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o Frictional Force
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o Origin of Friction
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o Types of Friction
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N+ hosm37T' = |00 Find out acceleration of the block.

N =loo- /-\07‘3‘-5 F=4ows37” Initially the block is at rest.

= uox 4/5
(N=Téwv ) = 32N

A

2.8 m/s2
I f > 22N B

PO 0.2 m/s2
f o

Gﬁj 4 m/s2
Sax. = MsN = 0.5x 76 D
(ﬂ) =3&n zero
o

Losm3T’
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Three blocks of masses 5 kg, 3 kg and 2 kg are

placed on a rough surface as shown in figure.

Coefficient of friction between block and surface is

same for all blocks and is equalto uy=0.2 A

horizontal force of 15 N kg block. The force exerted

by 3 kg block on 2 kg block is: (g =10 m‘)sz) )
A.
B
C.
D

. None of these

w

15N N
_ 15— ke||3kg [k
. SN F=15N f?’??’?‘m ig‘{r r{g TTTT77
Zero ) =B
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Q A box ‘A’ is lying on the horizontal floor of the
<
vV . . .
—- compartment of a train running along horizontal
AN € rails from left to right. At time t, it decelerates. Then

n | ORNe) the reaction R by the floor on the box is given best
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A monkey of mass m is climbing a rope hanging
from the roof with acceleration a. The coefficient of
static friction between the body of the monkey and
the rope is m. Find the direction and value of friction

force on the monkey.

_A./Upward, F=m(g +a)
B. Downward, F=m(g + a)
C. Upward F =mg

D. Downward F = mg
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If the external force F is applied at an angle © with

the horizontal as shown in the figure, then the

minimum value of F required to keep the block

Rough u stationary is
(a) —= ) g
ucos@ sin@ + pcosé
m™m
g O

FSMB-} UN > ma sin@ — pcosé ;.uanﬂ
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o Angle of Friction
L

The angle of friction between any two surfaces in contact is defined as

the angle which the resultant of the force of limiting friction f and normal

reaction R makes with the direction of normal reaction R. It is

represented by 0.
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o Angle of Repose

¥ = Whon sliding  just SEonts
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A rocket is fired vertically from the earth with an
/\ fa —,2d acceleration of 2g, where g is the gravitational

acceleration. On an inclined plane inside the rocket,

Block s _at nes

making an angle 6 with the horizontal, a point

0> /”7& of object of mass m is kept. The minimum coefficient

Repose

of friction p,,;, between the mass and the inclined

A. tan 20

. tano© /

B
C. 3tan®9
D. 2tan 6

e
// K\@ surface such that the mass does not move is:
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A given object takes n times more time to slide
down 45° rough inclined plane as it takes to slide
down a perfectly smooth 45° incline. The coefficient

of kinetic friction between the object and the incline

is:
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A man can just push a box on 37° slope. When he

keeps it at the point where the angle increases to

S F= f’*mﬁ Sin37 53°, he can just hold it from sliding back. If the

F= Alma Cﬁ372l""‘]5"‘?7°coefficient of friction between the box and the slope

F= mﬁ({_’-,«-ﬁ%} is M, find 1/u. Assume that man is applying same

magnitude of force along the tangent to the curve
f. Ft{.= aSinSZ'onIy.

vﬁhwo _ A. 1
F‘I‘ ‘WL~M3<%') B
D

f-= m8<%—%)b
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o Direction of Friction -

Friction always acts opposite to the relative motion between two surfaces.

1§ = mal
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A 3 kg block A is placed on the top of a 4 kg block B
as shown. To make the block A slip on B, assuming
frictionless table, a horizontal force of 9N is to be
applied to the top block. Find the minimum
horizontal force (in N) that can be applied to lower

block so that A slips on B.
(@) 9 (b) 10 (e)m ./6) 12

— 9N 13kg 1A

B s
__F.,é 4kg % B
P
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A 40 kg slab rests on a frictionless floor. A 10 kg

block rests on top of the slab as shown in the figure.

The coefficient of static friction between the block

and slab is 0.60 and coefficient of kinetic friction is

)
loon |50k, 0.40. The 10 kg block is acted upon by a horizontal
a=10o_1m force of 100 N. Find the resulting acceleration of slab
o $* (in m/s?) (take g =10 m/s?).
[« (@)02 )1 (c) 1.5 (d) 2
4o | ~
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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
KX 120N

B. 150N

C. 100N

D. 80N
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In the following situation, the floor is smooth while
coefficient of friction between the blocks is 0.5. If M=4 kg,
m=1 kg, then what minimum force should be the
minimum value of ‘F' to keep smaller blocks at rest with
respect to the bigger blocks.

30 N

40 N

20 N

10 N
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A block of mass m is kept on the horizontal top surface of
wedge of mass M =4m which is kept on an incline plane of
inclination 8 = 37° as shown in the figure. Coefficient of friction
between the wedge and incline is 1/3. Find the minimum
coefficient of friction between m and M so that m does not slip
on M when the system is released, from rest (g = 10 m/s?).

(a) 0.25 _wﬁss (€)0.42  (c)055
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o Circular Motion

Centripetal Acceleration (Qc) 4
—
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Centripetal Acceleration(ac}
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An object follows a curved path. The following
guantities may remain constant during the motion

Ja) speed
(b) velocity
(c) acceleration
IdT magnitude of acceleration



When a particle moves in a circle with a uniform speed

(a) its velocity and acceleration are both constant

(b) its velocity is constant but the acceleration changes

(c) its acceleration is constant but the velocity changes
J)d')’ its velocity and acceleration both change.
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Angular Velocity (UO)
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The angular velocity of a particle is w = 4i + j - 2k about the
origin. If the position vector of the particle is 2i + 3j - 3k,
then its linear velocity is

_—
7: C.TX}I

A. 5i+8j-14k

B 3i+8j+10k ‘ ) K,
C. 8i+3j-10k __
D. -8i+3j -2k v=1 4 ] -2
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o Dynamics of Circular Motion
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Centripetal Force (E)
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A
For a particle uniform motion, the acceleration a
at a point P(R,0) on the circle of radius R is (here 6
ausd J is measured from they - axi{jEE 202 |
p 2 2 v - x -
vigvs (B) ——cos @ i + —sin @ j
_ () Q_.Sin {A‘) R 1+ RJ R R
‘ . 2 - 2 - v SN
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Lqucdtrons  of Mobion

in  Cinadar Motion

1) W= Wetot
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o Circular Motion

Non Uniform Clrcular Motion
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o Circular Motion

Non Uniform Circular Motion

Neb Accelnation (Au)

Dot =V 0l a} /
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b D"+ (re)-
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o Circular Motion

b

f\/:. hodf
dv - o dw
dt dt
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SL

Uniform Circular | Non Uniform
Motion Circular Motion
Velociby X Lot Vekodi by X Comst.
a.xo A X0
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A point P moves in a counter - clockwise direction on a
circular path as shown in the figure. The movement of P is
such that it sweeps out a length s = t3 + 5 where s in metre
and t is seconds. The radius of the path is 27 m . The
acceleration of P when t = 3 s is __ m/s2. (Take /13 = 3.6)

s=+45

Nurerical  Typs

—ds - L*

\Y} - 3t
Speed (ot .

q(t%:é{:

q{- :6%3:18m)3L




Aor = \ (@74 (18
— [729+ 324
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W, = 2x(72n)

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

A. 18

B 12
C. 36

D. 48
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T o Problem Solving Method =

CT 1. Draw the FBD
2. FInd the net force towards the centre
L 3. Equate Fnet =mv2/r
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Find the tension in the string when the
pendulum is making an angle @ with the
vertical, given that the speed of particle at this

instantis v
. O = mvt
Tt

LE mjw,m my

J

N?S.‘ao-.qut
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For the conical pendulum shown in the figure
[ L=V2 m & r=1m, the speed v in m/s is

Am (b) V20 (c) V30 (d)V40

T CeAl ‘:.ma_
< TSin@= my2>
i
'LLMS-_ 7("1/},
Ve
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A smooth wire of length 27r is bent into a circle and
kept in a vertical plane. A bead can slide smoothly on
the wire. When the circle is rotating with angular speed
w about the vertical diameter AB, as shown in figure,
the bead is at rest with respect to the circular ring at
position P as shown. Then the value of (w)?is equal to:

h Jm
“ A
/)
hia
Mo Gad = M- 1 B
| ~ L i
(a) JB’_ &V{ 2g/(r\3)
23 ©) (gf 3) /1 (d) 2g/r
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Uses Energy Conservation

A small block of mass m is released from rest from point A
inside a smooth hemisphere bowl of radius R, which is
fixed on ground such that OA is horizontal. The ratio (x) of
magnitude of centripetal force and normal reaction on the
block at any point B varies with 0 as:

(A) (B)
X X
' F'y
(©) (D)
X X
I A
~
\
| i 6 — >0






A spring mass system (mass m, spring constant k and
natural length I) rests in equilibrium on a horizontal disc.
The free end of the spring is fixed at the centre of the disc.
If the disc together with spring mass system, rotates
about its axis with an angular velocity w, (k >> mw?) the

relative change in the length of the spring is best given by
the option

2 [ mo? 2me®
@ \E[ ; J ®) =2
mﬂ)2

mo
k @ 3k
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A bead of mass m stays at point P(a, b) on a wire bent in
the shape of a parabola y = 4Cx? and rotating with angular
speed w ( see figure). The value of w is (neglect friction).

y [JEE Main 2019]
N y=4acx®

P(a, b) ﬂ; S8Cx
s ac

Sﬂ/'ZJZg(‘(b) zVERT © 25 @ 2?

ab
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Well of Death
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o Well of Death
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o Banking of Roads
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. o Banking of Roads

¥ Heou 2avited
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A road is banked at an angle of 30° to the horizontal for
negotiating a curve of radius 101/3m. At what velocity will
a car experience no friction while negotiating the curve ?
Take g =10 ms™2

A. 54km/hr M=°
B. 72 km/hr

7 36 km/hr _
Vg 18 km/hr V= ’ §h toms
V= }oxloﬁx#
kY

V = lOM!S
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—ﬁofd‘} Corsiclened Noninertial
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.| fhane
Trokich 122 :
_— A car moves at a constant speed on a road as shown in
. figure. The normal force by the road on the car is Na and
ma' Na= —’%—V— NB when it is at the points A and B respectively.
I
Na-= fY‘g*M_V_L (@) Na = Ns
)il (b) NA > N8
JeJ Na < Ns
r N = 2 (d) insufficient information to decide the relation of NA
8- mj’('_y’l l and NB.
71,_1‘
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o Vertical Circular Motion

&4
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The figure below shows a block of mass M connected to
an ideal string which passes through a thin fixed smooth
pipe. On the other end, a particle of mass m is connected
which revolves in a vertical circle of radius r. If the
coefficient of friction between M and the surface is pu = 2/3
, then for what minimum value of M, the block of mass m
can undergo complete vertical circular motion ?

A. M .. =6m
B. M.,=9m
C. M_. =3m M
D. M. =15m "







MJS"\Q - (S-S)M‘x,: m - )
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7R3 Myhcap= A

3(% -ME@: 0-5%(3)~

'
| A
FAY!
a .
d \

A rough platform OA rotates in a vertical plane about a
horizontal axis through the point O with a constant
counterclockwise velocity w = 3 rad s’\. As it passes
through the position 6 = 0, a small mass m is placed upon
it at a radical distance. If the mass is observed to slip at 0 =
37°, then the coefficient to friction between the mass and
the member is

A 3pe

B. 9/16
C. 4/9
D. 5/9
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Comrv-emf' = Ans -

The figure shows a rod which starts rotating with angular
acceleration a about vertical axis passing through one of
its end (A) in horizontal plane. A bead of mass m just fits
the rod and is situated at a distance ‘r' from end A. Friction
exists between rod and the bead with coefficient u. As the
angular velocity of rod increases the bead starts sliding
over the rod (say after time t).

Friction force acting on bead at time t (<t,) is given by

(a) umg (b) mr(cg)?

(©) mpug? +(ra)’ d) pmyg® +r*(at)’
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