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o Laws of friction ~«~
o Rolling friction/




BROFESSOR ANALYSIS pifficulty Level : EASY

Difficulty Level : MEDIUM
Difficulty Level : HARD




TopICS ;.......s

@ Part6 —pmarna buribaathai. (-

|
Part 7 - Approaches in Friction ( {oONA ) | y
Part 8 - Friction in connected bodies / > ol
@ Part 9 — Multiple Block System y 74
Z

Part 10 - Theory based question and AR/

@ Part 11 = PUPPY POINTS and Revision
—_—







1.1Components

ugiﬁg O—
O
a(@n0Q
O- AUy
[ N
A51hg

asa @




1.2 Jadugar SIN COS Complement

/ b, - /
) =
/ e / fwv
haa! Bora s






















2.1 Normal kya hai
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Difficulty Level: Easy

QUESTION-01 )

NJ
Calculate value of Normal
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Difficulty Level : Easy /’@

QUESTION-02 ) ( QUESTION-03 ) QY

Calculate value of Normal Calculate value of Normal
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Difficulty Level: Easy

QUESTION-02 ) ( QUESTION-03 )

Calculate value of Normal Calculate value of Normal




Difficulty Level: Easy

QUESTION-04 )

Calculate value of Normal N ' F;
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Difficulty Level : Easy

QUESTION-05 ) ( QUESTION-06 )

Calculate value of Normal Calculate value of Normal
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Difficulty Level : Easy /’®

QUESTION-05 ) ( QUESTION-06 ) \ Y

Calculate value of Normal Calculate value of Normal
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Difficulty Level : Easy @

~ QUESTION-07 ) ( QUESTION-08 ) QLY

Calculate value of Normal Calculate value of Normal
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Difficulty Level : Easy /’®

QUESTION-09 ) ( QUESTION-10 ) \ Y

Calculate value of Normal Calculate value of Normal




QUESTION-T1 )

Calculate value of Normal

Difficulty Level : Easy
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Difficuity Level : MEDIUM /’@

QUESTION-12 ) :g%‘ ( QUESTION-13 ) QLY

Calculate valgs%Normal Calculate value ofmgrmal
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Difficulty Level : HARD

QUESTION-14 ) ( QUESTION-15 )

Calculate value of Normal : Calculate value of Normal
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QUESTION-14 ) { QUESTION-15 )

Calculate value of Normal
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3.1 Why Frlctly jc B er'i Jboy/




3.2 Types of friction

Frudtion(F)

Static Friction s
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3.2 Types of friction e

(@
Static Friction /7 D\ _
W Self - adjusting Force /
¥ Equal to applied force

% No motion only tendency of motion /

¥ Object atrest / W £
W Slope of graph of F-fris 1 or 45°

> 7
Limiting Friction
¥ Maximum static friction

W Object just about to move

W Force required to start motion
e g—— — -:.__________________,--"0-

Kinetic F rictionm /

MoV

W Object is moving with constant velo?r

ml————

¥ Object is moving with acceleration
e —



Difficulty Level : Easy /’@

Which of the following is a self adjusting force? [NCERT Based]

Static friction /

Rolling friction

Sliding friction

®®OO®OO

Dynamic friction



Difficulty Level : Easy /’®

QUESTION-17 ) QUY

3
Mark the correct statements about the friction between two bodies.
[HCV Objective]

g&aﬁc friction is always greater than the kinetic friction.
@ Coefficient of static friction is always greater than the coefficient of kinetic friction.
@ Limiting friction is always greater than the kinetic friction.

@ Limiting friction is never less than static friction.



3.3 Calculation of friction







Difficulty Level : MEDIUM /’@

A block is placed on a rough floor and a horizontal force F is applied on it. The
force of friction f by the floor on the block is measured for different values of £
and a graph is plotted between them. [HCV Objective]

/£ L7 R

@ The graph is a straight line of slope 45°¢<

@ The graph is a straight line parallel to the F-axis.)< / =)

The graph is a straight line of slope 45° for small F and a straight line

parallel to the F-axis for large F.
= _-__-—_'___————-_

@ There is no small kink on the graph.



3.4 nDependson

Friction Coefficient p Depends on

—

"Nature of Surfaces Surface Roughness
Temperature _— Presence of Lubricants
Wetting

Cautact Area(Wh 1y, ricton ntact area) redbwgrti-facond
Friction Depends on Sﬂ lexbus

All the above +

Normal Force ., -
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Difficulty Level : Easy /’@

Identify the correct statement. INCERT Based] Y

Static friction depends on the area gleo%@

Kinetic friction depends on the area of conta

Coefficient of static friction does not depend on the surfaces in contact. ><
, e :

Coefficient of kinetic friction is less than the coefficient of static friction.\/
%
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3.5 Rolling Friction
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3.6 Friction — necessary evy

GOOD
ﬁé—l—kjng and Running
Vehicle Control g/

Writing /

Holding Objects

EVIL -
= P
Energy Loss

Wear and Tear //
Reduced Efficiency /
Heat Generation

Noise cn_,/

Friction is a &uble-edged sword, éplaying vital roles in our everyday life while also presenting

chauen& e




3.7 How to reduce friction

=

Lubrication: Applying lubricants like oil or grease between surfaces.

Using Rollers or Ball Bearings: Replacing sliding motion with rolling motion.

p—

Smoothening Surfaces: Polishing or using materials with smoother surfaces. ,
r friction

SG_eamlining*Shapes: Designing objects with aerodynamic shapes to reduce ai

Using Advanced Materials: Employing materials like Teflon or other low-friction coatings.




3.8 Friction Directions
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Difficuity Level : MEDIUM /’@

A girl press her physics text book against a rough vertical wall with her hand.
The direction of the fnctlonal force on the book exerted by the wall is

INCERT Based]
@ downwards

@ upwards /
@ out from the wall
@ into the wall




Difficuity Level : MEDIUM /’@

Consider the situation shown in figure. The wall is smooth but the surfaces of A
and B in contact are rough. The friction on B due to A in equilibrium [HCV Objective]

@ is upward
@ is downward “ F
@ is zero /

the system cannot remain in equilibrium




Difficuity Level : MEDIEM /’@

S

Consider a vehicle going on a horizontal road towards ea eglect any force by the
air. The frictional forces on the vehicle by the road can never be

[HCV Objective]
@ IS towards east lf the vehicle is acceleratin —F WV Q
@ is zero if the vehncle 1s moving with a uniform velocnti// "

| @ must be towards eas)( % o
@ may be towards west / ( l ?j }
8
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2.9 Friction & Relative Motion

¥ Friction force is contact force which acts \/

W parallel to contact surface or tangential direction

¥ It opposes relative motion or tendency of relative motion
3 e )5""*11‘(\

W It may support motion A

¥ It may oppose motion v

¥ It always opposes relative motion "
e e —

-____,/ ==



Difficuity Level : MEDIUM /’@

Which one of the following statements is incorrect? [2018]

oJ.
@ Frictiond@s force opposes the relative motio::/

J
@ Limiting value of static friction is directly proportional to normal reaction
e P
@ Rolling friction is smaller than sliding friction \/ J( = )‘s I\/
L

@ Coefficient of sliding friction has dimensions of length

i \p%oliwm‘imﬂmx
S




Difficulty Level : Easy /’@

Which one of the following can also act as a lubricant in the machines? //
INCERT Based]

[ron fillings X

@ Pollsh on machines ’\/
@ Flow of water through the machin;(

@ Flow of compressed and purified air.?<










4.1 Cone of Friction
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Let F, Fy and f denote the magnitudes of the contact force, normal force and

the friction exerted by one surface on the other kept in contact. If none of these

IS zero f C Wvﬂ“ﬁ) [HCV Objective]

Difficulty Level : HARD IPF=
QUESTION-26 ) _F” . @
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Difficulty Level : HARD /@

Which of the following statements is correct about friction? [INCERT Based]

®

©

®
®

The coefficient of friction between a given pair of substances is largely
independent of the area of contact between them.

The frictional force can never exceed the reaction force on the body from /
the support surface.

Rolling friction is only slightly smaller than sliding friction.)< .

<

The main source of friction is the irregularity of the surfaces in contact)



Difficulty Level : HARD /@

In a situation the contact force by a rough horizontal surface on a body placed on it
has constant magnitude. If the angle between this force and the vertical is decreased,
the frictional force between the surface and the body will [HCV Objective]

\___;_______===——-—_
l
increase {jjj;ﬁﬁﬁ?#
3

remain the same

@ may increase or decrease



Difficulty Level : HARD @

UESTION-29 )
Q i QWY

i
While walking on ice, one should take small steps to avoid slipping. This is
because smaller steps ensure [HCV Objective]

@' larger friction
@ smaller friction

@ larger normal force

@ smaller normal force



—ETT % )

A boy of mass M is applying.a horizontal force to slide a box of mass M’ on a
rough horizontal surface. The coefficient of friction between the shoes of the
boy and the floor is p and that between the box and the floor is p'. In which of
the following cases it is certainly not possible to slide the box?  [HCV Objective]

@/p<p',M<M' M | 1 }AL_\_[ <},L'N\
@ u>p, M<M | MMS\(}A"M‘B\

@ u<p,M>M v \ /u' \ EM<P\M\®

@ u>p,M>M' j\ £ f'—‘ . -
Bl




Difficuity Level : MEDIUM /’@

—_—
The contact force exerted by a body A on another body B is equal to the normal(t‘_"g
force between the bodies. Incorrect statement is [HCV Objective]
@ the surfaces may be frictionless /e e

oF == /
@ the force of friction between the bodies is zero / /R: N
. e JC =0)
the magnitude of normal force equals that of friction

@ the bodies may be rough but they don't slip on each other. / 4
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QUESTION-21 ) &7 @%

I\ —
A scooter starting from rest moves with a constant acc eration for a time At,, then

with a constant velocity for the next At, and finally with a constant deceleration for
the next At; to come to rest. A 500 N man sitting on the scooter behind the driver

manages to stay at rest with respect to the scooter without touching any other part.

The force exerted by the seat on the man is [HCV Objective]
S R —

@ 500 N throughout the journey

@ less than 500 N throughout the journey

@ more than 500 N throughout the journey

@7 > 500 N for time At, and At; and 500 N for At,

e

“—
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A block of mass M slides down on a rough inclined plane with constant velocity.
The angle made by the incline plane with horizontal is 6. The magnitude of the

contact force will be: [Main 27 July 2" Shift 2022]
_——
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QUESTION-32

A block of mass M slides down on a rough inclined plane with constant velocity.
The angle made by the incline plane with horizontal is 6. The magnitude of the

contact force will be: [Main 27 July 2" Shift 2022]
——

Comrlon 0 /M
Frak =0
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4.2F ;,to move

¥ Pulling is easier than Pushing
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Difficulty Level : HARD /@
QUESTION-33 ) % \ Y

Which of the following statements is incorrect? INCERT Based]

00006

A cricketer moves his hands backwards while holding a catch.

A person falling from a certain height receives more injuries when he
falls on a cemented floor than when he falls on a heap of sand.

[t is easier to push a lawn mower than to pull it. /

Ty

_

Mountain roads are generally made winding upwards rather than going
straight up.



Difficulty Level : HARD IPF=
QUESTION-34 ) @

A block of weight W rests on a horizontal floor with coefficient of static
friction p. It is desired to make the block move by applying minimum amount of
force. The angle 0 from the horizontal at which the force should be applied and
the magnitude F of the force is: [AIEEE Online 2012]

S










5.1 Limiting Friction nlkalo ),
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Difficulty Level: Easy

QUESTION-35 )

Calculate value of limiting friction

m}
)




Difficulty Level : HARD @

QUESTION-36 ) ( QUESTION-37 ) QY

Calculate value of limiting friction ~ Calculate value of limiting friction

= /\F
N 1
/ |mkg|us ”s
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Difficulty Level: Easy

QUESTION-38 )

Calculate value of limiting friction




Difficulty Level : HARD /@

Calculate value of limiting friction ~ Calculate value of limiting friction

1”\\
3
0,
m kg [H,
ED/
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QUESTION-39 ) (

~ QUESTION-39 ) C
' Calculate value of limiting friction
Calculate value of limiting friction H:O'f
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, QUESTION-39 ) ( PN
QUESTION-39 ) C @
' Calculate value of limiting friction N
Calculate value of limiting friction 0%
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Difficulty Level: Easy

QUESTION-41 ) ( QUESTION-42 )

Calculate value of limiting friction | Calculate value of limiting friction
N

.




Difficulty Level : Easy /’@

Calculate value of limiting friction ~ Calculate value of limiting friction




Difficulty Level: Easy

QUESTION-45 )

Calculate value of limiting friction
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QUESTION-46 ) ( QUESTION-47 ) QY

Difficulty Level : HARD /@

Calculate value of limiting friction =~ Calculate value of limiting friction
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Difficulty Level : HARD @

Calculate value of limiting friction ~ Calculate value of limiting friction
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5.2 Word Problems




Difficuity Level : MEDIUM /’@

Calculate the maximum acceleration of a moving car so that a body lying on the
floor of the car remains statlonary The coefficient of static friction between the
body and the floor is 0.15 (g = 10 ms2). [2023]

@ son =
: B ’”
@ 1.2 ms- i J (o, s \ } Jj

@ S o — 0lSrlo Q
150 ms- _ e
= I‘S"\/S‘e\/ th 'H




Difficuity Level : MEDIUM

QUESTION-51 )

A block of mass 10 kg is placed on rough horizontal surface whose coefficient of
friction is 0.5. If a horizontal force of 100 N is applied on it, then acceleration of

the block will be [Take g = 10 m s7¢] @ L ‘noé ) ) "0 > [NCERT Based]

@ 10 m s2 F\
@ 5m5'2/ : . ’

= = 0-S¥loo=S
N= 100N  F=0-S¢ ;_9:/|\_/___

= o>
@ 0.5 m s™ O D{j = 7——‘\"‘62%5 ““SZ:\



Difficuity Level : MEDIUM /’@

Ny A
The coefficient of static friction between the box and the train’s floor is 0.2. The
maximum acceleration of the train in which a box lying on its floor will remain

stationary is (Take g = 10 m s72%) [NCERT Based]

® nst 079




Difficuity Level : MEDIUM /’@

A block of mass 1 kg lies on a horizontal surface in a truck. The coefficient of
static friction between the block and the surface is 0.6 . If the acceleration of the

truck is 5 m s~2. The frictional force acting on the block is [INCERT Based]
o

(1) 10N re= It A 5
o e 1
Y e /g/\) ‘(L

\C
(3) 25N p=wow Mdﬁ

@ e -f-’L FN—O.(,\;\OE/G% (7’0




Difficuity Level : MEDIUM /’@

A block of mass 2 kg rest on a plane inclined at an angle of 30° with the
horizontal. The coeffici ot:blj;icn'on between the block and the surface i
What will be the maximun}?ﬁ'i‘éﬁfmal force acting on the block?  [NCERT Based]

i
= 1 |5

—

—




Difficulty Level : HARD IPF=
QUESTION-55 ) @

A block of mass M is held against a rough vertical wall by pressing it with a
finger. If the coefficient of friction between the block and the wall is p and the
acceleration due to gravity is g, what is the minimum force required to be
applied by the finger to hold the block against the wall? [INCERT Based]

OF e Afﬂ'“ﬁ
@ Mg f":ﬁ/M ; l !
/7

el




Difficulty Level : HARD IPF=
QUESTION-56 ) @
74

Two blocks A and B of masses 10 kg and 15 kg are placed in contact with each
other rest on a rough horizontal surface as shown in the figure. The coefficient
of friction between the blocks and surface is 0.2. A horizontal force of 200 N is
applied to block A. The acceleration of the system is (Take g = 10 m s72%)

INCERT Based]

M
- o
i




Difficulty Level : HARD IPF=
QUESTION-57 ) @

A block of mass m is in contact with the car C as shown in the figure. The
coefficient of static friction between the block and the cart is p. The
acceleration o of the cart that will prevent the block from falling satisfies:

@ 5 ¢ [Pre-2010]
u
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YODHAN 48
QUESTION-58 ) % @

In order to stop a car in shortest distance on a horizontal road, one should

- = - = - — -
[HCV Objective]
@ apply the brakes very hard so that the wheels stop rotating | h
- %ja%\'f" k‘“ff

%hply the brakes hard enough to just prevent slipping /

@ pump the brakes (press and release) X

@ shut the engine off and not apply brakes )(



Difficulty Level : Easy /’@

L
Two cars of unequal masses use similar tyres. If they are moving at the same
initial speed, the minimum stopping distance [HCV Objective]

@ is smaller for the heavier car

@ is smaller for the lighter car

@ is same for both cars / \

@ depends on the volume of the car



710 N
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QUESTION-60 ) QY
£ e D

The rear side of a truck is open and a box of mass 40 kg is placed 5 m away
from the open end. The coefficient of friction between the box and the surface
below it is 0.15. The truck starts from rest with an acceleration of 2 m s? on a
straight road. At what distance from the starting point does the box fall off the
truck? [NCERT Based]




Difficulty Level : HARD IPF=

o \»

QUESTION-61 )

A bag is gently dropped on a conveyor belt moving at a sp¢ed of|2 m/gl‘he
coefficient of friction between the conveyor belt and bag is|0.4} Initially, thé bag

slips on the belt before it stops due to friction. The distancetravelled by the bag
on the belt during slipping motion, is: [Take g=10m/s? |

[Main 27 July 15t Shift 2022]

@ 2m — 2*_‘:@\&
et




Difficuity Level : MEDIUM /’@

A block B is pushed momentarily along a horizontal surface with an initial
velocity V. If u is the coefficient of sliding friction between B and the surface,

block B will come to rest after a time: [2007]
—— e _,:-:::::—’"—
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6.2 Angle of Rep




Difficulty Level : Easy /’®

QUEST|°N' 63 ) \\_/

A block of mass m rests on a rough inclined plane. The coefficient of friction
between the surface and the block is p. At what angle of inclination 06 of the

plane to the horjzontal will the blo tart to slide down the plane?
@ / [NCERT Based]
O=tap™ pn _

/Jc = 1on©- /
@ 0=cos!pu




Difficulty Level : Easy /’@
QUESTION-64 ) NS

A block A kept on an inclined surfat{e i‘ust hegins to slide if the inclination is 30°%
The block is replaced by another block B and it is found that i‘t_jgst begins to
slide if the inclination is 40°. [HCV Objective]

@ mass. of A > mass of B

/A:"vﬂ‘l?

@ll the three are possible.



Difficulty Level: Easy '
QUESTION-65
:) nw

A block of mass 2 kg is placed on inclined rough surface AC (as shownin figure)
of coefficient of friction p. If g = 10 ms=?, the net force (in N) on the block will
be: [Manipur-2023]

C




Difficulty Level : Easy
QUESTION-66 ) s

A 2 kg bricK begins to slide)over a surface which is inclined at an angle o@
with respect to horizontal axis. The co-efficient of static friction between their

surfaces is: [Main 4th April 2nd Shift 2024]
— ~ =5 ﬂ

@
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Difficulty Level : HARD [P
QUESTION-67 ) @

A heavy uniform chain lies on horizontal e top. If the coefficient z: fgction
between the chain and the table surface i§ 0.25, /then the maximu =) of

the length of the chain that can hang over one edge of the table is: [1991]
O 20w ¥ i
MOJﬁ'ﬂa = JM X'OUZ 2l




Difficulty Level : Easy /’@

The coefficient of static friction, p, between block A of mass 2 kg and the table
as shown in the figure is 0.2. What would be the maximum mass value of block
B so that the two blocks do not move? The string and the pulley are assumed to
be smooth and massless, (g = 10 m/s?): [2004]

@ 0.2 kg LR
%.4 kg B!

2 kg _.
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QUESTION-69 el

_ Quesmion-8 ) P W W
Starting from rest, a body slides down nclined plane im e time it

takes to slide down the same distance in the absence of fricti On—tie cient
of friction between the body and the inclined plane is: [1988]

ok =

E

' /}?ME}C["“L = 48 L=\ = | /=]

@ 0.25 ..:i
@ 0.33 F
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QUESTION-70 W

When a body slidesdown from rest along az smooth )inclined plane making an
angle of 30° with the horizontal, it takes time > 20 5TWhen the same body slides

down from rest- -along a rough inclined slane n making the same angle and
through the same distance, mWhere p is some number greater

than 1. The coefficient of friction between the body and the rough plane is

=20 p @ [NCERT Based%
=4

@r=(-3s re) ® vz




— i

A given object takes n times the time to slide down 45° rough inclined plane as
it takes the time to slide down an identical perfectly smooth 45° inclined plane.

The coefficient of kinetic friction between the object and the surface of inclined
plane is:

[Main 8" April 2" Shift 2024, Main 29 Jan 2" Shift 2023, Main Onlinej
i 2018, AIEEE 2005




—— @

A block is released from the top of an inclined plane of inclination 8. Its velocity
at the bottom of plane is v. If it slides down a rough inclined plane of the same
inclination., its velocity at bottom is v/2. The coefficient of friction is

3cotb/4 &/‘f ‘\\. @ cotb/4
3tan0/4 = )@ :ne/r_\ ~ ’h\'f@/ /
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The minimum force required to start pushing a body up a rough (frictional
coefficient p) inclined plane i@vhile the minimum force needed to prevent it
from sliding down is F,. If the inclined plane makes an angle 6 with the

=
horizontal such thaytan8 = 2|5, yhen the ratio —is [NCERT Based]
. 2
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QUESTION-74 [\j

Consider a block kept on an inclined plane (incline at 45°) 4s shown in the
figure. If the force required to just push it up the incline s 2/times the force
required to just prevent it from sliding down, the coefficient of friction between
the block and inclined plane(p) is equal to: [Main 25" Jan 2" Shift 2023]/.
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7 %
A block is moving on an inclined plane making an angle 45° with the horizontal
and the coefficient of friction is p. 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 defineN=10 p, then Nis| S ) . [IIT-JEE 2011]
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A block of mass 5 kg is placed on a rough inclined surface as shown in the
figure. If F’l is the force required to just move the block up the inclined plane
and F, is the force required to just prevent the block from sliding down, then

the value of IF'II - ‘le is [Use g = 10 m/s?] [Main 315t Jan 2™ Shift 2024]

Ysans gapmged
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The upper half of an inclined plane of inclination 0 is perfectly smooth while
lower half is rough. A block starting from rest at the top of the plane will again

come<to rest at the bottom if the coefficient of friction between the block and
lower half of the plane is given by [2013]
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An insect crawls up a hemispherical surface very slowly (see figure) The
co-efficient of friction between the insect and the surface is 1/3. If the line
joining the center of the hemispherical surface to the insect makes an angle
with the vertical, the maximum possible value of a is given by: [IIT-JEE 2001]

%a: 3 P\ >,
ﬂ.&: bondd — |

@ coseca = 3
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QUESTION-79 ) —_— N W

A block of mass m is placed on a surface with a vertical cross section given by
m If the coefficient of friction ithe maximum height above the
oround at which the block can be placed without slipping is:
_—
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Difficulty Level : HARD IPF=
QUESTION-85 ) @

A system consists of three masses m,, m, and m, is connected by a string
passing over a pulley P. The mass m, hangs freely and m, and m, are on a rough
horizontal table (the coefficient of friction = p). The pulley is frictionless
and of negligible mass. The downward acceleration of mass m, is: (Assume

m; =m, =My =m) [2014] /
@ g(1—gu) 7
9

2
@ 7
@8(1—%)
3
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Difficulty Level : HARD @

QUESTION-86 )
'\

7
Calculate the acceleration of the block and trolly system. shown in the figure.

The coefficient of kinetic friction between the trolly and the surface is 0.05.
(g = 10 m/s? mass of the string is negligible and no other friction exists).

[Covid- zozo]j
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QUESTION-87 ) —— @

|

A block A of mass m, rests on a horizontal table. A light string connected to it
passes over a frictionless pulley at the edge of table and from its other end
another block B of mass m, is suspended. The coefficient of friction between
the block and table is p,. When the block A is sliding on the table, the tension in

the string is: - ——  [2015]

(mz — wemy)g gmlmz(l + Uk)g /

(my + my) (my + m,)

mymy(1 — pg)g (m; + uyemy)g
(ml + mZ) (m1 = mz)




Difficulty Level : HARD P~
QUESTION-88 ) @

A trolley of mass 20 kg is attached to a block of mass 4 kg by a massless string
passing over a frictionless pulley as shown in the figure. If the coefficient of
kinetic friction between trolley and the surface is 0.02, then the acceleration of
the trolley and block system is (Take g = 10 m s72) [NCERT Based]




Difficulty Level : HARD IPF=
QUESTION-91 ) @

e

-
A block of mass 40 kg slides over a surface, when a mass of 4 kg is suspended
through an inextensible massless string passing over frictionless pulley as
shown below. The coefficient of kinetic friction between the surface and block

is 0.02. The acceleration of block is. (Given g = 10 ms2)
—_—— e

[Main 29" June 2™ Shift 2022]
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In the given arrangement of a doubly inclined plane V two blocks of masses M
and m are placed. The blocks are connected by a light string passing over an
ideal pulley as shown. The coefficient of friction between the surface of the
plane and the blocks is 0.25. The value of m, for which M = 10 kg will move

3
down with an acceleration of 2 m/s” is (Take g = 10 m/s” and tan 37° = Z)

[Main 315 Jan 15 Shift 2024]
@ 6.5 kg —_—

& 37
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QUESTION-93 )

chk max for which blocks will move together]
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QUESTION-93 )

ch{ max for which blocks will move together]




Difficulty Level: Easy

QUESTION-94 )

Find F

. fOr which blocks will move together.

@ 1{ EL—J S i BSON N: S_D
2 \ )QOH ( | O 1 FL_ 0-5%$0
g |6 j: 325;/‘/
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QUESTION-96 )

Find F

. fOr which blocks will move together.
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QUESTION-99 )

In figure, the coefficient of friction between the floor and the block B is 0.1. The
coefficient of friction between the blocks B and A is 0.2. The mass of A is m/2
and of B is m. What is the maximum horizontal force F which can be applied to
the block B so that two blocks move together? [NCERT Based]




- D

If 100 N force is applied to 10 kg block as shown in diagram, then acceleration
produced for slab: [1999]




S /@

A boy of mass M is applying a horizontal force to slide a box of mass M’ on a
rough horizontal surface. The coefficient of friction between the shoes of the
boy and the floor is p and that between the box and the floor is p'. In which of
the following cases it is certainly not possible to slide the box?  [HCV Objective]

o



Difficulty Level : HARD

QUESTION-102 )

A system of two blocks of masses m = 2 kg and M = 8 kg is placed on a smooth
table as shown in figure. The coefficient of static friction between two blocks is
0.5. The maximum horizontal force F that can be applied to the block of mass M
so that the blocks move together will be: [Main 27 June 15t Shift 2022]

K m |
@ 2.4 l‘l‘l‘I'ITI:'AﬂHHHH :




Difficulty Level : HARD @

The coefficient of static friction between two blocks is 0.5 and the table is
smooth. The maximum horizontal force that can be applied to move the blocks
together is \ [Main 26 Aug 2" Shift 2021]

Table l1kg| P~ 0.5

N\ 2kg F










Difficulty Level : Easy

QUESTION-104 )

A block has been placed on a inclined plane with the slope angle 0, block slides
down the plane at constant speed. The coefficient of kinetic friction is equal to:

[1993]
@ sin O \/
cos 0

@tane\/
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QUESTION-106
i s/ N

A heavy box of mass 50 kg is moving on a horizontal surface. If co-efficient of
kinetic friction between the box and horizontal surface is 0.3 then force of
kinetic friction is: [Main 5% April 2™ Shift 2024]

/

1470 N

1.47 N

147 N

CXOXOXC

14.7 N



Difficuity Level : MEDIUM /’@

A block of mass 5 kg is placed at rest on a table of rough surface. Now, if a force
of 30 N is applied in the direction parallel to surface of the table, the block
slides through a distance of 50 m in an interval of time 10 s. Coefficient of
kinetic friction is (given, g = 10 ms=2): [Main 15 Feb 1% Shift 2023]



\$ in \r ™y 40
QUESTION-105 ) Q——; 10+ M} ﬁamLL

A plank with a box on it at one end is gradually raised about the other end. As

the angle of inclination with the horizontal reaches 30°, t@f%ﬁMP
and slides 4.0 m down the plank in 4.0 s. The coefficients of static and kinefic
friction between the box and the plank will be, respectively: [Re-2015]

(1) o4ando3 _agel o\ 0.5 =D
( : ) 0.6 and 0.6 & Lol .:,__0.3
. ‘

9‘
@ osandos & 48) |y S
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QUESTION-108 (Assertion and Reason) )

Assertion: Friction opposes relative motion and thereby dissipates power in
the form of heat.

Reason: Friction is always an undesirable force.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC



QUESTION-109 (Assertion and Reason) )

Assertion: On a rainy day;, it is difficult to drive a car or bus at high speed.

Reason: The value of coefficient of friction is lowered due to wetting of the
surface.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC
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QUESTION-110 (Assertion and Reason) ) @

Assertion: Static friction is a self-adjusting force upto its limit p, N where p is
the coefficient of S static friction.

Reason: One can use the equation f, = u. N only when the maximum value of
static friction comes into play.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

®HOO®OO






QUESTION-112 (Assertion and Reason) )

Assertion: On a rainy day;, it is difficult to drive a car or bus at high speed.

Reason: The value of coefficient of friction is lowered due to wetting of the
surface.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC



QUESTION-113 (Assertion and Reason) )

Assertion: When a bicycle is in motion, the force of friction exerted by the
ground on the two wheels is always in the for- ward direction.

Reason: The frictional force acts in the direction of motion of the bicycle.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC



QUESTION-114 (Assertion and Reason) )

Assertion: Angle of repose is equal to angle of limiting friction.

Reason: When the body is just at the point of motion, the force of friction at
this stage is called limiting friction.

@ If both A and R are true and reason is the correct explanation of assertion.
@ If both A and R are true but reason is not the correct explanation of assertion.
@ If assertion is true but reason is false.

@ If both assertion and reason are false.



QUESTION-115 (Assertion and Reason) )

Assertion: Friction is a self-adjusting force.
Reason: does not depend upon the mass of the body.

@ [f both A and R are true and reason is the correct explanation of assertion.
@ If both A and R are true but reason is not the correct explanation of assertion.
@ [f assertion is true but reason is false.

@ [f both assertion and reason are false.



QUESTION-116 (Assertion and Reason) )

Assertion: Pulling a lawn roller is easier than pushing it.
Reason: Pushing increases the apparent weight and hence the force of friction.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC



QUESTION-117 (Assertion and Reason) )

Assertion: The value of dynamic friction is less than the limit- ing friction.
Reason: Once the motion has started, the inertia of rest has been overcome.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC
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QUESTION-118 (Assertion and Reason) ) @

Assertion: When two surfaces are highly polished, the coefficient of friction
between them increases.

Reason: When two surfaces are highly polished, intermolecular forces come
into play and increase friction,

If both A and R are true and reason is the correct explanation of assertion.

If both A and R are true but reason is not the correct explanation of assertion.

If assertion is true but reason is false.

00006

If both assertion and reason are false.



QUESTION-119 (Assertion and Reason) )

Assertion: Coefficient of friction can be greater than unity.

Reason: Force of friction is dependent on normal reaction and ratio of
frictional force and normal reaction cannot exceed anity.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC



QUESTION-120 (Assertion and Reason) )

Assertion: Coefficient of friction can be greater than unity.

Reason: Force of friction is dependent on normal reaction and ratio of
frictional force and normal reaction cannot exceed anity.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC



QUESTION-121 (Assertion and Reason) )

Assertion: In tug of war, the team which presses ground hard has probability
to win.
Reason: The team which presses ground hard has less frictional force.

@ If both A and R are true and reason is the correct explanation of assertion.
@ If both A and R are true but reason is not the correct explanation of assertion.
@ If assertion is true but reason is false.

@ If both assertion and reason are false.



QUESTION-122 (Assertion and Reason) )

Assertion: If a body on a rough surface has acceleration in the forward
direction, it may experience frictional force in the forward direction.

Reason: Motion is in the direction of acceleration.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC



QUESTION-123 (Assertion and Reason) )

Assertion: Friction force between tyres and road is independent of normal
speed of automobile.

Reason: Coefficient of friction is independent of normal speed.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC



QUESTION-124 (Assertion and Reason) )

Assertion: Force of friction always opposes relative motion.
Reason: Friction force is a contact force.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC



QUESTION-125 (Assertion and Reason) )

Assertion: Frictional forces are conservative forces.
Reason: Potential energy can be associated with frictional forces.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.

If assertion is true but reason is false.

CLOXOXC

If both assertion and reason are false.



QUESTION-126 (Assertion and Reason) )

Assertion: It is difficult to move a cycle along the road with its brakes on.
Reason: Sliding friction is greater than rolling friction.

@ If both A and R are true and reason is the correct explanation of assertion.
@ If both A and R are true but reason is not the correct explanation of assertion.
@ If assertion is true but reason is false.

@ If both assertion and reason are false.



QUESTION-127 (Assertion and Reason) )

Assertion: A massless inextensible string passes over a frictionless light pulley.
The tension on both the sides of the string will be different.

Reason: The acceleration of the blocks connected to both the ends of strings is
different.

@ If both A and R are true and reason is the correct explanation of assertion.
@ If both A and R are true but reason is not the correct explanation of assertion.
@ If assertion is true but reason is false.

@ [f both assertion and reason are false.



QUESTION-128 (Assertion and Reason) )

Assertion: Static friction is a self-adjusting force.

Reason: The direction of static frictional force is opposite to the tendency of
relative motion.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC



QUESTION-129 (Assertion and Reason) )

Assertion: Practically, force is required to make a body move with uniform
speed along a straight line on a surface.

Reason: Force of friction has to be neutralised.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC



QUESTION-130 (Assertion and Reason) )

Assertion: A car accelerates forward because of the force of friction.

Reason: Engine converts heat energy into useful work which rotates the
wheels.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC



QUESTION-131 (Assertion and Reason) )

Assertion: Proper use of lubricants cannot reduce inertia.
Reason: Proper use of lubricants reduces friction.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC



QUESTION-132 (Assertion and Reason) )

Assertion: Value of frictional force as seen from an inertial frame for a pair of
solids, may change if it is observed from a non-inertial frame.

Reason: Coefficient of friction u depends on the frame of reference.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC



QUESTION-133 (Assertion and Reason) )

Assertion: Friction may help in the motion of a body.
Reason: Friction is an electromagnetic force.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC
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QUESTION-134 (Assertion and Reason) ) @

Assertion: When two surfaces are highly polished, the coefficient of friction
between them increases.

Reason: When two surfaces are highly polished, intermolecular forces come
into play and increase friction,

If both A and R are true and reason is the correct explanation of assertion.

If both A and R are true but reason is not the correct explanation of assertion.

If assertion is true but reason is false.

00006

If both assertion and reason are false.



QUESTION-135 (Assertion and Reason) )

Assertion: Wheels of automobiles are made circular in shape.
Reason: Rolling friction is the least among all type of frictions.

@ If both A and R are true and reason is the correct explanation of assertion.
@ If both A and R are true but reason is not the correct explanation of assertion.
@ If assertion is true but reason is false.

@ If both assertion and reason are false.



QUESTION-136 (Assertion and Reason) )

Assertion: Without friction between our feet and the ground, it will not be
possible to walk.

Reason: Frictional force is necessary to start motion.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC



QUESTION-137 (Assertion and Reason) )

Assertion: Force is required to move a body uniformly along a circle.
Reason: When the motion is uniform, acceleration is zero.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC



QUESTION-138 (Assertion and Reason) )

Assertion: Linear momentum of a body changes even when it is moving
uniformly in a circle.

Reason: In uniform circular motion, velocity remains constant.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC



QUESTION-139 (Assertion and Reason) )

Assertion: Linear momentum of a body changes even when it is moving
uniformly in a circle.

Reason: Force required to move a body uniformly along a straight line is zero.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC
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QUESTION-140 (Assertion and Reason) ) @

Assertion: If the speed of a body is constant, the body can have a path other
than a circular or straight line path.

Reason: It is not possible for a body to have a constant speed in an accelerated
motion.

[f both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
[f assertion is true but reason is false.

If both assertion and reason are false.

C JC JC JC



QUESTION-141 (Assertion and Reason) )

Assertion: A cyclist always bends inwards while negotiating a curve.
Reason: By bending, cyclist lowers his centre of gravity.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC



QUESTION-142 (Assertion and Reason) )

Assertion: A cyclist negotiating a sharp turn is a non-inertial observer.
Reason: The accelerating frames are non-inertial frames of reference.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C NC NC JC



QUESTION-143 (Assertion and Reason) )

Assertion: An electric fan continues to rotate for some time after the currentis
switched off.

Reason: Inertia of rest is more than inertia of motion.

If both A and R are true and reason is the correct explanation of assertion.
If both A and R are true but reason is not the correct explanation of assertion.
If assertion is true but reason is false.

If both assertion and reason are false.

C JC NC JC















