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Fricrion & ApPLICATION
THEORY

3.1 | FRICTION

It is the resistance force between contact surfaces due to roughness of surfaces

It always acts opposite to the relative motion of contact surfaces

W
F—»

«f

F — applied force
W — weight of body

N — Normal Reaction
f — Friction or frictional force.

3.2 | LAw oF FRICTION

Maximum frictional force is directly proportional to the normal force between the surfaces
f=puN
pn — coefficient of friction.
(F)max = WN
(f)max—> Limiting friction.
When the applied force is less than Maximum friction force . The body is in rest and the friction
forces is equal to applied force.
When applied force is equal to maximum friction force, the body is about to move, this condition is
called impending motion.
When applied force is more than maximum friction force, the body is in motion and friction on the
body is kinetic friction.

(f) = mN
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3.3 | APPLICATION OF FRICTION

(1) Wedges

(2) Ladder

(3) Screw Jack

(4) Brakes & Clutches

Example 1

The coefficient of static friction between a block of mass m and an incline is p, = 0.3. (a) What can
be the maximum angle 0 of the incline with the horizontal so that the block does not slip on the plane?
(b) If the incline makes an angle 6/2 with the horizontal, find the frictional force on the block.

Solution:

The situation is shown in figure.

(a) The forces on the block are

(1) the weight mg downward by the earth,

(i) the normal contact force N by the incline, and

(u1) the friction ‘f” parallel the incline up the plane, by the incline.

N f

o "me

As the block is at rest, these forces should add up to zero. Also, since 0 is the maximum angle to prevent
slipping, this is a case of limiting equilibrium and so f = uN.

Taking components perpendicular to the incline,

N - mg cosb6 =0
or, N = mg cosb (1)
Taking components parallel to the incline,

f— mg sinb =0

or, f = mg sinB
or, uN = mg sinb ...(11)
Dividing (i1) by (i) p, = tand
or, 0 =tan' u,=tan' (0.3).
(b) Ifthe angle of incline is reduced to 6/2, the equilibrium is not limiting, and hence the force of static friction
f is less than uN. To know the value of f, we proceed as in part (a) and get the equations
N = mg cos(6/2)
and f = mg sin (6/2).
Thus, the force of friction is mg sin (6/2).
" Prncnp Nagen Touk o, ey, |SHG PRSI Emal - info @engineersacadeny.org
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Example 2

The coefficient of static friction between the block of 2 kg and the table shown in figure is p,= 0.2. What
should be the maximum value of m so that the blocks do not move ? Take g = 10 m/s>. The string and
the pulley are light and smooth.

N
2 kg

f «—

A 4

20N T

b

Consider the equilibrium of the block of mass m. The forces on this block are

Solution:

(a) mg downward by the earth and

(b) T upward by the string.

Hence, T-mg=0or, T=mg. (1)
Now consider the equilibrium of the 2 kg block. The forces on this block are

(a) T towards right by the string.

(b) f towards left (friction) by the table,

(c) 20 N downward (weight) by the earth and

(d) N upward (normal force) by the table.

For vertical equilibrium of this block,

N =20 N. ..(i1)
As m is the largest mass which can be used without moving the system, the friction is limiting.
Thus, f = puN. ..(111)
For horizontal equilibrium of the 2 kg block,
f=T (1)
Using equations (i), (ii1), and (iv)
uN = mg
O, 0.2 x 20 N = mg
0.2x20
or, m= " kg = 0.4 kg.

Example 3

A block slides down an incline of angle 30° with an acceleration g/4. Find the kinetic friction coefficient.
Solution:

Let the mass of the block be m. The forces on the block are

# 11)00;1021:1Ram I;aglz:rl,{Ba(rlnli)]al‘a Pu;i;ra ! EGE M Email : info (@ engineersacademy.org
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N f

30° Ymg

(a) mg downward by the earth (gravity),
(b) N normal force by the incline and
(c) f up the plane, (friction) by the incline.
Taking components parallel to the incline and writing Newton’s second law,
mg sin 30° - f = mg/4
f = mg/4.
There is no acceleration perpendicular to the incline.
Hence

3

N = mg cos 30° = mg. B

As the block is slipping on the incline, friction is f = pN.

f mg 1
> MEN T ame3T 205

Example 4

Find the maximum value of M/m in the situation shown in figure so that the system remains at rest.
Friction coefficient at both the contacts is p. Discuss the situation when tanb < p.

<D

Solution:
Figure shows the forces acting on the two blocks. As we are looking for the maximum value of M/m,.
the equilibrium is limiting. Hence, the frictional forces are equal to p times the corresponding normal
forces.

Equilibrium of the block m gives
T = uN; and N; = mg
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which gives
T = p mg. (1)
Next, consider the equilibrium of the block M. Taking components parallel to the incline.
T + p N, = Mg sin®.

Taking components normal to the incline

N, = Mg cos6.
These give T = Mg(sin® — p cos 6). ..(11)
From (i) and (i), u mg = Mg (sinb — u cos 0)
o+
or, M/m = sin O—pLcosO

If tan® < p, (sin® — p cosB) < 0 and the system will not slide for any value of M/m.

Example 5

Consider the situation shown in figure . The horizontal surface below the bigger block is smooth. the
coefficient of friction between the blocks is p. Find the minimum and the maximum force F that can be
applied in order to keep the smaller blocks at rest with respect to the bigger block.

Solution:

If no force is applied, the block A will slip on C towards right and the block B will move downward.
Suppose the minimum force needed to prevent slipping if F. Taking A + B+ C as the system, the only
external horizontal force on the system is F. Hence, the acceleration of the system is

_F
7 M+2m

(i)

Now take the block A as the system. The forces on A are,

N T
e
f 4—'—>T |—>N’
mg me

() tension T by the string towards right,
(i) friction f by the block C towards left,
(i) weight mg downward and

(iv) normal force N upward.

For vertical equilibrium N = mg
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As the minimum force needed to prevent slipping is applied, the friction is limiting. Thus,

f=pN=pmg
As the block moves towards right with an acceleration a,
T-f = ma
or, T-p mg = ma ...(11)

Now take the block B as the system. The forces are,
(1) tension T upward,

(i) weight mg downward,

(1) normal force N towards right, and

(iv) friction f* upward.

As the block moves towards right with an acceleration a,

N = ma.

As the friction is limiting, f'= uN' = uma .
For vertical equilibrium

T+ = mg
or, T+u ma = mg. ...(1i1)
Eliminating T from (i1) and (iii)

1-p
Amin = Eg

When a large force is applied the block A slips on C towards left and the block B slips on C in the upward
direction. The friction on A is towards right and that on B is downwards. Solving as above, the acceleration
in this case is

Anax = 1— g.

. l1-p I+p
Thus, a lies between gand 7
I+p I—p

From (i) the force F should be between

g.

I—p I+p
—1+M(M + 2m) g and —l—u(M +2m) g.

Example 6

Figure shows two blocks connected by a light string placed on the two inclined parts of a triangular
structure. The coefficients of static and kinetic friction are 0.28 and 0.25 respectively at each of the
surfaces. (a) Find the minimum and maximum values of m for which the system remains at rest. (b) Find
the acceleration of either block if m is given the minimum value calculated in the first part and is gently
pushed up the incline for a short while
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Solution:

(a) Take the 2 kg block as the system. The forces on this block are shown in figure with M = 2 kg.
It is assumed that m has its minimum value so that the 2 kg block has a tendency to slip down. As the
block is in equilibrium, the resultant force should be zero.

T N INE T
R
Mg mg
Taking components L to the incline
N = Mg cos 45° = Mg/ /2 .
Taking components || to the incline
T + f = Mg sin 45° = Mg/ /2
or, T =Mg/ /> -f.

As it is a case of limiting equilibrium,

f=puN
Mg Mg Mg .
or, T= \/E - M \/E - \/E (1 - Ms) (1)

Now consider the other block as the system. The forces acting on this block are shown in figure.

Taking components L to the incline,

N’ = mg cos 45° = mg/ /7 .

Taking components || to the incline

mg

T = mg sin 45°+ {” = \/§+f"

As it is the case of limiting equilibrium

> > mg
£ =uN=u"7.

mg ..
Thus, T= f(l + ), ..(11)
From (i) and (ii)
m(l +p) =M (1 - p) (i)
(l—us)M 12028
= = —— X
o T e) T T 14028 s
= 8 g.
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When maximum possible value of m is supplied, the directions of friction are reversed because m has
the tendency to slip down and 2 kg block to slip up. Thus, the maximum value of m can be obtained from
(ii1) by putting p, = —0.28. Thus, the maximum value of m is

1+028
= X
M= 170028 &

_3
= 9 g.

(b) If m = 9/8 kg and the system is gently pushed, kinetic friction will operate. Thus,

Mg , ymg
f= Mk~f and " = NG

where p, = 0.25. If the acceleration is a, Newton’s second law for M gives.
Mg sin 45°—- T- f = Ma

Mg w Mg .
or, NG -T- N Ma. .(1v)
Applying Newton’s second law

T-mg sin 45° — ' = ma
mg g
or, T - NN ma. (V)

Adding (iv) and (v)

Mg mg
f(l - W) —f(l ) =M™M+m)a

3 M1 -py ) -m(l—py )
or, a= \/E(Mer) g

2x0.75-9/8x1.25
- J20+98)

= 0.31 m/s?

aad
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OBJECTIVE SHEET

A and B are the end-points of a diameter of a
disc rolling along a straight line with a counter
Clock-wise angular velocity as shown in the

figure. Referring to the velocity vectors Vv,

and vy shown in the figure:

A

<

B

<

v

(@) v, and yjg are both correct.
(b) v, Is incorrect but y is correct.
(¢) v, and yjp are both incorrect.

(d) v, is correct but vy is incorrect
Instantaneous centre of a body rolling with sliding
on a stationary curved surface lies.

(a) at the point of contact

(b) on the common normal at the point of
contact

(c) on the common tangent at the point of
contact

(d) at the centre of curvature of the stationary
surface.

For the truss shown in figure, the magnitude of
the force in member PR and the support reaction
at R are respectively

6.

ENGINEERS ACADEMY]

(a) 122.47 kN and 50 kN
(b) 70.71 kN and 100 kN
(c) 70.71 kN and 50 kN
(d) 81.65 kN and 100 kN

A stone of mass m at the end of a string of
length L is whirled in a vertical circle at a
constant speed. The tension in the string will be
maximum when the stone is

(a) at the top of the circle

(b) half way down from the top

(c) quarter-way down from the top

(d) at the bottom of the circle

A ball A of mass m falls under gravity from a
height h and strikes another ball B of mass m
which is supported at rest on a spring of stiffness

k. Assume perfect elastic impact. Immediately
after the impact

1
(a) the velocity of ball A is 5\/ 2gh
(b) the velocity of ball A is zero

1
(c) the velocity of both balls is 5\/2gh

(d) none of the above

A wheel of mass m and radius R is in
accelerated rolling motion without slip under a
steady axle torque T. If the coefficient of kinetic
friction is p, the friction force from the ground
on the wheel is

(@) pmg
(c) =zero

(b) T/R
(d) none of the above

A car moving with uniform acceleration covers
450m in a 5 second imterval, and covers 700m
m the next 5 second interval. The acceleration
of the car is

(a) 7Tm/s’ (b) 50m/s*

(c) 25m/s? (d) 10m/s*

A steel wheel of 600 mm diameter on a
horizontal steel rail. It carries a load of 500 N.
The coefficient of rolling resistance is 0.3. The
force in Newton, necessary to roll the wheel
along the rail is

(a) 05 (b) 5

(c) 15 (d) 150

Email : info (@ engineersacademy.org
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from rest and motion occurs in the vertical plane.
At the instant that the hinge B passes the point
B, the angle between the two bars will be

|~ 1m > D
30°
) ] o . 0.5m
AL /(
i 0.5m
Bli C

(a) 60 degrees
(c) 30 degrees

(b) 37.4 degrees
(d) 45 degrees

72 | Objective Sheet
9.  The ratio of tension on the tight side to that on 12. A rod of length 1m is sliding in a corner as
the slack ride in a flat belt drive is shown in. At an instant when the rod makes an
(a) proportional to the product of coefficient angle of 60 degrees with the horizontal plane,
of friction and lap angle. the velocity of point A on the rod is 1m/s. The
(b) an exponential function of the product of angular velocity of the rod at this instant is
coefficient of friction and lap angle. Z A
(c) proportional to lap angle \
(d) proportional to the coefficient of friction. Tm’s 1m
10. A spring scale indicates a tension T in the right
hand cable of the pulley system shown in q_ 60
Neglecting the mass of the pulleys and ignoring B
friction between the cable and pulley the mass (@) 2 rad/s (b) 1.5 rad/s
m is (¢) 0.5 rad/s (d) 0.75 rad/s
13. Match 4 correct pairs between List-I and List-
II.
List-1
T T (a) Collision of particles
(b) Stability
gggng (c) Satellite motion
T 2T T (d) Spinning top
List-I1
| = | 1. Euler’s equation of motion
(a) 2T/g (b) T (1+C*/g 2. Minimum kinetic energy
(c) 4T/g (d) none of the above 3. Minimum potential energy
11. AB and CD are two uniform and identical bars 4. Impulse-momentum principle
of mass 10kg each, as shown. The hinges at A 5. Conservation of moment of momentum
and B are frictionless. The assembly is released 14, A mass 35 kg is suspended from a weightless

bar AB which is supported by a cable CB and
a pin at A as shown in. The pin reactions at A
on the bar AB are

C
T/O
E
a1 1A
Y 7@l 3B
¥ 275mm
[m]
L » X

(a) R, =3434N, R, = 7554N
(b) R =3434N,R, =0
(c) R,=7554N, R, = 343.4N
(d) R =7554N,R, =0
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15. As shown in Figure, a person A is standing at
the top of a rotating platform facing person B
who is riding a bicycle, heading East. The
relevant speeds and distances are shown in given
figure person, a bicycle, heading East. At the
instant under consideration, what is the apparent
velocity of B as seen by A?

Vv =8m/s
BI——
|
i T
m
v N
o = lrad/sec

(Anti-clockwise)
|
|
(a) 3 m/s heading East
(b) 3 m/s heading West

(c) 8 m/s heading East 18.
(d) 13 m/s heading East
16. A truss consists of horizontal members and
vertical members having length L each. The
members AE, DE and BF are inclined at 45° to
the horizontal. For the uniformly distributed load
P per unit length on the member EF of the truss
shown in the figure, the force in the member
CD is
P/Unit length
E F
L
A L L L B
Lt
Y ’
PL
@ (®) PL 19.
2PL
(c) Zero (d) 3

17. A bullet of mass ‘m’ travels at a very high
velocity “V’ (as shown in the figure) and gets
embedded inside the block of mass ‘M’ initially
at rest on a rough horizontal floor. The block
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with the bullet is seen to move a distance ‘S’
along the floor. Assuming u to be the coefficient
of kinetic friction between the block and the
floor and ‘g’ the acceleration due to gravity,
what is the velocity ‘V’ of the bullet?

M M -
@ ~—\2pgs  (b) ——\2nes

© P s @ s

The figure shows a pin-jointed plane truss loaded
at the point M by hanging a mass of 100 kg.
The member LN of the truss is subjected to a
load of

(a) Zero

(b) 490 N in compression

(c) 981 N in compression

(d) 98I N in tension

Two books of mass 1 kg each are kept on a
table one over the other. The coefficient of
friction on every pair of containing surfaces is
0.3. The lower book is pulled with a horizontal

force F. The minimum value of F for which slip
occurs between the two books and ground is?

(a) Zero (b) 1.06 N
(c) 574N (d) 883N
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