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EXERCISE # (S-1)

HCV worked out Example(Chapter No.5-1t05)

1. A block is placed on a rough horizontal plane. Three horizontal forces are applied on the block
as shown in the figure. If the block is in equilibrium, find the friction force acting on the block.
AY
400N N7
300N | .
200N /35

Ans.  (100i-200])N
Sol.

400N F,

F, +F, +F, =300 +(~240i +320i )+ (~160i ~120i
= —100i +200]
Since it is in equilibrium
F+F+F+F=0
F =100i —200j
2. A force F applied to an object of mass m; produces an acceleration of 3.00 m/s®. The same
force applied to a second object of mass m, produces an acceleration of 1.00 m/s.

(i) What is the value of the ratio m;/m, ?
(ii) If m; and m; are combined, find their acceleration under the action of the force F.

Ans. ()Mol Giyaz3 e
m 4

, 3
Sol. (i) F=m;x3 ..()
F=m, x| ...(ii)
m; =3m; ...(1i)
m 1
m, 3

(i) F=(Mm+m)a=a= F_3 e
4m, 4

1
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Ans.

Sol.

Ans.

Sol.

A 40 kg boy climbs a rope that passes over an ideal pulley. The other end of the rope is
attached to a 60 kg weight placed on the ground. What is the maximum upward acceleration the
boy can have without lifting the weight? If he climbs the rope with upward acceleration 2 g,
with what acceleration the weight will rise up?

0.50, 9

T =600 N
T —400 = 40a
600 — 400 = 40a
a= 200 =5 9_ 0.59

40 2
if boy move with 2g acceleration
T-409=40%x2g=T=120¢
for block 120 g—60 g =60 a
a=g

In the figure shown, all surfaces are smooth and block A and wedge B have mass 10 kg and 20
kg respectively, and the system is in equilibrium. Find normal reaction between block A & B,
spring force and normal reaction of ground on block B. (g = 10 m/s?).

B
37°

80 N, 48 N, 264 N
N = 100 cos 37 = 100 x%

N

100 cos 37

200N o
Necos3T®

H.0. 92, Rajeev Gandhi Nagar, Kota (Raj.) Mob. 97831-97831, 70732-22177, Ph. 0744-2423333

www.nucleuseducation.in



(-)NUCLEUS

==—=EDUCATION ' -.\.;'-"'_academy

Cenire of Excellence

Ans.

Sol.

=80N
Ng =200 + 80 cos 37

:200+80><g

=264 N
spring force kx =16 x 3 =48 N.

A train of mass 1000 ton is moving with an acceleration of 0.5 m/s? and the resistance to the
motion is 200 N per ton. If the last bogie of 200 ton is suddenly detached from the train, what
will be the new acceleration of the train?

0.675 m/s®

(i) F.B.D.
—»05m/s?

1000 ton —»F

“ m = 1000 x 1000 kag.
f, = 200 x 1000

=2 x 10°N

F —f, = (1000 x 1000)
10
F=5x10°+2x 10°

If 200 ton bogie suddenly detached from train
Let New acceleration for same force ‘F” is ‘a’
— ()

800ton —»F=7x10°

A

. =200 x 800
=16 x 10°
7 x 10° — 16 x 10* = (800 x 1000)a
54 x 10* = 80 x 10%*a

_ 54
a= """

80
a=0.675m/s’

The system shown adjacent is in equilibrium. Find the acceleration of the blocks A, B & C all
of equal masses m at the instant when

(Assume springs to be ideal)

(i) The spring between ceiling & A is cut.

(ii) The string (inextensible) between A & B is cut.

(iii) The spring between B & C is cut.

Also find the tension in the string when the system is at rest and in the
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above 3 cases.
Ans. (i) aa :m:as ;ac=0;T= mg (i) aa = ZQT, ag = 29i,, ac=0,T=0;

2 2
(i) an =20 = g/2T, ac= g, T= ¢ 7= 2mg

Sol.  When spring between ceiling & A is cut
F does not change

2Zmg-T =ma

T+ mg=ma
a—3g—a =ag

2

39

T+mg=—

J 2
ro%

2

F,=3mg

mg
(b) if string between A & B is cut
ac=0
Fi+Mg=inag

ag = 2g ¥ (downwards)
3mg —mg = ma
a = 2g upwards

mg
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(c) spring between B & C is cut
ac = g downwards
3mg-mg-T=ma
T-mg=ma

unacademy

7. In the system shown, pulley and strings are ideal. The vertically upward pull F is being
increased gradually, find magnitude of F and acceleration of the 5 kg block at the moment the
10 kg block leaves the floor.

Ans. 200 N, 10 m/s?

]
0 q,l()()

|
v
Sol. 3
when 10 kg leave contact
g=100:> F=200N
100 - 50 = 5a

a =10 m/s?

H.0. 92, Rajeev Gandhi Nagar, Kota (Raj.) Mob. 97831-97831, 70732-22177, Ph. 0744-2423333
www.nucleuseducation.in



( ggkgAgosu W nacadem y

Cenire of Excellence

HCV Exercise(Chapter No. 5 -1 to 20)

HCV work out Example (Chapter No.5-6t0 11)
8. Force F is applied on upper pulley. If F =30t N where t is time in second. Find the time when
m; loses contact with floor.

F=30tN

m,=4kg m,=1kg
Ans. 2 sec.

Sol.

40N
when 4 kg leave the floor
20t =40
t=2sec

9. Two blocks of masses 2.0 kg and 3.0 kg are connected by light inextensible string. The string
passes over an ideal pulley pivoted to a fixed axel on a smooth incline plane as shown in the
figure. When the blocks are released, find magnitude of their accelerations.

Ans. 3 mys?

Sol. -
30sin30-T=3a
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T-20sin30=2a

a=1m/s2= 3 m/s?

T-10=2
T=12N

10. The block A is moving downward with constant velocity vp. Find the velocity of the block B,
when the string makes an angle 6 with the horizontal

Ans.

Sol.

Length of string remains constant

V C0S 0 =V
\Y;

v=—2
cos0

11. Find force in newton which mass A exerts on mass B if B is moving towards right with 3 m/s.
Also find mass of A.(All surfaces are smooth)

A

3m/s
1kg
37° B

Ans. 5N, — kg

Sol.
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12.

Ans.

Sol.

13.

Ncos37°

Wsin37°
mg” i s
ag H —> 3m/s a,
lkg +—>a

a,
37°

For wedge Nsin37=1x 3

Nx§=3

5
N =5N
For rod Mg — N cos 37 = mag
mg -5 x i = mi

5 4
lOm—g—m=4:>31_m=4
4 4

16
m=—k

31 J

Rod A can slide in vertical direction pushing the triangular wedge B towards left. The wedge is
moving toward right with uniform acceleration ag. Find acceleration of the rod A.

ar = agtan 6 :?’aTB

Calculate the relative acceleration of A w.r.t. B if B is moving with acceleration a, towards
right.
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a
Ans. =2
2
Sol.

-3Tag+2Ta; =0

a, = 3aB :&
2 2
3a, a,
a :——a _
A/B 2 07

14, In the figure shown the acceleration of Ais, d, = (15i+15]) m/s® . If A is sliding on B then the

acceleration of B is

2L

A
Ans.  —5i m/s?
Sol.
a,sin37
a1
> a,c0837
B —T7%
37°
a, =(a, +2,c0837)i +a,sin37]
given a, =15i+15]
a,5In37 = 15
-
'3
ap + a;c0837 = 15°
a2+§+f=15 a2=15—@=—E
3 5 3 3
a, = — 5m/s’
d, =51
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15. In the figure, what should be mass m so that block A slides up with a constant velocity?
Ans. 1Kkg
Sol.
b me
37 8 =
nN Vlflﬂu
~~Velocity is constant
.a=0
T=mg
T=6+uN
mg=6+05x8
m = 1kg
16. A block of mass 1 kg is horizontally thrown with a velocity of 10 m/s on a stationary long
plank of mass 2 kg whose surface has p = 0.5. Plank rests on frictionless surface. Find the time
when block comes to rest w.r.t. plank.
Ans. 4/3s
u=10m/'s
O
Sol. T —7 |
f=uN=0.5x10=5N
retardation of block a; = -5 m/s?
acceleration of plank a, = 5/2 m/s®
after t sec velocity of block 10 — 5t velocity of plank gt
10-5t= St
2
10= 5t t= isec
2 3
17. Block M slides down on frictionless incline as shown. Find the minimum friction coefficient so
that m does not slide with respect to M.
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Ans. 3/4
Sol.

UN €
a= gsinfxcosb

a

a, = gsi[f@
37°

If m notsliding
a=gsino
mg — N = mgsin? 6
N = mg(1 - sin’) = mg cos’0
uN = mg sinO cos 0
sinBcoso

=—2=tane=§
cos“ 0 4

18. Find the acceleration of the blocks and magnitude & direction of frictional force between block
A and table, if block A is pulled towards left with a force of 50 N.

L..

A
F=50N
<«— 5Kg
u=0.8 ‘
g=10 m/s’
B
4Kg
Ans.  0m/s? 10i N
Sol.
SON oK 40N
10N T =40
40N

fnax = x N = 0.8 x 50 = 40N

H.0. 92, Rajeev Gandhi Nagar, Kota (Raj.) Mob. 97831-97831, 70732-22177, Ph. 0744-2423333
www.nucleuseducation.in



( NUCLEUS W unacademy

E==——EDUCATION

Cenire of Excellence

But required friction = 10N
f=10i

19. Coefficient of friction between 5 kg and 10 kg block is 0.5. If friction between them is 20 N.
What is the value of force being applied on 5 kg. The floor is frictionless.

Ans. 30N
Sol.

n=0.5:

Given f = 20 N between then
Acceleration of both blocks

F .
a= 5 (1) fomax =25
If f = 20N
(a1

5k —F

f=20N
from (i)

F_20=5x1
15

F(l_lj: 20
3
F=30N

20. The diagram shows particles A and B, of masses 0.2 kg and m kg respectively, connected by a
light inextensible string which passes over a fixed smooth peg. The system is released from
rest, with B at a height of 0.25 m above the floor. B descends, hitting the floor 0.5 s later. All
resistances to motion may be ignored.

A
0.2 kg w T

() Find the acceleration of B as it descends.
(i) Find the tension in the string while B is descending and find also the value of m.
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(iii) When B hits the floor it comes to rest immediately, and the string becomes slack. Find the
length of time for which B remains at rest on the ground before being jerked into motion again.

Ans. (i) 2 m/s?, (i) 2.4 N, 0.3 (jii) 0.2's

Sol. F.B.D
m k
0.2 kg J
0.25m
T T
Given
S=0.25m.
Uu=o0
t=0.5 sec.
a="?
Let be the acceleration of particle is ‘a’
T T
0 [ T la
2N mg
(1) (i)
for constant acceleration we use 11" low of motion
d+ve T-ve S=Ut+ %at2
1 1 1
—=—XaXxX—
4 2 4

(i) 0

use fig (i) & (ii) write Newton law equation ZF = ma

T-2=0.2a ... (i)
mg-T =ma ... (i)
(i) T=04+0=24N
2.4
m=——=0.3k
3 g

(i) when B hits the ground velocity of ball m kg is zere but velocity of ball 0.2 kg is not
zero.

Vv =at
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:
after hitting the ball “‘A’ go up with this Initial velocity 1 m/s & acceleration (g — 2) m/s® and
final velocity is zero.

U=1m/s

a=8m/s’{ (g-2)

v =0 find distance displacement by particle.

v=2Xx

v2 = U% + 2aS
=—(1)*+2x8S
i:s v=U +at
16
=—1+8xt
1
t, ==|T
)
t,= 0.1

After going to maximum point where final velocity zero.
Now goes down

u=0
S:i
16
a=g
S = Ut+—at?
S= Zxgxt?
i:5t2
16
=1 t, = i:0.1
80 80

total time length when particle ‘B’ sec/c
=t1+1,=01+0.1=0.2sec

21. A 1kg block B rests as shown on a bracket A of same mass. Constant forces F; = 20N and

F, = 8 N start to act at time t = 0 when the distance of block B from pulley is 50cm. Time when
block B reaches the pulley is
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Ans. 05s
Sol.

Flzz ON I 50cm 1

a, = 20116 =4m/s?

ag =§=8m/s2

ap/a = 4m/s?
0.5 =1/2 x 4t?

t =%sec =0.5sec

22. A block of mass m lies on wedge of mass M as shown in figure. Answer following parts
separately.

0

(1) With what minimum acceleration must the wedge be moved towards right horizontally so
that block m falls freely.

(i) Find the minimum friction coefficient required between wedge M and ground so that it does
not move while block m slips down on it.

msin 0coso
mcos? 0+ M

Ans. (i)a=gcoto, (i) n,;, =

Sol.

@ az : Acceleration w.r.t. wedge.
ax = a,c0s0 —a;= 0
a; = aycos 0
acceleration B along y-axis
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a,cosl

—> al
a,s1n0
_h’ A

ay =a,sind = g
2= 9
sin©

a, =_Lcose =gcoto
sin®
N
N sinf
mgsiné mgcost >
mg
[ cos \ N
J’mg TNU

(b)
No = Mg + N cosf = Mg + mg cos°0
Friction pNp = u(Mg + mgcos®0) = Nsind

W = mgsin cos
™ (Mg+mgcos’ 0)
__Mmsin0cos
Hmin = cos?0+ M

23. A force of 100 N is applied on a block of mass 3 kg as shown in figure. The coefficient of
friction between the wall and the surface of the block is 1/4. Calculate frictional force acting on
the block.

J30°

ANNANNANANMNNNNY

F=100N
Ans. 20 N vertically downward
Sol.

100sin30 = 50

1000530 30
3003 |

il 100N

fax =UN
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- %xsoﬁ ~12.5y3 = 21.25N

50=30+f = f=20N < fax
Hence f = 20N

24. A block of mass 15 kg is resting on a rough inclined plane as shown in figure. The block is tied
up by a horizontal string which has a tension of 50 N. Calculate the minimum coefficient of
friction between the block and inclined plane.

45°

Ans. 0.5
Sol.

a5

N = Tsin45° + Mgcos45°
N = 75+/2 + 2542 =100+/2
252 +f =752

50
-2 o5
H=T00

25. A 2 kg block A is attached to one end of a light string that passes over an an ideal pulley and a
1 kg sleeve B slides down the other part of the string with an acceleration of 5 m/s® with respect
to the string. Find the acceleration of the block, acceleration of sleeve and tension in the string.
[g =10 m/s?]

Ans. 5 m/s? downwards, 0 m/s?, 10 N
Sol.
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20-T=2a

for sleeve

10-f=1a

T=f

agt+ta=>5

ag=5-a

20-f=2a acceleration objective
10-f=5-a aa=5-5=0
10=3a-5 20-T=2x5

a =5 m/s? downwards T = 10N

EXERCISE # (S-2)
1. A ladder is hanging from ceiling as shown in figure. Three men A, B and C of ABC masses 40
kg, 60 kg, and 50 kg are climbing the ladder. Man A is going up with retardation 2 m/s?, C is
going up with an acceleration of 1 m/s®> and man B is going up with a constant speed of 0.5 m/s.
Find the tension in the string supporting the ladder. [g = 9.8 m/s?]

A
B
C
Ans. 1440 N
Sol. FormanC Tc-50x%x9.8=50x1
Tc=50x%x10.8=540 N
For man B Tg—60%x9.8-540=0
Teg=1128 N
40x 9.8+ 1128 -Tpo=40x 2.
Ta=1520-80
Ta=1440 N
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2. Three identical balls are placed on a frictionless horizontal surface touching each other. They
stick to each other because of adhesive. Another ball of same radius and mass m is placed over
the void created by the three balls. Find the forces applied by the balls kept on the floor to each
other if the system remains in equilibrium,

N Y
Sol.

2R
For triangle AOB

NE

AO = g(2Rsin 60°)=g><2R X~
3 3 2

= A0 = iR.

NE

7R 90-0

2
NE
/3

= C0s0 =
1

cos0 = —

J3

sind = F
3

FBD of ball at D
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3Ncos(90-6)-mg=0
3s0n0 3\F \/6
3

FBD of Ball at surface

2T co0s30° = N cosO

V3 _mg 1
2 6.3
_ Mg _ mg

NN

2T

3. The system shown in the figure is initially in equilibrium. A is of mass 2m and B,C, D and E
are of mass m. Certain actions are performed on the system. Every action has been taken
individually when the system is intact. Find the direction and magnitude of acceleration of the
blocks after each action of the following actions has been taken

Spring 1 .‘ “ Spring 2

(i) Spring 1 is cut (ii) Spring 2 is cut

H.0. 92, Rajeev Gandhi Nagar, Kota (Raj.) Mob. 97831-97831, 70732-22177, Ph. 0744-2423333
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(iii) String between C and D is cut. (iv) String between B and C is cut.

Ans. (i) a,=g",a, =2?9T, a, =2?g¢, ap =2?g¢, a. =0

(i) a, =0, a, =%¢, ac =%T, a, :%T, a. =g+

(iii)aa=0,ag =g, ac=gT, ap =29, ag = 0
(iv) aa = 0, ag =3gV, acz%gT, ao :3?g¢, ag =0

Sol. (i) Spring 1 is cut

acceleration of B,C,D are a.
mg-T; =ma

T, - mg — T, =ma

T, —-2mg =ma

-2mg = 3ma

_29

3

aBz%gT acz%gi aD=2—g

a

ag=0
(if) spring (2) iscutaa =0
all of B.C.D. are let a

3mg-Ti=ma aB=%¢ . =2

T.-T,-mg=ma d,=9/3
T,-mg=ma d. =gV

a9
3
(iii) String between C & D is cut

an=0 ag=0 ap = 2g¥
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Ans.

Sol.

let acceleration of B & C

3mg-Ti=mg ag = gV ac=gT
T;—mg=ma

(iv) Between B & C is cut

aA=0aE=0

For ag

3mg = maB

ag = 3g¥

acceleration of C & D are (a) (let)

2mg-T =ma

mg+ T =ma

_3 _39 39

ap =—
2 ¢ 2 b2

a

A box of mass m is placed on a smooth horizontal platform as shown in the figure. The
platform is made to move in direction 30° above the horizontal with acceleration a so that the
contact force between the box and the platform becomes 3mg/2. Find the magnitude of the
acceleration.

[m] 30°...
g m/s?
N
N
A 2
mg
ma
N-mg=—

J 2
3mg ma
__mg —_—

2 2
a=g

A smooth right circular cone of semi vertical angle a. = tan™(5/12) is at rest on a horizontal
plane. A rubber ring of mass 2.5 kg which under a tension of 15N has an extension of 10 cm is
placed on the cone as shown. Find the increase in the radius of the ring in equilibrium.
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Ans. Arzm,lcm

4%k
Sol.  for a small element

2T sind T

(dm)g ‘\\e 0/
Ty
\:l/

1
v

2T sin@
Let T be tension in rope :-
Let Ar be the elongation radius
Thus change in length = 2z(r + Ar) — 2nr

= 2m(Ar)
given — 10 cm elongation = 15 N
Kx=T
_ T 15N
~ x 10cm
T = K(2nAr)

from F.B.D. we can say.
for very small angle :

dm = (R+AR)
h=— M9
2n(R +AR)

2T sin® = dm.g. cotd
2T06 = A(R + AR) . g(26) wtd

2T.0 = _ Mg ‘(R+AR)26cot6
2n(R+AR)

~ M.gcot0
21

T
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Mg cot 6
T

K2n(Ar) =

_ Mgcot0

Ar = > AnSs.
4 K

6. Two men of masses m; and m; hold on the opposite ends of a rope passing over a frictionless
pulley. The man m; climbs up the rope with an acceleration of 1.2 m/s’ relative to the rope. The
man m, climbs up the rope with an acceleration of 2 m/s” relative to the rope. Find the tension
in the rope if m; = 40 kg and m, = 60 kg. Also find the time after which they will be at same
horizontal level if they start from rest and are initially separated by 5 m.,

SmI m,

f
Ans. 556.8N, 1.47s
Sol.

AT AT
a 1‘1‘ '1\ d,

m, Y[ m,
d

V588

v
392
T -588=60a,

T-392=404a,

apta=2

ag—a=12

T-588=60(2-4a)
T=588+120-60a ...(0)
T -892=40(1.2 + a)

T =392 + 48 + 40a (i)
By equation (i) ~ (ii)
708-60a=440+40a

268 =100a a = 2.68 m/s®
a, = — 0.68 m/s? a1 = 3.88 m/s?
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Ans.

Sol.

arel = a1 + ap = 4.56 m/s*

s=lar? t= ‘/ﬂ
2 4.56

s= %4.5(:‘>t2 t=1.47sec

T =440 + 40a = 440 + 40 x 2.68 = 547.2 sec

In the system shown, find the initial acceleration of the wedge of mass 5 M. The pulleys are
ideal and the cords are inextensible. (there is no friction anywhere).

29/ 23

M

Let N be the normal force between 2M block and 5M block and acceleration of block M, 5M,
2M are a, ay, as respectively. N; normal between M & 5M
F.B.D from ground frame

. T T
as a1 T lNl E )
T ——
N ar'
I M ’ Ny N N
Q) Mg ‘ T
(") -— d3
v
T T 5 Mg. (iii)
CEEa3 4@—»’:13.

T
By constraint Relation.
azta—a=0

-0

Apply Newton low on the system.
fig (iii)

H.0. 92, Rajeev Gandhi Nagar, Kota (Raj.) Mob. 97831-97831, 70732-22177, Ph. 0744-2423333

www.nucleuseducation.in



( &Q&EAUOSN W unacademy
Cenire of Excellence
T - N =5Ma; ... (i)
fig (ii) T=Ma ... (i)
fig (i) N =2 Mas ..(iv)
& 2Mg - T = 2Ma; (V)
By (ii) & (iv)
T =7Mas (Vi)
by (vi) & (iii)
a; = 7a3 .. (vii)
By (vii) & (i)
a, = 8a - (viii)
By (vi), (viii) & (v)
2Mg — 7Masz = 16 Mas
3Mg = 23 Mas
29
23~
8. A car begins to move at time t = 0 and then accelerates along a straight track with a speed given

by V(t) = 2t* m/s for 0 < t < 2. After the end of acceleration, the car continues to move at a
constant speed. A small block initially at rest on the floor of the car begins to slipatt=1s and
stops slipping at t = 3s. Find the coefficient of static and kinetic friction between the block and

the floor.
Ans. ps=04, w=0.3
Sol. Given:
v =2t
differentiate w.r.t time
a=4t
v = velocity

a = acceleration
start from Rest.
block.

5]

car

after 1 sec acceleration of car
a=4t=4x1=4m/s’

When block start sliping at 1 sec

and stop at 3 sec.

In frame of reference of car

F.B.D of block
a

»1J.
for static friction

ng =a

aatt=1sec
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Ans.

Sol.

4
= — =04

u 10 Mg
for kinetic friction between t = 1 sec to t= 3sec.

assume a acceleration at block w.r.t car

T (acc. of block

ma w.r.t car)
4_—‘
ng.
t=1v=0
dt-pug=a
du
M-pg= —
ug at

Jz-(4t—ug)dt=jdu
1 0

2

2
5w =l
8-2ug-2+ug=u
at t = 1 sec this is initial velocity
at t=1sec a=ug
I** Law motion 2<t<3 la|=p,g
v=u+at
=6-png-ug x(1)
=6-2ug
ng =3
m =03

A thin rod of length 1 m is fixed in a vertical position inside a train, which is moving
horizontally with constant acceleration 4 m/s®>. A bead can slide on the rod, and friction
coefficient between them is 1/2. If the bead is released from rest at the top of the rod, find the
time when it will reach at the bottom. [g = 10 m/s’]

1/2s

4,

lm

Q O O

N =ma
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10.

Ans.

Sol.

11.

1 ma
f=uN=pma="mxa=——
n U > >

ma
mg - —==ma,

10-2=a;
a=8 a=—a1t2

1:18t2
2

tzlsec
2

The coefficient of static and kinetic friction between the two blocks and also between the lower

block and the ground are us= 0.6 and ux = 0.4. Find the value of tension T applied on the
lower block at which the upper block begins to slip relative to lower block.

(1, =056,
M=2kg w,=0.4)

T
M=2kg [—>

7771777777777777777/777
40 N

f=12N 2kg
f=8N

2kg ——> T

£=10.6 x 40 = 24N
f,=04%x40=16

T-24=4a
upper block
12 =2a
a=6
T-16=4x%6
T =40N

The blocks are of mass 2 kg shown is in equilibrium. At t = 0 right spring in figure
(i) and right string in figure (ii) breaks.
Find the ratio of instantaneous acceleration of blocks?
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Ans 25
24

Sol.

2kxsin37

2=
a, — M9 or37
2m
_9, _29
% 2 3

/g_ _2 9+1

_ mgsin37 49
" m 5
a, 5gx5 25
a, 6x42 24

kx
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EXERCISE # O

1. Two small identical blocks are connected to the ends of a string passing over pulley as shown
when the system is released from rest.

(A) block A and B do not move

(B) block A accelerates towards pulley along the string.

(C) block A does not leave contact with table till it reaches to the edge Q of the table

(D) Normal reaction of table on block A is less than weight of block A between P and Q and at

Q it vanishes
Ans. (C,D)
2. Consider a block suspended from a light string as shown in the figure. Which of the following

pairs of forces constitute Newton’s third law pair?

M

(A) Force with which string pulls on the ceiling and the force with which string pulls on block
(B) Force with which string pulls on the block and weight of the block
(C) Force acting on block due to the earth and force the block exerts on the earth
(D) Force with which block pulls on string and force with which the string pulls on the block
Ans. (C,D)
Sol.  Newton 3" Law

3. If a horizontal support exerts an upward force of 10 N on a block of weight 9.8 N placed on it,
w?igh of the following statements is/are correct. Assume acceleration due to gravity to be 9.8
m/s~.
(A) The block exerts a force of 10 N on the support.
(B) The block exerts a force of 9.8 N on the support.
(C) The block has an upward acceleration.
(D) The block has a downward acceleration.

Ans. (AC)

Sol.  Newton 3" Law

H.0. 92, Rajeev Gandhi Nagar, Kota (Raj.) Mob. 97831-97831, 70732-22177, Ph. 0744-2423333
www.nucleuseducation.in



(-)NUCLEUS

==—=EDUCATION ' -.\.;'-"'_academy

Cenire of Excellence

4.

Ans.

Sol.

Ans.

Sol.

A block of mass m is suspended from a fixed support with the help of a cord. Another identical
cord is attached to the bottom of the block. Which of the following statement is /are true?

(A) If the lower cord is pulled suddenly, only the upper cord will break.

(B) If the lower cord is pulled suddenly, only the lower cord will break.

(C) If pull on the lower cord is increased gradually, only the lower cord will break.
(D) If pull on the lower cord is increased gradually, only the upper cord will break.
(B.D)

Newton 1% Law

A carpenter of mass 50 kg is standing on a weighing machine placed in a lift of mass 20 kg. A
light string is attached to the lift. The string passes over a smooth pulley and the other end is
held by the carpenter as shown. When carpenter keeps the lift moving upward with constant
velocity :- (g = 10 m/s%)

(A) the reading of weighing machine is 15 kg

(B) the man applies a force of 350 N on the string
(C) net force on the man is 150 N

(D) Net force on the weighing machine is 150 N
(AB)

e

sz,
253

Wz

=1

~
<

Z

i

mg

Man N+T=mg
N+T=500 ... (1)
Weghing machine T=mg+N
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T-N=mg
T-N=200 ..(ii)
N+ T =500
T-N=200
2T =700
T =350
N + 350 =500
N =150
Reading 15 kg
T =350
6. A block A and wedge B connected through a string as shown. The wedge B is moving away

from the wall with acceleration 2 m/s® horizontally and acceleration of block A is vertical
upwards. Then

(A) Acceleration of A with respect to B is 4 m/s’.
(B) Acceleration of A with respect to B is 243 m/s.
(C) Angle 6 is 60°.
(D) Acceleration of A is 23 m/s°.

Ans. (A,C,D)

Sol.

4c0s0-2=0
cose=% 0 = 60°

an =4 5in 60 = 2/3m/s’
TX1-2TX,;=0= X; =2X;
a; = 2ap

a=2x2=4
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7. Refer the system shown in the figure. Block is sliding down the wedge. All surfaces are

frictionless. Find correct statement(s)

string e

(A) Acceleration of block is gsin6 (B) Acceleration block is gcoso

(C) Tension in the string is mgcos26 (D) Tension in the string is mgsin6.coso
Ans. (AD)
Sol.

> Nsinf
}_'/ N
V¥ Ncos8

N =mg cos 6

T =N sin 6 =mgsind

a=gsino
8. In the following arrangement the system is initially at rest. The 5 kg block is now released.

Assuming the pulleys and string to be massless and smooth, the acceleration of blocks is [g =

10 m/¢?]

(A a, = % (B) a, =0 mis’ ©)a. = g mie  (D)2a =a,
Ans. (ABCD)
Sol. T 2T

2T
(D)l
T T |2T mag  Mcg
¥
aa
B [C] Tac
Rope connected block A and B has maximum Tension Tyax =50 N
So,
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Ans.

Sol.

Now

=
=
=

And

ag = O m/s*
By constrain motion
aa = 2ac

Magd—-T=maaa  ....... (1) x 2
2T -mcg=Mmcac  ....... (2)
2mag — 2T = 2ma (2ac)

2T —mcg =mc¢ac

2mag—mcg=4maac+Mcac
g (2ma—mc) = (4ma + Mc) ac
10(2x5-8)=(4x5+8)ac

5 2
ac= — m/s
©"7

10
aA:ZaC:7:%

Two blocks A and B of mass 2 kg and 4 kg respectively are placed on a smooth inclined plane
and 2 kg block is pushed by a force F acting parallel to the plane as shown. If N be the
magnitude of contact force applied on B by A, which of the following is/are correct?

(A)ifF=0N,N=10N
(C)IfFF=30N,N=20N
(B,C,D)

N
N
F 204,40
20
10
F-N-10=2a
N-20=4a

check by putting F

(B) if F=15 N, N=10 N
(D) if F=45 N, N=30 N
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10. A block is kept on a rough horizontal surface as shown. Its mass is 2 kg and coefficient of
friction between block and surface (i) = 0.5. A horizontal force F is acting on the block. When

F—

(A) F =4 N, acceleration is zero. (B) F =4 N, friction is 10 N and acceleration is 3 m/s.
(C) F =14 N, acceleration is 2 m/s®. (D) F = 14 N, friction is 14 N.

Ans. (A,C)

Sol.

AN

e ]

y
0

0 &

f=pumg

1

—x20=f =10
2

14 -10=2a
4=72a
a=2m/s*

11. A block is kept on a rough surface and applied with a horizontal force as shown which is
gradually increasing from zero. The coefficient of static and kinetic friction are 1/v/3 then

_pF

(A) When F is less than the limiting friction, angle made by net force on the block by the
surface is less than 30° with vertical.

(B) When the block is just about to move, the angle made by net force by the surface on the
block becomes equal to 30° with vertical.

(C) When the block starts to accelerate, the angle made by net force by the surface on the block
becomes constant and equal to 30° vertical.

(D) The angle made by net force with vertical on the block by the surface, depends on the mass
of the block.

Ans. (AB,C,D)
N Fre

2

For moving the block 6 = 30°

Sol.
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12.

Ans.

Sol.

13.

A block of mass 1 kg is held at rest against a rough vertical surface by pushing by a force F
horizontally. The coefficient of friction is 0.5. When

(A) F =40 N, friction on the block is 20 N.

(B) F =30 N, friction on the block is 10 N.

(C) F =20 N, friction on the block is 10 N.

(D) Minimum value of force F to keep block at rest is 20 N.
(B,C,D)

10
f=uN
f=uN
f =£>< 40
2
fmax = 20 required 10
F=30N f=10N

Minimum force = 10=%F
F=20
A block placed on a rough horizontal surface is pushed with a force F acting horizontally on the

block. The magnitude of F is increased and acceleration produced is plotted in the graph
shown.
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Ans.

Sol.

14.

Ans.

Sol.

15.

Ans.

a(mys’)

0 20 30 i

(A) Mass of the block is 2 kg.

(B) Coefficient of friction between block and surface is 0.5.
(C) Limiting friction between block and surface is 10 N.

(D) When F =8 N, friction between block and surface is 10 N.

(A,B,C)
F-f=ma
30-10=mx 10 umg = 10
20 =10m u20 =10
1
m = 2k ==
g u 5

block start at force = 10. Limiting friction is 10.

A block is placed over a plank. The coefficient of friction between the block and the plank is j
= 0.2 . Initially both are at rest, suddenly the plank starts moving with acceleration ap = 4 m/s“.
The displacement of the block in 1s is (g=10 m/s?)

(A) 1 mrelative to ground (B) 1 m relative to plank
(C) zero relative to plank (D) 2 m relative to ground
(A,B)

o[ ]
| '—) a=4m/s’

Sp =%><4><1=2m

\ 4

acceleration of block ag = pg =2
Ss _ Lo —1m
2

A block is released from rest from a point on a rough inclined place of inclination 37°. The
coefficient of friction is 0.5.

(A) The time taken to slide down 9 m on the plane is 3 s.

(B) The velocity of block after moving 4 m is 4 m/s.

(C) The block travels equal distances in equal intervals of time.
(D) The velocity of block increases linearly.

(A,B,D)
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Sol.

w=.5

37°

F =mg sin 37 — umg cos 37
ma = mg sin 37 — u mg cos 37
3 1 4

a=10x——="x10x—
5 2 5

a=6-4=2
9=£><2'[2

2
t=3sec
V2 = u? + 2as
VP=2x2x4
V=16
v=4

16. In the arrangement shown in figure pulley i1s smooth and massless and string is light. Friction
coefficient-between A and B is p. Friction is absent between A and plane. Select the correct
alternative(s).

(A) Acceleration of the system is zero if m, = m,

(B) Force of friction between A and B is zero if m, = m,

(C) B moves upwards if m,<m,

(D) Tension in the string in mg(sin® — pcosd ) if m,=m_=m
Ans. (AB)

17. A block placed on rough inclined plane is pushed with a force F. The coefficient of friction is
u = 0.5 and mass of block is 10 kg.
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F
37°

(A) If F=30 N, acceleration of block is zero and friction acting on block is 30 N.
(B) If F=60 N, acceleration of block is zero and friction acting on block is 60 N.
(C) If F=90 N, acceleration of block is zero and friction acting on block is 30 N.
(D) If F =120 N, acceleration of block is 2 m/s? and friction acting on block is 40 N.
Ans. (ACD)
4

Sol.  fLim=umgcos37 =0.5 x 10 x 10 x 3 =40 N

Just to move the Block up
mgsin37 +f_. =F

10><10Xg+40=F
=F=100N

F
mg sin37 fL

(A) f=60-30=30N (up the in cline)
mg sin37 - f—F =ma
60 — 30— 30 = ma

= a=0

—h

F
mg sin37

(B) f=60-60=0N
a=0
(C) f=90-60=30N (down the incline)
f+ mgsin37 - F =ma
30+60-90=ma
= a=0
F
mg sin37 ¥ f

(D) f=f_=40N (down the incline)
(kinetic friction)
F-mgsin37-f=ma
120-60-40=10a
= a=2m/s
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18.

Ans.

Sol.

19.

Ans.

Sol.

20.

Ans.

Sol.

a
e

F
mg sin37_#4f

Statement 1 : A cloth covers a table. Some dishes are kept on it. The cloth can be pulled out
without dislodging the dishes from the table.

because

Statement-2 : For every action there is an equal and opposite reaction

(A) Statement-1 is True, Statement-2 is True ; Statement-2 is a correct explanation for
Statement-1.

(B) Statement-1 is True, Statement-2 is True ; Statement-2 is not a correct explanation for
Statement-1.

(C) Statement-1 is True, Statement-2 is False.

(D) Statement-1 is False, Statement-2 is True.

(B)

If the cloth is pulled out very fast, then the time interval of application of friction force is very
small hence impulse due to frictional force is very small. This small value of impulse is
insufficient to cause a visibly significant change in the position of the dishes due to intertia of
mass hence they remain undisturbed.

Paragraph for Question No. 19 to 22

A uniform rope of mass (m) and length (L) placed on frictionless horizontal ground is being
pulled by two forces Fa and Fg at its ends as shown in the figure. As a result, the rope
accelerates toward the right.

F F

A B

Acceleration (A) of the rope is

(A) zero B) a=rathe C) a=ra=Fe D) a=2=Fa
D
Fe—Fa=ma
FB _FA —
m
Tension (T) at the mid point of the rope is
(A)T=Fg—Fa (B) T=F, +F; (C)T=%(FB—FA) (D)T=%(FA+FB)

D
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F, € I —>F,

1

T=§(FB—FA)
21. Expression (Ty) of tension at a point at distance x from the end A is
F,-F F,-F
A T — B A B T =B A X—F
( ) X ( L j ( ) X ( L j A
€T, =(@jx+ F, (D) T, =[ﬁ)x—g
L L
Ans. A
Sol.

—>F;

m (kK -F
FB—T:tx(%j(L—x)

T=FB—(FB_FAJ(L—X)
L
T=FA+{—FB_FA}X

L

22.  Which of the following graph best represents variation in tension at a point on the rope with
distance x of the point from the end A?

T

(A) (B)

©) T (D)

Ans. D
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Sol.

m (F-F
F,-T=—x|-8_"A|(L-X
® L( m j( )

T=FB—(FB£FA)(L—X)

Paragraph for Question No. 23 to 25
The figure shown blocks A and B are of mass 2 kg and 8 kg and they are connected through

strings to a spring connected to ground. The blocks are in equilibrium. (g = 10m/s?)

23.

Ans.
Sol.

24,

Ans.
Sol.

25.

200 N/m fixed
ixed

The elongation of the spring is
(A)lcm (B) 10 cm (©)0.1cm (D) 1m
B

200 N/m fixed

T=20
kx =20
200x =20

_ 1
X=-—m

10

x=10cm
Now the block A is pulled downwards by a force gradually increasing to 20 N. The new
elongation of spring is :-
(A)2cm (B) 4 cm (C)20cm (D) 40 cm
C
40 = 200 x

i><100=X
10

20 =x
Now the force on A is suddenly removed. The acceleration of block B becomes :-
(A) 1.0 m/s (B) 2.0 m/s® (C) 3.0 m/s? (D) 4.0 m/s?
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Ans. B
Sol.  When force at is removed force inspring does not change suddenly.
kx —=8a
T-20=2a
40-20=10a
Paragraph for Question No. 26 to 28
A block of mass m is placed on a smooth horizontal floor is attached to one end of spring. The
other end of the spring is attached to fixed support. When spring is vertical it is relaxed. Now
the block is pulled towards right by a force F, which is being increased gradually. When the
spring makes angle 53° with the vertical, block leaves the floor.
26.  When blocks leaves the table, the normal force on it from table is
(A) mg (B) zero ©) 4m9 (D) 3mg
Ans. B
Sol.
extension in spring = §£—£ = gﬂ
3 3
kx' cos 53 =mg = r.3
X 5
kgﬁ ><E =mg Eﬂ =X
3 5 3
K = 5mg
20
27. Force constant of the spring is :-
5m 15m 5m 5m
2 |) =% © %7 ©) >
Ans. (A)
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28.

Ans.

Sol.

29.

Ans.

Sol.

30.

Ans.

31.

Ans.

32.

When the block leaves the table, the force F is :-

3mg 4mg 3mg 4mg
A) —= B) —= C) —= D) —=
(A) 2 (B) 3 © c (D) -
(B)
F = kx'sin 53
F_2mg2, 4
2t 3 5
F 4mg
3
Paragraph for Question No. 29 to 33
10kg —F
p=0.1-1-
Skg
u-03€" Fig. 1
When F = 2N, the frictional force between 5 kg block and ground is
(A) 2N (B) 0 (C)8N (D) 10N

A

n=01

10Kg [y F

n=03

fmaxground = %xlelO =45

fmax blocks = %xlelO =10N

When F = 2N, the frictional force between 10 kg block and 5 kg block is

(A) 2N (B) 15N (C)10N (D) None
(A)

The maximum F which will not cause motion of any of the blocks is
(A)1ION (B) 15N (C) data insufficient (D) None
(A)

The maximum acceleration of 5 kg block is :-
(A) 1 m/s? (B) 3 m/s? (C)0 (D) None
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Ans.

Sol.

33.

Ans.

Sol.

ESESeS===——EDUCATION -
Centre of Excellence
C
> 10N
Skg
45N €

So the block will never move

The acceleration of 10 kg block when F =30 N is

(A) 2 m/s® (B) 3 m/s? (C) 1 m/s? (D) None
A

30-10=10a

20=10a

a=2

Paragraph for Question No. 34 to 37

Imagine a situation in which the horizontal surface of block M, is smooth and its vertical surface is
rough with a coefficient of friction p1.

34,

Ans.

Sol.

35.

Smooth | M
T M [m

6 6 Rough()
AALLLALLLTRRLRTARRATARAL AR LRRARRLAANAY

Identify the wrong statement(s)

(A) If F =0, the blocks cannot remain stationary.

(B) For one unique value of F, the blocks M and m remain stationary with respect to M.
(C) The limiting friction between m and My is independent of F.

(D) There exists a value of F at which friction force is equal to zero.

(B)

IfF=0 Friction force on m is zero.

In above problem, choose the correct value(s) of F which the blocks M and m remain stationary
with respect to My

mg 2 (B) m(M,+M+m)g 1

A) (M +M+m
(A) (M, )M—uM M +puM 2
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mg
© (MO+M+m)V

(D) None of these

Ans. (C)
Sol.  Now observed from Mg frame.
Ma a
M}l T T
f
F—) Mg m N
mg
F
a = - @ @ @
(M, +m+M)
N =ma
mg=uN+T

= mg:um(

and Ma=T
From (1) and (2)

— |+ T
Mo+m+M]

F F
mg=pum| —— |+ M| ————
M,+m+M M, +m+M
= mg = (um + M) . _J
Sy M, +m+M
N F= mg (M, + m+ M)
(um+ M)

Now observed From Mg frame

Ma<—|m—>T T

sl Mo mi—N
mg
F
a=——
(M, +m+M)
N =ma
Ma=T .. 1)
mg=T ... (2) [f=0]
from (1) and (2)
mg = Ma
= mg:M L
m+M,+M
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36.

Ans.

Sol.
37.

Ans.

Sol.

9 (m+M,+M)

M
There exist more than one values of F, the Block M and m remain stationary with respect to My
At F=mg —(m+I\I<IA°+M)

= F=m

Friction force f = 0.

Consider a special situation in which both the faces of the block M, are smooth, as shown in
adjoining figure. Mark out the correct statement(s).

Smooth

M
? Mo m

Smooth
ALLULLTEATATREUTAATRARARAA TN

(A) If F =0, the blocks cannot remain stationary.

(B) For one unique value of F, the blocks M and m remains stationary with respect to block
M,.

(C) There exists a range of F for which blocks M and m remain stationary with respect to block
M,.

(D) Since there is no friction, therefore, blocks M and m cannot be in equilibrium-with respect
to M,.

(AB)

Observed from Block Mg frame.
In above problem, the value(s) of F for which. M and m are stationary with respect to M,

(A) (M, + M +m) g (B)(MO+M+m)%
(C) (Mg + M +m) % (D) None of these

(B)
Ma<IMI>T 1 -
F

—> Mg m N

mg
F

a=————

(M, +m+M)
N =ma
Ma=T ... 1)
mg=T ... 2
from (1) and (2)
Fe mg(M, +m+ M)

M

Only value of F for which the Block M and m remain stationary with respect to Mg
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38. In the diagram shown in figure (g = 10 m/s?)
Column | Column 1l
(A) | Acceleration of 2 kg block in m/s? (P) |8
(B) | Net force on 3 kg block in newton Q) | 25
(C) | Normal reaction between 2 kg and 1 kg in newton (R) | 2
(D) | Normal reaction between 3 kg and 2 kg in newton (S) |45
(T) | None

Ans.  (A) - (R); (B) - (T); (C) - (Q); (D) - (T)

Sol.

60 — 18 —mg sin 6 = 6a

60 - 18 - 30 =6a

a=2m/s

* acceleration of 3kg block =2
*forceon3kg=ma=3x2=6
N; — F, —mgsin 30 = 1a
N;-18-5=2

N; =25
F1—N;-mgsin 30 = 3a
60-N,;-15=3x2
60-15-N,=6

45-N;,=6

39=N;
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39. Match the situations in column | to the accelerations of blocks in the column Il (acceleration
due to gravity is g and F is an additional force applied to one of the blocks ?

Column 1 Column 1l

(A) P)|g
5
(B) Qg
3

2m m
(©) R)|g
2

m 3m
(D) ) | 29
_% |
(T) | zero

Ans. (A)- (R); (B) - (T); (C) - (R); (D) - (P)

Sol.  (A)

mg

mg+mg-T=ma
T-mg=ma

(©)
3mg-T=3
T-mg=ma

(D)

mamg-—T; =ma

T,+2mg-T,=2ma
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mg = 2ma 2mg = 4ma T,-2mg = 2ma
8 8 _
a=— a=— mg = 5Sma
2 2
9_a
5
40.  The figure shows a block B of mass 2 kg kept on a smooth horizontal floor in equilibrium with
two identical springs of S; & S; force constant k = 100 N/m attached to it and to fixed supports
as shown. The block is then displaced horizontally from this position by amount x and released.
Match the initial equilibrium conditions & subsequent values of x in column-1 with
corresponding acceleration of the block when released in column 1.
S, S,
Lfmm— _fmnrm_l
Column | Column 1l
(A) S,andS, are relaxed and x =2 cm. (P) 6m/s?
(B) S,andS, are stretched by 1 cmand x =2 cm (Q) 4 m/s?
(C) S,andS, are compressed by 2 cmand x = 4 cm (R) 3 m/s?
(D) S,and S, are compressed by 4 cmand x =1¢cm (S) 2m/s?
(T) 1m/s?
Ans.  [(A)-S; (B)-S; (C)=Q; (D)-T]
K =
X KX
Sol. (A) <—
2Kx =ma
-2
N a= 2x100x2x10 — 2 m/<
1 2 1
%o o
B S1 !(—): <> S, 5 ) Xo= 2+1=3cm
®) Lem ! Lem Stretched Compressed y1_ 5_1-1
NL + NL X' = =1lcm
000QQ! Kxo Kyl
| 1€<>
2cm
© %o o
—> AN Xo=4-2=2cm
Stretched| m | C d
ompresse W= 4+2=6cm
1
e o s
KXo + KX™ =ma
1 -2
N o= K(x0+x):100(2+6)x10 — 4/

m 2
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® AL X, x'= 4+1=5cm
— - -
m | Compressed
Compre p Xo= 4-2=3cm
K>F>xl
Kx' — Kxo = ma
1_ _ -2
N o= K(x" —X,) :100(5 3)x10 — 1 m/s
m 2
41. In the figure shown, acceleration of 1 is x (upwards). Acceleration of pulley P, w.r.t. pulley P,

is y (downwards) and acceleration of 4 w.r.t. to pulley Pz is z (upwards). Then

Column | Column 11
(A) | Absolute acceleration of 2 (P) | (y—x) downwards
(B) | Absolute acceleration of 3 (Q) | (z—x-y) upwards
(C) | Absolute acceleration of 4 (R) | (x+y+z) downwards
(S) | None

Ans. (A)-(S);(B)-(R); (C)-(Q)
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Sol.  Inground frame
By, =Y

=Yy

ap

3

_aP

2

a, = (y+x) ¥ 5

ayp =2 0

a,—ap =2 x| 1 \
1 x

au=zT+(y+x) 4
=(z-y-xT
=(y+x-2)¥

2
\ v (w.r.t. P,)

a,=a, =(x+y)} ’,

8y, =24

a,—a, =z (w.rt Py 2

az=z 4+ (x +y)N
=(x+y+2)l

I

T (w.rt. Py

42.  Velocity of three particles A, B and C varies with time t as, V, =(2ti+6]) m/s; Vg =(3f+4])

m/s; and V. = (6i+4t]) m/s. Regarding the pseudo force match the following table

Column | Column 11
(A) | On A as observed by B (P) | Along positive x—direction
(B) | On B as observed by C (Q) | Along negative x—direction
(C) | On A as observed by C (R) | Along positive y—direction
(D) | On C as observed by A (S) | Along negative y—direction
(T) | Zero

Ans.  (A)-(T); B)-(R); (C)-(R); (D)-(Q)
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EXERCISE # (JM)

1. A block of mass m is connected to another block of mass M by a string (massless). The blocks
are kept on a smooth horizontal plane. Initially the blocks are at rest. Then a constant force F

starts acting on the block of mass M to pull it. Find the force on the block of mass m
[AIEEE-2007, 3/120]

mF M+m)F mF MF
™ @ MmE ) @)
m (m+M) (m+M)
Ans. (3)
Sol.  (4) Writing free body-diagrams for m & M,
M
m
K
LI —>F
N N
b b
e T T[T
|;|—> < >F
v
mg Mg
we get

T=maand F-T =Ma
where T is force due to spring
= F-ma=Ma
or, F=Ma+ ma

_ F

a= :
M+m

Now, force acting on the block of mass m is

( ] mF
ma=m = :
M+m m+M
2. Two fixed frictionless inclined planes making an angle 30° and 60° with the vertical are shown
in the figure. Two blocks A and B are placed on the two planes. What is the relative vertical
acceleration of A with respect to B? [AIEEE-2010, 4/144, -1]
Q,
600 300
(1) 4.9 ms™ in horizontal direction (2) 9.8 ms™ in vertical direction
(3) Zero (4) 4.9 ms in vertical direction

Ans. (4)
Sol. aay =g sin60
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agy = g sin® 30
3 1) 9 2
ay=0g|———|===49m/s
V=9 [4 4] 2
in vertically downward direction,
3. If a spring of stiffness 'k’ is cut into two parts 'A" and 'B' of length /5 : /g = 2 : 3, then the
stiffness of spring 'A"is given by : [AIEEE 2011, 11 May; 4, -1]
3k 2k 5k
1) — 2) — 3)k 4) =—.
1) c ) c ©) (4) >
Ans. (4)
Sol. Kala = Kglg = K/ (_A:g
g 3
2/
R
{=/0p+ (5
20
= 35 +0g
. 50,
3
2K ¢
§ 2 =Kgly
3KY
Ka= "2
AT T2
2Kaly K
3
2K (s 5K/,
3 3
5k
K,=—
P2
4. A particle of mass m is at rest at the origin at time t = 0. It is subjected to a force F(t) = Fee™ in

the x direction. Its speed v(t) is depicted by which of the following curves ?
[AIEEE 2012 ; 4/120, -1]
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Fo [rmmmrmmemmrane--
m
@ vyt
t—> t—>
Ans. (3)
Sol. F(t) = Fee™
ma(t) = Foe™
dv(t) (.o
mJ‘ . Foje
\ t
mjdv = Foje’btdt
0 0
t
mv=Fyle"x-=| +C
0
mv = Fo(1-e™)
F
v 2 (1-e™
o ( )
%
R
mb
t
©)
5. A uniform sphere of weight W and radius 5 cm is being held by a string as shown in the figure.
The tension in the string will be : [JEE Main-2013]
\m
w w w w
1) 12— 2) 5— 3)13— 4) 13—
(1) c ) 5 (©) c (4) 5
Ans. (4)
Sol.
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/

12

SNSARANNNNNNNANN

Given radius of sphere =5 cm
F.B.D.
Tcos=W
T=_W_
coso
T= ﬂxlS
12
T :13W
12

6. A heavy box is to be dragged along a rough horizontal floor. To do so, person A pushes it at an
angle 30° from the horizontal and requires a minimum force Fa, while person B pulls the box at
an angle 60° from the horizontal and needs minimum force Fg. If the coefficient of friction

between the box and the floor is g the ratio IE—A IS : [JEE Main-2014]
B
3 2 5
1 \ﬁ 2) = 3) 4) 3
(1) 5 ) 7 (©) 7 (4)
Ans. (2)
Sol.
F, sin 30 F,sin60
SR NI
30°
el S 60
| ! --»F, cos 60
F,cos30° «
N 1
: l uN. 1
Mg Mg
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7. Given in the figure are two blocks A and B of weight 20 N and 100 N respectively. These are
being pressed against a wall by a force F as shown. If the coefficient of friction between the
blocks is 0.1 and between block B and the wall is 0.15, the frictional force applied by the wall
on block B is [JEE Main-2015]

— [AICe]

S

T

(1)80N (2) 120N (3) 150 N (4) 100N
Ans. (2)
Sol.

}’1 f,
—E5 A
B 190
20 f: fLo

for equllibrrium of A

f1 =20

for equllibrrium of B

f,=f; +100

f,=120 N
8. Two masses m; =5 kg and m, = 10 kg, connected by an inextensible string over a frictionless

pulley, are moving as shown in the figure. The coefficient of friction of horizontal surface is

0.15. The minimum weight m that should be put on top of m; to stop the motion is :

[JEE Main-2018]
M T
m,
m,g

(1) 10.3 kg (2) 18.3 kg (3) 27.3 kg (4) 43.3 kg
Ans. (3)
Sol.
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Sol.

N
.5 | mp ! i’
AT
: my :
given
m; = 5kg
m, = 10 kg
for stop the motion
means acceleration zero.
=0
N =(m + my)g ~ f=uN
T=f1
T = p(m; + m)g ()
T=myg ..(2)
From (i) & (ii)
5g= = (10+m)x10
100
@—10 =m
15
m = X0 =233
15

In option minimum value is 27.3 kg.

A block of mass 10 kg is kept on a rough inclined plane as shown in the figure. A force of 3 N
is applied on the block. The coefficient of static friction between the plane and the block is 0.6.
What should be the minimum value of force P, such that the block does not move downward ?

(take g = 10 ms?)

4

4450

(A) 32N (B) 25 N
(A)

[JEE Main-2019]

(D) 18 N
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P

umegeost

73.7=3+mgsinf
. 100
mgsind5° = —— =50+/2
’ 2

umgcoso = 0.6 x mg x = 0.6 x 5042

S

P=3128 = 32N

10. A mass of 10 kg is suspended vertically by a rope from the roof. When a horizontal
force is applied on the rope at some point, the rope deviated at an angle of 45° at the roof point.
If the suspended mass is at equilibrium, the magnitude of the force applied is
(g=10ms ) [JEE Main-2019]

(1) 100 N (2) 70N (3) 140 N (4) 200 N
Ans. (1)
Sol.

100N
Force equation along a direction _L to the rope
= F sin45° — 100 cos45° =0
= F=100N

11. A block kept on a rough inclined plane, as shown in the figure, remains at rest upto a maximum
force 2 N down the inclined plane. The maximum external force up the inclined plane that does
not move the block is 10 N. The coefficient of static friction between the block and the plane is:

[Take g = 10 m/s?] [JEE Main-2019]
\Q$
T

e NG
(2) e

3 1 2
1) > (3) 2 (4) 3

Ans. (1)
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Sol.  mgsin® +2 = umgcoso (1)
mgsin® + umgcos6 =10 ... (2)
Adding equations (1) + (2) = 2mg sin30° + 2 =10
=mg=8N
NG
&p= >
12. A mass of 10 kg is suspended by a rope of length 4 m, from the ceiling. A force F is applied
horizontally at the mid-point of the rope such that the top half of the rope makes an angle of
45° with the vertical. Then F equals : (Take g = 10 ms™ and the rope to be massless)
[JEE Main-2020]
(1)70N (2)75N (3) 100 N (4)90N
Ans. (3)
Sol.

45°

'—n
—
'—n

v
[] 10g
10kg
For equilibrium,
Tsin45°=F (1)
and T cos 45° = 10g (2)
equation (1)/(2)
we get F = 10g
=100 N
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Ans.

Sol.

Ans.
Sol.

EXERCISE # (JA)

A circular disc with a groove along its diameter is placed horizontally. A block of mass 1 kg is
placed as shown. The coefficient of friction between the block and all surface of groove in

contact is 4 = % The disc has an acceleration of 25 m/s®. Find the acceleration of the block

with respect to disc. [NT-JEE 2006]

coh=4/5
sn0=3/5
10 m/s?
N1 ma sin 37°
ma
ma cos 37°
|
1
Hie l___l_____
e v
mg
Ni =mg

N, =m asin 37°
Bpg = macos 37 r;MNZ —uN;, _ 10 m/s2

Two particles of mass m each are tied at the ends of a light string of length 2a. The whole
system is kept on a frictionless horizontal surface with the string held tight so that each mass is
at the distance a from the centre P (as shown in the figure). Now, the mid—point of the string is
pulled vertically upwards with a small but constant force F. As a result, the particles move
towards each other on the surface. The magnitude of acceleration, when the separation between

them become 2x, is : [IT-JEE 2007]
=
S P o
[ SR e a=----h
Fa F X F X F VJai-x°
A) ——F—— (B) — ©) —= D) ——
2m aZ_XZ 2 az_xz 2m 2
(B)
Sol.
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F=2Tsin®
..()

—=T
2sin©
TcosO=ma
from 1

cosO=ma

2sin®
F

=ma

2tan©
F
—za
2mtan©
Fx

2my/a? = x?

=a

3. Statement-I : A cloth covers a table. Some dishes are kept on it. The cloth can be pulled out
without dislodging the dishes from the table. [IIT-JEE 2007]
Because :

Statement-I1 : For every action there is an equal and opposite reaction.

(A)  statement—I is true, statement-—Il is true; statement-Il is a correct explanation for
statement-I

(B)  statement-I is true, statement—II is true, statement—Il is NOT a correct explanation for
statement-I

(C)  statement-I is true, statement—II is false

(D)  statement-I is false, statement-II is true

Ans. (B)
Sol.  Statement-1 : Correct = because due to inertia
Statement-2 : Correct = Newton’s 111" Law but not correct explanation.
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4. Statement -1 : It is easier to pull a heavy object than to push it on a level ground.
and
Statement-11: The magnitude of frictional force depends on the nature of the two surface in
contact. [I1T-JEE 2008]
(A) statement-I is true, statement—I1 is true; statement—II is a correct explanation for statement—I
(B) statement-I is true, statement-Il is true, statement-Il is NOT a correct explanation for
statement-I
(C) statement-I is true, statement-II is false
(D) statement-I is false, statement-II is true

Ans. (B)

Sol.  Statement-1

F sin®
TNl F NZT F cosO
L <0
i | F cosO i | Esino
Mg Mg

N; = Mg - F sin6 N2 = Mg + F sinf
N, > N;
Statement-2 Correct but not correct explanation of statement-1

5. A piece of wire is bent in the shape of a parabola y = kx? (y-axis vertical) with a bead of mass
m on it. The bead can slide on the wire without friction. It stays at the lowest point of the
parabola when the wire is at rest. The wire is now accelerated parallel to the x-axis with a
constant acceleration a. The distance of the new equilibrium position of the bead, where the
bead can stay at rest with respect to the wire, from the y-axis is : [IT-JEE-2009]

a a 2a a

A) — B) — C) — D) —
()gk ()zgk ()gk ()42ij

Ans. (B)

Sol.

ma cos 6 = mg sin 6

a=gtano
E:tane
g
E:2kx
g
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Ans.

Sol.

Ans.

A block of mass m is on an inclined plane of angle 6. The coefficient of friction between the
block and the plane is pu and tan® > u. The block is held stationary by applying a force P
parallel to the plane. The direction of force pointing up the plane is taken to be positive. As P is
varied from P, = mg (sin® — ucos) to P,=mg(sin® + u cos), the frictional force f versus P

graph will look like [NT-JEE-2010]
P
0

f A
(A) »P (B) = 3 »P

f r'y

P, P,

©) »P (D) »P
(A)
P1 =mg sin® — pumgcoso f

P1=mgsino —f

f=mgsind - P i\ P,
f=-P + mgsind :
y=mx+C 1 \ g
m =-P Slop
y=f

A Dblock is moving on an inclined plane making an angle 45° with the horizontal and the
coefficient of friction is u. The force required to just push it up the inclined plane is 3 times the
force required to just prevent it from sliding down. If we define N = 10y, then N is

5
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F=mgsin 6+ pmgcos 6
F + umg cos 6 =mgsin 6
F=mgsin 6 — umg cos 6
mg sin 6 + umg cos 6 = 3mg sin 6 — 3y mg cos 6

4umg cos 0 =2 mg sin u
4ucos®=2sin6

4u=2tan 0
N =10 x l
2

1

N=5 ——

=5

A solid horizontal surface is covered with a thin layer of oil. A rectangular block of mass m =
0.4 kg is at rest on this surface. An impulse of 1.0 N is applied to the block at time t =0 so that

it starts moving along the x-axis with a velocity v(t) = vge =t/ where Vg is a constant and t =4

s.The displacement of the block, in meters , att =t is . Takee=1 =0.37
[NT-JEE-2018]
6.30
%zvoe‘t/’: I=mvg -0= vg =1/0.4=5/2
jds = J' v e ' dt
0 Vg

S=vgt (l—e—l) =%x0.63x4
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