PHYSICS GR # NLM & FRICTION

SECTION-I
Single Correct Answer Type 6 Q.[3M (-1)]

1.  Oneend of massless rope, which passes over a massless and frictionless pulley P is tied to a hook C while the
other end is free. Maximum tension that the rope can bear is 840 N. With what value of maximum safe
acceleration (in ms~2) can a man of 60 kg climb on the rope? [AIEEE - 2002]

(A) 16 B)6 )4 D)8
2. A smooth block is released at rest on a 45° incline and then slides a distance d. The time taken to slide is n
times as much to slide on rough incline than on a smooth incline. The coefficient of friction is-

[AIEEE - 2005]

1 1 1 1
A y=1-—3 B) =17 ©p=1-—3 D)= y1-3

3.  Block B of mass 100 kg rests on arough surface of friction coefficient p = 1/3. A rope
is tied to block B as shown in figure. The maximum acceleration with which boy A of
25 kg can climbs on rope without making block move is : 100kg

V77

48 g g 3
(A) 3 (B) 3 ©) B (D)j w=13 25kg
4. Twomonkeys of masses 10 kg and 8 kg are moving along a vertical light rope, the former climbing up with an
acceleration of 2 m/s?, while the latter coming down with a uniform velocity of 2 m/s. Find tension in the rope

at the fixed support.
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(A) 180N (B)200N (C) 80N (D)216 N



3
5. Ablock of mass mis placed on a surface with a vertical cross section given by y= % . If the coefficient of

friction is 0.5, the maximum height above the ground at which the block can be placed without slipping is :-
[JEE-Main-2014]

1 1 1 2
A) 3m (B) Sm © m (D) 3m

6.  Ablock of mass m is on an inclined plane of angle 0. The coefficient of friction between the block and the
plane is p and tan® >p. 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 (sinf — pcos0) to P,=mg(sin0

+ W cos0), the frictional force f versus P graph will look like [IT-JEE-2010]
P
0
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Multiple Correct Answer Type 4Q.[4M (-1)]

7. 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 machineis 15 kg
(B) the man applies a force of 350 N on the string
(C) net force on the manis 150 N
(D) Net force on the weighing machine is 150 N
8.  Ablock 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 Bis 4 m/s>. (B) Acceleration of A with respect to B is 23 m/s2.
(C) Angle 0 is 60°. (D) Acceleration of A is 243 m/s2.



10.

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

_>F

(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.

A block placed on a rough horizontal surface is pushed with a force F acting horizontally on the block. The

magnitude of Fis increased and acceleration produced is plotted in the graph shown.

a(ny/s’)
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(A) Mass of the blockis 2 kg.

(B) Coefficient of friction between block and surface is 0.5.

(C) Limiting friction between block and surfaceis 10 N.

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

Linked Comprehension Type (3 Para x 3Q.) [3 M (-1)]
(Single Correct Answer Type)

11.

12.

13.

Paragraph for Question no. 11 to 13
A light flatribbon is placed over the top of the triangular prism as shown in figure. Two blocks are placed on
the ribbon. The coefficient of static and kinetic friction between the ribbon and the blocks are pu_and p
respectively. There is no friction between the ribon and the prism. Angle 6 and the masses of the blocks m &
M are given. Assume that M >m and blocks released simultaneously

If there is no slipping between ribbon and block then initial acceleration of the block will be

A gcose[—(M_m)} B g[—(M_m)} C sine[—(Mij)} D sin@[—(M_m)}
@) Mam) ] B vem)] O EF Tmy | P EE )
The tension in the ribbon when there is no slipping will be between ribbon and blocks

A 0 B) u M 0 C 2gsin OmM D gsin 6mM
(A) p,mgcos (B) p,Mgcos O O

Now if we increase the angle 6 then which block starts slipping first on the ribbon
(A)block A (B) block B (C) Simultaneously (D) Can’t say anything



Paragraph for Question 14 to 16
A small block of mass m=1 kg is placed to a plank which moves on a horizontal frictionless surface, as shown
in the figure. The mass of the plank 1s M=4 kg, and its length is L=0.8 m. The coefficient of friction between
the plank and the block is 0.4. [ g = 10m/s?]

L M
wammmmm

14.  What is the least constant force F (in N) with which the plank must be pulled in order to make the block slide

down from it?

(A) 15 (B)20 (©)25 (D) 30
15.  How long doesiit take for the block to slide down if the pulling force is F =3 mg?

(A)03s (B)0.4s (C)05s (D)0.8s
16. Till the instant when the block fell off the plank whatis the work done by the friction on the upper block (in

calorie).

(A) 1.2 (B) 1.5 (C)4.2 (D) 2.8

Paragraph for Question No. 17 to 19
10kg —=F
p=0.1
| Skg |
p-03<  Fig. 1

17. The maximum F which will not cause motion of any of the blocks is

(A)1I0ON (B)I5SN (C) data insufficient (D) None
18. The maximum acceleration of 5 kg block is :-

(A) 1 m/s? (B) 3 m/s? ©)0 (D) None
19. The acceleration of 10 kg block when FF=30N is

(A) 2 m/s? (B) 3 m/s? (C) 1 m/s? (D) None
Matching List Type (4 x 4) 10Q.[3M (-1)]
20.  Ablock of mass m, = I kg another mass m, = 2kg, are placed together (see figure) on an inclined plane with

angle of inclination 0. Various values of 0 are given in List I. The coefficient of friction between the block m,
and the plane is always zero. The coefficient of static and dynamic friction between the block m, and the plane
are equal to u=0.3. In ListIT expressions for the friction on block m, are given. Match the correct expression
of the friction in List IT with the angles given in List I, and choose the correct option. The acceleration due to
gravity is denoted by g. [useful information : tan (5.5°) = 0.1 ; tan(11.5°) 0.2 ; tan (16.5°) = 0.3]

[IIT-JEE-2014]

List-I List-I1
P) 6=5° (1) mgsin6
Q 6=10° (2) (m +m,)gsin0
R) 6=15° (3) um,gcosO
S) 6=20° 4)  wum +m)gcos6
Code :
(A) P-1,Q-1,R-1, S-3 (B) P-2. Q-2,R-2, S-3

(C) P-2,. Q-2,R-2, S-4 (D) P-2,Q-2,R-3,S-3



SECTION-II

Numerical Answer Type Question 2 Q. [3(0)]
(upto second decimal place)

1.

A Tkg block B rests as shown on a bracket A of same mass. Constant forces F/, =20N and F, = 8N 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

50 cm
—

s ]

A

Fl F2

A circular disc with a groove along its diameter is placed horizontally. A block of mass 1 kg is placed as
shown. The co-efficient of friction between the block and all surfaces of groove in contact is
w=2/5. The disc has an acceleration of 25 m/s?. Find the acceleration of the block with respect to disc.

[IIT-JEE 2006]
‘\
a=25 m/s? A‘k

cos 6=4/5
sin 6=3/5

SECTION-1V

Matrix Match Type (4 x 5) 1 Q. [8 M (for each entry +2(0)]

1.

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-I with corresponding acceleration of the block when released in column I1.

| S, S, |

Column-I Column-IT
(A) S, andS, arerelaxed and x =2 cm. P) 6m/s
(B) S, andS, are stretched by I cmand x =2 cm Q) 4m/s?
(C) S, andS, are compressed by 2 cm and x =4 cm R) 3m/s?
(D) S, andS, are compressed by 4 cmand x=1cm (S) 2m/s?
(T 1m/s?

RN NN

Subjective Type 7 Q.[4M (0)]

1.

Two trolley A and B are moving with accelerations a and 2a respectively in the same direction. To an observer
in trolley A, the magnitude of pseudo force acting on a block of mass m on the trolley B is

AR e em2

Block M slides down on frictionless incline as shown. Find the minimum friction coefficient so that 72 does not
slide with respect to M.

»

37°




Three blocks A, B & C are arranged as shown. Pulleys and strings are ideal. All surfaces are frictionless. If
block C is observed moving down along the incline at 1 m/s?. Find mass of block B, tension in string and
accelerations of A, B as the system isreleased from rest.

37°

Two blocks A and B of equal masses are released from an inclined plane of inclination 45° at t = 0. Both the
blocks are initially at rest. The coefficient of kinetic friction between the block A and the inclined planeis 0.2
while it is 0.3 for block B. Initially, the block A is V2 m behind the block B. When and where their front faces
will come ina line. [Take g = 10 m/s?]. [IIT-JEE 2004]

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

(1) Spring 1 is cut (11) Spring 2 is cut

(ii1) String between C and D is cut. (iv) String between B and C'is cut.

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?]




In the figure masses m , m, and M are 20 kg, 5 kg and 50 kg respectively. The co-efficient of friction
between M and ground is zero. The co-efficient of friction between m, and M and that between m, and
ground is 0.3. The pulleys and the string are massless . The string is perfectly horizontal between P, and m,
and also between P, and m, . The string is perfectly vertical between P, and P,.An external horizontal force

F isapplied to themassM. Takeg = 10 m/s?. [IIT-JEE 2000]

Py m,

P, M

my

(1) Draw a free-body diagram for mass M, clearly showing all the forces.

(i) Let the magnitude of the force of friction between m, and M be f, and that between m, and ground be f,.
For a particular F it is found that f, =2 f, . Find f, and f,, . Write down equations of motion of all the
masses. Find F, tension in the string and accelerations of the masses.



ANSWER KEY GR # NLM & FRICTION

SECTION-I
Single Correct Answer Type 6 Q.[3M (-1)]
1. Ans. (C) 2. Ans. (A) 3. Ans. (B) 4. Ans. (B)
5. Ans. (O) 6. Ans. (A)
Multiple Correct Answer Type 4Q.[4M (-1)]
7. Ans. (A,B) 8. Ans. (A,C,D) 9. Ans. (A,B,C) 10. Ans. (A,B,C)
Linked Comprehension Type (3 Para x 3Q.) [3 M (-1)]
(Single Correct Answer Type)
11. Ans. (D) 12. Ans. (C) 13. Ans. (A) 14. Ans. (B)
15. Ans. (D) 16. Ans. (A) 17. Ans. (A) 18. Ans. (C)
19. Ans. (A)
Matching List Type (4 x 4) 1Q.[3M (-1)]
20. Ans. (D)

SECTION-II
Numerical Answer Type Question 2 Q. [3(0)]
(upto second decimal place)
1. Ans. 0.5 s 2. Ans. 10 m/s?

SECTION-1V
Matrix Match Type (4 x 5) 1 Q. [8 M (for each entry +2(0)]
1. Ans. (A) - (S) ;(B) - (S); (C)-(Q); (D) - (T)
Subjective Type 7 Q.[4M (0)]
1. Ans. (ma) 2. Ans. 3/4 3.Ans. My =15kg, T=15,a, =5m/s?, a; =9 m/s?

4. Ans. 2sec and 11.3 mtravelled by A

2 2 2
5. Ans. () a, =g, a, =T a0 =T, =T a0

.. _8 _8 _8
(i)a,=0,a, =34, ac=3T. 4, =T a, = g
(i) a, =0,a, =g V.a. =g T,a,=2g,a, =0

(iv) a, =0,a, =3g i«,ac :37g~1«,al) =37gi«,aE =0

6. Ans. 5 m/s?> downwards, 0 m/s?, 10N

T A_lNl

f,

7. Ans. (i) T " (ii)a=3/5m/s>, T=18 N, F = 60N

v
Mg




PHYSICS GR # NLM & FRICTION
SOLUTIONS
SECTION-I
Single Correct Answer Type 6 Q.[3M (-1)]
1. Ans.(O)

Sol. 840 =60 (10 + a)
840 = 600 + 60a
240 = 60a
4=a

2. Ans.(A)

1 .
S= E(SSIH 45)T* on smooth plane.

2d
gsin45

=1,

on rough plane
a=gsin 45 — ug cos 45°

1 i 1_i
_H—nz = U= 2

3. Ans. (B)

3F
Sol. Fcos37 = M(lOOO—?j Fsin37

F
4 1000 F //, Fcos37

I
5 35 ¥
1000 1000

F



10
q=—
3
4. Ans. (B)
Sol. Tension =T —mg=ma
T=m(g+a)
T=10(10 + 2)
T=10x12=120
Upper support 120 + 80 =200
(80) weight of latter monkey
5. Ans. (O

y
A

Sol.

> X

For equilibrium under limiting friction
mg sin O = p mg cos 0
= tanO=p

3
X

From the equation of surface y = o

d 2
slope = B3 ano
dx 6

X2
:?:pzo.S:x:l

Sol.

Maximum value of friction

f = puN = umgcos6
Now friction is self adjustable force
So we have to claculate resultant of other forces first then apply friction
When P = mgsinf — umgcos0, net force is umgcosd downwards
So f = umgcos0 is acting up the inclined



When P = mgsin6 + umgcos0, net force is pmgcosO upwards

So f = pumgcos0 is acting down the inclined

For values of P between minimum and maximum, friction adjust it's value according to net force
Like for P = mgsin0, net force is zero so f =0

Multiple Correct Answer Type 4Q.[4M (-1)]
7. Ans. (A,B)
Sol. Man N+ T=mg

N+T=500 ... (1)

Weghing machine T=mg+N
T-N=mg ¢
T-N =200 ...(ii)

N + T =500
T —-N =200 yia
2T =700
T =350 H\ltltl
N + 350 =500 me
N =150
Reading 15 kg
T =350
8. Ans. (A,C,D)
Sol. 4cos6-2=0
1 [e]
cos 0 = 5 0 =60
a, =4sin 60 = 2\/§m/s2
TX, -2TX =0 = X =2X,
a, =2a,
a=2x2=4
9. Ans. (AB,O)

AZ|

Ve
e g
—

.}
N
.

¢ Y ——F

Sol. ' <

v ng

Net force by surface is resultant (R) of normal and friction

tan6=f—’= £,
mg
forF > f —umg—img
or F > pumg . 7
1 g
tan6=\/§ :LjGZSOO
mg 3
F m
For F < umg f =F and tan = — < M€

mg mg



tan6<L:>9<30°

V3

(D) For F < umg, 6 depends on m but for F > pumg value of 0 is fixed (= 30°) and does not depend on m
10. Ans. (A,B,C)

Sol. F—f=ma

30-10=mx 10 umg = 10

20 =10m u20 =10

1

m = 2kg =5

block start at force = 10. Limiting friction is 10.
Linked Comprehension Type (3 Para x 3Q.) [3 M (-1)]
(Single Correct Answer Type)
11. Ans. (D)

Sol. No slipping between ribbon and blocks implies ribbon also moving with blocks and blocks and ribbon
have acceleration of same magnitude

N
N

Mgsin6

Mgcos6

As ribbon is massless, net force on it is zero
= f=f=f
by F=ma Mgsin — f =Ma
f— mgsin® = ma
gsin®(M —m)
a= M+m

12. Ans. (O)
Sol. Tension=f

Mg sinG(M - rn)

Mgsin6—f =Ma =

M+m
2Mmgsin 6
g - 2mMesINY
(M + m)
13. Ans.(A)

Sol. As 0 increases = f increases
asvaluef) >f) =
So first m block slip on ribbon
14. Ans. (B)
Sol. Maximum value of frictionf  =(0.4) (1x10)=4N

Ay
h
fe— 1kg
a,
H

F, <— 4kg T—f




15.
Sol.

16.
Sol.

17.
Sol.
18.

Sol.

19.
Sol.

on verge of slippingf=f =4Nanda =a =a

F,—4=4a
4=1a
= a=4andF =20N
Ans. (D)
F,=3x1x10=30N
13
30-4=4a = a = B}
4=1-a,=a =4
a = E—4 Zénl/s2
rel. 2 2
1
w.r.t plank S=ut+ 3 at
O.8=O(t)+l[§jt2
2\ 2
:>t=§=0.8sec.
Ans. (A)
a, =4 m/s’
2
S, =la2t2 =lx4x(é) =gm
2 2 5 25
W=fScosO=4xg=%J
25 25
i =1.22Cal.
In Calorie 25x4.92 a
Ans. (A)
At F = 10N, motion between blocks starts

Ans. (C)

10N
45N

So the block will never move
Ans. (A)

30-10=10a

20=10a

a=2

Matching List Type (4 x 4)

20.
Sol.

Ans. (D)
The system slip down if
(m, +m,) g sin® > pum,gcoso
pm, 0.3x2
>
m, + m, 3
tan 6 > 0.2
=0>11.5°

tan0 >

1Q.[3M (-1)]

N

For P and Q system will remain stationary hence friction = (m, + m,) g sin 0

For R and S system will move hence limiting friction acts friction = um,g cos 6



SECTION-II

Numerical Answer Type Question 2 Q. [3(0)]
(upto second decimal place)
1. Ans.05s
Sol. 31/)‘:20_1624m/s2 —

a = 8_ 8m / s* F=20N plem

B 1 < _TFZ =8N
a,,, =4m/s’ ;I
0.5 =1/2 x 4¢? A |

= lsec =0.5sec
2

2.  Ans. 10 m/s?

masin37°

Sol.

ma cos 37 — pma sin 37 — umg = ma,

25><£—z><25><§—%><10=a0
55 55

20-6-4=90
a, =10 m/s’
SECTION-1V
Matrix Match Type (4 x 5) 1 Q. [8 M (for each entry +2(0)]
1. Ans.(A)-(S);(B)-(S);(C)-(Q);(D)-(T)
m = 2kg
v
Sol. | e
| |
2 2
force = 100 x 100 +100 % 100
4 =2a
a=2
4x1 4
(C) 100 x 100 + 100 x 100
8=2a
a=4

1 1
100x —+100x —
(D) 100 100
2=2a

a=1



Subjective Type

1.

Sol.

2.

Sol.

Sol.

Sol.

7Q.[4M (0)]

Ans. (ma)
Pseudo force = M e X Apcerver
Ans. 3/4
If m notsliding N
a=gsin0
mg — N = mgsin?0 UN<—
N = mg(l — sinze) =mg c0s20 a = gsinOxcosf| mg
uUN = mg sin 0 cos 0 . i
. a, = gsin
T sin© :tanezé 37°
cos20 4
Ans. My =15kg, T=15,a, =5 m/s?, az =9 m/s?
al
6 kg T
= T \I‘m/s2 =a,
3 kg
37 3gsin37°
=18
By string constrain
2Ta +Ta,~Ta, =0
2a, +a,=1 . ¢))
by F=ma
18— T=3x1=>T=15
2T =6a, =a, = 2x15 _ pnsg?

by equation (i) 2(5) +a,=1 =a,=-9
T-mg=ma,= 15-10m=m (-9)
> m=15kg

Ans. 2sec and 11.3 m travelled by A
a, =gsin45—pu, gcos45

ag =g sin 45 — g g cos 45

1 1
aA,B:—(pA—pB)gcos45:0.1><10><ﬁ=$
1, \/— 1 1,
— —at 2=—x—=t
=25 = 2 2
t=2sec
distance by A
1
SA:EaAtZ
1 1 1 02),
— —g(sin45-0.2cos45)t* = =10 =——F= |t
28 =5 5 )



Sol.

(iii)

(iv)

— %XlOLXO.8X4=£ =113 m

N 2
2g

2 2
Ans.()a, =g, g, =" a0, =2 4= g, =0

. g g g
(ll)aA:(), aB=§~L, acng, angT, aE:g\L
(i) @, =0,a, =g V,a. =g T,a,=2g4,a, =0

(iv) a, =0,a, =3g i«,ac :3?gi«,aD =37g¢,aE =0

(1) spring 1 is cut

i, =g+
acceleration of B,C,D are a.
mg—-T =ma

T, -mg-T,=ma T,

T,-2mg =ma

—2mg =3ma mg
28

T3
28 28 28

aB:?T aC:?\L aD:?

a =0

(ii) spring (2) iscut a, =0
all of B.C.D. are let a

= _ 8 = _ 8
3mg-T, =ma aB:E\L aCZET
T,-T,-mg=ma i,=g/37
T,-mg=ma i, =g+
8

-3
String between C & D is cut
a,=0 a, =0 aD:2g~L
let acceleration of B & C
3mg - T, =mg aB:gi aC:gT

T, —mg=ma

Between B & C is cut
a,=0 a
For a,

3mg=ma,

a, = 3gd

acceleration of C & D are (a) (let)
2mg—-T=ma

Il
o



6. Ans. 5 m/s*> downwards, 0 m/s?, 10 N

Sol. 20-T=2a
for sleeve T
10-f=1la,
T = f T
a +a=>5
a=5-a
20-f=2a acceleration objective
10-f=5-a a=5-5=0
10=3a-5 20-T=2x5
a=>5m/s> downwards T = 10N

mg

T
7. Ans. () T " (i)a=3/5m/s>, T= 18N, F=60N

v
Mg

Sol.
f =2f
for bigger block
f —T=20a
F-f =50a T-f =5a
F-2f =50a ()
2f, =T =20a ...(11)
T-f =5a ...(iil)

3
f,=25a=15=25a=a= ang/S

from equation (i) F,-50a=350a
F,=100a=60N

f,=pumg=03x50 T-15=3

=15N T=18N
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