HC VERMA Solutions for Class 11 Physics
Chapter 6 Friction

Question 1
A body slipping on a rough horizontal plane moves with a deceleration of 4.0 m/s?. What is the
coefficient of kinetic friction between the block and the plane?

Solution 1
N ——wvaodly
r‘i—\
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Vertical equilibrium
N=mg

For horizontal; Fxet “ma
0—ff=ma

—ulN =ma
—umg = ma
M=
—ug = (—4)
u=04m/s?

Question 2
A block is projected along a rough horizontal road with a speed of 10m/s. If the coefficient of kinetic
friction is 0.10, how far it will travel before coming to rest?

Solution 2
Net force = max acceleration
0—ff=ma

—pmg = ma
THG=a
—(0.1)(10)

a=-—1m/s°

I
=Y

uziﬂ;az—iﬂ_;vz
Now, =%

v =u? + 2as
0=(10)2+2{-1)s
s=50m



Question 3
A block of mass m is kept on a horizontal table. If the static friction coefficient is y, find the frictional
force acting on the block.

Solution 3
Since no driving force is present to move the block. So, frictional force will be zero.

Question 4
A block slides down an inclined surface of inclination 30° with the horizontal. Starting from rest it covers
8 m in the first two seconds. Fins the coefficient of kinetic friction between the two.

Solution 4

N = mg cos30° — (i)

Fy =ma

mgsin 30 — ff = ma

myg sin 30 — u, N = ma

myg sin 30 — p,mgcos30 = ma
gsin30 —pu,geosdid=a  — (i)
Now,

u=0;5s=8m;t =25

r+1 t?
s =ut+-at?
2

1 ¥
8=ﬂ+§(a}(2}‘

m

4™
a = (iii)

From (ii) and (iii)
4 = g sin 30° — u, gcos30°

He=0.11

Question 5
Suppose the block of the previous problem is pushed down the incline with a fame of 4 N. How far will
the block move in the first two seconds after starting from rest? The mass of the block is 4 kg.

Solution 5



Along inclined plane
Fy =ma

F+mgsin30— ff,, =ma

1
4+ 4(10) (5) — ppymgcos30° = ma

=

43
24 — 011 x4 = 10 x?=4a
a=>5m/s?
Now,

m Enl
u=ﬂg;t=25;a=5m3’5‘
t+1 t?
s=ut+—-at*
2

1 Enl
s=10 +§(5}(Ej‘
s=10m

Question 6

A body of mass 2 kg is lying on a rough inclined plane of inclination 30°. Find the magnitude of the
force parallel to the incline needed to make the block move (a) up the incline (b) down the incline.
Coefficient of static friction = 0.2.

Solution 6
a)
F
M
HeN mg cos30°

mg
mg sin30° 30°

Applied force must be greater than net force which is acting downwards to make to move up.
Freq = N + mgsin30°

N = mgcos30°

M=2kg,g=9.8m/s?, uy=0.2

On substituting, Freq = 13N.



b)
]

F mg cos30°

mg sin30° 30°

Net force acting down the incline is given by

Fnet = 2gsin30° - uN

= 2x9.8x1/2 - (0.2)[mgcos30°]

= 0.8 - 0.2[2x9.8xV3/2]

=6.41N

6.41 is the force acting down the inclined plane.

This is enough for the body to slide down. No need to exert extra force. So, force required is zero.

Question 7
Repeat part (a) of the problem 6 if the push is applied horizontally and not parallel to the incline.

Solution 7

Since the block is just to move up the incline so frictional force will act in downward direction.
Since, block is in equilibrium.
N =mgcos30° + F sin 30°

Fcos30" =mgsin 30° + ffF

Now,
Fcos30" = mygsin 307 + piV

F cos30° = mg sin 30° + u(myg cos 30° 4+ F sin 30)

......... (perpendicular to incline)
........ (along the incline)

I3 =

3 1 v3 F
F—=2x10x—-+02(2 %10 x—+ —

2 2 ( 2 2}
F=17.5N
Question 8

In a children-park an inclined plane is constructed with an angle of incline 45° in the middle part. Find
the acceleration of a boy sliding on it if the friction coefficient between the cloth of the boy and the
incline is 0.6 and g = 10 m/s?.



N = mgcos45°

...... (perpendicular to incline)
mgsinds = ff=ma_ ong the incline)
myg sin 45 — ulN = ma
myg sin 45 — ymgcos4b = ma
gs5ind4s —ugcosdb =a
1 1

Wx—=—-0b6x10x—=a

V2 V2
a = 2v2m/s?

Question 9

A body starts slipping down an incline and moves half meter in half second. How long will it take to
move the next half meter?

Solution 9
WN
N
rnal/ mg cosd
mg
mgsinf 8

In the first half metre,
u=0m/s, s=0.5m, t=0.5s
v=u+at



v=0+(0.5%4) = 2m/s

s=ut+1/2at?

0.5=0+12(a)(0.5)?

a=4m/s?

For the next half metre, u=2m/s , a=4m/s?, s=0.5m
0.5 = 2t+(1/2)(4)t?

4t2+4t-1=0

On solving, t=0.2027 sec

Time taken to cover the next half metre is 0.21s.

Question 10

The angle between the resultant contact force and the normal force exerted by a body on the other is
called the angle of friction. Show that if A be the angle of friction and y the coefficient of static friction, A
<tan-1p

Solution 10 B
X
-
Y
E (externod LM ce) E
3

ni=2%

Angle of friction, w

The value of friction force depends upon external force applied. If the body does not move then

(Ff = F) < (ffum = uN)

When body is about to move or moves then ff=ff'~:m3'= uUN
So,
ff<=pN

uN

atand =
"A=TN

tanAd =pu
Astan'(u)
Question 11

Consider the situation shown in figure. Calculate (a) the acceleration of the 1.0 kg blocks, (b) the
tension in the string connecting the 1.0 kg blocks and (c) the tension in the string attached to 0.50 kg.

1.0 kg 1.0 kg
E;n e e L e 5 )
“=ﬂ_2 p=02

0.5kg



Solution 11 4

49=10 a-Skﬁ J’q

For mass 0.5 Kg
mg—T =ma

05g —T=05a —(i)

for 1 Kg night mass
T'—T—uN=ma
T-NM—-02x10=1xa
r-Ni=2+a — (ii)
For 1 Kg left mass

T, —uN =ma

i —02x10=1xa —(iii)
Solving (i), (iL) and (iii)

a=04m/ /s
T, =24N
T, =48N
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Question 12

If the tension in the string in figure is 16 N and the acceleration of each block is 0.5 m/s?, find the
friction coefficients at the two contacts with the blocks.

Solution 12



M Ny 4

For 2Kg block
T— #lﬁl =2xa

16 — uy(20) = 2% (0.5)
15 =20,

uy =0.75

For 4Kg block
40sin30—-T — puN; = da

1
40 % (E) —T — pu;(40cos30) = 4a
3
20 — 16 — y, X 40 x%:-@xu.s
11, = 0.06

Question 13
The friction coefficient between the table and the blockshown in figure is 0.2. Find the tensions in the
two strings.

Skg

24

15 kg

Solution 13



o
K
B
\!_ A
i Y
T 50 K
0 a \
15% Bﬁ
15g—-T=15 —()
T—T,—uN=5z & uN=02x5g=g
T-Ty—g=>5 — (i)
T, — 5g = 5a — (iii)

Adding (i), (ii) and (iii)
15g-g-5g=15a+5a+50

9g=25a
_9g
=25

Now, put in eq.(i)
T =159 — 1529y
=4 25

75 —27g
T=——
5
T=96 N
From eq.(3)
9g

T, =5g+5x—
1 g 2c

T 68N

Question 14

The friction coefficient between a road and the type of a vehicle is 4/3. Find the maximum incline the
road may have so that once hard brakes are applied and the wheel starts skidding, the vehicle going
down at a speed of 36 km/hr is stopped within 5 m.

Solution 14



5
u=35><ﬁ=1[]m,‘s

v=0;5=5m
v? =u’+ 2as
02 =(10)% + 2(a)(5)

a=—-10m/s?

(%]

Now, by translatory motion equation
mgsing — ff =ma

mgsin @ — ulN = ma

mgsin @ — ymgcosfd = ma
4
10 sinﬁ'—gx 10 % cos@ = (—10)
+ —
sin8+1=§\.'1—sin‘€

Squaring
9(1 +sin ) * = 16(1 — sin* )

9(1 + sin?8 + 2sin @) = 16 — 16sin?8@

25sin?8 + 18singd -7 =10

On solving,
g =16°

Question 15

The friction coefficient between an athelete's shoes and the ground is 0.90. Suppose a superman
wears these shoes and races for 50 m. There is no upper limit on his capacity of running at high
speeds. (a) Find the minimum time that he will have to take in completingthe 50 m starting from rest.
(b) Suppose he takes exactly this minimum time to complete the 50 m, what minimum time will he take

to stop?

Solution 15

(a) frictional force exerted by ground will be in forward direction.

ff =ma
ulN = ma

pmg = ma



a=pug=09x10 =9m/s?

m
u=0;a=9 —;s5s=50m
<2
5 =ut+—at?

2

1 bl
50 = 0+ (9)(8)°
E

3sec
(b) While stopping, frictional force will act in opposite direction of motion.

0—ff=ma

—ulN =ma

t=

—umg = ma
a=—ug=—09x%x10=—-9m/s?
After covering 50m, the velocity of athelete is
v=u-+at

10

=04+9x—
3

v=30m/s
Now,

m -
Uu=30—;v=0;a=-9m/s°
5

vr=1u-+at
0=30—-9x¢t
t=3.33 sec

Question 16

A car is going at a speed of 21.6 km/hr when it encounters a 12.8 m long slope of angle 30°. The
NE

-
r

friction co-efficient between the road and the tyreis <. Show that no matter how hard the driver

applies the brakes, the car will reach the bottom with a speed greater than 36 km/hr. Take g=10 m/s*

—_—

Co—w@

30"

Solution 16
When driver applies brakes frictional force will be opposite to motion of car.
a = gsin 30° — pgcos 30°



1 43
=§_2*T 965
a=%=%=2.5m,’5‘

km 10
U= 21'5F= 216 0% 60 6m/s
s=12.8

We know that,
v? =u?+ 2as
2=(8)*+2(2.5)(12.8)
v? =100
v=10m/s
v=10x=
5 Kmph
v=36 Kmph

Question 17
A car starts from rest on a half kilometre long bridge. The co-efficient of friction between the tyre and
the road is 1.0. Show that one cannot drive through the bridge is less than 10s.

Solution 17
The maximum acceleration for car is given by,
a=pug=1x10=10m/s?

=}
[

u==0
s=500m

t+1 t2
5=1U —aL-
2

1
ECICI=EI+E><1{] % t2
t=10 sec

Question 18

Figure shows two blocks in contact sliding down an inclined surface of inclination 30°. The friction
coefficient between the block of mass 2.0 kg and theincline is p and that between the block of mass
4.0 kg and the incline is p. Calculate the acceleration of the 2.0 kg block if (a)u1 = 0.20 and p2 = 0.30,

(b) p1 = 0.30 and p2 = 0.20. Take g =10™/5".
2kg

4 kg
an0°

Solution 18



P is the contact force.
Ny =4gcos30

Ny =4x10x2 = 2ﬂﬁN
for 4Kg block
P +4gsin 30 — po Ny = ma
1 _
P+4x10x5— (0.3)(20v3) = 4a

P=4a+6y3—-20 — (i)
For 2Kg block _

N, = 2gcos30 = 1043
2gsin30—FP— Ny = 2a
P=2a+10+2v3  — (i)

On solving (i) and (ii)
a=27m/s?

Question 19

Two masses M, and M; are connected by a light rod and the system is slipping down a rough incline

of angle 0 with the horizontal. The friction coefficient at both the contacts is y. Find the acceleration of
the system and the force by the rod on one of the blocks.

Solution 19
|

Both blocks are connected by rod.
So, there acceleration must be same.
Migsin8 —T—ffi =Ma



ffi =ulNy =puMygcosé 2)
M;gsin8 —T — ff; = Maa
ffp =uNy = uMygcost (4)

Add (1) and (3)

Migsing + M,gsingd —ffi —ffa=(M; + M3)a

(M, + M;)gsin® —pgcosf (My + M5) = (My + M;)a

gsing —pugcosf@=a

Put in equation (1)

Mygsind —T—uM,;gcosf = M;(gsinf — ug cosd)

T=0

Question 20

A block of mass Mis kept on a rough horizontal surface. The coefficient of static friction between the

block and the surface is p. The block is to be pulled by applying a force to it. What minimum force is
needed to slide the block? In which direction should this force act?

Solution 20
Let minimum force required be P at an angle 6.

N+ Psin® =mg

(vertical equilibrium) -(i)

Pcosf = uN (Body is about to move) -(ii)
From (i)
Pcos@ = u(mg — Psin @)

pmg

- cosf+pu=inf -(III)
To minimize P, we have to maximize ¥ = €058 + 1sin
dy d )
Fri ﬁ(cnsﬂ' + psin &)
i 4 —sin@ +pcosd =10
df
tand =pu
f=tan"tu
__1 g
et Ma St

}.
Maximum value of



Question 21
The friction coefficient between the board and the floor shown in figure is IA. Find the maximum force
that the man can exert on the rope so that the board does not slip on the floor.

Figure 6-E7

Solution 21

e

For man
N+T=Mg

For board

N; =N+mg

T = = ulN
IT=#Ng (Horizontal equilibrium)
T = p(N+mg)

T=upu(Mg—T+mg)

(vertical equilibrium)



T_#(M+m}g
- 1+p

It is maximum force exerted by man.

Question 22

A 2 kg block is placed over a 4 kg block and both are placed on a smooth horizontal surface. The
coefficient of friction between the blocks is 0.20. Find the acceleration of the two blocks if a horizontal
force of 12 N is applied to (a) the upper block, (b) the lower block. Take g= 10 m/s 2.

Solution 22
(@)

P-‘F=1‘1N
;—'I:.‘-'H.N
g =
7"_7'
i

Normal contact for 2Kg = 2g =20 N.

Maximum friction force between 2Kg and 4Kg= uN
= 0.2(20)

=4 N

Since F=12 N >ff bond will break

for 2Kg block,

12-4=2a

8=2a

a=4m/s?

for 4Kg block,

4-0=42
a =1m/s?

Individual acc.
for 4Kg block,
12-4=4a
a=2m/s?

for 2Kg block,



4-0=28
a =2m/s?

So, acceleration of both blocks are 2 ™/5”

Question 23
Find the accelerations a, a,, as of the three blocks shown in figure (6-E8) if a horizontal force of 10 N

is applied on (a) 2 kg block, (b) 3 kg block, (c) 7 kg block. Take g= 10™/5".

#Tto 2 f —-‘"tl_
= 03 ﬂ-@,

| —-.2.
py=0.0 7 kg ay
e T e T Pl [ . =
Figure 6-E8
Solution 23
Ny

3

For 2Kg;
Ny =2g=20N;

ffi =Ny = 0.2 X 20 = 4N

For 3Kg;
No=N; +3g =20+ 30=50N

ff2 = paly = 0.3 x 50 = 15N

For 7Kg;
Ny=N;+7g=50+70=120N

ffs=psN; =0

(@)



The bond between 2Kg and 3Kg breaks as applied force is more than limiting friction.
= Fy=10—ff

Acceleration of 2Kg block
mxa =10—4

2xay =6

a; = 3m/s?

Bond between 3Kg and 7Kg will not be broken by 4N force so both will move together.

Acceleration of 3Kg and 7Kg block = Fy=4-0
ma, =4

3+ Ta, =4

a3 =a;=04m/s*

(b) The bond between 3Kg and 7Kg will not be broken so they will definitely move together.
Now individual acceleration

2Kg 4 = LN

For 3Kg and 7Kg;
F—fA—ffr=(03+T7a;
10 —4—0 = 10a,

a, = 0.6 m/s?

Acceleration of 2Kg block cannot be greater than 3Kg block.
So, all will move together.
Fy = m % acceleration



10-0=(2+3+7)a

a:gmﬁ

a,=a;=a —Em,’sz
1=az=az=:
So, &

(c) The bond between 3Kg and 7Kg will not be broken as applied force (10N) is less than fr2 = 15N

. So, both of them moves together.
Now, individual acceleration

@ f64= LN
£a=10 """?;_\

_—

For 2Kg;
fA-0=2Xa,

d=32xay

a, = 2m/s?

For 3Kg and 7Kg;
F-fA—ffz=(03+7a;
10 —4— 0 = 10a,

a; = 0.6 m/s?

Acceleration of 2Kg block cannot be greater than 3Kg block.
So, all will move together.
Fy = m x acceleration

10-0=(2+3+7)a

a=gmﬁ

iy =fla=a —Em,’sz
So. 1 2 375
Question 24

The friction coefficient between the two blocks shown in figure is p but the floor is smooth.

(a) What maximum horizontal force F can be applied without disturbing the equilibrium of the system?
(b) Suppose the horizontal force applied is double of that found in part (a) Find the accelerations of
the two masses.



Solution 24

(a)For block m;

N=mg

ff=uN=pmg

F=T + ff (.. acceleration = p) -(i)
For block M;

T=ff (.. acceleration = 0) -(ii)
Solving (i)and(ii),

F=ff + ft

F=2umg

(b) Now applied force is F=2(2umg)=4umg
For block m;
F-T-ff=ma -(i)
For block M;
T-ff=Ma -(ii)
Adding (i)and(ii),
F-2ff =(m + M)a
4umg-2umg = (m + M)a
_ ‘fwmg

(m+M) in opposite directions.

Question 25
Suppose the entire system of the previous question is kept inside an elevator which is coming down
with an acceleration a < g.Repeat parts (a) and (b).

Solution 25
In elevator, moving down with acceleration a, effective acceleration will be
Qepp=4 — 0

Gefr |

So, replace g by n above answers.

Question 26
Consider the situation shown in figure. Suppose a small electric field Eexists in the space in the
vertically upward direction and the upper block carries a positive charge Q on its top surface. The



friction coefficient between the two blocks is g but the floor is smooth. What maximum horizontal
force Fcan be applied without disturbing the equilibrium?
[Hint: The force on a charge Q by the electric field E is F = QEin the direction of E.]

Solution 26
A o

For block m,

QE+N=mg (vertical equilibrium)
N=mg-QE

ff = uN = p(mg — QE)

F=T + ff (Horizontal equilibrium) -(i)
For block M,

T=ff (Horizontal Equilibrium) -(ii)
Solving (i)and(ii),

F=ff + ft

F=2ff = 2u(mg-QE)
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Question 27

A block of mass m slips on a rough horizontal table under the action of a horizontal force applied to it.
The coefficient of friction between the block and the table is g. The table does not move on the floor.
Find the total frictional force applied by the floor on the legs of the table. Do you need the friction
coefficient between the table and the floor or the mass of the table?



M m
]
Solution 27
When block slips, the limiting friction force acts.
fFrapie = uN
fFrapie = umg

Since the table remains at rest.

[fleaps = ffgraunri
ffgrounri = umg
Question 28

Find the acceleration of the block of mass M in the situation of figure. The coefficient of friction between
the two blocks is u1, and that between the bigger block and the ground is p2.



L | ™

G

Figure 6 E10

Solution 28
When a block M, moves with acceleration a towards right block m moves downwards and rightwards

with acceleration 2a and a respectively.

Xy

-
Y

A

<

' AN
| .




N'=Mg+pN+T \ortical) -()
(T+T)—N—p,N'=Ma
FBD of mass m

Horizontal) -(ii)

frg tj i
i i j——rN-IQ_A'

N=ma (Horizontal) -(iii)

mg —T — N =m(2a) (vertical) -(iv)

From (iii) and (iv)

T'=mg—2ma— puyma
g Hy -(V)

Solving equation (i), (i), (iii) and (iv)
2m — (M +m)lg

ST MM+ 20 —p2)]

Question 29

A block of mass 2 kg is pushed against a rough vertical wall with a force of 40 N, coefficient of static
friction being 0.5. Another horizontal force of 15 N, is applied on the block in a direction parallel to the
wall. Will the block move? If yes, in which direction? If no, find the frictional force exerted by the wall
on the block.

Solution 29
Net driving force on the block

5 i3
Fririving = (T]’lgjl‘ + (15}‘

= (2x10)2 + (15)2 = 25N

= 0.5 x 40 = 20N

Limiting friction force=H&
v P = i
ariving > ffm) block will move.

For acceleration,

Fyet = 25— 20

m=xa=25

2xa="5

a=25m/s?

Direction w.r.t 15N force
20 _ 4

tangp=— =—
ng=1c=3

with 15N force.
Question 30

¢ = 53°



A person (40 kg) is managing to be at rest between two vertical walls by pressing one wall A by his
hands and feet and the other wall Bby his back. Assume that the friction coefficient between his body
and the walls is 0.8 and that limiting friction acts at all the contacts.

(a) Show that the person pushes the two walls with equal force.

(b) Find the normal force exerted by either wall on the person. Take g = 10 m/s?.

LI,

Figure 6-FE11

Solution 30

(a) Since the man is at rest horizontally. So, both by both walls on man will be equal and opposite in
direction.

(b) In vertical equilibrium condition
2uN =mg

2x08xN=40x 10
N=250 N

Question 31

Figure shows a small block of mass m kept at the left end of a larger block of mass Mand length I. The
system can slide on a horizontal road. The system is started towards right with an initial velocity v. The
friction coefficient between the road and the bigger block is py and that between the block is p/2. Find
the time elapsed before the smaller blocks separates from the bigger block.



ml ]

= i
]

Figure 6-E12

Solution 31

Initial velocity of both blocks is same. So, Urer =0

rel = 1

When m separates from M. S
Let “™mand ®M be the acceleration of the blocks m and M respectively with respect to ground.
Here, @m>8M g5 both blocks separates from each other.

So Qpgy = Qg — Apgp

1 .
Sralzﬂralt-l'_a £e

2 rel

1 >
=0 +35(an, —ay)t?

r= | 2
""J (em—aM) '(l)
Now,
Nm F{\"\
S g
29 A =
u{{ﬂ,iﬁﬁ% — 4 I :

FBD of mass m,

MaLs TN, Qe

rm

Ahmg =
2



Fyy = mass % acceleration

U
ma,, =0— Emg
ﬂ"i"ll"l. = 4 we

2 (i)
FBD of mass M

LT ¥ Vo &
M

Mﬂm=§mg —p(M+m)g

R (1)
Subtract (ii) and (iii)
_Hg  umg
2 M
Putin e.q. (i)
| aMl

= ql (M +m)ug

L i m‘iﬁ *

Qo — A

AT

g
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