Friction - ﬂ_

SOLUTIONS OF FRICTION

EXERCISE-1
PART-I

A-1. Force along and opposite to the direction of motion is friction.

A-2
—f, foce—
feoe— —>fc —> e
fCB<_ — > fB,u
fa—
| B ——>5mis S5mis— A TR

fBA<— 2 ng

A-3.

Rough surface

oR< S,

<
f Ground

Kinetic friction is involved.

A-4. Direction of friction is such that it opposes the relative velocity between the contact surface.

A-5. Friction is kinetic because there is relative motion. Direction of friction is such that it opposes the

relative velocity.

A-6. a=-pumg/m=—pug=-1m/s?
V¢ — Vi = 2as, S (Vs=0, Vi=5ml/s)
25

x1

= s= =12.5m.

B-1.  action-reaction force between M and vertical wall
N = 0 for Fu < (M+m)g
N= F— p(M+m)g for F > u(M+m)g
Action-reaction force between m and M
N = F —umg for F > umg
and N = Ofor F <umg
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Friction ﬂ—

B-2.
80N
AR

60N

10kg

mg =100 N
R=mg+60=160N
f=80 N (" No sliding)

R

f

=tan™ 80 = 0=tan™ 1

Angle of friction 0 =tan™? T
R 160

B-3.

HN< \L
mg
N=mg-F sin @
Fcos6=puN=p[mg—F sin 6]
qu—mg
Cc0SO+pusin®
F is minimum when cos 6 + p sin 6 is max
:%(cose+usine)=0 = —sind + pcoso = 0 =S u=tan0

or 0=tanlp
alsocos @+ usin@= 1+p®> for@=tan' pu

umg

«/1+ u?

thus Fmin =

C-1.

uN P —>30
= umg -~
BO:usmg = 0=psx5x10 = ps = 0.6.
Again,
< l »30

mg

pkN
mimg

= Eatz

2
~ a=2-210_44 . 0-wmg=mx08 = = 2-Mx08_,5
25 mg
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Friction ﬂ—

C-2.() Skg F=15 an= — =—- =3
u=0 m 5
| as = 0 0
1=0.5 10k9l 10
b o 10
fas =0, feg = 0.
=0.5 30N fe<25
(ii) n=0.5 F.g <75
fee < 75
Since fas can’t be greater than fsc therefore acceleration of B will be zero.
and  an= 0= - 1mysec?
fas =25 N, fsec = 25 N.
fas < 25
A
fie <75
fas < 25 = aa < % or aan<5
Let there is no sliding between A and B then common acceleration of A and B.
_ 200-75 _ 833
15
Since aa<5 = Hence, there will be sliding between A and B in that case.
aa =5 m/sec?, ag = 2085 0N 10 m/sec?
10
fas =25 N, fec = 75 N.
fs <25
90
(iv) |:|—>an <25 fo < 25::|:|_>

aa<5h
Let A and B move together then common acceleration.

_90-75
15

= 1m/sec?

As common acceleration is less than aa hence A and B will move together
. aa=1m/sec?, as = 1m/sec?

fae =max 1 =5N, fec = 75 N.
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Friction

A-1.

)

A

PART-II

Let acceleration in ISt case is a1 and that in second case is a2

Now , ~aut?= L ay(2t) = @=L Q)
2 2 4
Clearly as= 1950 _gsine (il
and a, = MSINY—umgcosd _ gsind —pgcosd e (iii)
m
From (i), (ii) and (i),
we get u = 0.75.
A-2.  The normal reaction on the block is
FsinO
4
N
N
> FcosO
uN < l|,
mg
N =mg — F sin6
Net force on block is
FcosO — uN =  Fcos6 — umg + pFsind
or acceleration of the block is
n F(cos®+psin6)—pmg _ F (st i) e
m m
B-1. pdoes not depend on normal reaction.
AN
R
B-2. f <
Acceleration of train will be from right to left.
= Pseudo force will act on the box from left to right therefore friction will act from right to left.
B-3.  Solving from the frame of truck
Fpseudu
=5x1
= 5N D

f<umg==6 =

O O

(w.r.t. truck)

f=5N.

AN Resonance”®
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Friction

B-4.

B-5.

C-1.

C-2.

mgsing
30°

since p > tan@
the block will not slide therefore f=mg sind

=2><9.8><%: 9.8 N.

Apply Newton’s law for system along the string
ms g = u(ma + mc) x g

~  me=M _ma= > _10=15kg
v 0.2

——> F=f

s

f, -1 —,)m
a= s K = (Ms l‘l'k) g :(P-S_P-k)g
m m

=(0.5-0.4)10 =1 m/sec?

When F is less than psmg then tension in the string is zero.

When usmg < F < ps2mg then friction on block B is static.
If F is further increase friction on block B is kinetic.

PART - Il
(i) FBD in (case (i) {wa =0, p2=0.1}
O

4 r S

N =10

b

mg N mg

1kg le— 1Kkg |

While friction’s work is to oppose the relative motion and here if friction comes then relative motion will
start and without friction there is no relative motion so both the block move together with same

acceleration and friction will not come.

A B
v
mg mg
= aa = as = 10 m/s?
L 0
A B
(il 1 kg 42 1 kg <£)
" !
10 9 10

Friction between wall and the block opposes relative motion. Since wall is stationary so friction
will try to stop block A also and maximum friction will act between wall and block while there is

no friction between block.

Note : Friction between wall and block will oppose relative motion between wall and block only.

AN
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Friction ﬂ—

1
M N
10 10
aa = 9 m/s? : as = 10 m/s?
(iii)
1 f
1 N

10 l f l

10 10
Maximum friction between wall and block will be 1N, but maximum friction available between
block A and B is 10 N but if this will be there then relative motion will increase while friction is to
oppose relative motion. So friction will come less than 10N so friction will be static.

X i
M N
L]
10 10
by system (20— 1)=2 x a = a= % =9.5 m/s?
(iv)
10 1

1 N
10 l l

10 1 10

_ 11-10 — 1 m/s?

ag = %_1 =9 m/s?

The acceleration of two block system for all cases is a = 2 m/s?
In option (p) the net force on 2 kg block is frictional force
Frictional force on 2 kg block is f = 2 x 2 = 4N towards right
In option (qg) the net force on 4 kg block is frictional force
Frictional force on 4 kg block is f = 4 x 2 = 8N towards right
In option (r) the net force on 2 kg block is 2 x 2 = 4N
Friction force f on 2 kg block is towards left.
6-f=2x2 or f=2N
In option (s) the net force on 2 kg block is ma = 2 x 2 = 4N towards right.
Friction force on 2 kg block is 12N towards right.

AN
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Friction ﬂ_

EXERCISE-2
PART-I
1.
n3mg cos4s
mg sin45 3 mg sin 45
Applying Newton’s law for the system of m and 3m along the length of the string, we get
3mg sin45 — u3mg cos 45 — mg sin45 = (3m + m)a
2 g
= = — as a= ——
W= 52
now making the F.B.D. of m we get
T
mg sin45
T-mgsin4d5=ma
_ Mg mg
= S —=L & =
52 2
6 mg
T= —=
5\2
2.
7o
If acceleration of the car is ao, acceleration of the block 2ap =2 x 2 =4 m/s? (—)
—>T
F=uN=0.3%50x 10 = 150
T-F=ma
= T-150=50x% 4
= T =350 N.
3. Apply system equation
3m/4
m/4
7
m g = 3_m g X
4 g 0 H
= u=13=0.33
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Friction ﬂ—

4,

FBD of A

uN
T y
8m — N c la

T e

8mg m.g
If the acceleration of ‘C’ is a
For block ‘A’ N =8ma (1)
8mg—-uN=0 ...(2)
and acceleration a can be written by the equation of system (A + B + C)
mig=(10m+my)a ....(3)
m,g
8 mg= pu8m| —=—
g=n (10m + mlj
1I0m+mi=pnm
10m
1I0m=(u-1) my :mlz—lAns.
M —

N =mg+ Q cos 6

P+ QsinB<uN
A
P—
1777777777/777777
s PxQsino 4 s P+Qsin0_
N mg+ Qcos6

For the sliding not to occur when

tan 0 <p
tane:ﬂ_g_@_zy
X a a a
2
2 Xsu or ysai
a 4

1.8t—u15=1.5(1.2t—2.4)
fort = 2.85 sec.

< [ P>18x285

1(1.59)
pk = 0.24

T, T,
6 [>—<| 4 p—< 2 [—>20N
L7777 77777777/77777

u=0.2 0.2 0.2
(i) Let the blocks do not move
then T1= 20 -4

T2=T1—-8=20-4-8=8N

Since T2 < max possible friction force for 6 kg block

hence it will be at rest and this assumption is right. Therefore tension in the string connecting 4kg and 6
kg block = 8N

AN
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Friction

9.

10.

w

So block ‘Q’ is moving due to force while block ‘P’ due to friction.
Friction direction on both P + Q blocks as shown.

P
4 — fmax:8
fmax:8 ]
5 1 >r
fmax:9 <+

First block ‘Q’ will move and P will move with ‘Q’ so by FBD taking ‘P’ and ‘Q’ as system

F-9=0 =>F=9N
When applied force is 4 N then FBD

=],
0+—
-
44—

4 kg block is moving due to friction and maximum friction force is 8 N.

So acceleration = 8/4 = 2 m/s? = amax.

Slipping will start when Q has +ve acceleration equal to maximum acceleration of P i.e. 2 m/s?.
F-17=5x2 = F=27N.

(A) Limiting friction between A & B =90 N

Limiting friction between B & C = 80 N

Limiting friction between C & ground = 60 N

Since limiting friction is least between C and ground, slipping will occur at first between C and ground.
This will occur when F = 60 N.

PART-II

8 , aB = g[sin45—uscos45]=l

7 &
SAB = \/E

aas —aa — as =0 (us — pa) COS 45 =

aa =g [sin 45 — pa cos 45] =

Now SABZ% ast’? = V2 - t? = t = 2 sec.
F= 420%+15% =25
fr=0.5x30=15

a= 21 _5e

avosk = P9 = 9= 0.15x10=15
m

ar=2
St—Sp=5
= EaTtZ—EaBtZ:S
2
E t?[2-1.5]=5
2
= t2=20
ST:E art?
2

:%XZXZO:ZOm.

INEe

sonance®
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Friction

4,

am:(mgsine—% mgcose)/m:gsine—%gcose

Mgsin9+%mgcose—u(M+m) gcoso
am =

M

2s 20 4/M
Som == aut® = t= mM = = =2 sec
2 A a, —ay pngcos6(M+m)

F cos 60
N
60
F sin 60
f=uN |
mg
N=mg+Fsin60=\/§X10+¥ ...... 0!
Fcos60 =pN .. (ii)
F_1 =NE)
= —= X 10\/§+_
2 23 ( 2
~  FosiF L F_g5 o koo
2 4 4

The F.B.D. of A and B are
| A 2kg

f«

»f (force of friction)

B 4kg F

For sliding to start between A and B, the frictional f = u N = % x 2% 10=5N = fmax

Applying Newton’s second law to system of A + B
F=(ma+mg)a=6a Q)
Applying Newton'’s second law to A

A
from (1) and (2) Fmin = (Ma+ mg) 25m/s? =6x2.5=15N
Ans. Fmin =15 N

This problem can be solved in two steps :

Step I When the body is moving up on the inclined plane (shown in fig. A)
Here N =mgcos a

The acceleration of the body is

ar=— (—mgsma+uN): — (g sin o + ug cos o)
m

Let body is projected with speed vo along the inclined plane (along the x-axis). After time t, body

reaches at point P (v = 0) (as shown in fig.B).
LetOP =s

AN
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Friction ﬂ—

S = M tl:V—otl
2

2
0-v
an= —2 . vo=—aat1
t,
2
_ at’
2
y
Vo v=0
X < > X
woOle
v
Fig.B
2s
t1= [——
a,
2s
= - S 4 Q)
gsino + pgcosa

Step II : When the body starts to return from point P, the acceleration is
_ mgsina — umgcoso (Infig.C)
m
=g Sin o — pug cos a

S= 1 ast)
2

X’ Fig. C Fig. D

2s 2s .
o= |— :\/ - (D)}
\jaz gsina — pgcosa

According to the problem,
t2 = nty,
Putting the value of t1 and t2 from equations (i) and (ii), we get

2
n= {u}an 0=0.16 =k

(m*+1)
than 100 k = 16 Ans.
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Friction

The free body diagram of the block is

N is the normal reaction exerted by inclined plane on the block.

N

PART-I

T cos 45° + uN

mg sin 45°

mg sin 45° =T cos 45° + uN

N = mg cos 45° + T sin 45°
On solving we get

u=1/2

mg cos 45° + T sin 45°
Applying Newton’s second law to the block along and normal to the incline.

......... 1)

so any value of u greater than 0.5 is answer

Applying NLM on the part that moves through slit.

To—f—-T1=0
For 4 kg mass 40 — Tz = 4a
For 2 kg mass T1 — 20 = 2a
On solving 10 = 6a
T

a= Em/s2
3

"

T“

m,

1'40

Force exerted on 2kg mass by string = T1 = 73—0 N.

ml
lZO

Tension in the string will not be same throughout, due to the friction force exerted by the slit.

The breaking force is insufficient, so the block will not slide.

Limiting frigtion
=(0.6)(200)=120N
. N | 20mis?
=200N 10kg m/s
*=20QN
10g =100N

So friction force = 100 N
and acceleration will be 20 m/sec? only

Net contact force on the block = /(200)? + (100)? =

10045 N
All mechanical interactions are electromagnetic at microscopic level.

AN
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Friction ﬂ—

4,

Block is moving upwards due to friction

1kg
mgsin30 30°
fr—mgsin 30 = ma
= fr=1x10%x1/2=1x%x1
= fr=6N

Contact force is the resultant of N and f; = \/NZ +f2 = \/(mgCOS?:O)Z +(6)>=10.5N

Suppose blocks A and B move together. Applying NLM on C, A + B, and D

60— T = 6a
T-18-T'=9a
T -10=1a

On solving a = 2 m/s?

To check slipping between A and B, we have to find friction force in this case. If it is less than limiting
static friction, then there will be no slipping between A and B.

Applying NLM on A.

T-f=6(2)

asT=48N

f=36N

and fs = 42 N hence A and B move together.

and T'= 12 N.

PART-IV

First, let us check upto what value of F, both blocks move together. Till friction becomes limiting, they
will be moving together. Using the FBDs

F > 2
—> F
F
15 kg | %1
F

— &,
10 kg block will not slip over the 15 kg block till acceleration of 15 kg block becomes maximum as it is
created only by friction force exerted by 10 kg block on it

a1 > az2(max)
F-f - for limiting condition as f maximum is 60 N.
10 15
F =100 N.

Therefore for F = 80 N, both will move together.
Their combined acceleration, by applying NLM using both as system F = 25a

a= 80 =3.2m/s?

If F =120 N, then there will be slipping, so using FBDs of both (friction will be 60 N)
For 10 kg block

120-60=10a = a=6m/s?
For 15 kg block
60 = 15a = a=4m/s?

AN
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Friction ﬂ—
3. In case 80 N force is applied vertically, then

> 80 F
f< —; .

For 10 kg block 80 — 60 = 10a

b

a=2m/s?
For 15 kg block in horizontal direction.
F-f=15a

a = 4/3 m/s?, towards left.

4, F sind +f=mg
and Fcos6 =N
for minimum ; f = uN = p Fcos 6
Fsinb
4 f F

F
mg
- mg
" Fmin. = B
SinB+ pcosH
5. As f=0 .. Fsind =mg
F= ﬂ
sin®
6. If F < Fmin ; the block slides downward
7to0 8. (a) pz >y therefore both will more together
and a = (m; +m,)gsin® —u,m,gcos O — p,m,gcos o
m, +m,
=g sind — w cosO
m, +m,
5_ % (= 2.7 m/s?) for both
Na .
(b) uz < p1 therefore * az > as

az=gsin®—p29coso
=10 X% —0.2x10 % % = 3.2 m/sec?

alzgSine—p.lgCOS@:5—1.5\/_ = 2.4 m/sec?
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Friction
9 to 10.

>

@l A *Bf f1=3x0.25x10=75

1

fi=7.5 = (T =1, +1,
25x7<( +1,)

f, =10%0.
=175
Fe—| C

f,=17.5
>T=75+175=25

>f, =15 x 10 x0.25 = 37.5
F=175+25+375=80N

(2)If F=200then as=ac

= T-fi—f2=mea ... Q)
F-T-f2—fs=mca ... (2)
from equation (1) and (2)

F —f1— 2f2 — f3 = (ms + mc)a

_F-f,—2f,—f, _ 200-7.5-35-37.5

Fi1=3F2 ; 1+u=3-3p
=2 ; u=12; k=10u; k=5 Ans.

=a 10 m/sec?
mg + Mg 12
EXERCISE-3
PART-I
1.
e
? tan6 >
0

P1 = mgsin® — pmgcoso

P2 = mgsin® + umgcos6

Initially block has tendency to slide down and as tanf > p, maximum friction pumgcos6 will act in positive

direction. When magnitude P is increased from P1 to P>, friction reverse its direction from positive to

negative and becomes maximum i.e. umgcos6 in opposite direction.
2.
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Friction

3.

f=0, If sin6 = cosb = 0 = 45°
f towards Q, sin6 > coso = 0 > 45°
f towards P, sin6 < cos6 = 0 < 45°

Block will not slip if (m1 + m2) g sin® < u m2 g cosO

3sind < (ij (2) cosb
10

tan® <1/5 =

(P)6=5"° friction is static f = (m1 + m2)g sinb
(Q) 6 =10° friction is static f = (m1 + m2)g sinb
(R) 6 =15° friction is kinetic f = umzg cosO
(S) 6 =20° friction is kinetic f = umzg coso
PART-II
F,
nmgcos6
mgsin:
0

F1=mg sin® + pmg cosd ; F2 =mg sin® — umg coso
F,_ sin6+pcos6

F, sin6-pucoso

=3.

tanb+p _ 2u+p _ 3p
tanb-p  2u—p v

dy/dx = tan6 = p in limiting case

dy _3x* _1
=2 = == =
dx 6 2
So y=1/6
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Friction
3.
A f1 A f2
F
_’ 4_
l l

l ol

100N

1

20N
Assuming both the blocks are stationary
N=F
f1 = 20N

f2 = 100+20 = 120N

p(m + mz) = ma
ml ml
m+mz= —+ = m=—t-m,
u u

3
]
&

— 10 = 23.33kg

o

15

N+
A

, 20c0s30° = 103N
=17.32 N
f y 205in30° = 10N

v
50N

A

N1 =50 + 10 = 60N
Fum = 0.2 x 60 = 12N

Fappiieda > 12N

fi= 12N
_17.32-12
Y 5

_5.32

"5

ar—azx=-4/5

la1 — az| = 4/5 = 0.8 m/s?

20 sin30° =10N
N2

B 20c0s30° = 104/3N
| =17.32N

N> =50 —10 = 40N
FLim = 0.2 x 40 = 8N
Fappiiea > 8N
.. f1=8N

_ 17.32-8

2 5

HIGH LEVEL PROBLEMS (HLP)

for uppermost block amax = 1 m/s?

’J;QF
4
16

for lowermost block amax =

(24-16) _,

m/s?

Hence sliding between middle and lower block will start only after sliding between middle and upper

block has already started.
for middle block

F-18=6x2 =F=30N
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Friction ﬂ—

2.

Case - I: For the lower block

A
w=0.2 F=6N
B[ 2kg
H="0
2
amax = — = 1m/s?
2
. . 6 )
and common possible acceleration= ——=2m/s
(1+2)
2kg 0.2x1x10 = 2N

Hence, blocks move with different accelerations.

an = 6;12 = 4 m/s? 2N6N
IR

aB:E:lm/s2

Case I : When the force is acting on the lower b ock maximum possible acceleration of A

OZM

and common acceleration of the two blocks =

:E:Zm/sz
1

= 2 m/s?
1+2)

Hence, both blocks move with common acceleration of aa = as = 2 m/s?

For checking the direction of friction, let us assume there is no friction. Then net force acting on the
system along the string in vertically downward direction is given by

M2g —mag Sin o = (M1 + m2) a

nmig — m1g/2 = (M1 + nmy)a

1
"o

a= g = a>0.
n+1

So the friction will act down the incline FBD of m1 gives : —

a

<
m«g‘e"‘“@i
o>

T—f-migsin a=ma. = T — kmig cos a — mig Sing a = mia (i)
-. FBD of mz

T

N
al m,

y

m,g
mzg — T = mza (i)

from (i) and (ii)
g(n—sina—kcosa)
(m+1)
Putting n = 23 , a=30°andk=0.1 ; a=0.05g (downward for mz)

a:=

AN

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005

®
Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : US0302RJ2007PLC024029 ADVFR - 18



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Friction ﬂ—
4, Acceleration of mass at distance x
a = g(sinB — po x coso)
Speed is maximum, when a = 0
g(sin® — puo x cosh) =0
« = tano

Mo
for maximum speed
a = g(sinB — po x coso)

vav = g(sinB — po X coso)
dx

vdv = (gsin® — pogx cosO)dx

Integrating both sides

Viax tan6/pg

I vdv = j (gsin® —p,gxcos0) dx
0

0
tan®

2 2 70
Vmax = gX Sln e _ “ogx COS e =
2 2 5
After Applying limits
fgsin 0tan®
Vmax = T
Ho
5. The acceleration of block is
N mgsina —kmgcos a
m
or w =g sin a — kg cos a

Let AB=s .. 005c>c=£
S

s=/seca
According to kinematics equation

1

s= = wt?
2
- fé _ 2(seca
w gsina —kgcosa

2(seca _ 20
g(sina—kcosa)  g(sinacoso—kcos a)

For being to minimum
sin oo cos o — k cos? o is maximum

or t2 =

i(sinocCOSOL—kcoszm):O

cos? a—sina + 2k cos a sin o =0
cos 2o+ ksin 2a=0
-1 1 -1
tan 2o =— = o= =tan? | —
k 2 k
After putting the values, o = 49°
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Friction

6.

For limiting friction
N + T sin B = mg cos a
=N=mgcosa-Tsin B —(i)

0050

«®

«\gé\“%
and, Tcos f =mgsin o + f
=mgsin o+ k (mgcos o — T sin B)

(from (i))

= T (cos B + k sin B) = mg sin a + k mg cos a

mg (sina +kcosa)
(cosB +ksinp)

=>T=

for minimum T, cos B + k sin B should be maximum

dy .
—=-sinB+kcosB=0
a5 p p

= tan B =k

_ mg(sina+kcosa) _ mg(sina+ kcosa)
Tmin= a

1 " k2 V1+k?
J1+K? 1+K?

Step -1 : Draw force diagram separately : In fig B, P is a point on the string

From fig. A,
mg —f = mwz
WISRUEE’ A 0)
m
From fig.B,,
Tm=f «~ . (i)
Tf T T
ball i P
I W, rod W,
f Mg
mg
Fig. A Fig.B Fig.C
From fig.C
Mg — T = Mwz
Mg —f = Mwz
Mg-f
W= —— iii
2 v (iii)
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Friction ﬂ—

Step Il : Apply kinematic relation :
Srel = Urel t % Wrel t2 (Shown in fig.D)

Here srel = 7, Urei= 0

rod w,
WZ
mg ball
Fig. D
Wrel = W2 — W1
20

€:£(W2—W:L)t2 t= | ————

2 (Wz - Wl)

Putting the value of w1 and wz,
_ 2(Mm
(M=m)t?

Considering the system as marked in the diagram

T=(M+m)a.
a is the common acceleration of the two masses in horizontal direction.
Now taking the body m as system.

F.B.D. for the body will be
T
kN

N
—

mg
N = ma (m has acceleration a in horizontal direction)
Also mg— kN —T =ma (m has acceleration a downward w.r.t. wedge because of the constraint)
mg
M+ 2m+Km

i = Ve = 7 = 29 __ 2

N M
M+2m+Km 24K+ /m

ora= } By = By + 8,

AN
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Friction ﬂ—

9. If acceleration in bar is zero, then the body (1) will slip on bar rightward and the body (2) moves
downward. To prevent slipping, net force on each body should be zero in the frame of bar (non-inertial

reference frame)

In fig. A, T=mw+kmg ... 0]
In fig. B, T+kN=mg ... (i)
N=mw ... (i)
A
kNTT
kmg
we—m[ —>7 « @ |—n
mw m
@ L > w l
mg
Fig. A Fig. B

From (ii) and (iii), we get

T + kmw = mg

T=mg—kmw .......... (iv)
From (i) and (iv), we get
_ 9(1-k)
= R v)

Since, relative acceleration of body with respect to bar (wrel) is zero : So, the value of w in egn.(v) is

minimum value of w.

10.

ma,

kN mg
(ao is acceleration of the wedge leftward)
As ao increases the component of mao up the up the incline increases and friction attains its max value.
Writing the force equation along the incline and perpendicular to the incline.
maocosa—mgsina—kN=0 ....... 0]
mgcosa+massina=N .. (i)
From equation (i) and (ii),
ao CoS a.—g sina =kg cos o + Kao sin a
ao (cos o — k sin o) = g{k cos a + sin o}

_ ofkcosa +sina}
{cosa —ksina}
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Friction ﬂ—

11. (1) Assuming there is no slipping anywhere and the common acceleration of the three blocks be a
2kg 10N
3kg
7kg

Writing the force equation F = ma

10 = 12a or a = 5/6.

Now fmax. between 2 kg & 3kg is
piN = 0.2 x 20 = 4N.

For 2 kg block F.B.D. will be:

LT
f
F—-f=ma=2x5/6
10-f= 10/6
10-10/6 =f
50/6 = f > fmax
.. There will be slipping between 2 kg and 3 kg block. Now considering the slipping the new
equation would be
F — fmax = mau

10-4=2a1 or a1 = 3ms™2
Now lets take 3 kg & 7 kg as system and writing the force equation.
fmax = 10 ao.
or 4 =10 ao = ao=0.4ms>

To check the required friction between 3 kg and 7 kg block.

Fon7kgblock F=7x04=28N

fmax between 7 kg and 3 kg =0.3 N2=0.3x50=15N

2.8 < fmax

hence there is no slipping between the two blocks

(i) Now if force is applied on 3 kg block

Assuming there is no slipping anywhere and the common acceleration of the three blocks is

= ms2
6

. . : : 5
Now, if all system is going with common acceleration 5 ms2

fora= %mS‘2 required friction force between 2 kg and 3 kg block = mia =2 x % = — N < fmax

w| o

so there is no slipping

. o 5 35
Same for 7 kg block, required friction is = msa=7 XE :? N< fmax
so there is no slipping

S -2
SLart = az= :Ems

(iii) Same as (b
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Friction

12.

13.

faBmax = 0.3 x 30g cos37°

faBmax = 0.3 x 30g cos37° =72 N

facmax = 0.4 x 80g cos37° = 256 N

fcmax = 0.5 x 120g cos37°= 480 N

when block ‘B’ is pulled two cases are possible

(1) B & C both moves together and there is just slipping at A & B contact and at C and wedge contact

(2) A & C remains stationary only ‘B’ tends to move downwards.

Taking case (1) Let B & C moves together and there is just slipping between A & B and between wedge

and C

= P+40gsin37°+500sin37°—72—-480=0
= P=12N

Checking friction between B & C

fsc + 40 g sin 37°—480=0

480

fc
.
«©

)
fec = 240
Which is within limit so case is correct.

So max. force for which there will be no slipping Pmax = 12 N the at this force both B & C tends to move

together.

() The F.B.D. of A and B are

A

—> | Nsin©
AN
2mg N cos 6

For A to be in equilibrium ; F=Nsin©0
For B to just lift off ; N cos © =mg + ps N’

For horizontal equilibrium of B ; N’ = N sin 0
From (2) and (3)

N (cos 6 — ps sin 6) = mg or N:(ﬂ—gxé)mg orN= —mg
5 3 5
From equation (1) F=Nx3/5 = .. F=3/2mg
(il) The acceleration of the block A be a and B be b
F-Nsin6=2ma ... Q)
NcosO-mg—-puN' =mb ... (2)
N'=Nsin6 3
From constraint =
asin6=bcos®6 4)
Solving (1), (2) , (3) and (4) we get = b = %
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Friction ﬂ—

14.

15.

When t < to, the accelerations a1 = a2 = kt/ (m1 + mz2) ; when t > to

ai = ugmz/ mu, az = (kt — umzg) / ma. Here to = Mx&

k m,
a
a2
I al
1
I
1
o) 1, t

When t < to, there is no slipping occurs and the accelerations a1 = a2 = kt/ (m1 + my2) ;

when t > to maximum friction exert between plank and rod

Hg(ml + mz) % &

a1 = ugmz/ mz, a2 = (kt — umzg) / ma. Here to =
k m,

F.B.D. of man and plank are
mg sina + f

Mg sina
For plank be at rest, applying Newton's second law to plank along the incline
Mgsina=f s QD
and applying Newton’s second law to man along the incline.

mgsina+f=ma (2)
. M o
a=gsina (1+ —j down the incline
m

Alternate Solution : :

If the friction force is taken up the incline on man, then application of Newton’s second law to man and
plank along incline yields.

f+Mgsinae=0 ... Q)

mgsina —f=ma ... (2
Solving (1) and (2)

a=gsina [1+ Mj down the incline
m

Alternate Solution :
Application of Newton’s seconds law to system of man + plank along the incline yields

mg sin o + Mg sin o = ma

a=gsin a(l+ Mj down the incline
m
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Friction
16.

17.

as MOTMD (g

2m

az Z—Mkmg = MLg

4m 4
"~ S1
X s, J 7u8
S1 = EEillt2
2
S2 = Eazt2
2
70 lg 1lg 70
Si-S=— = =9 —pe- = =2
P77 3 o LHIt= 5 =g
, 70 R
= = =
29(1— py ) — gry 9(2 - 3p)
SZ:EaZtZ:ExMLg £ = 7l

X =
2 4 g2-3m) 8(2-3w)

Considering the forces on the chain for the given situation we have

/—x X

[ —>F
M

F - (¢ =X)pg = (pa

F_wm{-xg _dv

p!l 1 dx

Iidx J'”k(f_x)gdx = jdvv

o P! 0 4 0

F x/ gu [x Xz]/ v

X —gp | x—=— || =L
o, 20) " 2],

V2
~ - gu=
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