which is rotating about a vertical axis passing through end A . A spring of force constant k and natural length { is attached
at A and its other end is attached to a small bead of mass m. The bead can slide without friction on the rod. At the initial moment, the bead is at

rest (w.r.t the rod) and the spring is unstretched. Select incorrect options

\P w = constant
| K.¢ / m

..'". nrig? | I
(A) Tr"rm = .'1'." e (B) -Vmux \’,.' E—
(C) Enux - \J ?::_tj L (D) me - \/ -:ij L

Answer Keys

Q1: (A) Q2: (C) Q3: 32.40
Q4: (A) Q5: (B) Q6: (A)
Q7: (B) Q8: (A) Q9: (C)
Q10: (A) Q11: (A) Q12: (A)
Q13: (C) Q14: (C) QI15: (B)
Q16: 5 Q17: (B) Q18: (D)
Q19: (C) Q20: (B) Q21: (C)

Q22: (B)



Solutions

QI: (A)
X
A
>0
= =N —mgsind

N = 2=+ mgsin§

By energy conservation,

mghR sinf = %m’nz

= 2magsin f
N = 3mgsint

Ratio = T,—;Er = %{mnstant)

2
T =3

Q2: (C) 36 km/hr

o

; _— i i !
For negotiating curve without friction tanf = —

—_—

b \’f rg tan @
=10 m/s

= 36 km/hr

Q3: 32.40

Ass =13 4+ 5
Etgtzz‘ﬂ

dt "
x i
= o= 6
ok

d

Ill. 2 2
= % Ell.' + a4,

Att= 3%
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(E) 4y (5) e

— \;’“{27)2 + 324 = /1053 = 9,/13
.:;.
a|=324m/s

o
. 2

Q4: (A) /5

N = mal

When the bead starts slipping

fma:-c == PLN = mng'

pmal = m(at)’L

N = ma,

Q5: (B) 3i + 8j + 10k

— = =
VvV =W X r

— 31 +8j + 10k

Q6:(A)2.1 kN, 0.7 kN, 1.5 kN
Forces on the flier in the frame of aircaraft {(non inertial reference frame) is:
(1) Normal reaction (N)

(11)Pseudo force (%)

(111) Gravitational force d(mg)
According to problem,
VI =Vp =V =V
The net force on flier at every point should be zero in the frame of aircraft. For top point T,

a
v > e
| Iv™

ﬂITT-:—I'ﬂg:T :‘N,.T: R—mg
=0.7 kN

] i mvE myv”

For bottom point. N g = mg + —= = mg + ——

= 2.1 kN.
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For middle point.IN,,, = V’I (

1
my

Q7:(B) 12

(%)2 = wﬁ — 2af, = 2a6 = —? Wﬁ e {1)
2 ._L:,'E

0= (L) — 2afy = 206 = - .......(ii)

from (i) & (ii) i— =09

= fy = % = %F“ — 12 rotation

Q8: (A) =2

-

In:AOCP, OC = CP = R,
The triangle 1s 1sosceles
LCOP = ZACPO =60" = ZOCP =607
AQOCP is an equilateral triangle

= OP=R

Extension of string = R — 3{_1}? = % = 28

The forces acting are shown in the figure (i)

The free-body diagram of the ring is shown in fig (1)
Force in the tangential direction

= Fcos30" + mgcos 30" = |[kx + mg| cos30°

. g N _
- = = ﬁ _,F?—r.im'Jf



gy 5%
§ = TGy = @ =Ty

Also when the ring 1s just released

N+ F sin30° = mg sin 30°

1, i
~(mg- 1) x & = tm
Q9: (C) g+/10

The initial velocity of the block to undergo a complete vertical circular motion is u = \/fﬁ gR

%

Let us assume that the speed of the block when it is moving in the vertical direction 1s v, then using conservation of mechanical energy we get
2 ;
+m(y/5gR)" = smv* + mgR

:‘:‘TJEZ\F/EE_R

The tangential and centripetal accelerations of the block are

ay =g (])and ac = 3g (+)

b - o s
Onet = av.f' a2 +a = g+/10
Q10: (A) =%
As the mass 1s at the verge of slipping
-.mgsin 37 — pu mg cos 37 = mw’r
6 — 8 =4.5

g B
N T

[dgh

Q”:(M‘H’ :

Using work-cnergy theorem

2 2
mgh = %mv‘ + %Im
}_ oy & 2.2 1w | 2 it i o e
mgh = smwr® + £==w* (sincel = T=andv = 1w )
a9
mgh = Emw?r?

4



.."'I 4 gh 1 /4 gh

”El‘l{:t:..w = 1'."’ ? = ?VT

Q12: (A) is independent of the mass of the stone

Minimum speed with which the string i1s rotating in a vertical circle, (v) = /BT

i.e, the minimum speed of stone is independent of the mass of stone.

2 2

Q13: (C) ——sin§ i — —cos 0 |

The dircction of the friction force should be towards the centre of the circle which is

—r = —cosf i —sinfj

le: {B} ﬂr_fmi“ e Qm
For the particle to undergo complete vertical circular motion, its speed at the lowest point should be at least v = xfﬁg:r‘. Also, the tension in the

string is maximum when the particle is at the lowest point. The tension at the lowest position of the particle is

T—mg-i-mfi

mif

= T = mg + o Grng

.
The friction force acting on the block should be able to balance the maximum tension.
f =T = 6mg

f=6mg < uMg

J."ltii-n]i,ﬁ = g"ﬁ.‘,

Q16: 5



Vv

mg

Let us assume that the length of the string is [

o i
T —mgeosB=-"T0 ..o (i)
mglcos§ = =my? — Emu? (ii)
- STRUG aiaws s
T=2MG .0eennns. (iii)
a1
cosf = =

=m+n=>5

Q17:(B) Tms !

u=12ms !

I rr?

l

T - mg cosf =

As, T = mg we get

-1
L

mg (1l — cosd) = =—

Also we know that

i S S ¥ 2 _ A

smu” — smu” = — mgl (-cos §)

1.9 1 9 9

- T — =771 i i

3 T 5 Triis T
5 "_] i -

oy = b= A& —6.03mes lTms !
';,-"3 1,.-'"3

Q18: (D) the particle breaks off at a height r < h < 2r
To reach the top of loop. particle must have a minimum speed of v = /5gr at the bottom of the loop.

but v = 2gh = 4gr , so the block won't reach the highest point of the track.

019: (C) %r
If v velocity acquired at B, then
v’ = 2gh

The particle will leave the sphere at B, when

|TI'\.':
= mgcost
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Which gives A = &

. . sin &
Q20: (B) po — —Sibt

cos 04 —
i

4

Since the block 1s moving with a constant speed, at any instant its tangential acceleration is zero. Hence,

f = mgsinf
Also,
N — mgcostl = e

R

#

N = 2= + mgcos ¥

T

f=pN = p== + pmgcosf

et

mgsind = p=- + pmgcosd

il

2
costi4 —
M

Q21: (C) 7= Uf 2

A hollow vertical
- T
h= gt

n (ZWR) = V!

2h
E

'l.'.f“ .'II
n— —
Tl \-‘f

sz: {B} Ifrl]'lt'l?’. - .\Iflllllf ﬂm'iill

kome?

Velocity will be maximum at the equilibrium position

= kx = muw” (I + z)

Now, using work-energy theorem
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A K E = Work done by all the forces
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