Bl Practice Problems # 8

1.

Which ofthe following statements is most correct?
(A) The normal force is the same thing as the weight.
(B) The normal force is different from weight, but always has the same magnitude.

(C) The normal force is different from weight, but the two form an action-reaction pair according to
Newton’s third law.

(D) The normal force is different fromthe weight, but the two may have the same magnitude in certain
cases.

Which ofthe statements is correct about the weight ofan object and the force ofkinetic friction on that
object?

(A) The weightis always greater than the frictional force

(B) The weight is always equal to the frictional force

(C) The'weight is less than the frictional force for sufficiently light object
(D) The weight can be more or less than the frictional force

Two identical wooden blocks are tied one behind the other and pulled across a rough horizontal
surface. The force required to pull them at constant speed isF. If one block is fixed on the top of other
block then new force required to pull them at constant speed will be approximately :

(A)F/2 (B)F (C) J2F (D) 2F
For Q. No. 4 to 6

A 2kgblock is kept on a rough horizontal surface and is acted upon by a force ‘F’ which varies with
time t as F = 2t, where F is in N and t is in sec.

I'—2t 2 kg
=003
Motion of block starts at
(A)t=0s (B)t=5s (C)t=10s (D)t=15s
Force onthe blockatt=3sis :
(A) 16 N (B)6 N (C)8N (D) 10N

Force on the block att=10s is:
(A)1ION (B)6 N (C)4N (D)20N



What is the minimum value of mass of block A so that B starts moving on rough horizontal surface ?

5 7|-

(5] il
B
=1/
]
(A)1 ke (B) 1.5 ke
(C) 2 ke (D) 2.5 ke

A woodenblock of mass m resting on a roughhorizontal table (coefficient offriction = 1) 1spulled by
aforce F as shown in figure. The acceleration ofthe block moving horizontally is :

F

A Fcos0 5 LFsin 6
) ®

What is the maximum value of the force F such that the block shown in the arrangement, does not
move ?

F .
(C) E(cos B+usin6)—Ug (D)none

|

m= 1-"3_kg

Oy e
60° / 2.5

(A) 20N (B) 10N (C) 12N (D) 15N




[Mlustration 17: In the adjoining figure, the coefficient of friction between the larger block (of mass M) and
block (of mass m) is [1. Find the magnitude of horizontal force F required to keep the block
stationary with respectto larger block.

F M E

Solution : Such problems canbe solved with or without using the concept of pseudo force.
a= accelerationof (wedge + block) in horizontal direction
Non inertial frame of reference (Wedge)
F. B. D. of m with respect to wedge

(real + one pseudo force) Fu
with respect to wedge block is stationary. . N
~ 3 F =0=F |

oy

. mg =N and N =ma

~a=—and F=(M+m)a

= |

_M+m) 2
n




Bl Practice Problems # 9

1.

Consider a blockpressed against a vertical wall as shown. The magnitude of acceleration of block is:

ko
n-0.8 "IN
(A) zero (B) 10/3 m/s’ (C) 10 m/s* (D) 40/3 m/s*

In the givenproblem, the frictional force onblock is:

L-0.23

(A) 20N downward (B) 20 N upward

(C) 30 N upward (D) 30N downward

A cartofmass M has a block of mass m attached to it as shown in the figure. Co-efficient of friction
between the block and cart is L. What is the minimum acceleration of the cart so that the block m does
notfall?

(A) ug (B) we

(C©)g/u (D) none



Car is accelerating with acceleration= 20 m/s”. Abox that is placed inside the car, of mass m = 10kg
is put incontact with the vertical wall as shown. The friction coefficient between the box and the wall
is u=0.6.

u=0.6

(A) The acceleration of the box will be 20m/sec’

(B) The frictionforce acting on the box will be 100N 20m/s

(C) The contact forcebetween the vertical wall and the box will be 100V’§N

(D) Thenet contact force between the vertical wall and the box is only electromagnetic innature.
Ablock of mass 2kg is placed on the floor. The coefficient of static frictionis 0.4. If a force of 2.8
N is applied on the block parallel to floor, the force of friction between the block and floor (taking
g=10m/s?) is

(A) 2.8 N (B) 8N (C) 2N (D) zero

A heavy body of mass 25 kg is to be dragged along a horizontal plane (u = li"‘u'l3). The least force
required is (Take g= 10 m/s?)
(A) 250N (B) 25N (C) 125N (D) 250/N3N




Bl Practice Problems # 10

L.

The frictional force between the blocks is :

“:g_{ 5 ko L3N
N kg
p=0
(A)5N (B)ION (C)8N (D)6 N
The frictional force onblock of mass 2kg is :
=05 =i LON
] ! 2. 2ky —»
20N 3 ki
=0
(A)8N (B)ION (C) 18N (D)6 N

In the arrangement shown in figure, coefficient of friction between the two blocks is p=1/2. The force
of friction acting between the two blocks is :

L, —20N

Prichonless
(A)8N (B) 10N (C)6N (D)4N
Two blocks Aand B of masses 6 kg and 3 kg rest on a frictionless horizontal surface asshown in the
figure. If coefficient of friction between A and B 1s 0.4, the maximum horizontal force which can make
them move without separation is

T

A Gk T
(A)72N (B)40N (C)36N (D)Y20N




Find the accelerations and the friction forces involved :

®

u=0.5 200N
© o

From the figure shown, find out acceleration of 3kg block.

(A) 7m/s? (B) 10 n/s* (C) 10/3 m/s? (D) none of these

In the above question if the external force is applied on 3kg block, then acceleration of the 3kg block
willbe:

25
(A)40/3 m/s? B)2 3 m/s? (C) 35/3 m/s? (D) none of these

The coefficient offriction between 4kg and Skg block is 0.2 and between 5kg block and ground 1s 0.1
respectively. Choose the correct statements :

: i3
Qp 5 kg F
(A) Minimum force needed to cause system to move is 17N

(B) When force is 4N static friction atall surfaces is 4N to keepsystem atrest
(C)Maximum acceleration of 4kg blockis 2m/s?

(D) Slipping between 4kg and Skgblocks starts when Fis 17N




Bl Practice Problems # 11

1.

A system of masses is shown inthe figure with masses and coefficients of friction indicated. Find the
minimum force F required

(a) to start slipping at any surface
(b) to start slipping between Band C

(c) to start slipping between A and B

A system of masses is shown in the figure with masses and coefficients of friction indicated. The
maximum value of F for which there isno slipping anywhere.

(A)S0ON (B) 100N (C)80ON (D) none of these
In the above question, the minimum value of F for which B slides on C

(A) 100N (B) 1125 N (C) 115N (D) 117.5N

In the questionno, the minimum value of F for which A slips onB.

(A)125N (B) 150N (C) 175N (D) 180N

A system of masses is shown in the figure with masses and coefficients of friction indicated. The
frictional force betweenA and Bis:

(A)IN (B)2N (C)3N (D)4N
In the above question, frictional force between B and C is :
(A)ZN (B)4N (C)6N (D)8N

Three blocksA, B and C of equal mass mare placed one over the other on a smooth horizontal table
as shown in figure. Coefficient of friction between any two blocks A, B and C is 1/2. The maximum
value of mass ofblock D so that the blocks A, B and C more without slipping over each other is

Erichionless

(A)6m (B)5m (C)3m (D)4 m




Bl Practice Problems # 12

The tensionin string is
u—3/4 E
3HrE
75 75
(A)25N (B) [T’ﬁ -25 (€) T‘@ N (D) zero

A block placed on a rough inclined plane of inclination (6 = 30°) can just be pushed upwards by
applying a force F as shown. Ifthe angle of inclination ofthe inclined plane is increased (to 8 =60°), the
same block can just be prevented from sliding down by applicationofa force of same magnitude. The
coefficient of friction between the block and the inclined plane is

4]
J3+1 2.3 -1 J3-
(A) ﬁ—tl (B) H (C) ﬁ (D) none of these

The frictional force acting on 10kg block is

(A) 10 N down the plane - (B) 40 N up the plane
(C) 10 N up the plane (D) None

A block of mass 5kg and surface area 2m” just begins to slide down an inclined plane when the angle
ofinclination is 30°. Keeping mass same, the surface area ofthe block is doubled. The angle at which
this starts sliding down is

(A)30° (B) 60° (C) 15° (D) none

The force F| that is necessary to move a body up an inclined plane is double the force F, that is
necessary to just prevent it from sliding down, then :

(A)F,=wsin(8-¢)secd  (A)F, =wsin(6-9)secd
(C)tan p=3 tan O (D) tan 6 =3 tan ¢
where ¢ =angle of friction

0 = angle of inclined plane

w = weightof the body




The value (s) of mass mfor which the 100g block remains in static equilibrium is

(A)35g (B)37¢ (C)83¢ (D)80g

In the figure shown below the friction between the 4kgblock and the incline as |1, and between 8kg
and incline is |. Calculate the accelerations of the blocks when (a) i, =0.2 and 11, =0.3 (b) 1, = 0.3
and |1, = 0.2. (take g =10 m/s?)

Ablock ofmass 16kg is resting on arough inclined plane as shown in figure. The block is tied up by a
a horizontal string which has a tension of 5ON. The coefficient of friction between the surfaces of
contact is (g= 10 m/s?)

i50 hOI‘l_Z ontal

(A) 172 (B) 2/3 (C)3/4 (D) 1/4




Solved Example E

1. Three equal weights A, B and C each of mass 2 kg are hanging on a string passing over a fixed
frictionless pulley as shown in figure. The tension in string connecting Band C is

&5

2] [B]
L]
(A) zero (B)13 N (C)33N (D)19.6 N
Ans. (B)
Solution.
For mass C, resultant forceon C=2g—T,
2g-T,=2a (1)
Formass B,2g+T,- T, =2a -(i1)
FormassA, T ,—2g=2a ..(iii)
Adding (1), (i) and (iii)
g g
a="===
6 3
Tension, T, =2g—2a= zg_?_?g
_4g_4x98
3 3

Answeris (B)




2. Aropeoflength Lis pulled by a constant force F. What is the tension in the rope ata distancex from
one end where the force is applied?

FL F(L -x
&)= B) "=
FL X
© Ty O T %
Ans. (B)
Solution.

P

===

Let AB be a string of length L. Let F be the force pulling the rope to the right. 2 .
~Lo®

M
Mass per unit length of rope = i where M is the total mass.

Let Pbe a point at a distance x from B. If T is the tension in the rope at P then for the part AP, the

tension istowards right while for the part PB it is towards left. If a is the accelerationproduced in the

rope, then for part PB
F-T=mass of PB x a

3. With what acceleration ‘a’ should the box in the figure descend so that a body of mass M placed in it

Mg
exerts a force T“ on the base of the box?

Box
la
A2 B) £ OF- D) £
OF ®) = © 3 @)
Ans. (4)
Solution.
If the box is accelerated downwards, from the frame outside the elevator, equation ofmotion can be
written as
Mg-N=Ma
M.
Here, N= —£
4
_3e
= a= 1

Answeris (A)




4. An elevator weighing 6000 kg is pulled upward by a cable with an acceleration of 4.9 m/s’. The
tension in the cable is(Take g= 9.8 m/s?)

(A) 6000 N (B) 6000 gN (C)9000 N (D) 9000 gN
Ans. (D)
Solution.

For the elevator

T — 6000g = 60002 = 6000x =

T =29000 gN
Answeris (D)

3. Two bodies of masses m, and m, are connected by a light string passing over a smooth light fixed
pulley. The acceleration of the system isg/7. The ratio of their masses is
(A)7:1 (B)7:2 (C)4:3 (D)4:5
Ans. (C)
Solution.
1, — 1, g
a= g ==
m,; +1m, 7

6m1 = 8m,
my . 4
or; m, 3

Answer is (C)




. . . 1 .
Since the body starts from rest, the distance is equal to Eﬂt .

A mass of 0.5 kg is just able to slide down the slope of an inclined rough surface when the angle of
inclination is 60°. The minimum force necessaryto pull the mass up the incline along the line of greatest

-2 2_ 8 q_ el
Thus, S= thl ﬁ(l wt
—u tio1
Given 2 =Ntj——=—7=—
ty m
=
-
Answeris (A)
8.
slope is (g=10m/s%):
(A)20.25N (B) 8.65N
Ans. (B)
Solution.

Acceleration down the plane = g(sina — pucosa)=0

So, it is given that tano = tan60°

=u=.3

Minimum force necessary = mg(sina + pcosa) =0.5 x 10[

Answer is (B)

(D) IN

+ﬁ%}=5\f§=8.66N




6. A blockcanslide on a smooth inclined plane of inclination 8 kepton the floor ofa lift. When the lift is
descending withretardation, a m/s” the acceleration of the block relative to the incline will be
(A) (g—a)sind (B)(g+ a)sind (C) gsind (Mg—a
Ans. (B)
Solution.
V_‘:’hen the liftis descending with a retardation of am/s’ it is equivalent to an upward acceleration of a m/
s
Hence, total acceleration on the lift floor=(g + a)
Hence, acceleration of block relative to incline = (g +a) sinf
Answeris (B)
7. A given object taken n times as much time to slide down a 45° rough incline as it takes to slide down
a perfectly smooth 45°. The coefficientof kinetic friction betweenobject and incline is given by
-n n 1-m n
Ans.  (4)
Solution.

. . . . g
Acceleration withoutfriction= gsm o = ﬁ

. .. .. - g
With friction, the acceleration is g(sin o —pcosa) = ? 1-w)




10.

Ans.

Solution

Ars.

Given that mass of A is 100 kg and that of B is 140 kg. Pulleys are smooth and friction coefficient
between A and B and between B and horizontal surface is u=0.3(g= 10 m/s*). The maximum value
of mass of block C so thatneither A nor B moves is :

5

B

(A)210 kg (B) 190 kg (C) 185 kg (D) 162 kg
(D)

Maximum friction thatcan be obtained between A and B is
f = um,g=(0.3)(100)(10) = 300N

and maximum friction between B and ground is

f,=p(m, +my)g=(0.3)(100+ 140)(10)= 720 N
Drawing free body diagrams of A, B and C in limiting case
Equilibrium of A gives
T,=f =300N (1) [ I

. T', .
Equilibrium of B given I ; ;@_"

2T, +1£,+£=0

2
i

or T, = 2(300) + 300+ 720 = 1620 N ...(2)
and equilibrium of C given
m.g=T, or 10m_ = 1620 or m_.=162kg
Answer is (D)

A block ofmass m=2kg is resting on a rough inclined plane ofinclination 30° as shownin figure. The
coefficient of friction between the block and the plane is m =0.5. What minimum force F should be
applied perpendicular tothe plane on the block, so that block does not slip on the plane (g= 10m/*)?

(A) zero (B)6.24N (C)2.68N (D)4.34N
©




Solution
Since mgsin30° > umgcos30°

the blockhas atendency toslip downwards. Let F be the minimum force applied on it, so that it does
not slip. Then

N=F + mgcos30°

. mgsin30° =puN = u(F + mgcos30°)

_ mgsin 30° . @a0)/2) NE
or F—T—mgcosw —T—(Ej(lﬁ)[?)l

or F=20-1732=2.68N
Answeris (C)




- O 2.0) 3.8) 4.(B)
5. (B) 6. (A) 7.(C) 8.(C)
9 A)
PP-9
1. (A) 2. (A) 3. (© 4. (A)(B)(O)(D)
5. (B) 6. (C)
PP-10
1. B) 2. B) 3.4 4. (C)
5. (a)a, =3ms*,a,=0,f, =0,£=0 () a, = 1ms™~, a =0, f, =25N,f =25N

(¢) f, = 35m/s>, a_ = 0,f, =25N, £, =25N

(d)a, = 13ms?, a_ =0, f, = 25N, £, = 25N

6. D) 7. (B) 8. (C)

PP-11

1. (a) 5N (b) 15N (c) 35N 2. (A) 3. B)
4. B) 5. (B) 6. (C) 7. (C)
PP-12

1. D) 2. (C) 3. (C) 4. (A)
5. (A) 6. (A) 7. B)

8. (a) 2.4m/s” both (b) 3.2 m/s?, 2.4 m/s’

9. (A)



