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CHAPTER 6: NEWTON'S LAWS OF MOTION

Test Your Concepts-I
(Based on Impulse Momentum)

1. Since Ap=FAt
Now, 4p, = m(vy -, ) =mv|cos(30°) - cos(30°)]
= Apy =0
Similarly, Ap, =m(v, —u,)
= Ap, =mo[-sin(30°)-sin(30°)]
= Ap, =-2mosin(30°) = -30 kgms™

So, F, =20 150 N
02

2. Velocity of the ball just before hitting the floor is

{ v -02= Zghl}

Velocity of the ball just after impact with the floor is
v2=\/2gihz,upwards { 02—U§=2(—g)h2}

From Impulse Momentum theorem,
Impulse = Change in Momentum

vy =,/2¢h; , downwards

= I=m(vy,+7v,)

150
1000

1= (20410)= 45 kgms !
1000

I (2(10)(20) ++2(10)(5))

So, impulse is 4.5 kgms™, upwards

3. (a) Since impulse is equal to the area under the F-t
graph

I= det = Area under F-t graph

= I=%(3.5—1)(10‘3)(16000)

= I=20Ns
(b) Since we know that F,,Af = Al

= F,(25x10°)=20

=  F,=8000N=8kN

(c) From the graph we observe that the peak force
exerted on the ball is 16000 N =16 kN.

F= prater — M(T)—H)
At At

. m

= F=(06)(25-0) { —=0.6}
At
= F=15N

Now due to Newton's Third Law, the water exerts a
force of equal magnitude back on the hose, hence the
gardener must apply a 15 N force in the direction of
the velocity of water stream to hold the hose in its
position (stationary).

CHAPTER 6

5. When the diver falls freely, then the velocity of the
diver just before he hits the surface of water is

u=.2gh=12(9.8)(10) =14 ms™

Now |F|= %‘z‘m(f;—u)
At At
R Fl:’(éﬂ)(ﬁl—lt})‘
1
= [FI=600N
Test Your Concepts-Il

(Based on Constraints)
1. Asalready done in an Illustration, we obtained
ag+a-+2a, =0
Similarly, we can find
Ug+0c+2v, =0
Taking, upward direction as positive we are given:
0, =v5=1ms™
= oc=-3ms’

i.e,, velocity of block C is 3 ms' (downwards).

2. v,=2ms" {towards right}
= vy = %ﬂ =1ms fupwards)

{towards left}
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3. Let B and C both move upwards (alongwith their pul-
leys) with speeds vy and v, then we observe that, A
will move downward with speed, 2vy + 2vc . So, with
sign we write velocity of A as

= Upn=—"FT---7
=75 U
Substituting v, =2 ms™ and v. =1ms™, we get

vy =0

1 OB=x=(2-)"

(—Zy)(%] o

Since, v i -
)T ()

_dvy
gt
dy
2 a2 duy dy yvA(ny)E
L-y \y—r+va— |- 12
dt dt 2(]}7 2)‘
= a,=- /
(*-y*)
Substituting
dvy dy
—2=0and L=v * v, =constant
dt a 04 }
2.2
= A== &L 32
(-y*)
dzy 1 )
5 a,=—2%=—ms
AT a2

From constraint equations, we get ap =8a, (in oppo-

. . . . o1
site direction). Hence, if 4, is — ms™ upwards, ag
2

will be 4 ms™ downwards.

Since h=xtan@

= x=hcotl

= d_x = —hcosec’ 9(@)
dt dt

do 1 dx
= () [

dt hcosec® @ dt
= w=25in26 { v=d_x}

h dt
h
pa
X

Length of cable L =2y, +2y; + y. + constant

0=2y,+2y5 +¥c
0=2§,+2{j5 +§c
So, 2a, +2ag+a-=0
2 degrees of freedom

Total length of cable to within constants is

L=4y,+2yy
0=4y,+2yp
0=4¥j, +2¥jp

Upward acceleration of A is

Lo 1. 1
g ==Ya =Ey5 = EaB
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tZ t3 tZ
Up=—+—, Qg =0g=t+—
P e PR

4
For t=2s, aB=2+E=4ms"2

1 _
So, a, =50 =2ms”
9. Length of cable L =S5y + 35, + constant

O=vg+3v,,v,=- —=—(%)=0.4 ms™ (down)

_dy _x
50, (DB)y_E_?UA
dx
(), = =0

s ¥ s\ 2xs = U,=U —2x2+h2
10. L2= X+—| +| — =x2+—+52 B=UA 2 2
dx Js 12. The total length of the cable is
2d—5 2Id—
= ZXE*-T;_F#-FZSE:O L=2x+3\y*+b* + constant

s Differentiate to obtain
BN L d d
= Up=—— 0 T o_0=2%43 Y (—y]
s+ X dt dt "y pp? \dt
V2
dy
s+42x where d—:vB and E:UA
= = v,
X+2s So, we get
1 Py’ O
B= 5 UA
dl_dx 2yb
[—=x— {+ h=Constant |
dtdt 13. Make the constraint equation. 1.8 ms™', down
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14. Datum is established as shown.

15.

—X g j—Xg— l@

Q0
o \@} ______________ d_______pATUM

The position of point A and B and load C with respect
to datum are x,, xp and x., respectively.

4xC+IA+xB+2h=I (].)

Since h is a constant, taking the time derivative equa-
tion (1), we get

4vc+UA+UB=U ...(2)
Since v, =60 cms™ and vy =120 cms™ from equa-
tion (2), we get

4v-+60+120=0

e =45 cms™ =45 ems ™, upwards
2UA = UC

sc+(sc—s5)=1

20- =1y
ag =4a,

16.

17.

Thus, 4=4v,
vg=-1ms" =1ms™, upwards
2=4a,
a,=05 ms~ =05 ms 2, downwards

Datum is located at fixed pulley. The position of point
A, pulley B, Cand D (or block E) with respect to datum
are x, , Xg, xc and xp respectively. Since the system
consists of three cords, three position-coordinate equa-
tions can be developed.

2xp+x, =] (1)
Xe+(x.-xg)=1, ..(2)
xp+(xp—xc)=14 ..(3)

Eliminating x. and x; from equations (1), (2) and (3),
we have

xA +8xD=11+2I2+4:I3

Taking the time derivative of the above equation yields

()

vy +8vp =0

Since v, =2 ms !, from equation (3) and taking down-
ward direction as positive, we get

2+8v,=0
= 0,=-025ms ' =025ms ', upwards

Since the block E is connected directly to the pulley
D,so

0p=Up=025ms™ , upwards
(a) [2+(Iz_l3)+(!!1_!!3)+ll+l3=C0nstant

= 2[,+2l; - I3 = constant
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- {88 5
dt dt dt
= 2U5+2TJA—E)y=O (1)

For v, =1 ms™ and v, = 2ms |, we get

Uy = 0
(b) From (1), we get

2a5+2a, —a, =0

Taking downward direction as positive, we get
a5 =-3ms ™~ and a,=4 ms™

= 2(-3)+2a,-4=0

= 2a2,=10

_ -2
= a,=5ms

18. Analysis of the problem is shown in figure. If the block

A moves towards left by a distance x, the string lengths

ab+cd +ef =3x will be pulled towards right and to
provide this length block B has to move toward left
by a distance i such that the string lengths on the two
sides of the pulley Y (twice of ab) i.e., 2y will slack to
tight the string 3x. Thus we have 3x=2y .

.

>

@

As here we are required to find the displacement of the
point P, we can start from either end of string e or i. If
we start from i, we can see that from i to P there is only
pulley X which pulls the thread by a distance 2x, thus,
P will move toward left by 2x.

Alternatively we can start from e. As we can see
that from e to P there is only pulley Y, which slacks
the string by 2y and point e is pulled toward left by
a distance x, thus point P will move toward left by a
distance 2y - x , which is again 2x . Thus the displace-
ment of point P is twice of x whichis 6 m .

Hints and Explanations H.197

19. Let the datum be passing through the fixed pulley D.

20.

21.

22

The position of point A, block B and pulley C with
respect to datum are x,, x; and x., respectively.
Since the system consists of two cords, two position
coordinate equations can be developed.

2o+, =1 (1)
xg+(x5-xc)=1, .(2)
Eliminating s from equations (1) and (2) yields
Xao+4xg=h+2, ~(3)
Taking the time derivative of equation (3), we get
vy +4vp=0 ..(4)
Since v, =2 ms |, from equation (3)
= 2+4v;=0
vp=-05ms" =0.5ms™, upwards
v, = 2v, , downwards

As m is also moving down along the incline with M,
we can find the net acceleration of m using vector
addition of the two acceleration in 1, shown in figure.

ap

a, = \faf + a5 + 2aya, cos(120°)
= ,=v25+9-15=19 =436 ms

When A moves to the left through x, then a portion
5x of the string is loosened which makes the block
B to go down by 5x. So, acceleration of B w.rt A is
5a, . Now, acceleration of B w.r.t. ground is calculated
from the diagram
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ag?
1
= ag=ay,/1+25+10 5

= a5 =+31g,

23. If the distance of mass M from the ceiling is y and

25.

the distance of M from each pulley is x and the dis-
tance between the two pulleys is . Then u will be the
rate at which x is decreasing. If v is the velocity of M
upward, it is the rate at which y is decreasing. Thus
we have

_dx
Codt
and v= 4
dt
Now we find the relationin x and y as
L
X +—=
1Y
On differentiating with respect to ¢
2x d_x =2y d_y
dt dt
XU = Yo
d

X
v=u—=usecH
dt

Cable length L:3(SB _SA)+(SD_SA)

= 0=3vz-4v, and 0=3a;-4a,

= UA:ZEJBzz(Z):l.SmS_I
= gA=%aB=§(3)=2.25ms_2
S
SC 5 -
SA "" E
C
A B
D
00— 00—

Since vg 4 =05 -0, =2-(1.5)=05ms™

gy =y —a, =3-(225)=075 ms™

Length of cable between points E and C is
L'=(S5=S4)+(Sc -S4 )+ constants

= 0=vg-2v,+70c

= =20, -0

= 0.=2(15)-2=1ms™

(All answers are quantities directed to the right)

Test Your Concepts-lll (Based on F.B.D.)

Since, N; = normal reaction between 1 and 2
N, = normal reaction between 2 and 3
N3 = normal reaction between 3 and ground

Free body diagrams of 1, 2 and 3 are shown below:

Ny Ny in T N3 lNz
|
1 2 g
|
W, W, 1 Ws
FBD of 1 FBD of 2 FBD of 3

The free body diagram of the block is as shown in
figure.
Ty

The free body diagram of the ball is shown in figure.

Ny N,

Here, W is weight of ball acting downwards and N,
and N, are the normal reactions between the ball and
the two inclined walls.

Wp

Friction
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W, W,

Test Your Concepts-1V (Based on Newton’s
Laws of Motion: Accelerated Systems)

1.

Since the pull diminishes uniformly at a rate of 1 kgwt
per metre for the rope wound up. So, if the length x of
the rope is pulled up, then the pull P is given by

P=250g-(1)(x)g
{~ pull decreases by 1 kgwt per metre pulled up}

So, if F is the net force required to pull the weight of
200 kg, then

F=P-200g
= F=250g-x¢-200g
= F=(50-x)g

= 200a=(50-x)(10)
dv B0-x
A=—=
20
dv_5 X

11— =
de 2 20

= vdv= Edx fixdx
2 20

o 20 20
= Jvdv=§J.dx—lJ.xdx
2 20
0 0 0
20
v? [5 x2]
= —=|-x-—
2 240/,
2
- L §(20)*@
2 2 40
2
= L=50-10
2
= 17=80
= v=4\/5ms"1

Normal reaction between A and B is N =mgcos6. Its
horizontal componentis Nsin8 . Therefore, tension in
cord CD is equal to this horizontal component.

Hints and Explanations H.199

Hence, T =Nsin6 = (mgcos)(sin6)
= T= %sm(ze)

Suppose acceleration of m; down the plane is 4, then
acceleration of m,, vertically up will be 2a. Since the
pulleys are massless, so, if T is the tension in the
string connected to m,, then the tension in the string
connected to mass m;, is 2T. The equations of motion
of the two masses m; and m, are written for calculat-
ing value of a.

For mass m,

mygsino - 2T = nya (1)
For mass 1,,
T —m,g=m,(2a) .(2)

Solving these two equations, we get

= my sin o -2, gand 2=2 my sino— 2,
my +4m, my + 4m,

Tensions in different branches of the string are shown
in figure. The direction and magnitude of acceleration,
initially assumed by us are also shown.

Let the mass m, moves up by a distance x,, pulley
attached toit will alsomove up by x, , which will result
a slackness of 2x, in the string attached to truck and
my . If in the same duration, truck moves by x; and
mass m; moves down by x;, we have x; +x; =2x,.
Same relation we have among the acceleration of the
respective bodies as

Ay +a,=2a, (1)

Writing the equations of the three bodies, we get for
truck, we have

F-T=Man (2)
for mass m; , we have

mg—T =ma; ..(3)
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for mass 1,
2T —mmyg = 1mya, (4
Solving these equations for the given data, we get

T =(force acting on truck towards right )=4.21 N

a, (=acceleration of m, )=5.79 ms™*, downwards

and a, (= acceleration of 1, ) = 6.84 ms2, upwards

As discussed earlier that for a movable pulley fixed at
one end, the acceleration of the free end is twice the
acceleration of the pulley. So, acceleration of 1, is
two times that of m; (attached directly to the pulley
through thread). So, we assume if n7; is moving up the
inclined plane with an acceleration a, the acceleration
of mass m, going down is 2a. The tensions in different
strings are shown in figure.

&

The dynamic equations can be written as

For mass m

2T —mygsin@ = mya (1)
For mass m,

myg —T =m,(2a) ..(2)

Substituting m, = nm, and solving equations (1) and
(2), we get acceleration of m, as

o 2g(2n-sinf)
in+1

From our knowledge of constraint relations we get
that the acceleration of the rod is double than that of
the acceleration of the ball. If ball is going up with
an acceleration @, rod will be coming down with the
acceleration 2a, thus, the relative acceleration of the
ball with respect to rod is 3a in upward direction. If it
takes time f second to reach the upper end of the rod,
we have

1 2
2l =—(3a)t
2( a)

3a

Let mass of ball be m and that of rod is M, the
dynamic equations of these are

Forrod Mg-T =M(2a) .(2)
For ball 2T - mg = ma .-(3)

Substituting m=nM and solving equations (2) and
(3), we get

_(2-n
a_(n+4]g

Substituting the value of a in equation (1), we get

. 2(n+4)
\3g(2-1)
(a) In this case net pulling force is

F=m g sin(60°)+mpg sin(60°)—mcgsin(30°)

V3 (JE] 1
T+(3)(10) — —(2)(10)(—)

2 2
= F=2464N
Total mass being pulled =1+3+2=6kg

= F=(1)(10)

So, acceleration of the system is

2464

a 41ms™

(b) For the tension in the string between A and B
EB.D.of A

/a

m,gsin60°

m4gsin60° =T, = (n, )(a)

= T1=mAgsin(6O°)—mAa=mA(gsin(éD“)—a)

NG

= T, =(1]10x—-41|=456N
! 2

For the tension in the string between B and C

To. ™\,

megsin30°
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EB.D. of C

T, —mcgsin30° = meca

= T,=mc(a+gsin(30°))
S =2[4.1+10(%H=1&2N

(a) Since, both the blocks will move with same accel-
eration (say #) in horizontal direction.

...................

Let us take both the blocks as a system. Net
external force on the system is 20 N in horizontal
direction.

Using XF, =ma,
20=(4+1)a=5a
= g=4ms>

(b) The free body diagram of both the blocks are as
shown in figure

y
R
—a

Using XF, = ma,, we get

For 4 kg block
20-N=4a=4x4
N=20-16=4N

For 1 kg block
N=1a=1x4=4N

Here, N is the normal reaction between the two
blocks.

20N

— 4kg

—»3a

Please note that in free body diagram of the blocks we
have not shown the forces acting on the blocks in ver-
tical direction, because normal reaction between the
blocks and acceleration of the system can be obtained
without using ZF, =0.

Since, all the blocks will move with same accelera-

tion (saya) in horizontal direction. Let us take all the

blocks as a system.

________________________

Net external force on the system is 12 N in horizontal

direction.

10.

Hints and Explanations H.201

Using XF, =ma,, we get

14=(4+2+1)a=7a

_l4_

= g=—=2ms?
7

Now, let F be the net force on 2 kg block in x-direction,
then using XF, = ma, for 2 kg block, we get

F=(2)(2)=4N

Also drawing the free body diagram for the arrange-
ment will given same result.

N
14N — N
- 2 kg k]

N, N,

Since, 14-N, =4(2)
= N;=6N
Also, N, -N, =2(2)
= 6-N,=4
= N,=2N

Please note that here net force F on 2 kg block is the
resultant of N; and N, (N;>N,)

where N; =normal reaction between 4 kg and 2 kg
block.

and N, =normal reaction between 2 kg and 1 kg
block.

Thus, F=N,-N,=4N.

Block B will fall vertically downwards and A along the
plane.

Writing the equations of motion, we get

for block B, we have

mpg — N = mgag
= 60-N=6ag (1)
for block A, we have

(N +m,g)sin(30°) = ma,
= (N+150)=30a, .(2)
Further a; =a,sin(30°)
= =2 (3)
Solving equations, (1), (2) and (3), we get

a, =636 ms™

(ga = ,c08(30°) =55 ms™
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11.

12.

Net pulling force is actually due to the difference of the
weights of the rope on both sides of the pulley. So,

B

net [ (2[ I)]g g(x ”
= %x 1)
dv g
/
= l(x )
==Y Jvdv— J(x 1d
(I+¢)
. (x-a)
Since |(x—a)dx= > , S0
Uz g 2 T*
?—E[(x—l) ]m

= U2=%[(x—l)2—cz]

= U= dt #g[( -1y ]
e}
0 (I+c) %[(I—f)z —(.‘2]

iln[m/zz—cz}
8

Let absolute acceleration of m and M be 4, and a4,
respectively.

= f=
C

Writing equations of motion
for m, mgcosor— N =mn, (1)
and for M, Nsino = Ma, .(2)
Constraint equation can be written as,

1, =a,sina ..(3)

Solving above three equations, we get
Acceleration of rod is

11g COS oLSin ¢/

a, =
. M
msino+ ——
sina

and acceleration of wedge is
Mg cos o
1=
. M
msin o + ——
sin

Please note that here a, # a;sinc.

13.

14.

15.

_ 3T -mgsin6 _ (3)(250)-(100)(10)sin(30°)
m 100
750 -500
100

As done already, from constraint relations we can see
that 2a, = 3a;

= a,=—0a
A B
2

Solet ay =a then a, =1.5a

for block A, we have

2T =70a, =105a (1)
for block B, we have
300-3T =35a5 = 35a .(2)

Solving equations (1) and (2), we get
T=818N and a=1558 ms™

= T=818N,a,=234ms™ and a3=1558 ms™

Let N be the force exerted by the painter on the crate
(downwards). Corresponding the same force will be
exerted by the crate on the painter (upwards). The free
body diagram for both is shown here.

F F

Mg mg
For painter, 2F - Mg+ N = Ma (1)
For crate, 2F —mg—N =ma ..(2)

Adding (1) and (2), we get
4F-(M+m)g=(M+m)a

_4F-(M+m)g
- M+m
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17.

18.
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Time taken by lighter man to reach the pulley is given
by

=t (1)
For lighter man,

T - Mg = Ma, -(2)
For heavier man,

T-(M+m)g=(M+m)a, .(3)

From equations (2) and (3), we get

azz[MAfm)al_(MTm]g -

@ EﬂM+m

In time ¢, the heavier mass will move a distance, given
by
1

§=—d,t
2"

G-l
= s=—t i —
M+m M+m

)g} {~ of (4)}
. 1 »
Since, h= Ealt s0, we have

. Mh _( m Jg_tz
M+m \M+m) 2

2
il
M+m\ 2

Since a,(=12 ms?)> g(= 10 ms™), so the block will
leave contact will the floor of the lift and starts falling

= h-s

with an acceleration a=g¢ =10 ms™, so we have
1 1
s=at? =E><10><(0.2)2 =02m

= s=20cm

This motion is just similar to the motion of a projec-
tile moving under the influence of an acceleration
gsin(45°), instead of g .

So, after 2 seconds, we have

Hints and Explanations H.203
v= [0} + vj
= v= [103in(45°)g>< z]+ (10cos45°)°
V2
= 0=10ms™
19. Writing equations of motion
for M, 5T = Mg = Ma, (1)
form, mg—T = ma, ..(2)
Also, from constraint equation, we get
az - 5!21 .. (3)
5T T
T J. = &
! 7 &

Mg
FBD of M

mg
FBD of m

Solving these equations, the acceleration of M and m
are given by
Sm-M
8
25m-M

o =( o =M )g and a, =
20. FBD of m; (showing only the horizontal forces)

25m-M

Equation of motion for m; is, T - N =ma, (1)

aq
—_—

my

FBD of m,

Equations of motion for m, are given by
N =1m,a, and (2

myg —T =m,a, ..(3)
T

-

Mg
FBD of m,

—l‘-a-l

ap
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21.

Equation of motion for 1, is

iy g =T = mya, (4

mg

|

msg
FBD of my

Further from constraint equation we get
a1=ﬂ2 +ﬂ3 (5)

Solving the five unknowns a;, a,, a3, T and N,
we get

2
0= g

(111 + 1y )(my + 11y ) + g

In mode (a), the man applies a force equal to 25 kg wt
in upward direction. According to Newton’s Third
Law of motion, there will be a downward force of reac-
tion on the floor.

So, total action on the floor by the man is

N; =50 kg wt+25 kg wt =75 kg wt
N;=75x98 N=735N

In mode (b), the man applies a downward force equal
to 25 kg wt . According to Newton’s Third Law, the
reaction will be in the upward direction.
So, total action on the floor by the man is

N, =50 kg wt—25 kg wt =25 kg wt
N, =25x98 N=245N

As the floor yields to a downward force of 700 N, so
the man should adopt mode (b).

Test Your Concepts-V (Based on Equilibrium)

1.

. ) a
Since sinf=—=
2a

o M-

2a

= 0=30°

Tcos(30°)
Najwa
Mg
For equilibrium,
Tcos(30°) = Mg
2Mg
= T=—F- (1
B (1)
. . T
Smce NAJ.fwall = Tsm 300 = E
Mg
= N ! =— - 2
Afwall \/5 ( )
F, F, Fy F,
4 cos (30°) | 4 cos (120°) | 6 cos (90°) | 4 cos (0°)
4 sin (30°) | 4 sin (120°) | 6sin (90°) | 4 sin (0°)

(F),=2V3 N,(R),=-2N and

X

(), =0N, (F) =4N

?2=4N E

Similarly,
(F),=2N, (), =23 N
(F),=6N, (F),=0N
S0, (Fet), =(F), +(R), +(E), +(F),
= (Fu),=2¥3-2+0+4=2(J3+1) N

Similarly, (F,.,), =8+2/3 N=2(4+3) N

= Eu=2[(V3+1)i+(4+V3)j|N
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METHOD I

Since, the block is permanently at rest, it is in equilib-

rium. Net force on it should be zero. In this case only

two forces are acting on the block.

(a) Weight =mg (downwards)

(b) Contact force (resultant of normal reaction and
friction force) applied by the wedge on the block.
For the block to be in equilibrium these two forces
should be equal and opposite.
Therefore, force exerted by the wedge on the
block is mg (upwards).

METHOD II

The normal force on the block is N =mgcos6 and the
friction force on the block is f = mgsin@ = umgcoso .
These two forces are mutually perpendicular. So, net
contact force would be

JN?+f2 = \/(mgcosﬂ)z +(mgsin®)” = mg

The object is in equilibrium. Hence,

ZFX =0 and ZFF =0

= 8+4c0s(60°)—F,cos(30°) =0 { Y E =0}
V3

= 8+2*F27=0

20
= FE=—N
T3
= F +4sin(60°) - F,sin(30°)=0 { 25;0}
= F1+@f§=0
2 2

F. =0, ie, F and mg should be equal and opposite
i.e., balance each other, so we have

Hints and Explanations H.205

[El=[mg)
= vAsinf=mg
p=—18

Asing

v will be MINIMUM, when sinf is maximum. So
sinf= MAXIMUM =1

= 0=90°andV, =%
A

Various forces acting on the ball are as shown in figure.
The three concurrent forces are in equilibrium. Using
Lami’s theorem

T, T, _ 10
sin(150°)  sin(120°)  sin(90°)

=

sin(30°)  sin(60°) 1
So, T,=10sin(30°)=10x05=5N and

5

T2=105in(60°)=10x73=5\/§N

In the first case, ball is in equilibrium. Therefore, the
net force on ball in any direction should be zero. So,

(EF ) in vertical direction =0

= TycosO=mg

= T__mg
' cosh

Substituting m; =1kg, g=10ms > and §=45°

= T,=10/2N

In the second case ball is not in equilibrium (tempo-
rary rest). After few seconds it will move in a direc-
tion perpendicular to OQ . Therefore, net force on the
ball at Q is perpendicular to OQ, or net force along
0Q=0.So, we get

T,=mg cos @
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Substituting the values, we get
T,=52N

Also, we observe that
T,#T,

Here we deliberately resolved all the forces in verti-
cal direction because component of the tension along
the vertical, in the branch RP is zero. Although, since,
the ball is in equilibrium, net force on it in any direc-
tion is zero. But in a direction other than vertical we
will have to consider component of tension in RP also,
which will unnecessarily increase the calculation.

Test Your Concepts-VI (Based on
Non-inertial Frames: Pseudo Force)

1.

block w.r.t. wedge is shown in figure.
N

2
\9 X

=z

2

&

'

mg + F, =mg +ma

The acceleration would had been gsin@ (down the
plane) if the lift were stationary or when only weight
(i.e., mg ) acts downwards. In this case, however, the

downward force is m(g+a).

So, the acceleration of the block w.r.t. wedge will be

(g+a)sind, down the plane.

reference is shown in figure

F

pseudo = M2a -— M,

NOTE: Only the necessary forces have been shown.

Since, the acceleration of block w.r.t. wedge, which
happens to be an accelerating or non-inertial frame of
reference, is to be find out. So, let us draw the EB.D. of

The F.B.D. of M, and M, in accelerated frame of

Mass M, will neither rise nor fall if net pulling force is
zero.

Le., Mya=M,g

M

= a=—3
Mzg

= F=(M]+M2+M3)a=(M1+M2+M3)%g
2

In equilibrium, we get

kx,, = may
ma
= Xy,=—
k

Here, x,, is maximum compression in spring, which is
also equal to its amplitudes of oscillation.

kx . < o I, _
m Fpseudo =may

Since (vy) = (%, )@

ma, |k

= (Unﬂ)mafT ;

m
= (vrel )max =y

k

Let, acceleration of block C be a, (rightwards) and
acceleration of block B be a, (leftwards)

Then, acceleration of A will be (gl +a2) downwards
and a; rightwards.

5
— (@ +ap)
N A l l—>X
y
4 mg
ay

Drawing the free body diagram of A and using

IF, = ma, and XF, = ma, , we get
N=4m((11) (1)
and 4mg—T =4m(a; +a,) (2

Drawing the free body diagram of B (showing hori-
zontal forces only) and using XF, = ma, , we get

a
-
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T =3ma, -.(3)

Again, drawing the free body diagram of C (showing
horizontal forces only) and using XF, = ma, , we get

] T
—
N
-— Cc
T - N =8ma, .(4)

Now, we have four unknowns a,, a,, T and N.
Solving these four equations, we get

_8
ﬂ-l = g and A= %
5
So, acceleration of A is % in horizontal direction and

58

—= in vertical direction.

Acceleration of B is % in horizontal direction (left-

b

wards) and acceleration of C is < in horizontal direc-
tion (rightwards).

A is in equilibrium under three concurrent forces
shown in figure, so applying Lami’s theorem, we get

ma mg

sin(90° + 60°) - sin(90° +30°)
g 80(E0) e s
cos(30°)

Since N+ ma=mg

mg

—+ma=mg

Hints and Explanations H.207

N

{ ‘ Fpseudo =ma
|

Al

I
|

mg

Since the car is moving up with constant velocity. So it
has zero acceleration.

_0
o @

o

Hence,

6=30°

T=mg=(2)(10)=20N
Let the bob make an angle 6 with the normal to the
ceiling. Then in the equilibrium state of the bob,

T'sinf = may +mgsin(30°) and

T cos® = mgcos(30°)

8.8
- tan9:a0+gsm(30):2 2=£
gcos(30°) J38 J3
2
2
= 9=tan](—]
J3

Since T cos = mgcos(30°)
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7
2
%]
3
= Tc059=mg(§)
Also, tan9=%
So, we get
V3
cosﬂ—ﬁ
ool £
= T=107 N

9. If the wedge is in free fall, its acceleration must be
gsinf. Here we are required to find the weight shown
by the weighing machine i.e., the normal force acting
between man and the weighing machine. Let us solve
the problem in the reference frame of the wedge. The
forces acting on man in the reference of wedge block
are shown in figure.

Weighing

machine J_E)
M

With respect to wedge frame man will experience a
pseudo force mgsin@ as shown opposite to the accel-
eration of the wedge. Now for equilibrium of man
relative to wedge we have

mg

N+ mgsin29 =mg
= N=mg-mgsin®6=mgcos’6

10. Using our knowledge of constrained analysis we
observe that if the wedge moves toward right by a
distance x, then the small bar will travel equal dis-
tance x down the inclined plane of wedge. Thus
both the bodies will move with same acceleration,
wedge towards right on earth and bar downward

along incline on wedge. As bar is taken on wedge
(anon inertial frame) a pseudo force is applied on bar
towards left as shown in its free body diagram. Now
we write down the motion equations of m and M
according to forces shown in their F.B.D.s in figure.

Tcos#

masing

7
n
Fpseudo =ma
macosé mgcosé
mgsing
DAL
For M
T +nsinf—Tcosf = Ma (1)
N = Mg +ncosf+Tsind ..(2)
Form
mgsin@+macos@-T =ma (3
masin® +n = mgcosf ..(4)

From (3), T =mgsin@+ma(cosf—-1)
From (4), n=mgcos@-masin@

Substitute values of T and n in (1), we get
. mgsin®
M+ 2m(1-cos@)

11.  For the smaller block m , not to slip onsurface of m,,
we have

’?7@00
Se

F, pseudo = Ma

masing

mgcose
FBD m



mgsing = macos®
= a=gtanb (1)
N = masin@ + mgcos@

Substituting a = gtan@, we get

N =mgsec .(2)
ForM

Mg—-T=ma (3
Form

T —Nsin@=mya .. (4)
Adding (3) and (4), we get

Mg - Nsinf=(M+m)a

Mg
FBD M

FBD m,

= M}g/fmg%=(M+mﬂ)g/tanB

= M-mtanf=(M+m,)tanf
= M-mtanf= Mtan8+m,tand
=  M(1-tan@) = (mg +m)tand

_ (my+m)tand

= M=
1-tan@
- M=mD+m
cotf-1

Test Your Concepts-Vll (Based on Friction)

1

Let the insect crawl up the bowl upto point P as
shown. In doing so, the insect rises through a height
BA = h, above the bottom B of the bowl of radius .
If W is the weight of insect, then for equilibrium
at P,

N =Wcos@ and
f=Wsin0

Hints and Explanations H.209

From these two equations, we get

tanf@= i
N
In limiting case, we have
f=uN
f
= —=
N U

1
Therefore, tanf=pu=—
3

= 6=30°

Since, y=0Pcos(30°)= \Er

and h=BA=0B-0OA=r-y

= h=r§r=0.134r

The given angle 30° is actually the angle of repose ¢.
So, we get

Mztf;n’i((%[]"):L

V3

Since, W; < U,, acceleration of 2 kg block down the
plane will be more than the acceleration of 4 kg block
if allowed to move separately. But as the 2 kg block
is behind the 4 kg block both of them will move with
same acceleration say a. Considering both the blocks
as a system, the force down the plane on the system is

Fioun = (4+2)gsin(30°)
= Fium =(6)(10)G] =30N

Similarly, force up the plane on the system is

Fyp = 1 (2)(g)cos(30°) + p, (4)(g )cos(30°)

= Fyp = (24 +44, )g cos30°



ICON

H.210 )EE Advanced Physics: Mechanics - |

= F,=(2x02+4x03)(10)(0.86)
= F,=1376N

So, net force down the plane is

(F

net )down =30-13.76=16.24 N.

Acceleration of both the blocks down the plane will be
given by
(Fnet )down 16.24 _

a= = 2.7 ms
4+2 6

4. As the box is lying an accelerated frame, so, it experi-
ences a backward force given by

F=ma
Motion of the box is opposed by the frictional force
given by

f=umg
So, net force on the box in the backward direction is

Fnet=F_f=ma_#mg
= F,=40(2-(0.1)(10))=40N

Acceleration produced in the box relative to truck in
the backward direction is

E 4
» = Znet = —O = 1 572
m 40
Since s= 1:;zrle
2
= f= &
af
= t= 23 =434
1
= t=316s
5. Inthe diagram drawn, we have
Feoso=mgsinf+ uN (1)
Fsina F
N Fcosax

f=uN mgcosé

and N+ Fsina =mgcosf ..(2)

= Fcoso=mgsinf+uN
= Fcoso =mgsin@+ pu(mgcos6 - Fsinar )

_ mgsinf+ umgcoso
cosa + fsing

F

For F to be minimum,
cosa + psina =z (say) should be maximum

dz

—=0
doe

= a=tan'(p)

and E., = mg(sin@+ Lcosf)

R

NI S N Ters |

- Fmin:mg(sm9+ucosﬂ)
Vi +1

Retardation offered by the belt to the package is given
by
=g =0.15x9.8 =147 ms™

Let s be the distance travelled before the sliding stops
then

2 (5)

20 2x147

85 m

Limiting friction between A and wedge

L= umygcosf=(0.25)(60)(10)cos(30°)
= f,=130N
and kinetic friction is

fx = ugmygcos@=104 N

The system will remain stationary when
% + f; > W, sin30°

= 100+130> 300

Since this is not happening, so the system will move.
Also, we observe that the acceleration a, down the
plane is two times a; upwards.

Equations of motion are,

W, sin(30°) =T - fi =mya, (1)
= 300-T-104=60a,

2T — Wy = mpag
= 2T-200=20ag ..(2)
and a, =2a, ..(3)
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Solving these three equations, we get
T=10774 N

a, =1.489 ms™

and ag =0.744 ms™

Since the block has no motion perpendicular to both
the inclines, so we have

V2N = mgcosd
mg cost
= N=——-2-_——
2
J2N
N N

Cross sectional view

Down the incline, the acceleration of the block is

in6—-2ugN
m

= a= g(sinﬂ— V24 cosﬂ)

,dv _ Netforce _ F—ugp(L-x)g
dx Mass pL

(7 L
= Jvdv=J-—F_qu(L_X)gdx
pL

2

= 5 —_#K(S’L"'#Kg
p
2F

= U= ?—,quL

(a) Since u=0,s0 v=a;=26ms" [ o=u+at}

1 1 1
5= mt =X 2X (13)°=1.69 m { s=ut+—at2}
2 2 2

So, 5,=(22-1.69)=0.51 m
2

Now, s, = z
2a,
2 2
2.6 -
= g2=0—=u=6.63m52
25, 2x0.51

and t2=£=0.4s
)

11.

Hints and Explanations H.211

(b) Acceleration of package will be 2ms™ while

retardation will be ;¢ =2.5 ms™

For the package, we have, as already calculated,
1

5= Ealtf =169 m

So, sy =ut, _%a;g =26x04 —%x 25%(04)

s5=084m
So, total displacement of package =2.53 m
Hence, displacement of package w.r.t. belt is
s,=(253-221) m=033m

(a) Force of friction at different contacts are shown in

figure.
Here, f,=umg and f, = (1lmg).

Given that y, >11p,,so
h>h

Retardation of upper block is a, = b U8
i
m
) <
— f1
10m
fz -

Acceleration of lower block is

_hof_ (m-t)g
m 10

Relative retardation of upper block w.r.t. lower
block is

ar=ﬂ1+ﬂ2
11
Now, 0-02y, =2(-a, )l { vy =2a,I}
TR e el L0
10
(b) 0=v, -at {0, =u, +at}
Lt [ 200
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12. For equilibrium of rod, we have

13.

3F, =0

4Ny
A

0 =X
= N] =#2N2 ...(1)
zf, =0
= W=N,+uN, (2)
AISO Efg =0

= Wlcos8=N,(2Isin6)+ N, (2l cosh)

W=2uN,
2N,

= tanf=

From equations (1) and (2), we get

N, = _W
T+,
Substituting in equation (3), we get

'cf;1|r16?=1-'-2ﬂ—,u1

]

Substituting the values of u; = % and 1, = %, we get

0= tan"l(zJ
4

Assuming that mass of truck > mass of crate.
Retardation of truck due to friction is

a,=(09)g=9ms?,

Retardation of crate due to friction is
a,=(0.7)g =7 ms

So, relative acceleration of crate is a, =2 ms™.

Time taken by the truck to stop is t; (say), so

0=u+(-a;)t
a9

1
Truck will stop after time f, = 35 =1.67 s and crate

will strike the wall at

b= 2= P52 17
a, 2

As t,>t;, crate will come to rest after travelling a
distance

2
s=1a,t12=1x2><(]5) =277 m
2 2 9

14. Limiting friction between A and B is

f,=uN=04x100=40 N

(a) Both the blocks will have a tendency to move
together with same acceleration (say a). So, the
force diagram is as shown.

4,
F=30N
A f

B

Equations of motion are,
30-f=10xa (1)
f=25xa ..(2)
Solving these two equations, we get
a=0.857 ms™ and f=2142N

Since this force is less than f;, both the blocks will
move together with same acceleration,

a, = ag = 0.857 ms™
(b) 250-f =10a
f=25a
Solving equations (3) and (4), we get
f=1786N

Since, f> f, so, slipping will take place between
the two blocks and hence we have

f=f,=10N
F=250N

A
40N 40N

B
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250-40
10

21 ms™

5
g = 0. 1.6 ms™
25

i- 2T cos(30°) - ugN
m

15.

2T=200N

- 200cos(30°) - 0.4(400 — 200 x sin (30°))
- 40

= =133 ms™

16. (a) Common acceleration,

- Feosa  Fcos(30°)
My +mg 1+2

g
23

(b) Normal reaction between A and B,

N=mAg+Fsina=[10+§)

Therefore, maximum friction between A and B is,

1 F F
=uN=-11 = —
fum =N =210+ 5 )<(5+£)

The friction helps the block B to move. Hence,

maximum acceleration of B can be

F
3
Aax = X — T =25+0.125F

B
This is also the maximum common acceleration.

Hence, Fcos(30°)= (my +mp )amax

3F
%:3(2.5+0.125F)
= F=1527N
17. a:&
my+M+m

For the equilibrium of B,

Hmmag

= N: ( ):
Mg = KN = fma my+M+m

18.

19.

Hints and Explanations H.213

” (M+m)m

O (u-1)m
- (M+m)

AT

Please note that since m, >0

So, >1

Equations of motion are,
T—leg=M1a1 ...(1)
Msg—2T=M3(a1;a2) .(3)

We have three unknowns T, 4, and a,. Solving these
three equations, we get

 (ut1)g
T_Z 1 1

M, 2M, 2M,

Let T be the tension in the string attached to block
B. Then tension in the string connected to block A
would be 4T .

a7
4a
—_—
4 4 a
G )
mag

Similarly, if a be the acceleration of block A (down-
wards), then acceleration of block B towards right
will be 4a.

Writing equations of motion

for block A, m,g—4T =mya

= 50-4T =5z (1)
forblock B, T—f=10(4a)

= T-(0.1)(10)(10)= 40a

= T-10=40a ..(2)
Solving equations (1) and (2), we get

a=0.06 ms™
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20. tamB:E (1)
r

Here 6 cannot be greater than the angle of repose

o=tan™ (u).

Thus, maximum value of 8 canbe tan™ (u). In criti-
cal case, we have

0=tan™"(u)
= tanf=p .(2)
From equations (1) and (2), we get

h=pur

So, maximum volume is

Viax = Lrh= 1;frrz(/,uf)

Force of friction f between the ladder and the ground
acts along BC .
For horizontal equilibrium f =N, (1)
(2
Taking moments of the forces about B, we get, for
equilibrium,

N; (4c0s30°) - W (2cos60°) =0 ..(3)
where, W=250 N
Solving these three equations, we get

f=7217 N and N, =250 N

= #=L=E=O.288
N, 250

For vertical equilibrium N, =W

Test Your Concepts-VlilI

3 3 (Based on Circular Motion)

= Vo =—mur’
3 H

21. Let, f, be the limiting friction between A and ground
50, fy=p(m +my)g
Let f, be the limiting friction between A and B so,
fo=u(m)g
Net pulling force
F=mg~-fi-f
= F=myg—pu(m+2m,)g
F g(mS—Ju(Zm2+m1))

22. Infigure ABis aladder of weight W which acts at its
centre of gravity G . Let N; be the reaction of the wall
and N, the reaction of the ground.

ZABC = 60°
= ZBAC=30°

1

The situation is shown in figure. Let us work from the
frame of reference of the table. Now take the origin
at the centre of rotation O and the x-axis along the
groove. The y-axis is along the line perpendicular to
OX, coplanar with the surface of the table and the
z-axis is along the vertical. Let at time t the particle
in the groove be at a distance x from the origin and
is moving along the x-axis with a speed v. The forces
acting on the particle (including the pseudo force) are:

y

(a) weight mg vertically downward,

(b) normal contact force N; vertically upward by the
bottom surface of the groove,
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(c) normal contact force N, parallel to the y-axis
by the side walls of the groove,

d) centrifugal force ma*x along the x-axis.
8 g

As the particle can only move in the groove, its acceler-
ation is along the x-axis. The only force along the x-axis
is the centrifugal force mw”x . All the other forces are
perpendicular to the x-axis and have no components
along the x-axis.

Thus, the acceleration along x-axis is

F
a=—=
m
d'ﬂ 2
VT— =X
dx

= odv=w’xdx

()

L
= Jvdv = ja)zxdx

D %R

Here negative sign indicates the retarding nature due
to friction.

Hints and Explanations H.215

= loge[ i) =-2mu
]
= o=y ™

Free body diagrams of m; and m, from rotating
frames are as shown for convenience

m Rm2 . ﬂm1g
T m, 1 T— m, [T =
HM1g = .
m,Rw?

Please note that only horizontal forces have been
shown.
For equilibrium, we have

mRa* =T + g (1)

T = myRe* + umg ~(2)
Solving equations (1) and (2), we get

2
o= g
(my =my )R

Substituting the values, we get

O = 6.32 rads™
Since from (2), we have

T = myRe* + pim, g
= T=(105)(632)+(0.5)(2)(10)=30 N

(a) mLo®< umg

= wi\/E
L

= wmx=\/i£
(b) ug= a%+aé=V(La)2+(L0)2)z

= [’o'= yzgz L’

- o)<

2 2
@ f=%=85x(9)

(b) N=mg=83N

=2754N

So, net force on bicycle from the road is

" =yN2+ f2=8773N

F
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2

min

R

= Umin = \/g_R

(b) Velocity at angle 6 with respect to point C is
v=Ro

6. (a) From the diagram, we get

mgsing
Nsin = mra* = m(Rsin )@ (1)
Ncosf=mg -(2)
From equations (1) and (2), we get
—coc | &

Now, mgcosf@-N = X

Since, @ =27f = 67 rads™ 2

= 1\1:1:!1g(:056%ﬂ (1)
- p- cos_l[ 10 ] R
- 0.1x36 x 7 The pebble slides down, when
B=74° f <mgsin@
(b) At the same level as the centre of the hoop, com- = UN=mgsin® -(2)

ponent of N in vertical direction is zero, so the
bead will fall down due to weight mg and hence )
it is not possible for the bead to stay at this level. 0=cos™ ( ] i

A
JERg 4

From equations (1) and (2), we get for u=1,

2
9, Since tanf=—
R

8
2
mg = f=tan!| — =tan1(@]=tanl[l]
Rg 200 2
7. Timet=AB+BC+CD For v,
i Friction is outwards. Hence the equations of motion
2ra 2n(2a) 2r(3a) are,
3 )Ty Ty 2
= i= Nsin— uN cosf = o (1)
u R
t—ﬁ Ncos@+ uNsinf = mg ..(2)
" N
o
y 523
BI‘.;-.?-. a_ . \ From equations (1) and (2), we get
A a a !

PN 2, o = |gR tan@- i
A 1+ yitan®
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Substituting the values, we get

104
O = [10%20 271
1404 x—

4

=408 ms™

Forv, . :
In this case friction is inwards. Hence the equations of
motion are,

2
Nsin9+JuNcosﬂ=% ..(3)

Ncos@ - uNsin8 = mg (4)

From equations (3) and (4), we get

o = gR( tanf+ u ]

1-putan®
l+0.4
= Oy, = |10x20] 22— [=15ms™
1-04x—
2
b
—=cot0d
r
= r=btané (1)
For o, , we have
Ncosf - uNsin@ = mra’ -(2)
Nsin®+ uN cosf = mg .(3)

From the above equations, we get

g(1-utand)
btan®( +tanb)

min

For @, friction yN will act inwards. Equations of
motion are,

Ncosf+ uNsin8 = mro* -..(4)
and Nsinf - uNcosf =mg ...(5)
Solving equations (1), (4) and (5), we get

| g(1+utano)
- btanf(tanf- )

max

Hints and Explanations H.217

11.  The maximum speed without slipping is given by

yiax = VU8 = (0.9)x(40)x (9.8) =18.8 ms™

The maximum speed without overturning

ra
U1= %

When the car turns right, then

a =1'—;5+0.075:0.65 m

So, for the first bend

. /(9.3)(?)0;(0.65) 206 s

When the car turns left, then

a:l'—;5—0.075:0.5m

For second bend the maximum speed without
overturning

0y = 9.8><(()).:><40 —181ms!

As for the first bend, vy4x <7y, so the car skids.

For second bend, v, <vy4x , s0 the car overturns.

Nz
R
2
umo
—uN =

fmax # R

2
So, retardation a = fax _ H0”

m R

(_d_v)_ﬁ
dt R

v

t
jee_ s
v R

2 0
o p=— %
(1-4-@)

R

. Figure shows the funnel with mass .

The different forces on mass m (w.r.t. funnel) are:
(i) weight mg acting vertically downwards,

2
(ii) centrifugal reaction force (ﬂ] directed hori-
r
zontally outwards,

(iii) normal reaction N offered by the wall and
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(iv) frictional force f directed along the incline When the revolution is slow enough, the block may
(when the revolution is fast enough, the mass slide down. In this case the frictional force f will be
may slide upwards). directed along the incline upwards.

So, replacing y by —u in equation (5) the minimum
frequency allowed will be
1 |g(sinf-pcosh)

n=—
2\ r(cos6+ psinf)

1 sin@+ ucos@
Hence, n, =L |§(5in6+ucos0)
Since, the mass m does not move, so we get 21\ r(cos - usinf)

2 .
N - =sin0 - mgcosd =0 (1) 1 |g(sind - prcos6)
-

..(6)

Min =5 .
21\ r(cos@+ using)

2

mo
+mgsing———cos@ =0 )
femg r () Single Correct Choice Type Questions
From equation (1), 1 m=2kg
2
N:mgcos@+[£]sin9 v=2i
r
F=3j
mo’”
Now, f=uN = pymgcos@+| — |sind ..(3)
r
Substituting the value of f from equation (3) in equa-
tion (2), we get
mo* mo*
p[mgc059+—sin9}——cosﬂ=—mgs:’mﬁi -
r r
mv*
= ——(usinf-cos@)=-mg(sinb+ p1cosh)
r
U2 p I_: _ 3
= —(cos@-usinB)= g(sinf+ pcosb) = = =5
r
z i t=2
. v* _ g(sinf+ pcoso) ) s
r (cos6-pusin®) L1
) Since s =0t +—at’
Since 2
v=r@=2mnr [ o=2mn}

= §=(22]2+%(§](4)}

= 5=4i+3]

dnn*?  g(sinf+ pcos)
r (cos@ - usin®)

2o | g(sin@+ pcosh)

RET» (cos®—using) = [sl=V£2+32=5m

I g(sin 8+ f1cos 9) Hence, the correct answer is (B).

= -
2\ 7(cosB - using)

2. Drawing free body diagram of block with respect to

plane.
This must be the maximum frequency allowed.
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Acceleration of the block up the plane is

4= mgos(30°) - mgsin(30°)
m

= a:(%]g:&% ms™

Since, s = 1atz

2
= t=\/g=,’2><1=0.74s
a 3.66

Hence, the correct answer is (B).

Since the string is light, so at the point of application of
force F, and when the threads make an angle 6 with
the horizontal, we have

F-2Tsinf8=0
= F=2Tsin®

For mass m to move, say with acceleration A, we have

Tcosf@=mA

= ( F JcosE):mA
2sin6

= A=(iJCDt9
2m

2 2
a —Xx

where tanf=
X

= A:i X
2m HZ*IZ

Hence, the correct answer is (C).

Hints and Explanations H.219

Let f be the force exerted by the rope on the block M.
Then

f-Mg=Ma (1)

We must note that once P acts on free end of the rope,
then tension due to pull P at the end of rope attached
to M is zero. So, M will move up only due to the inter-
action force f .

P

m

Now, for mass m , we have

P-f-mg=ma ..(2)
Adding (1) and (2), we get

P-(M+m)g=(M+m)a
= P=(M+m)(g+a)

P
M+m

f=M(g+a)

Mp
=3 =
f M+m

Hence, the correct answer is (D).

= a

-8

N+Fsinf=W and
Fcosf=uN

_FcosB
N

N Fsing F

Fcos6

= =
W —Fsin#6

N
L

h
Since sinf = E and cosf =

R -1
AT

Hence, the correct answer is (A).

=
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6.

Let us draw the free body diagrams of C and A.

8.
W = Weight of each sphere
N, = Normal reaction between A and inclined plane
N; =Normal reaction between A and C
N; =Normal reaction between B and C
Free body diagram of C
Resolving vertically 2N, cos30° =W
W
RE
When the arrangement is on the point of collaps-
ing, the reaction between A and B is zero.
Free body diagram of A
Resolving horizontally and vertically
N2 Slnf) = Nl Slll30°
= N,sinf=— -(2)
2 '
W
N2c059=W+N1c0530°=3T - (3) o,
Dividing (2) by (3), we get
tanf=—=
33 a
0
1
= 0= tan"l[ —)
33
Hence, the correct answer is (C).
7. As soon as the inclination of slanted side reaches the
angle of friction, sand begins to slide down.
10.

For maximum height, we have
U=tana= I
R
= h=uR

Hence, the correct answer is (C).

Free body diagram of the two bodies are as follows
:
fo_2Kg]

Fy=20N

4 kg

I

Maximum friction between the two blocks is

fmax = umg where m=2kg
= fmaxz(US)(z)(10)=10N

Let acceleration of both the blocks be a towards left.
Then

_f-2_20-
2

_20-f

4
= 2f-4=20-f
= f=8N

Now since f < f, .., ie, static region of 2 kg on 4 kg,
hence friction force between the two blocks is 8 N,
Hence, the correct answer is (C).

F

pseudo =

$

mg
Mg sin ot — may cos ot = ma
= a=gsino—a,cosa

Hence, the correct answer is (D).
3

sinf=—
5

4
= cosf=
5
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12.

13.
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mgsm9=(10)(10)(§]=601\1

pmgcosf):(%)(]O)(lO)(%)=60 N

i.e., when a force of 30 N is applied in upward direc-
tion friction force of 30 N acts upwards. Normal reac-
tion is perpendicular to plane. Therefore, resultant
force will be along OB.

Hence, the correct answer is (B).

mgsin@=60 N, F =30 N and f = 30 N. So, from the

free body diagram, we observe that the net force on the
block is zero and hence the acceleration is zero.

Hence, the correct answer is (D).

For upward motion
L 2
~-Fh= —Emv +mgh
For downward motion
1 )‘2
-Fh= Emv —mgh

= o=y mg—F

mg+F
Hence, the correct answer is (C).

Net horizontal force on block B is zero.
Hence, the given figure (a) can be replaced by figure (b)

14.

15.

Hints and Explanations H.221

B B

(@) (b)
Maximum value of friction
fax = Mg =(05)(2)(10)=10 N

Block B moves due to friction
Therefore, maximum common acceleration of the two
blocks can be

_ -2

max =5ms
Mg

= Fmax = (mA + g )amax

= [, =(2+2)(5)=20N

Hence, the correct answer is (D).
2Tc059=~.5Mg (1)

Tsinfl and Tsin@ cancel out as both are equal in mag-
nitude and are directed opposite to each other. Further,

T=Mg .(2)

= 2Mgcosf=+2Mg

= cosf=

sl

= 0=45°
Hence, the correct answer is (C).

Mass m; moves with constant velocity if tension in
the lower string

T,=mg=(1)(10)=10N (1)
So, tension in the upper string is

T,=2T,=20N .(2)
Acceleration of block M is therefore,

L_2X

:M_M (3)

This is also the acceleration of pulley 2

Absolute acceleration of mass m; is zero. Thus, accel-
eration of m, relative to pulley 2 is a upwards or
acceleration of m, with respect to pulley 2is a down-
wards. Drawing free body diagram of m, with respect
to pulley 2.
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17.

18.

T=10N
Pseudo force
40

=Mya=—
M

al m, = 2 kg

myg=20N

Equation of motion gives

20-22-10=20=
M

Solving this we get M =8 kg

Hence, the correct answer is (C).

Taking upward direction as positive

and a- =2 ms™

Given a, =1ms ™, ay=7 ms™

Let acceleration of pulley P is a upwards, then accel-
eration of pulley Q willbe 2 downwards

= ap=a
and ag=-a

Now a,p =-agp

= a,—ap=ap—ag
= l-a=a-7

= 20=8

= a=4ms”
Further a¢o =-apg
= dc—dy=dy—ap
= 2-(-a)=-a-ap
= ap=-2a-2=-10 ms

So, acceleration of D is 10 ms downwards.

Hence, the correct answer is (C).

Thrust:ZT:[ AmM ]g
M+m

4
= Thrust = L’i

1+—
M

Since, LN 0
M

= Thrust =4mg

Hence, the correct answer is (C).

19.

20.

21.

22,

From symmetrical behaviour of the arrangement, we
observe that tension in both the branches BC and CD
to be equal.

= 2Tcosf=mg

mg _mg
= T= =
2cosf 2 secp
= g 1+tan’ B
o .M #1 (12]
2 5
= Em
10"

Hence, the correct answer is (B).

Block starts sliding over the surface when F is the
maximum static force of friction

= Kt=pumg
K
for t> K SKg net acceleration of block is
F m Kt
F-mg _ ~ g
m

which is a straight line with positive slope and nega-
tive intercept.

Hsmg
for t<
So, for X

, acceleration of particle is zero

and for 1L>M
K

L Kt
, accelerationis a=—— ;. ¢.
m

Hence, the correct answer is (D).

F

i=——
My + My + My

For equilibrium mya = m,g

= m ( ;] =mg
my +m, + 1,
I;;g(m1+m2+m3)

Hence, the correct answer is (C).

kx, =2g¢

2
= x= ?g (1)
{ k = force constant of spring}



23.

24.

25.

26.

ICON

ngkx2_3g72g
3 5
12 ¢
=< 2
= X 5k (2)
ky-g _2¢-18
1 3
4
=2 ..(3
= X 3k 3)

From (1), (2) and (3) we see that
Hence, the correct answer is (B).

Imoulse = Area under force time graph
MPUISE =1 ynder the specified interval
Hence, the correct answer is (A).

From constraint relations we can see that acceleration
of block B is

ag =( o4 ; ic ) with proper signs

Hence ag =(¥]=1.5—6t
dog
—=15-6t

AT

Ug t

= Jde=I(1.5—6£)dt
0 0

= vp=15t-3t
1
= vg=0att==3s
2

Hence, the correct answer is (D).

Let T be the tension in the string then
Forbody A:F=T+ umg

Forbody B:T = umg+ u(m+M)g
= F=u(3m+M)g

Hence, the correct answer is (D).

At the moment shown in figure net force on P
observed by ( is zero.

27.

28.

29.

Hints and Explanations H.223

Hence, the correct answer is (C).

=n_(16—n)(%]

16
3n-(16-n)
3

= 24=3n-16+n

§

M e

= 8=

= n=10

Hence, the correct answer is (C).

Since the surfaces in contact are smooth, so force of
friction between the block and the plane is zero. Hence,
contact force is really the normal reaction between the
two.

Fcos30°
F f

Fsin30°

30° 30°

—»a

In the first case Fsin30°=ma

mg
cos 30°

and Fcos30°=mg = F=

and in the second case

f =mgcos30°
F__ 1 4
f ocos?30° 3

Hence, the correct answer is (B).

Average Weight
Sc;l ¢ forceg of peb% les
;f?igégt exerted collected
by pebbles | | in box at time ¢
Scale
reading |=F,, +(mg)(nt)= mn(@+gt)
at time f

Hence, the correct answer is (D).
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30.

31

32.

33.

Considering translational equilibrium of rod in hori-
zontal direction.

F;

Fy F,
F| B

Therefore, block B will tend to move first.
Hence, the correct answer is (B).

Acceleration of body down the plane is
a=(gsin30°)(cos60°)

= a=10(1](1)= 2.5 ms™>
2\ 2

. t\E X5 s
a 25

Hence, the correct answer is (B).

o1 L]
2

Let us consider A and B as a system. Since, there is no
vertical force in the upward direction to support their
weight, hence the system cannot stay in equilibrium.
Hence, the correct answer is (D).

Let a be the acceleration of the elevator. Drawing free
body diagram of the lower portion.

3
I

A

mi

Let the mass of lower portion of string be m’ = %(L -1)
Equation of motion gives
T-Mg-m'g=(M+m')a

34,

35.

36.

a—;—g
(M+m—ﬂ]
L

Hence, the correct answer is (C).

=

TcosB=mgcose and (1)
T'sin@ = may + mgsino ..(2)
gcosa
= g=tan’! ay + gsino
geosa
8 4 ¢sin(30°)
= f=tan| 2 —
gcos(30°)
2
= f=tan'| =
5)

Hence, the correct answer is (B).

When centre of gravity lies vertically below its centre,
the restoring torque while displaced from its equilib-
rium position, brings it back to its equilibrium position
as shown below.

C =centre of sphere

G = centre of gravity
and 7= restoring torque

Hence, the correct answer is (B).

mg =2Tsin45
= mg=\2T (1)
T, cos@=Tcos45
T mg m
= Tcosf=—==—" oo M8
TR b
Further, Mg +T cos45=T;sin@
= Tisinf=M +%L
1 8 22
= Tysinf=Mg+ S 2

2



37.

38.
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(Divide (2) by (1)}

Hence, the correct answer is (A).

&a
57

mgg = 40N

From constraint relations we can see that
so, letag=athena, =2a

Free body diagram of B gives

40-T=4a (1)
Free body diagram of A is

z710=4;1

2
= T-20=8a ..(2)

Solving equations (1) and (2) we get

2/8/ T/2
/‘\0$
o
‘5’\0
ol
1
2a=—0m_2
3
10 5
= aA=§m

Hence, the correct answer is (A).

Let acceleration of A be a; downwards and that of B
is @, upwards and let T be the tension in the string.
Then equations of motion of A and B gives

mg—T =mm (1)
2T - m,yg = mya, (2)
Equilibrium of pulley C gives
2T-T=0
= T=0

39.

40.

Hints and Explanations H.225

Substituting in (1) and (2)
=g and a,=-¢

So, both the blocks are falling freely.
Hence, the correct answer is (D).

Tsin45=ma (For A) (1)
mg —Tsin45=ma (For B) ..(2)

__mg _mg
T 2sind5 2

Hence, the correct answer is (C).

For the first 3 second, the acceleration of the combined
system is

a=(::+—2)g (1)

Velocity gained by m (starting from rest) at the end of
3 second is

v=0+at

5-m
= 0_3(5-%-—1?1]3' ..(2)

At t=3s, the string is cut (i.e., at position B).

As soon as the string is cut the mass m starts moving
under the retardation ¢ and covers a further distance

of %m before its velocity becomes zero (atc) and

then it begins to descend.

' 5kg
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41.

42.

5-mY , (49]
= 9] — =-2 —
(5+m) T

(5—1’)1]2 1

= —_— | =—

5+m 81
S5-m

5 2m_, 1
5+m 9

= m=4kg or m=625kg

But m=625kg is not acceptable, as the value of
lighter mass cannot exceed 5 kg.

Hence, the correct answer is (A).

Force of friction between the two is

fa=pmg
Retardation of A is a, = il ug
m
and acceleration of B is ap = Ll #?g
m

ii#(mg)

Hence, acceleration of B relative to A is

3
{** both are in opposite direction}
. 1
Since g =~
: 2
3
= fgy = Ig

Hence, the correct answer is (C).

From the free body diagram, we observe that the com-
ponent Nsin@ provides the necessary centripetal
force, where as the component Ncosf equals mg .

Ncose

N

43.

44

So, Ncosf =mg (1)
mv?

Nsinf=—— -(2)
R

So, N =mgsec [~ of (D}

Hence, the correct answer is (C).
Blocks A and C both move due to friction and less fric-
tion is available to A as compared to C because normal

reaction between A and B is less. Maximum friction
between A and B can be

1
fmax = JumAg =(2)mg
Maximum acceleration of A can be

:fmang
* m 2

ma:

Further a,, =ap ,because no slipping of A and C has
to be on B (which moves forward with an acceleration

ap).

__mpg

= amax_
3m+mp

m
= &__"™8
2 3m+my

= mp=3m
Hence, the correct answer is (A).

Drawing free body diagram of block, we have
IF, =0

= N+ Fsin30° = mgcos45°
= N=mgcos45° - Fsin30°

1 1
= N=(4)(10)[ﬁ]—(10)(§]

= N=2328N (1)
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fmax = #N = (06)(2328)=1397 N
1

n‘zgs,in(45°)=(4)(10)(\/E

and Fcos(30°)=(10)(g]=8-66 N

] =2828 N

Since, mgsin45°> f_ . +Fcos30° so the block will
slide down and friction will be maximum. Therefore,
net contact force is

Fe = \/Nz +( frnax )2

o F.=y(2328Y+(1397)
~ F.=2715N

Hence, the correct answer is (C).

For no slipping, both A and B move together down
the incline with an acceleration a = gsin®, down the

plane as no slipping exists between them. Horizontal
component of this acceleration is ay =acosf and
vertical component is a;, = asinf)

where 2 = gsinf

[N
= ay=acosf=gsinfcosf and
ay =asin®= gsin’*

FBD for A

aye— N

Let N be the normal reaction between A and B.
Equations of motion in horizontal and vertical direc-
tions give

mg — N = may
= N =mg-may =mg—mgsin’@
= N=mgcos’6

If f be the frictional force between A and B, then

may < UN

= mgsinfcosf < imgcos’ 6

46.

47.

Hints and Explanations H.227

= f6<tan”(u)

Hence, the correct answer is (D).

The tension is maximum in the string when it is in the
lowest position. So,

h=1(1-cosf,)
Speed of mass m in its lowest position is

v* =2gh=2gl(1-cosé,)

Further since, T

juit

muv
ax_mg:T

2
= T =mg+TU

= T =mg +2mg(1-cosb,)

= Toax =mg(3-2cos6;)

The block of mass 4m will not move, when
Tax S H(4m)g

= mg(3-2cosb,)<4 yumg

- > 3 -2cos6,
4
3-2cos6,
= Uy =T

Hence, the correct answer is (D).

Net pulling force on the system is Mg +mg-mg or
simply Mg. Total mass being pulled is M +2m . Hence
acceleration of system is

a= Mg
M+2m
kx
la
M
Mg
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48.

49.

Now since a< g, there should be an upward force on
M so that its acceleration becomes less than g . Hence
for any value of M spring will be elongated.

Hence, the correct answer is (D).

Net pulling force =2¢-1¢g=10N
Mass being pulled =2+1=3 kg

. . 10
So, acceleration of the system is a = < ms 2

Velocity of both the blocks at t =1s will be

N =m!=(9](l)=E ms™!
3 3

Now, at this moment velocity of 2 kg block becomes
zero, while that of 1 kg block is ? ms™ upwards.

Hence, string becomes tight again when, displacement
of 1 kg block = displacement of 2 kg block

1 1
= th—Egt2=Egt2

10
= t:v—ozizls
g 10 3

Hence, the correct answer is (D).

Limiting force of friction between A and B is
fi=wym,g=(03)(30)(10)=90 N

Limiting force of friction between B and C is
fo= iy (my+my)g
£,=0(0.2)(30+10)(10)=80 N

and limiting force of friction between C and ground is
f3 = s (my +my +me )g
,=(0.1)(30+10+20)(10)=60 N

As F is gradually increased the force of friction
between A and B will increase.

When F =60 N block A will exert a horizontal force of
60 N on B. There will be no relative motion between
A and B since this force is less than 90 N. B will also
exert a horizontal force of 60 N on C. Hence C will
be on the point of motion.

Hence, the least value of F is 60 N. All the three blocks
will be on the point of motion as a single body.
Hence, the correct answer is (A).

50.

51.

52.

Since gy, = g(sin6- icosf)

= e =0=5(1-05v3)=0.67 ms?

So, minimum speed while reaching the bottom
can be

ot =u?+2as
= 0=(6)"+2(067)(15)=56.1
= 0=749ms'=75ms™
Hence, the correct answer is (B).

Let T be the tension in the rope and a the accelera-
tion of rope. The absolute acceleration of man is there-

fore ( %g - a) . Equations of motion for mass and man

gives
T
T
100 kg
T -100g =100a (1)
T—60g:60(%’—a] ..(2)
Solving (1) and (2) we get
T=1218 N

Hence, the correct answer is (C).
Let T be the tension in the string. The upward force

exerted on the clamp is T'sin30°= %

Given g =40N

= T=8N (1)
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54.

55.
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If a is the acceleration of monkey in upward direction.
Equation of monkey in upward direction is

T-
a=—1%
1

i 80—(?)(10) — 6 ms>

Hence, the correct answer is (C).
The string is under tension, hence there is limiting fric-

tion between the block and the plane. Drawing free
body diagram of the block.

N f=uN
45°
. T=50N
45°.
45°
yvx 7 Mg =150 N
IF, =0
= uN +50c0s45° =150sin45° (1)
Ik, =0
= N =50sin45°+150c0s45° .(2)

Solving (1) and (2) we get
n= 5

Hence, the correct answer is (A).

Acceleration of the system and hence tension (T) on
the string attached with the pulley is same in both the
cases. Hence

F=F=2T
Hence, the correct answer is (C).

As long as mgsin® < umg cosf , the block will remain
stationary.

So, x=0,till tanf< u.

As soon as tanf >y, then the spring of force constant
k gets extended by say x .

So, we have, for equilibrium

kx + pmg cos@ = mgsinf

e mgsin@ - umg cos@
- k

=

56.

Hints and Explanations H.229
(i)
T mg
As - —, x=—"% wN=0
57, x=- { 1

Hence, the correct answer is (A).

Maximum friction that can be obtained between A
and B is
T
fi
Tya—
Ti<— A 1 I
1 T B T,
f2 -+
meg

fi=pmyg=(0.3)(100)(10) =300 N

and maximum friction between B and ground is
fo=p(my+mg)g
f,=(03)(100+140)(10) =720 N

Drawing free body diagrams of A, B and C in limit-
ing case
Equilibrium of A gives

T,=f,=300 N (1)
Equilibrium of B gives

i+ fith=0
= T,=2(300)+300+720=1620 N .2
and equilibrium of C gives

meg =T,
= 10m-=1620
= mc=162kg

Hence, the correct answer is (D).

57. For equilibrium

Weight of Force of friction
hanging part | =| on the part resting
of chain on table
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58.

59.

Let | be the length of the chain hanging

- (ool

= I=u(L-1)

= (u+1)l=pL

= I=M—L
u+1

Hence, the correct answer is (A).

The directions of friction forces at different surfaces
are shown in figure.

.‘

8] A

fi

Here, f, is the force of friction between A and B

and f, is the force of friction between A and vertical
wall.

Hence, the correct answer is (B).

Block slides down with constant velocity. Hence, net
force on the block is zero.

o

oo
AV A
\ a2 “

mgcose

So, net contact force F- on the body is

F-=f*+N?
where f =mgsin6 {-a=0= f=mgsin6}

and N =mgcos@

= F.= \/ngz(c0526+sin2 6) = mg

Hence, the correct answer is (D).

60.

61.

Since, we observe that mgsin(30°)> umg cos(30°)

30° mgcos(30°)

So, the block has a tendency to slip downwards. Let F
be the minimum force applied on it, such that it does
not slip. Then

N = F+mgcos(30°)
Also, mgsin(30°)= uN = u(F +mgcos30°)

e mgsin(30°)

—mgcos(30°)
1
(2)(10)] =
= F:J—(Z)(lﬂ)(ﬁ]
0.5 2
= F=20-17.32
= F=268N

Hence, the correct answer is (C).

Maximum frictional force between the block and the
plank is

fomx = mg =(0.5)(1)(10)=5N

The free body diagrams of the block and the plank are
shown for convenience to solve the problem

mr—-5N

5N=

F=35N
=

Acceleration of block is

5 -

Acceleration of plank is

ap =¥=15 ms™

So, relative acceleration of block with respect to the
plank is

_ _ -2

= =10 ms’, backwards



62.

63.

64,
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Since, s=%at2 , where s=1.25 m, backwards
JE (2)(-1.25)
= f= T
a (-10)
= t= fﬁ =05s
10

Hence, the correct answer is (B).
a=g(sinf- pcosh)
= a=_g(sinf-kxcosh)

At x=0, a=gsinf.As x increases a decreases and

1
becomes zero at x; = Etan@. For x>x,, the accelera-

tion becomes negative.
Hence, the correct answer is (D).

T=Mg

mg
Mg:T

Three forces are acting on the pulley T (horizontally),
T (vertically downward) and the weight of the pul-
ley (also acting vertically downwards) i.e. Force Mg

acts horizontally and (M +m)g acts vertically down-
wards. So, total force acting on the pulley is

F.= \/Mzgz +(M+m)’ g

= Fyu =[ M*+(M+m) ]g

Hence, the correct answer is (D).

h=Rsin®

Speed of particle at point B is
v2=2 gh

= 2=2 gRsin@

The centripetal force is given by

2
F=%=2mgsm9 ()

Further since,
2
= N-mgsinf= % =2mgsin®

= N=3mgsinf ..(2)

65.

66.

67.

H.231

Hints and Explanations

The desired ratio is
F 2
X = — =—=constant
N 3

Hence, the correct answer is (D).

m LomZ wm
£ &4 9 4
AT T3

Hence, the correct answer is (A).

Angle 6 between 4 and p (or ) is given by

|

= O=cos 2-18
J(16+9) Vo4 + 36

= 9=cos‘1(14)
50

- 0=73.73°
P J

a-

1}

i

]

6=cos™! [

= 06=7373°

Since 0° <0 <90°, the motion is an accelerated motion.
Hence, the correct answer is (A).

|Fl=vAsing
where 6 is angle between 3 and A .

Particle moves undeflected if F is equal and opposite
to the weight of the particle. i.e.,

|1:"‘=mg

= 0vAsinf=mg

mg
= (1
¢ Asind @

At 6=90°, we have sinf=1=MAXIMUM, so

Umin = ﬂ
A
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68.

69.

70.

Now weight is in negative z-direction ie., F should
be in positive z-direction. Hence velocity should be in
negative y-direction

= 5min:_ﬂj
A
Hence, the correct answer is (D).
a_(M—m]
M+m g
1 M-m 2
= 1l4=- 2
2(M+m]g( )
m 13
M 15

Hence, the correct answer is (A).

Fapplied - f =ma

= Fapplied = {mg +ma
= Fapplied =m(ﬂg+a) (1)
Since v* —u* = 2as ..(2)
Uz—uz
a=
25

Put value of a as calculated from (2) in equation (1)
Hence, the correct answer is (C).

On displacing m through x towards right, M gets
displaced downward by 2x.
For equilibrium

T2 =Mg (3)
= 2(Mg)=pumg
1
M=-
T, T,
e m J
=
umg Ty
T
T2
T2 T2
T, by
//

Hence, the correct answer is (A).

71.

72.

73.

Acceleration of block till the slipping continues is

e
m
= o= e =(05)(10)=5ms>
m

Slipping will continue till the velocity of the block also
becomes 3 ms™ . So, using v=u+at, we get

3=0+5¢ {~u=0}
= t=06s
During this time, the displacement of the block is

1

5, = —at? =%(5)(0.6)2 =09m

and the displacement of the belt is
s, =vt=(3)(0.6)=18m
Hence displacement of the block w.r.t., the belt is
|s; —5,|=09m
Hence, the correct answer is (A).
mg singt—T - f = mi
Mi-k)

0

—kit = mx

= mgsing-

where, k is any known constant.

At Equilibrium Position, x=X=0

= = &{H%sina}

Hence, the correct answer is (B).

The maximum acceleration and maximum retardation
for the car can be ug= (%)(10) =5ms™. The corre-

sponding velocity-time graph is as follows

|

Let t, be the time taken by the car to accelerate. The
time taken by it to decelerate is also £, So,

vm = (Jug)t[] = 5t0



74.

75.
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Since, displacement = area under v-t graph. So, we get
500=2(2%)(5%)

= t,=10s
Hence total time of journey is t =2t, =20 s.

Hence, the correct answer is (C).

Impulse is the area under F-f graph, as well as the
change in momentum. So,

mu = Area = %POT

= FD =—
Hence, the correct answer is (C).

For equilibrium of the system i.e., M and m, we have
T+ yn =mg (1)

n=ma ..(2)

mg

Since the mass m is at rest, so n = (0. This is a justified
and an expected answer (f,=0), because when M
does not move, then no force is exerted by M on m and
hence n=0. Let us now draw free body diagram for
M , without taking into account the frictional force on
M due to m (as it is zero). So, for M to be at rest we

have
T

-

I e

;

fy = uoN Mg

N=Mg+T ...(3)
3T = u,N ...(4)

Also, from (1), we get
T =mg

From (3), we get
N=(M+m)g

76.

77.

78.

79.

Hints and Explanations H.233

From (4), we get
3mg =, (M+m)g
= 3m=U,M+ tym

- LM
3=y

[;’)(8)=1kg
-(3)

Hence, the correct answer is (C).

=

= m=

For a<pug, the blocks will remain stationary with
respect to the surface of the plank, so x=0.

For a2 g, both the blocks will move with respect to
the surface of the plank with an acceleration (2 - ug).

However at any instant no relative motion between
the blocks exists, so still they don’t stretch the spring.

Hence, the correct answer is (D).

Since the block is about to slide, so we have
mgsing = uN

= igsing=pu(igcosd)

= u=tand

This condition is independent of the mass, so it will
still be on the verge of motion down the incline.
Hence, the correct answer is (D).

In CASE-], sliding starts when

mgsin® 2 umg cosd
= tanfzpu (1)
While in CASE-2, sliding starts when

m(g+ay)sine > um(g+a,)cosa
= tanozu (2)
From (1) and (2), we get

0=a
Hence, the correct answer is (D).

m(1) w?

2 T <+—e—T,

m(2) o= <+—e—=T,

T, = m(2)w* (1)

(* centrifugal force acting on Q is 2mw’radially
outwards)
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T,+m(1)w* =T, .(2) Fo
= T2 = 3m602 (3)
mg .
- h_2 |
T, 3 |
Hence, the correct answer is (C). PR ) 0
80. Tcosf=mgcoso and (1) Hence, the correct answer is (D).
T'sinf = may + mgsino ..(2)  83. Impulse is the area under F-t graph, as well as the
. change in momentum. So,
a,+gsina
= tanf=—""—— E T
weo{2)1)
Hence, the correct answer is (D).
kT
. = U=—
81. tanf=—=1 A
8 Hence, the correct answer is (C).
= =45 84. At position B, speed of ball is v* = 2gh
Hence, the correct answer is (C).
. 1
82. Aslong as tan6 < i, the block will not slide down, so where 1= Rcos(60°)= (0-5)(5) =025m
we have the contact force F. = N?+ f* -~ 22=(2)(10)(025)=5 m (1)

Let N be the normal reaction between the ball and the
wedge in this position. Then

6 < tan™ (u) mgcos(60°) mgsin(60°)
mg
where N =mgcosf and f =mgsin@ Since, we have
So, for tan@ <y, we have N_mgcos(ﬁgo):m?z"z
E =\/(mg6059)2+(mgsin9)2 =mg mo?

= N= TU+ mgcos(60°)
However, when tan@> i, then the block starts sliding

down and now mgsin@> f . So, Since v =5 [~ of (D}
Fo=yN%+ f2 = |N*+ (uNY = N=((1;(;)+(1)(10)(;)=15N
= E.=Ny1+p* = mgcosy1+ u* Now for horizontal equilibrium of wedge

Force exerted by vertical wall on wedge is
Since, cosf decreases as 6 increases hence, the con-

tact force starts decreasing and finally it becomes zero F = Nsin(60°) = 15V3 N
at 6=90°. Therefore, graph between F- and 6 will

be as follows Hence, the correct answer is (C).
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a N Fsing

’{ fi—'cos&

V-

mg
= FcosB=ma
d
= Boso=m—
3 dt
mg dv ds
=2 cos(ks)=m—==2
= el

= vdv= écos(ks)ds

2
= %=§iksin(ks)

v=1f2—gsin9
3k

Hence, the correct answer is (C).

Since, the radii of both the balls is same, so the force of
buoyancy is also the same.

When the balls fall with a uniform velocity, then condi-
tion of equilibrium is attained, so we get

For A, F+T=mg (1)
For B, myg+T=F ..(2)
From (1), equating the value of T , we get
2F = myg +m,g
R p=(MJ8 03
2
19 |

1@ |ns

Substitute (3) either in (1) or in (2), we get

my;+m
o (252

87.

88.

Hints and Explanations H.235

my —m
= T= 1 2]
(5 )s

Hence, the correct answer is (B).

Let the mass of the block be . Force required to drag
it up along the plane is

F, = (mgsin@+ pumgcos0)

and force required to lift it is

F=mg
Since it is given that F, <F,

= mgsin®+ umgcost <mg

1-sinf
= <
cost
1-sin30°
= <
cos30°
= U< 1
J3
So = i
 Mpax = B

Hence, the correct answer is (C).

If my =m,, block will slide down when
ugcosh < gsinf

S 1[ ﬁ) .l

20 2 2

{which is true}

If my <m,,block will slide down when

u(g-a)cosf<(g—-a)sin6
323
2)0 2 2
Here a=(u]g
If my > m, , block will slide down when

u(g+a)cosf<(g+a)sing
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89.

90.

91.

1[ V3 ] 1
—_— — < —
2\ 2 2
Here a=| 12 g
1y + 1y
So, block can’t remain stationary when m; > mj.

Therefore, block will slide down under all conditions.

Hence, the correct answer is (D).

The free body diagram of the block is shown here.

mgcosé + Fsing

So, we get
N =mgcost + Fsin
and F

net — Fcost - mg sinf [Llp the plane}

Hence, the correct answer is (D).

Let x be the maximum displacement of block down-
wards. Then from conservation of mechanical energy,
we have the decrease in potential energy of 2 kg block
must be equal to the increase in elastic potential energy
of both the springs. So, we have

mgx =%(k1 +ky )x*

_ 2mg _(2)(4)(10)_02m

= = = =0.
k +k, 100+ 300

Acceleration of block in this position is

oo Fitky)x—mg fupwards)
m
(400)(0.2)-(4)(10) _80-40

4 1

= a=10ms> {upwards}
Hence, the correct answer is (D).

Let T be the tension in the rope, then for the block, we
have
T =Mg (1)

If N is the normal reaction between the man and the
ground, then for the man, we have

92,

93.

95.

N +Tsin(60°) = 60g
= N=60g-Tsin(60°) .(2)
Also Tcos(60°)=uN ..(3)

Solving these three equations we get
M=3215kg=~32kg

’il

609

Tsin(60°)

-
é 60°
Tcos(60°)

Hence, the correct answer is (D).

a—-» N Fsing F
_ | b
f= uNGS L0G OF WOOD 277 Fcosg
Mg
Fcos¢—uN = Ma -0
Fsing+N = Mg
= N=Mg-Fsing ..(2)

Substituting (2) in (1), we get
Fcos¢— uMg + pFsing = Ma

F

= a=—/(cosg+pusing)-pug
M

Hence, the correct answer is (D).

According to Newton’s Third Law to every action
there is equal and opposite reaction and both act on
two different bodies. But in this case both are acting on
the same body and hence they cancel so that the boat
remains stationary.

Hence, the correct answer is (D).

mgcosa mg



96.

97.

98.

99.

100.

101.

ICON

My COS & = Mg sin o

= gy=gtana

= a=tan"](a—0]
8

Hence, the correct answer is (A).

Thrust on the block =F = UZ—T

= F=(5)(1)=5N

=~ ms™

Acceleration of the block =

=|m
CRRSY

Hence, the correct answer is (B).

2

P _ moj cos® o

R R
Hence, the correct answer is (B).
kx =2mg
By Law of Conservation of Energy

1 >
Mgx = —kx
=1

= kx=2Mg

= M=m

Hence, the correct answer is (B).
mg —U = may (1)

and U-(m—Am)g=(m—Am)a, .(2)

= Am= 24, m
gt

Hence, the correct answer is (C).

{Adding (1) and (2)}

Since windows are closed and the balloon is filled with
helium which is lighter than air.

The concept of pseudo force cannot be applied here
as in this case the density of body is much less than
the density of surrounding air. So when car takes a
left turn the expected answer is that Helium balloon
will be pushed to the right whereas actually it will be
pushed to the left.

Hence, the correct answer is (B).
The laws of Physics are the same in all inertial frames

or the frames moving with constant velocity with
respect to an inertial frame.

Hence, the correct answer is (B).

102.

103.

104.

105.

Hints and Explanations H.237

F=\T?+T%-2T?cos26,

= F= ﬁT,fl—cosZBO

= F=+2T2sing,
= F=2Tsin6,

Hence, the correct answer is (C).

For the man not to slip i.e. for rotational equilibrium

to exist, the algebraic sum of the moments of the

forces acting on the man must be zero. Let N be the

normal reaction exerted by the earth on the man. The

following forces are acting on the man.

(a) Weight mg acting vertically downwards from
the centre of gravity G of the man.

(b) Normal reaction N exerted by earth on the man
along OG for rotational equilibrium to exist.

For the man not to slip.
Nsinby < fiimiting (1)
But flimiting =u (N cos 99)
= Nsinf, < uN cosb,
tan6y < U
Hence, the correct answer is (B).

The vertically hanging curtains bend forward thus
indicating that the pseudo force acting on the curtain
points in the forward direction. For this to happen
the plane must be slowing down for landing.

Hence, the correct answer is (C).

Fcosf=uN and ..(1)
N+ Fsinfl = ng
= N=mg-Fsinf ..(2)

Substituting (2) in (1), we get
Fcos6 = umg — uFsin@

- f-_ MM ..(3)

) cosf+ psinf
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106.

Let Z = Denominator = cosf+ usin@

N Fsing
T / ’
o, Fcosé
f=uN-= I
1
mg
For F to be MINIMUM, Z must be MAXIMUM
= d—z =0
dae

= —sinf+pucosd=0
= tanf=u

= f=tan 'y

and F . = pmng

min W

Hence, the correct answer is (C).

Let a be the acceleration of the block with respect to
prism. Let the prism move backward with accelera-
tion ay, then a fictitious (pseudo) force acts on the
mass (see figure).

a \ N1
ER Fpseudo =may

M mg g

For the mass to move down with acceleration
a,we have

ma, cos 6+ mg sin 6= ma
= a=aycosf+ gsind (1)

Also the block is in equilibrium perpendicular to the
incline i.e.

N, + maysin@ = mg cos6 .(2)

For the prism, we have that it is placed on the ground
(an inertial frame) with no fictitious force acting on
the prism. Following forces are acting on the prism.

Ny N;sing

Nﬂ N,cosé@
ao -
M i

Mg

(a) Weight of the prism Mg.

(b) Normal reaction N, exerted by the surface on
the prism.

() Normal reaction N, exerted by the block placed
on the prism.

N;sin@ is the component responsible for horizontal
motion of the prism. So,

Nl sinf = Mﬂo
> N =M e
sinf
Substituting (3) in (2), we get
% + may sinf = mg cos 0
sinf
= a =(L059Jgsinﬂ (4)
O\ M+msin?0

Substituting a, in (1) we get
a= [M] sin@
M +msin® 6 g

Hence, the correct answer is (C).

OBJECTIVE TRICK

If 6 g then m (i.e. the block) will fall freely with

acceleration g. This is satisfied by both (A) and (C).

To check which one of the two we can further think
that if M is very heavy as compared to m, then M must
not move and acceleration of m w.r.t. M is g sin 6. This
is satisfied by (C) only. If we can directly think the sec-
ond way first, then we can even solve the problem
without any cumbersome steps.

107. Since x = kt* =1.732¢*
= x= \/gtz
= x=23t
= X=a= 2\6 ms >

= a=g(sin45- pcosd5)=2y3

= g%(l—ﬂ)ﬂﬁ

26
="
g

= 1-
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2V6

2(2.4
= ‘L[=1—?=1— ( 5)

9.8

= u=05
Hence, the correct answer is (A).

Consider the block not to slide, then it must have an
acceleration same as that of the plane. Then

N

fcosor—Nsina = mag (1)
and fsina+Ncoso =mg ..(2)
From (1) and (2), we get

f=m(agcosa+gsine) ..(3)
and N =m(gcoso —aysino) .4

— [ _agcosa+gsina
N  gcosa-aysina
f ay+gtana

= LT ® ...(5)
N ay-gtana

Further % = U, = tan @ in the absence of slipping

a,+ ¢tano
Lsmnﬂ
a, —gtano

= ays<g

[ tanf - tan ot }
1+tanotand
= a,<gtan(6-a) {for no slipping}
So for the block to slide a, > gtan(6- ).

Hence, the correct answer is (C).

Let N; be normal reaction between the man and the
board

Let N, be normal reaction between the board and
the floor.

Forman: F+N, = Mg (1)
For board : mg + N; = N, (2
F=JUN2 (3)

Hence, the correct answer is (D).

Hints and Explanations H.239
111, mg(sin6+ pcos@)=2mg(sind- cosh)
= tanf=3u
= tanf=3tang¢ {-u=tang}

Hence, the correct answer is (C).

112. Horizontal acceleration of the system is

I3 F

i=———=
2m+m+2m  bm

A@m)  Bm  C@m)
N. Ny N N
[ 1 1772 2
FBD A
F-N,=(2m)a
2F 3F
5 5
-F
T
FBD B
v L3F_F_2F
5 5 5

Now B will not slide downwards if

—sa
N— N

UN, 2 18
= () 3¢ )2mg

= inmg
2u

SO, lel'l = SE
2

Hence, the correct answer is (B).

113. For A, we have

yi=l+x
dy, dx,
= 2y ——==2x;—
W =
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end moves with an acceleration of 6 ms™. So, the
acceleration of pulley is
_6+0

ap =——=3 ms >, towards left

- %:ﬁ[ﬁ
dt

114. Since one end of pulley P, is fixed and the other
i)

Also, if P, moves, say left by x, then B moves up

by % Hence, acceleration of B must be one third

acceleration of P,. Hence

Ay =——L=1ms™
Since 1
Ince — =coso
" Hence, the correct answer is (D).
dy, 1 1.1 1 1
ah (1) 15 = —
e e M K, K 3K 9K 27K
Similarly for B, we have 1 1
= —=—(1+—+—+—+...)
=Pl K, kU 379 27
dy, dx, 1 1/ 1
= 2y,===2x,—= — = —
TR 7 KK 1L
3
= %_ﬁ(ﬁ)
dat  y,\ dt K =§
3
Since 22 = B
v €03 Hence, the correct answer is (C).
W2, cosp L@ 1 a:(10—431n30—(0.2)(4)c0330)g
dt 10+4
Also from our knowledge of constrained motion, we (10-2-0.7)
observe that - o= 14
Y + Y, = constant
; i = a:[E)RS
t f = a=511ms?
dy, ‘dyz
= === 3 2_ .2 _
‘dt m Since v° —u” =2as
= 0,c0s=0,c08f3 = ¥ -02=2(511)(4)
_, Uy _cosa = 0=65ms"
v, cosf

Hence, the correct answer is (A).
Hence, the correct answer is (D).
117. Friction force between A and B(= umg) will acceler-
SHORTCUT ate B and retard A till slipping stops between A
and B. Since mass of both are equal, So we have accel-

We could have directly equated the components of eration of B= retardation of A = jg.

the velocities of blocks A and B along the thread to get
V1C0sS QL =V, Cos f3 = 0y=0—(ug)t and vy =(ug)t
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VD

After slipping ceases, the common velocity of both

[
becomes —U .
2

This can also be obtained from conservation of linear
momentum also (to be studied later).

Hence, the correct answer is (B).
h

sinfl=—
l

Mg -T=Ma and

= T -mgsind=ma

(M—msin@}
= a=|———|¢
M+m

Since v —0% = 2as , where s is the distance travelled
by m before M is detached. After detaching M, m
will move the remaining distance of (I-s) up the
incline, under a retardation gsin@.

= 0*=0"-2(gsin0)(I-s)

= 0°=2as-2gsinf(l-s)

_ S=M+m(£]
M \h+l]

Hence, the correct answer is (D).

Let the initial lengths of the respective segments of
stringsbe I;, I, , I and I, . Then

(Total length of the ] ~ ( Total length of the )

string at 1 =0 string at time ¢
— 3 b7
la
A la kil B
C 7

Let A move forward by x, B move backwards
(towards left) by y and correspondingly C moves
down, say by z.Then

121.

122,

123.

124.

Hints and Explanations H.241

KB+ Yol =[H - (xew) [+ +
(K- (x+n)] () +2)
z2=2(x+y)
= z=2(i+7)
= ac=2(a+b), downwards

Also, as A moves forward, C also moves forward,
hence

a

Ec=af—2(a+b)]

= |ac|=va*+4(a+b)
= |dc|=+5a%+4b* + 8ab

Hence, the correct answer is (D).

a=pg

1
5=0+E(#3)f§m

= = %
MIN =47
HE
1
=

v < ——
MIN \/E

Hence, the correct answer is (B).

FBD of blocks is shown
1N T
2 kg 3 kg
fnax =2 N fnax =6 N

Net force without friction on systemis 7 N towards
right side, so maximum friction will first come on
3 kg block

1N 2N 2N 8N
2kg 3k}~
1N 6N
= flle,f2:6N,T=2N
Hence, the correct answer is (C).

As no force is acting on A,

T=0 and aB=i
Mg

Hence, the correct answer is (A).

As block moves to the right, N decreases.
Hence, the correct answer is (C).
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126. Only magnitude remains constant and direction  130. Limiting friction on block B is
changes £=(05)(2+8)(10)=50 N

Hence, the correct answer is (A). So, block B will not move.

127. x=2 Hence, the correct answer is (A).
p_r=§_3:=2 131. Retardation a:g(sin8+ucost9)=5(\/§+y)
Since v=1u-at
y=2t2
= 0=u-af
= vlzd—yzélt u
¥ dx = a=?
vl
= tanB:—":%:Zt = 5(J3+u)=10
v

' = u=027
Differentiating with respect to time we get,
i Hence, the correct answer is (C).
(sec’9)==2 i
dt 132. tanf=-Y

= (1+tan29)@= 2
dt

de

= (1+42)==2
dt
o__2
dt 1+ 44
So, ae att=2sis Hence, the correct answer is (C).
134.
4o 2 2 - N
—=———5=—rads O
i 1+4(2)° 17
Hence, the correct answer is (A). mg
0 4mym,
128. 2kxcos(30°)=| ——= |g
1y + i,
Hence, the correct answer is (A). Drawing EB.D of m, we get
129. Using Lami’s Theorem, we get Nsin=mg and Ncosf =ma
- tang=%
a
= a=gcotd
So, F=(m+M)gcotd
Hence, the correct answer is (C).
136.

mg B N,
sin(180°-37°) sin(180°-37°)

= Ny=mg

Hence, the correct answer is (A).



137.

138.

139.

140.

ICON

T=f (1)
N =mg ..(2)
Taking torque about A, we get

T'x L L2

Fomes
= 7="8_5)N
2

Hence, the correct answer is (A).

Fnet=F_fk =2t—,umg

Hence, the correct answer is (C).

=1 %:12 E=12m
g \ 10

So, distance from origin is

=y52+12° =13 m

Hence, the correct answer is (C).

h=32m

—— X ——

x=7,t and h:lgtz
2

\]72)6_
T

Since, v, —a)r_—xlz_—xlz 20m
T 12

160x3.14

= x=207
( 3.162

i] _
V10

= x=160m
Hence, the correct answer is (D).

In this case spring force is zero initially. EB.D of A
and B are shown below.

m 2m
]
mg 2

as=g asnlgg

Hence, the correct answer is (A).

141.

142.

Hints and Explanations H.243

Let acceleration of mass n relative to wedge down
the plane s a, . Its absolute acceleration in horizontal
direction is

(@, cos60°—a) (towards right)
Nsing
N Y Ncose N a,cosd
Ncosé (9
a - 4
Nsing
[

Let N be the normal reaction between the mass and
the wedge. Then, we have

for the block, Nsin = m(a,cos6—a) (1)

for the wedge, Nsinf= Ma (2)

So, from equations (1) and (2), we get
Nsinf=Ma=m(a,cos6—a)

(M+m)a
mcos@

(M+m)a _2(M+m)a

= = =
mcos(60°) m

r

Hence, the correct answer is (C).

For both Case (i) and Case (ii), the blocks move
together if friction between the blocks is static or
limiting. Since we need to calculate the maximum
force for which the blocks move together, so friction
between the blocks will be limiting in nature.

So, for Case (i), we have

F-f=ma (1)
f=Ma (2
Also, f;=umg ...(3)

From (1), (2) and (3), we get

m
E .. = 1+—
)

Similarly for Case (ii), we have

( pseudn) ff

= masumg

<
M+m Hmg

= Fsu(M+m)g
= Fun=u(M+m)g

Hence, the correct answer is (C).
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144. F, = (mgsin6 - umgcosb)

Force required to just pull the body up the plane is
F, = (mgsin6+ umg cos0)

Since F = 2F,

= mg(sinf+ pcosh)=2mg(sin®- pcosh)

= sinf+ pcosf=2sinf- 24 cosf

a, .
tan9=g— = sinf=3ucosd
t
= tanf=3u
= % _tan(30°)= -
o - 3 Hence, the correct answer is (D).
Hence, the correct answer is (C). 150. Since r < R, so mass/length can be given by

. Ln 4
145, Since, i=61 -8 Znrd
J A’:E:[g)—p](gnrzp)
= a,=8 and 4, =6 2r 2r 3

— rw’=8 and ro=6 Now, tension in tube is given by
2 2 5 2)( p2
= w=2rads ' and =3 rads” T=(AR)(Ro ):(37” p](w J(R?)

Since the body is rotating in clockwise sense, so by

2
using Right Hand Thumb Rule, we get = TI= 5”100)2721{2
- 3 1
®=-2k rads™ and Hence, the correct answer is (D).
@ = -3k rads™ 151.
Hence, the correct answer is (A). o>

146. Since supporting plane is lowered slowly, so
N =mg—kx

Hence, the correct answer is (C). R=r+ksina

147.
N4sin(60°) mg

Tcoso=mg

Tsine = m(r+Isina)w?

t
RN arlla
r+Isina
t
IR [ gtana
r+lsina
N;cos60°=N, Hence, the correct answer is (A).
N; _ 152. Since T =mg, so for pulley P, we have

= 2

N,

Toet =NT>+ T2 +2(T)(T)cos(120°

Hence, the correct answer is (B). net \/ +T7+2(T)(T)cos(120°)
T=

149. Force required to stop the body from just sliding - "8

down the plane is Hence, the correct answer is (A).
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153.

Free body diagram of rope AB is

Mg

T, cosB, = Tycosb,
TA Sln 61 + TE Sln 92 = Mg

M
T - 2 cos,

Mg cos,
ATy an
sin(6, +6, )

BT 5in(91+92)

Free body diagram of portion AC of the rope is

Mg
For horizontal equilibrium, we have
Ty costl =T¢

_ Mg cos@, cosb,
Sin(BI + 92 )

S0, tension will be maximum at A and minimum at C.

=

Hence, the correct answer is (C).

154. Net force on s, is F,,, =4/(30)" +(40)° =50 N

and limiting friction on mjy is f, = um;g=60 N
Since the applied force is less than the limiting force
of friction, so the system remains in equilibrium and
friction between m; and the surface is equal to the
net applied force i.e. 50 N.

Hence, the correct answer is (C).

155. Friction force between A and B(=pumg) will accel-
erate B and retard A till slipping is stopped between

the two and since mass of both are equal, so

156.

157.

158.

Hints and Explanations H.245

Acceleration of B is equal to Retardation of A. i.e.
|ag|=|as|=pg

= 0,=v,-pugt and v, = ugt

Hence, the correct graph is (B).

After slipping has ceased, the common velocity of

both will become %0 , which can be also be obtained

from Conservation of Linear Momentum also.
Hence, the correct answer is (B).

We cannot choose (A) or (B) because the centripetal
acceleration vector is not constant it continuously
changes in direction. Of the remaining choices, only
(C) gives the correct perpendicular relationship
between a, and v.

Hence, the correct answer is (C).

T cosf = Mg (1)
Tsinf = Mrw’ = M(Lsin8) o’
= T=MLe’ .(2)

. 2
Since, @ =— rev per sec
T

= @=4rads™
= T=Meo’L=M(4)L=16ML
Hence, the correct answer is (D).

Free body diagram of “wedge + mass” system is
N

(m+M)g

= N=(m+M)yg

Hence, the correct answer is (B).
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159. a a/2
. -

©

) @

2

Let a be the acceleration of block of mass m, then
acceleration of 2m will be 2 and that of 4m will

a+l
be | —2 =ﬁ.
2 4

For m, we have

N
e
m —=T
mg
N =mg and
T =ma (1)
For 4m, we have
2T
3a
4m l4
4mg
4mg -2T = 4m(%) )
= a:4—g
5

Hence, the correct answer is (B).

160. Block A moves in horizontal direction only due to

friction.
Hence, the correct answer is (B).
d
161. Since L =*
dx 10

162.

163.

x
= tanf=— (1
10 M

Equilibrium of mass in horizontal direction gives the
equation

UNcosf = Nsinf
1
= tan6'=y=5 ..(2)

From (1) and (2), we get
1

X
10 2

=5m

U
=

2
XD 5w
20 20

Hence, the correct answer is (B).

=Y

Nsin@=mg

mvz

Ncosf=—
p

.
= tané)=g—2
v

Since tanf= %

rorg
= —=-=
h o
2

= h:v—=2.56m
8

Hence, the correct answer is (D).

mv2

——=umg
r

= U=

urg

Hence, the correct answer is (D).



ICON

Hints and Explanations H.247

T64. = N1(1_\/§#):N2(\/§_#)
L M
N, 1-3u

Substituting p = % we get,

N 1
For Bananas, we have N, \6_5 343 -1 4
—_—= = :1+—
T-mg=ma, N, B BB
For Monkey, we have 3
T -mg = ma, = £=“N1=1+i
fi MN, V3

Since a; = a, so both bananas and monkey have same .
. Hence, the correct answer is (A).
acceleration and hence they move up at speed v.

Hence, the correct answer is (D). 167. Blocks A and C both move due to friction. But less

friction is available to A as compared to C because

165. The system can be redrawn as normal reaction between A and B is less. Maximum
S — A friction between A and B can be

@ il Jmax = #mr(%)fﬂg

So, maximum acceleration of A can be

A = fmax - &
m 2
4m
Further a,,, = Tpg
1 3m+mp
m
M8 5ms™
8m 2 - $__"pg
= v=u+at=2x5=10ms™ 2 Jm+p
Hence, the correct answer is (C). = mp=3m
166. Let y be the friction coefficient between sphere and Hence, the correct answer is (C).
each wall. Free body diagram of sphere is 168
. ;

Let f be the friction force, then
f=\E+F}

After 2 seconds , @ = at :§ rads™

Net force on the sphere in horizontal direction is

zero. So,
N cos60°+uN, cos60° = N, cos30°+uN; cos 30°
1)1

= Nj+uN,=V3(N,+uN,) = F=ma; =m(aR)=(36><10‘5)(5](1] N
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= F=3x10°N a
.A
4N
FC=ma)2R=(36><10‘5)(g)(%]=4><10‘5N —+a

F 4N
—{B T L

ForA, 4=2a,=2a

= f=\{FE+F =5x10"° N=50 uN

Hence, the correct answer is (C).
= a=2ms>

169.
maw?r cos @ | ForB, F-28=4a
O r SO - F-28=8
mer [} |
/ = F=36N
i Hence, the correct answer is (B).
| 174.
: 4ms?'  6ms™
ma*rcosf = mgsin@
= mo’lcos’ 6= mgsind {: r=tcosb}
[osi [esi Since S, +5, = 27r
= 0= &u’;ﬂ = gsind secd
lcos™ 6 l = 4t+6t=2nr
Hence, the correct answer is (A). / 2 2x3.14x4 25
= —=—=7/05
10 10
170. a=M=&=Z=E‘u51’nsf2 .
2 2 2 Hence, the correct answer is (B).
Hence, the correct answer is (C). 175. Since a=gtan®
171. Reading of spring balance is = Mg-T=Ma
Thrust 4mm, 10
Reading = =—L12__k - ‘
g S mem, 3 g T=(m+M)a
Put (2) in (1), we get
= Reading =3.33kg (<6kg)
. Mg-(m+M')a=Ma
Hence, the correct answer is (B).
172. Net horizontal force on wedge = Mg=(m+M+M)gtan
Fy; = mgcosfsin® = Mg(1-tan8)=(m+M’)(gtand)
Net normal reaction from the ground is (m+M’)tan@
= =
N:ng+mgc0529 1-tan®
Since, uN =F, o M= m+M’
cotf-1
= u=020 )
Hence, the correct answer is (B). Hence, the correct answer is (D).
177.

173. Maximum frictional force between A and B is

fi=wymug=002)(2)(10) N
B
= fl =4 N ‘Pook—— 20N

Limiting friction between B and ground is

f,=(04)(6)(10)=24 N Free body diagram




179.

180.

ICON

Tcos(307)
30°

T

Tsin(30?)

20N
w

For equilibrium, we have
Tsin(30°)=20
Tcos(30°)=W

= tan(30°)z§
W

= W =20cot(30°)
= W=203=20x1.732
So, weight, W =34.64 N

= Mass, m= W_ 3.5kg

8
Hence, the correct answer is (C).
Since u=08= g

= Angle of repose o =39°

Since angle which incline makes with the horizontal
is 37°(<39°), so the block will not slide down the
incline and friction between the block and the incline
will be static in nature. So,

fs = Fappliecl =mg Sin( 370)

Now, if T be the tension in the string, then

T+ f, =mgsin(37°)
- T=0 { fs=mgsin(3’7°)}
Hence, the correct answer is (D).

Mass of hanging part of chain is

, m (37{R ) m
m=———| —-7aR |=—
(SHR) 2 3

2

So, acceleration of chain is given by

182.

183.

Hints and Explanations

mg

2 RS-
azimg 3 :5—g
m 3

Hence, the correct answer is (D).

Fsina

F. Nsing

Since, Fcosoe—Ncosf=0
= Fcosa=Ncos@

Also, Nsin@+ Fsinac-W =0
= Nsinf=W -Fsina

F
cosea , putin (2), we get

From (1), N =
Fcosotan@=W - Fsino
= F(cosaﬁﬂina]:vv
cosf

= Fsin(a+0)=Wcos6

_ Wcos@
sin(6+a)

Now F=F,;, when 6+ a=90°
= E,,=Wcosf
Hence, the correct answer is (A).

METHOD I

For A, f=ma

= umg=ma

= a=p[g

For B, T — umg = 2ma

ForC, mg—-T=ma

From (1), (2) and (3), we get
mg — pmg = 3m(umg)

= 4umg=mg

= #:Z

H.249
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184.

185.

METHOD II
Acceleration of the system is

W Mg _g
system Am 4

For Block A not to slip on B, we have

‘Fpseud():f
o
= =t

. 4

Hence, the correct answer is (C).
If common maximum accelerationis “a’ then,
(my+mg)a=f
= (2+4)a=2t
= 3a=t (1)
For block B, we have
fL=myzxa
= 05x2x10=4a
= a=25ms>
From equation (1), we get
t=7.5sec
Hence, the correct answer is (B).

Since M is at rest, so the tension in the string is

r-Ms
2

Let acceleration of m and m" be a, so one will move
downward and other will move upward.
For m, we have

mg ——==ma (D)

For m" , we have

%ﬂn’g:m’a -(2)

Solving equations (1) and (2), we get
4 1 1

_—

M m m

Hence, the correct answer is (A).

186. T=4g+5(10+2)
= T=40+60=100N
Hence, the correct answer is (B).

188. For the sliding not to occur, we have tan8< u.

2
Since tan9=d—y=2—x=ﬂ=2\/£
dx a a a

= 2\/?3}1
a

2

4
Hence, the correct answer is (C).

189.

macosé

Acceleration of block relative to wedge, is
a’"=acos@ - gsin® (up the plane)
1
> 7 :10(@)(%)—10(5] =10 ms™

Since = 1;:1’1‘2

2
21 ’2.
= t= J: = —5 = 1 sec
a 10 2
Hence, the correct answer is (D).

190. Since, acceleration of body w.rt. liftis a = g +a.

So, time of flight of body, t = .
g+a

e 2u-gt (2x5)-(10x0.8)
ot 0.8
Hence, the correct answer is (C).

=25ms

191. For the system to move at constant velocity, force

should be zero. So, we have




192.

193.

194.

195.

196.

ICON

3T =750
= T=250N
Hence, the correct answer is (B).

In equilibrium,

kx 2kx T=3kx
mg mg+kx  mg+ 2kx

When thread is cut, T=0 so, a; is maximum but
ay = a5 =0.

Hence, the correct answer is (D).

2
N =mgsin@+ "™ and
r
v* =2grsinf
Hence, the correct answer is (A).
N = ml@*
Since f=uN

= pmle’ =mg

= = i
ul
Hence, the correct answer is (A).

Let the thickness of each plank be x.
Then, we have

0=u®-2a(2x)
= u’=dax (1)

When velocity is doubled, let n planks be required to
stop the bullet, then

0=(2u)" - 2a(nx)

4> 4(4ax)
g2

= = =8
2ax 2ax

Hence, the correct answer is (C).

Mg

M+nm

Acceleration of system a =

Tension in the last string is
mMg
M +nm

T=ma=

Hence, the correct answer is (A).

Hints and Explanations H.251

197.

T=mg+ma
= T=04g+04a
= T=04(g+a)
= T=04(98+25)=492N
Hence, the correct answer is (B).
198. l o .

5 mI 20m

D ——
Velocity of ball just before collision is

0= 28k =v2x10x5 =10 ms™

Velocity of ball just after collision is

vy = [2gh; =2x10% 20 =20 ms™

= Ap=p,-p =-m(v, +0,)

_Ap m(v, +0, )
A A

av

(0.4)(10+20)
At

100 =

= At=0.12 sec
Hence, the correct answer is (A).

199. Let Abe the mass per unit length of the chain, then

Fcos(37°)=%g

Also, Fsin(37°)=T=f
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200.

201.

202.

3ALg
=—=<UN
f Tl

1

= 2—

# 4
Hence, the correct answer is (B).

d
Acceleration a= d—?

= a=2bt

For block to just slide on the plate, we have

umg =m(2bt)

8
2b

Hence, the correct answer is (D).

50 Wagons 30 Wagons

203.

204.

Acceleration of train is

4x10° o
a=————=1ms
80x5x10

Thus, tension between 30™ and 31% wagon is

T=ma=50x5%x10°x1

- T=25x10"N

Hence, the correct answer is (A).

Fs T2 1M

e )

[ L-y >

M M
n, :?y and m, :I(L—y)
h-k

Since, a=

M F-F
= T=F1—mla=F1—(Ty)[¥

= T=F1(1y)+5(y)
L L

Hence, the correct answer is (A).

F
U A = A

M

)

205.

206.

= 2mnv=Mg

Mg _(10x107)x9.8

=
2mn - 2(5x107%)x10

= =098 ms ' =98 cms™

Hence, the correct answer is (B).
Since area under the curve = Ap

o %(2)(10)+(2)(10)+%(30)(2)+%(4)(20)=

2(v,-0)
= 0,=50ms™
Hence, the correct answer is (D).

After some time, friction becomes more than mgsin®@,
then body will retard. Thus speed is maximum when,
total force or acceleration is zero.

= mgsin€— umgcos@ =0

= u=tanf
= 03x= 3
1

= x=25m

Hence, the correct answer is (D).

Force required to start the motion is

60kg —=F

u =05
ﬂk=0.4

F=umg
Once the body starts sliding, friction becomes kinetic,
50



207.

208.

209.

ICON

60 kg

- F

E kMg

g ETHmg _ pimg — fyng
m m

= a=(u-py)g=1ms”
Hence, the correct answer is (D).

Since external force on each block =mgsinf and

acceleration of each block = gsin#, so force on each
block due to another block is zero.

Hence, the correct answer is (B).

Thrust force on the rocket,

F:Ui—TzéﬂﬂxlzﬁﬂoN

So, acceleration of rocket

a=—
M

600
A==
120

Hence, the correct answer is (B).

5ms™

If a be the acceleration of body w.rt. ground, then
acceleration of man w.r.t. ground is

For body,
T -100g =100a (1)

For man,
5
T60g=60(iga]
= T =135¢-60a .(2)
By solving equations (1) and (2), we get

T=1218 N

Hence, the correct answer is (C).

Hints and Explanations H.253

210. Change in momentum of bead is

211.

212.

213.

Ap =2mv
and time to cover the half cycle is
_ Distance _ar _ md

At = =—=—
Speed ©v 20

Ay 2mo 4mo?

CAE md/2v T ond

Hence, the correct answer is (B).

Relative to belt, 2= B _ ug=5ms"
m

4”‘
Hmg ]
= 0=u*-2as
(3P
T2 2x5

Hence, the correct answer is (C).

O

0.9m

mRa* < umg

= R<#
®

Hence, the correct answer is (D).

EB.D. of man and plank are

mgsing

Mgsine

For plank to be at rest, applying Newton’s Second
Law on the plank along the incline, we get

-.(1)
and applying Newton’s Second Law on man along
the incline, we get

Mgsina = f

Mgsina + f =ma (2)
. M .
= qa= gsma(l+—), down the incline
m

Hence, the correct answer is (B).
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214.

215.

216.

217.

218.

219.

Limiting friction between A and B =60 N
Limiting friction between B and C =90 N

Limiting friction between C and ground =50 N

Since limiting friction is least between C and ground,
slipping will occur at first between C and ground.
This will occur when F =50 N.

Hence, the correct answer is (D).

. . F
Acceleration of two mass system is a = o leftwards
m

FBD of block A is drawn, so

F
Ncos(60°)-F = ma=""
2m

= N=3F
Hence, the correct answer is (D).
f=ma,

Hence, the correct answer is (B).

@ j}

e—— |
Maximum amount of heat is liberated when the fric-
tion between the block and belt is kinetic, i.e., when
the block moves with a velocity relative to the belt.

Yo

Since, a=ug

Also, v* = u* + 2as

= 0=0v)+2(-ug)!

= U= \/@

Hence, the correct answer is (B).
Since, a, = 6a;

12
= a3=%=€=2ms_2

Hence, the correct answer is (B).

Let acceleration of block A and B be 4; and a,
respectively and g, be acceleration of pulley P and

220.

221.

222,

let tension in string be T . Then, according to prin-
ciple of virtual work, we have

(3T)ap=Tal+(8T)a2

= a

%8
o3

=3¢ (upwards)
Hence, the correct answer is (D).

H
For first ? , we have

2mg 2
alz—:—
3m 3
- 5o ()Y
3N3
o o=
9
For next H, we have
L
2m 2

= v’= 012 +2a,H

vz=%+2[§)H=EgH
9o \2)7 79

J13gH

3

Hence, the correct answer is (C).

Acceleration of A w.rt. ground (G) is
= cosbi + a sinB}
Acceleration of B w.rt. ground (G) is
fpe =y sin 6}
So, acceleration of A w.rt. B is
i = i — fige = g OSB!
Hence, the correct answer is (C).
2V, cos8 =V,
Differentiating, we get
2a, cosB—ZVAsin9%=O (1)

Since Y, =bcot6

ay do
V, = A —(bcosec? )=
A7 gt dt
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Put V, in (1), we get

Y

Qs =
A7 g4p

Hence, the correct answer is (C).

Multiple Correct Choice Type Questions

1.

(A) is correct when the bicycle is being pedalled
because during pedalling, the force is acting in the
backward direction on the rear wheel and thus fric-
tional force acts in the forward direction.

(D) is correct when bicycle is not pedalled.

Hence, (A) and (D) are correct.

All accelerated frames are Non-inertial frames. Since
earth rotates about its own axis and revolves around
the sun, so it is a Non-Inertial frame (STRICTLY
SPEAKING), whereas for a good number of cases we
assume the earth to be an Inertial frame of reference as
the value of acceleration is extremely small.

Hence, (B) and (D) are correct.

Let F be the force exerted on the mirror by the photon.

Since a photon will be reflected from the mirror with

the same value of momentum so, change in momen-
2E

tum Ap=p~(-p)=2p="".

(Because for a photon E = pc)

Light
= F—%
At
2E
=— (1
cAT M
Also
Tcos®=mg and ..(2)
Tsin9=F=£ .(3)
cAT
= tanf= 2k .. (4)
mgcAT

Hints and Explanations H.255

Further by definition intensity of a photon beam is
defined as the energy incident per unit area of a sur-
face per unit time.

__E
AA
E
—=IA ..(5
¥ ()
Substituting (5) in (4), we get
2IA

tanf=——-
mgc

I

Also from (1), we get
F=2(14)
C

= Radiation Pressure = £ = E
C

Hence, (A) and (C) are correct.

When P is gradually increased, so till the moment P
becomes equal to f), mass A will not move and hence
the string will not develop any tension due to pull .
So, T=0for P< f, . Further for A and B to move col-
lectively with acceleration a (say), we must have

a=p7(f1)hm7(—f2)hm

2m

_P-2f,
© 2m

(D)

=

So, the system will not move till P>2f,, but T will
be developed as soon as P becomes greater than f;, .
Hence

P=T+f,
= T=P*f0 forf(](P(sz
So, (B) is also correct.

Once P> 2f,, then for

BLOCK A
P-T-fy=ma ..(2)
= P—T—f0=m(P_2f0) [ of(D}
2m
P
= P*T*f(J:E*fo
= P—T=E
2
= T:B
2

Hence, (A), (B) and (C) are correct.

CHAPTER 6
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N
F cos 60°
m
f -
F sin 60° M9

For no motion Fapplied < f(=uN)

=  Feos60° < yi(mg + Fsin60°)

F o1 B/EJ
= —<—| Be+—=
2 2\6(‘/_3' 2
F
= —<
2 8
= F _=20N

max
Hence, (A) is correct.

If T is the tension in the string and N is the normal
reaction exerted by B on A, then from FBD of A, we

get
Tsin(30°)=m,g+02 N (1)
Tcos(30°)=N .(2)
= Tsin(30°) =m,g+0.2T cos(30°)
= T|[sin(30°)-0.2c0s(30°)]=100
= T=z=306N and N=266 N

Tsin(30°)
-
Tcos(30°)
A [=~—N

Free body diagram for B is shown here. If a be the
acceleration of B, then

0.2N 02N

mgg —2(02 N) = mga

o 200-(04)(265)
- 20

= a=47ms”
Hence, (A), (C) and (D) are correct.
For m,
T+ ma,cosa =mgsina
= T=mgsina-maycosa (1)

T

m,agcose
Fpseudo =Mmyay
myagsine

m,gcosa mygsina

For m,
T+ mygsinf = mya,cosff

= T =myaycosf—mygsinf .(2)

Equating (1) and (2), we get
Mg SIN 0 — 11,1, COS 0 = 111y, c0s B — 11, g sin B

= (mysina+m,sinf)g=(m;cosa+m,cos)a,

my sin e + 1, sin
S 28in )
11, COS & + 111y COS B

Substituting (3) either in (2) or in (1), we get

T= |: 1y
1, oS o + M, cos B

:|gsin(a—ﬂ) (4)

Hence, (B) and (D) are correct.

Free body diagram for the block is shown for
convenience



10.

ICON

mg cos (30°)

According to Newton’s Second Law, we have

f—mgsin(30°) = ma
1
= f=(1)(10)(5]+(1)(1)=6 N

Also, we have N = mgcos(30°) =543 N.

So, net contact force between the block and the belt is

F=|N>+f*=75+36 =111 N
= F=105N
Hence, (A), (B) and (C) are correct.

n=gtano (1)

. . 1
Since, sino=—

X
1

= tano=
xr-1

-8 :
= 4= {Using (1)}
-1
and N=ﬂ= e

Hence, (B), (C) and (D) are correct.

From our knowledge of constraint equations, we
observe that a, =ay=a (say). Also, since the string
is light and inextensible, so tension throughout the
string is also the same, say T .

For A,

T +mgsin(30°) = ma

= T+E=ma (1)
2
For B,
mg —T =ma ..(2)

Solving (1) and (2), we get

a:S—g and T:E
4 4

Hence, (B) and (D) are correct.

11.

12.

13.

Hints and Explanations H.257

The readings of the spring balance (under various
situations discussed) and the reading of the weighing
machine are equal to the forces exerted by them on the
block.

W,

Wy

w
Hence, (A), (B) and (D) are correct.
Let m be the mass per unit length of the chain. Then
(mx)g—T=(mx)a (D
T=m(L-x)a .2

= (mx)g-m(L-x)a=(mx)a

= xg=La

= qq= E
_gL

5 ol
i 5L

= jz:d:f):gjxdx
0 0
v gx2

= =&
Z LZ

Hence, (A) and (C) are correct.
mg = uN and

N = m?’ﬁ)rznin
= mg = umra?,,
uN

-
N<—|%—-— mrw?,,
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= a)rm.n = i and Unin = mein = ﬁ
UR u

Hence, (A) and (D) are correct.

14. For Wy
Nz +TSln45=W2 =100 (].)
Tcos45=0.25N, ..(2)
N, Tsin45°
Lt~
45 Tcos45°
0.25N, :
'
W,
FBD for W,
For Wi:
P=0.25(N;+N,) €
N2+W1=N1 ...(4)
N,
l > 0.25N,
T
— 0.25N;
1]
W1 N1
FBD for W,
16.
Solving, weget P=90N, T= 20V2 N
Hence, (B) and (D) are correct.
15. N
17.

W Wecose

Wsinf =P+ uN; and N;=Wcosf
= Wsind =P+ uWcos

= P=W(sin6-pcosb)

= P=W(sinf-tangcosh) {~-u=tang}
P _sin(6-9) ()
W cos g

W Wecoséd

Pcos@+ uN, =Wsin#
Wcos8+Psin@=N,

= Pcos@+ u(Wcos@+ Psing)=Wsinf

U

P(cos®+ usin@)=W(sinf- ucosf)
=  P(cosBcos¢+sinfsing)=
W (sinfcos¢—cos@sing)

= Pcos(6-¢)=Wsin(6-9)
= %:tan(ﬂ—tp) (2
Equating (1) and (2), we get

cosp=cos(6-¢)
= 6-¢=¢
= 0=2¢

=

=tan(2¢-¢)

= =tang

=~ =

Hence, (A) and (D) are correct.
mgcoso =N (1)
mgsine = UN ..(2)

1
= cote=—=3
u

Hence, (A) is correct.
T=Mg
Mg

mg
Mg

Also the weight of pulley mg is acting vertically down-

ward. So total downward force is (m+M)g and hori-

zontal force is T = Mg . The resultant of these two is
M2+ (m+M)? q

Hence, (D) is correct.



18.

19.

20.

21.

22,

23.

ICON

Reading of the spring balance is equal to the tension
in the rope which equals the force of friction between
the rope and the boy as well as the force exerted by the
rope and the boy on each other.

Hence, (A), (C) and (D) are correct.

Due to Newton’s Third Law, the block will exert an
equal and opposite force on the table. Since F>W, so
the block will have an upward acceleration.

MDN
v

\
W=98N

Hence, (B) and (C) are correct.

Net torque must be zero, so
In+Tp= 0

= Iy=-Tg

Hence, the correct answer is (D).

When the entire incline is smooth, then both the blocks
move down with an acceleration gsin(30° )=5ms2.
However, if A is smooth and B is rough then initial
acceleration of A will be gsinf, whereas that of B
is less than gsin@ and hence there will be elongation
in the spring.

Hence, (A) and (D) are correct.

Newton's Laws are valid in all inertial frames i.e.,
frames either at rest or frames moving with constant
velocity. Further a frame moving with constant veloc-
ity with respect to an inertial frame is also Inertial.
Earth is not an inertial frame due to rotation about its
axis and revolution round the sun.

Hence, (B) and (C) are correct.

F- fy-Mg=Ma {at a distance y}
= a=7F_ﬂ/_Mg
M
dv_F-fy-Mg
dt M
= o _I-f-Mg
dy M

24.

25.

26.

27.

28.

Hints and Explanations H.259

v 1 5
= !vdU-M!(F—fy—Mg)dy

= v= ’%(F—Mg—%]

Hence, (A) and (C) are correct.

When lift moves with uniform velocity no pseudo
force exists and hence f=umg(A&B). When lift

moves down with acceleration of 4.8 ms™ then
N=m(9.8-48)=5m.

So, frictional force = uN =5 um
Hence, (A), (B), (C) and (D) are correct.

The block with lower value of p will tend to have
greater acceleration down the slope.
Hence, (A) and (B) are correct.

2Tc089=\/§Mg (1)

= 2Mgcost= V2 Mg

= cosf=

tsl

= 06=45°
Hence, (C) is correct.
For equilibrium, we get

Tcosf=mg and Tsinf=ma

a
= tanf=—

8
Also, T= m—i} = mgsec = mg\1+tan> 0
cos

= T= m.ﬂa2 + g2
Hence, (B) and (D) are correct.

Since friction always has a tendency to stop the rela-
tive motion between the blocks, so when my >m,,

then for a frictional force f between A and B, we have
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29.

mpgsind=T+ f (1)
mygsin@=T- f (2
Subtracting (2) from (1), we get
(my—m, )gsin=2f
= f=%(memA )gsin®

Now, f=0,when m, =m;
So, (B) is correct.

Also, for f < f, .., the blocks will remain stationary.

= %(mB —, )gsing < p(ngcost)

My —m
= u>|—-2—= |tano
2my
Hence the acceleration of the system is zero if

‘uz[u]tana and my >m,.
2my

Also, from (1) and (2), we get
T= (mAT% ] gsinf

= T=m,gsinf=mgsind

Hence, (A), (B) and (D) are correct.

a=—"88  _2(98)ms?
my+mg 7

= 4=28ms =280 cms™

Since the initial velocity of A is towards left whereas
acceleration is towards the right. So this acceleration
acts as retardation for motion of A towards left. (Take
left to right as positive).

v|,_,, =-50+(280)(1)
= 0|_,=+230cms™ (towards right) and
1
s, =7(50)(1)+§(280)(1)

= 5|, =+t90cm  {displacement towards right}

30.

31

32.

33.

So distance from pulley = 200 - 90 = 110 cm
Hence, (B) and (D) are correct.

a_[M—m]
M+m &

2Mm
T=
[M+m]g

Thrust = 2T = ( AMom
M

+m

Jg and

(M+m)g-2T=(M+m)a,,

2
M-m
Ao =| ——
cm M+ g
Ma + m(—ﬂ) mlal + mzaz
or acm = B acm =
M+m my + 1y

( M-m ) ( M-m ]2

Q acm = a = g
M+m M+m

Hence, (A), (B), (C) and (D) are correct.

Since the surfaces are smooth, so for any value of 6
both A and B will have the same acceleration down-
wards, as a result of which neither of them exerts a
force on each other.

Hence, (B) and (D) are correct.

According to Impulse-Momentum Theorem
Impulse = Change in momentum

= F(A)=ml[o-(-u)]
Hence, (A) and (B) are correct.

* Take downward as positive direction.

o The total length of the thread is a constant.

* Starting from centre of A and going to centre of B we
have




34,

ICON

(xg —x4 )+ xp+2x, +xc +(Xc — x5 ) = constant
= Xp+Xx,+2x-=constant
=  Xg+¥,+2%:-=0
= ag+a,+2a-=0 (1)
Applying cause-effect equations we get
mg — 2T = mag (For C) .(2)
mg+T —2T = mag (For B)
= mg-T=may .(3)
mg+T —2T = ma, (For A)
= mg-T=may, .. (4)

From (3) and (4), a4 = a3 so (1) gives

= aA:aB:—ﬂC (5)
Adding (3) and (4), we get
2mg - 2T =2may, ...(6)

Subtract (2) from (6), we get
mg =2ma, —ma-
= mg=2ma,+ma, {vay=-ac}

= mg=23may,

_&
= a=c

So, ay=ag= %; Downwards

ac = ,% Upwards

Also we get T by putting value of a, in (4) i.e. T= %mg.

Hence, (A) and (B) are correct.
200 — kx = 204,
and kx=10(12)=120

= a=4ms?

F F F F
i=—t——=——"=—
my My m,im, i
my + My
200
= 1=-—-
(20/3)

= 4=30ms™

Hence, (B), (C) and (D) are correct.

35.

36.

37.

Hints and Explanations H.261

Centripetal force is a force which is directed radially
inwards, but this does not imply that is a force con-
stant in magnitude and direction.

vV

<!

Also in uniform circular motion magnitude of velocity
is constant but velocity is not constant as it changes its
direction continuously. Further, F L v implies work
done is zero, so according to Work Energy Theorem

Work done = Change in K.E.
= 0=A(KE)

= KE. =constant

Hence, (C) and (D) are correct.

Concept of Pseudo-Force.
Hence, (A), (C) and (D) are correct.

fy = uN;

m,gcosé

mgsing—T - uN, =ma

=  mgsin@-T - pmgcosd = nya (1)

T -mygsin@— uUN, = m,a

= T -m,ygsing - uni,gcos@=m,a (2)
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Adding (1) and (2), we get

. (my, —my )sin® — pi(m, +m, )cos g
m1+m2

for m; downwards along the incline.

So for m, acceleration is directed up the incline i.e.

Hence, (A) and (B) are correct.

OBJECTIVE TRICK

ﬂ - - . - [
If 6=— and no friction exists i.e. =0, then 2" must
m, —m
be that for an ideal Atwood's machine i.e.(g)
m, +m,

for m; downwards.

This condition is met by option (A) for m, and
option (B) for m,.

38.

m, fo reach
maximum height

m, fo reach
2| maximum height

[ Time taken by ]

1[ Time taken by ]

o= n1y — 11, sin 30 g and
! 1My + 1My

g = M= sin30
? my +m, §

. 1 , 1 5
Since | =—a;t; = —a,t
5 M =5 h

N 1 2my —m, £=l 2y —my 2
20 my+my )4 2\ my+m,

- 2my—my |1 [ 2my —my
my+m, J4 0\ my i,

= 8my —4my =2my -1,

= 9m, =6m,

m, 3
= 1_Y

m, 2

Hence, (A) and (C) are correct.

40.

41.

42.

Typper = (29+0.2+1.9)(9.8+0.2)

Topper =50 N and

Tower = (1.9+0.1)(9.840.2)

= 'I‘lUWE]' = 20 N

Hence, (A) and (D) are correct.

4500 -500-T =5x10%a (1)
T-400=4x10% .(2)
Adding (1) and (2), we get
3600
a=
9x10*

= =004 ms? and T=2000 N

Hence, (A) and (C) are correct.

Tycos¢ T,cos6
T,sing =—(B)—= Mg T;sind T,sing
Mg
Mg Tocosp
T, cos¢ = Mg (1)
T,sing = Mg ..(2)
Ticos@=T,cos¢+ Mg .(4)
From (1) and (2), we get
tang =1 {OPTION (A)}
T,=v2Mg [OPTION (O)}
From (3), we get
1
Tysinf=+2Mg—
1 8 N
T sinf = Mg ...(5)
From (4), we get
1
T,cos0=+2Mg| — [+ M
1 i [ﬁ] ¢
= Ticos0=2Mg ...(6)
From (5) and (6), we get
tan@ = % =05 {OPTION (B)}
and T, =5Mg [OPTION (D)}

Hence, (A), (B), (C) and (D) are correct.



43.

A

45.

46.

48.

ICON

Concept of Pseudo Force.
Hence, (A) and (C) are correct.

Agq =3 {using constraint relations}

Oy = a3 +9a2 + 643 cos 0
Ay~ 10+ 6cos6
Hence, (A) and (D) are correct.

With respect to wedge, the acceleration of block is
same as that of wedge with respect to ground.
Hence, (A) and (B) are correct.

F=kt

= m—=kt
dt

2
= mv:kL (1)

. F
Since, a=—
m

o aky Q)
M

From (1) and (2), we get

k (ma)z
my=—x| —
2 k

Hence, (A), (B) and (C) are correct.

Free body diagram of (A +B) system

(ma +mpglg
foe=F#0

=  fep#0

Free body diagram of (B+C) system

fec=F= fac

49.

50.

51.

Hints and Explanations H.263

Free body diagram of A is

Nag

sA

mag

No force acts on A parallel to the surface in contact, so
fap=0

Hence, (B) and (C) are correct.

(A) Magnitude of velocity is changing hence accelera-
tion is present

(C) Velocity is changing hence it can happen by
change in direction also as in a uniform circular
motion. Hence acceleration is present.

Hence, (A) and (C) are correct.

Since, v = 2f and if the radius of circular path is 7, then
we have

dv
ar=—=2
™ at

4
ar=—=—

r

_[2, 2
= a=.lap+a;

1644
= a= 4+6—;f
r

Hence, (B) and (D) are correct.
N, =mgcosf and Ny =mgcos(53°)

N, 4

B

Since,

cosf 4

cosbh3® 3

= cosf==x

ol w

= cosf=

G| = I

o o melsin(53°)-sin6] _ g
2m 10

Hence, (A) and (C) are correct.
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52 R=T (1) From (1) and (3), we get
N=mg (2) faw=150N
For equilibrium, we have From (2) and (4), we get
7 =0 Naw =F
So, lets calculate torque about centre of mass of ladder =  UNyy 2150N

ie, O. = 04xF=2150N
= F2375N
Hence, (A), (B) and (C) are correct.

54. Acceleration of block after application of force

a==-pg
m

Hence, (B), (C) and (D) are correct.

L L L
Nx5c039=RxEsin9+TxEsin9 55. Given that, a; =ay
mg v’
—=>cosf=Tsinf = ap=—
= > Cos sin TR
2
= T=Z8cotp L B v
2 d R
Hence, (A) and (B) are correct. 2
= do=-—dt
53. Free body diagram of block A:
v f
- foetfo
v
A 2 0
NAB - = N -
AW 1 v 1
= =— ==—t
fAB v g R
109 .
1| 1
= = =——t
Friction on A due to B, f,; acts downwards and vlp, R
friction on A due to Wall (W), f,, acts upwards. 1 1 ¢
= —=—4—
So, we have v 7,
faw=fap+10g (1) "
0
= v=
N,w=Nyp ..(2) 1+%ﬂt
Free body diagram of block B:
Since, ar =a _z and a —vdU
far TTNTR T
B
F N = v@ = fv—z
) oA s~ R
v J 1 S
59 = J.—v=——J.dS
v R
foa=58 --(3) 0 0
v S
Ng,=F (4 = =-=
BA ) lc’gé,v|vU R
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Hints and Explanations H.265

(T;] S AtAandC; N, <mg
= log,| —|=-=
Uo N <mg
S .
- i:g_i AtBand D; Ny >mg
Yo Np >mg
§ Hence, (A), (B) and (C) are correct.

= 7= voe_i
57. For 20 kg block, we have
Hence, (A) and (B) are correct.

20gsin(37°) = u[ 20gcos(37°) |+ T

56. AtA:
Na = 20x10x%:0.5x20x10x%+T
A = 120=80+T
= T=40N
mg Also, 2mgcos(37°)=T
4
o2 = 2mx10x—==40
5
mg—Ny=—
g = m=25kg
2
N, =mg- "2 Also, force applied by 20 kg block on inclined is
Fa
B R=\N*+ f* =20gcos(37°)y1+ u* =178.8 N
. Hence, (A) and (C) are correct.
N
. 58. Free body diagram of blocks are drawn.
B For my:
T
mg
2
mo
Np-mg=—- my
s
2
mo
Np=mg+— mg
s
AtC: L
2 ™
o
Ne=mg———
¢ § Tc = m= g_m_l
AtD:
For m,:
2
Np =mg+ e T
p
From figure r; <rp,s0 Ny >Np
Hence Njp is greatest L
Since, r-<r,,50 No <N,

Hence N is least myg
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_ Mg —T
iy

y

= B=8- m_z

For t=0,T=0

= 4 =a

For t>0,T>0

= 0,<a,

Hence, (A) and (D) are correct.
59.  umsg =|(myg ) +(myg )’

Hence, (A), (C) and (D) are correct.
60. (f;) maximum =02x10=2N

(f2) maximum =0.8x20=16 N

(f3) maximum =03x30=9N

Zxi
f

f.
Lol

So, acceleration of the lowest block is

Acceleration of upper most block is

f

al=—1=2ms’2
1

Hence, (A), (B) and (D) are correct.
63.

Applying Lami’s Theorem, we get
mg T __ T

$in90° sin150° sin120°

1
= T, =mgsin(150°) = 50x=25N

ICON

[ x=0}

64.

65.

66.

= T,=mgsin120°=50x % =253 N

Hence, (A) and (D) are correct.

m #=0

M F

#=0

l— [ ——

Since friction is absent everywhere, so

2IM
= (= |[—

F

Hence, (B) and (D) are correct.

F-f=mpa=50x3 N=150 N

= F=150N+40N=190N
Hence, (A), (B) and (C) are correct.

The normal reaction on the wedge can be due to the
wall, ground and the block

From free body diagrams of m;, and m,, we get
N3 =mygcosa
N3sina =N,
N, =myg+ Njcosa

= N;=mygsinacosua
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= N,=mg+ ngcosza

Hence, (A), (B) and (C) are correct.

Reasoning Based Questions

1

(i) F= i—f (Newton’s Second Law)

(i) Newton's Third Law
Hence, the correct answer is (B).

f=mgsin@ (1)
M =mgcost
R:,"Nz-l-fzzmg (2)
N
f
w‘f&
mgcosé

Hence, the correct answer is (A).

Conceptual

Hence, the correct answer is (D).

Law of inertia.

Hence, the correct answer is (A).

Force needed when breaks are applied

T’HUZ

=mi=—
fi=ma= =
{v:initial speed, d:distance from wall}
when turn is taken
2

fz=mﬂ=7

Hence brakes must be applied.
Hence, the correct answer is (B).

2Tsin@ = mg

T

mg

T=_"8
2sin@

>mg for sin9<% ie, 6<30°

Hence, the correct answer is (A).

10.

11.

12.

13.

14.

15.

Hints and Explanations H.267

Here the Statement-1 is based on the idea that if you
substitute F=0 in F=md (because there happens to
be a particle on which net force F=10)

You get =0

= 0= constant

= such a particle will move with constant speed
along a fixed direction which is Newton's First Law.
But the point is, you cannot employ F=mi, with-
out first ascertaining that it is valid in this form (i.e.,
without pseudo forces). And that can be done only by
applying Newton’s First Law and checking the behav-
iour of your frame against the description laid down
in the First Law.

Hence, the correct answer is (D).

_-.a
f_,a-l—— —=F
m1 mz-ﬂ—
__"fr
f,=0
| f,=0
Fol om |F F ol m, l«F
|

|
! g
g
Hence, the correct answer is (B).
According to Newton’s Third Law of motion action

and reactions are equal and opposite.
Hence, the correct answer is (D).

Horizontal range also depends upon the velocity of
projection.

Hence, the correct answer is (D).

In the direction of normal reaction net acceleration is
zero. Hence forces in this direction will be balanced.
Hence N =mgcos.

Hence, the correct answer is (A).

By the definition of inertial and non-inertial frame.
Hence, the correct answer is (B).

Coefficient of friction y =tan(@). The value of tan®
way exceed unity.

Hence, the correct answer is (C).
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16.

17.

18.

19.

20.

21.

22,

23.

24

25.

p=2l
At

If At is more, then F will be less.

Hence, the correct answer is (A).

F
“1=8_H
F
=8 —
m
= a>a,

Hence, the correct answer is (A).

While running boy pushes the ground in backward
direction and available friction pushed him in forward
direction.

Hence, the correct answer is (D).

In equilibrium, net force on the body = 0, therefore, it
acceleration a=0. If the body is at rest it will remain
at rest. If the body is moving with constant speed
along a straight line, it will continue to do so.

Hence, the correct answer is (D).

Inertia is the property by virtue of which the body is
unable to change by itself not only the state of rest but
also the state of motion.

Hence, the correct answer is (A).

Due to change in normal reaction pulling is easier.
Hence, the correct answer is (D).

Contact force is sum of friction and normal reaction.

Hence, the correct answer is (D).

Static frictional force is self adjusting.

Hence, the correct answer is (A).

()

F.B.D. of A
F, (Force due to B will be external).

Hence, the correct answer is (B).
For pulling condition:

N +Fsinf=mg
N = Mg - Fsin@ (1)

N Fsing

| L
d Fcosé

l

mg
For pushing condition:
N =Fsin+ Mg ..(2)
N
F
Fcosé i
Fsing m

Hence, the correct answer is (D).

Linked Comprehension Type Questions

1L
2
3.

The correct answer is (B).
The correct answer is (A).
The correct answer is (B).

Combined solutionto 1,2, 3

Let length of the rod be 2I. Using the three conditions
of equilibrium. Anticlockwise moment is taken as
positive.

B
Na
W 307 | A
X
@) fa

For translational equilibrium, we have

ZF, =0 XF, =0
= Np-f,=0 = N,-W=0
= Np=fu (D] => Ny=W 2)

For rotational equilibrium, we have
ETD =0

= N, (2lc0s30°)- Ny (2sin30°) - W(lcos30°) =0
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= \ENA—NB—gW=O -(3)
Solving these three equations, we get
fA=§Wr NA=Wf NE=§W

Consider the torques about an axis perpendicular to
the page and through the left end of the horizontal
beam.

30°

V= d =196 N

21—=+(Tsin(30“’))d7(196 N)d=0

= T=392N

Hence, the correct answer is (D).

Since ) F, =0

H-Tcos(30°)=0
= H=(392)c0s(30°)=339 N to the right

Hence, the correct answer is (C).

Since Z F,=0

V +Tsin(30°)-200=0
= V=19-(392)sin(30°)=0
Hence, the correct answer is (A).

FBD of particle in ground frame of reference is shown
in figure. We observe that

Se
mg h
r
tanf = —
an T
Also, Ncosf=mg and (1)
Nsin@ = mro* (2

10.

Hints and Explanations H.269
Dividing equation (2) by (1), we get
2
tan6 = o
g
= ! = ﬂ
R-h g
2_ &

0 =—— 3
= R ©)
= = 78

R-h

Hence, the correct answer is (D).

From equation (3),

g
h=R-=
e

For non-zero value of i, we must have

b

R>-*-
e

= w>,g/R

So, minimum value of @ should be

Opin = \/E = ,’ﬁ rads™
R Y01

= 0y, =99 rads™

Hence, the correct answer is (C).

Since, h:R—i2
®

If R and @ are known precisely, then

et
w
= Ag=0’Ah (neglecting the negative sign)

= (8g).. = (O ) Ar=(9.89) x10 " ms 2

= (4g).. =978x10" ms
Hence, the correct answer is (B).
CP =CO = Radius of circle (R)

ZCPO = ZPOC = 60°
Z0OCP isalso 60°.
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12.
F_AP
OF mg
Therefore, AOCP is an equilateral triangle.
Hence, OP =R 13.

Natural length of spring is 3R/4.

So, extension in the spring is

x:R-E:E

4 4
. mg \( R) mg
= Spring force, F=kx=| = |[ — |=—
RN\ 4 4

The free body diagram of the ring will be as shown.

R
Here, F = kAr =18 { Ax=—}
4 4

And N = normal reaction.

Hence, the correct answer is (C).

11. Tangential acceleration ar:

/
60°

~60°

mg ;

The ring will move towards the x-axis just after the
release. So, net force along x-axis i.e. the tangential
force is

Fr = F, = Fsin60° + mg sin60°

. FT:[E)ﬁmg(ﬁ]

4 )2 2
E —%m
=g g
FE 53
aT= = —=—
m 8

Hence, the correct answer is (D).

Since, N + Fcos60° = mgcos60°

= N=mgcos60° - Fcos60°

N Nzﬂ_ﬁ[l]:@_ﬁ
2 412 2 8
3
N==
= Smg

Hence, the correct answer is (C).

Given m; =10 kg, m, =5 kg, © =10 rads™
r=03m, r=0124 m

= nr=r-n=0176 m

Masses m; and m, are at rest with respect to rotat-
ing table. Let f be the friction between mass m; and
table.

Free body diagram of n1; and m, with respect to table
(non-inertial frame of reference are shown in figures).

My
T+—3— F.? = m2r2w2
(Pseudo force)

F1=m1r1(02.- m©1 -_f =T
(Pseudo force)

Equilibrium of m, gives

T= m2r2w2 (1)
Since, m,H0* < mno*
Therefore, mnw* >T

and friction of M; will be inward (toward centre)
Equilibrium of m, gives

f+T=mno’ .(2)
From equations (1) and (2), we get

f = mne® —nyro® ..(3)

f=(myn - myn, )’

= f=(10x0124-5x0.176)(10)’N =36 N



14.

15.

16.

ICON

Therefore, frictional force on m, is 36 N (inwards)
Hence, the correct answer is (D).

From equation (3),

f=(mn ~myn, )
Masses will start slipping when this force is greater
than fip OF (iyry — 1yt )@% > fr > piimyg.

Minimum values of @ is

o = | pmg _\/ 05x10x9.8
™ A\myn —myr,  V10x0.124-5%0.176

17.

= Wy, =11.67 rads™

18.

Hence, the correct answer is (B).
From equation (3), frictional force f=0 where

myn =yt

n_m_>5 _1
rpomy 10 2
and r=7+r=03m
= n=01lmandr=02m

i.e. mass m, should placed at 0.2m and m; at 0.1m
from the centre O.

Hence, the correct answer is (C).

Acceleration of block A

Maximum friction force that can be obtained at A is

) = st 25 - 2

3
A B
f:;%sind? 2mgsin45°
=< _ 45° 45° 2
E F2 = % = F1
Similarly,
1( 2mg
= 1ty (2mg cos45°) = | 8
sy = s (2mgeosts”) =3 275
V2mg
= (fmax )B = T

Therefore, maximum value of friction that can be
obtained on the system is

Hints and Explanations H.271
22 m
(fmax)=(fmax)A+(fmax)B= 3 g (1)
Net pulling force on the system is
2mg mg mg
F=F —E =26 _"8 _73 ..(2)
PP 22

From (1) and (2), we can see that
Net pulling force < f, .,

Therefore, the system will not move or the acceleration
of block A will be zero.

Hence, the correct answer is (D).
The correct answer is (B).
The correct answer is (C).

Combined solution to 17, 18
Tension in the string and friction at A
Net external force on the system (block A and B)

F=F-F="%

V2

Therefore, total friction force on the blocks should also

beequalto%
m
= fA+fB=F=_g

V2

Now since the blocks will start moving from block B
first (if they move), therefore, f; will reach its limiting
value first and if still some force is needed, it will be
provided by f,.

Here (fmax )B <F.

Therefore, f will be in its limiting value and rest will
be provided by f,.

V2m
Hence fz = fmax )B - 3
mg N2mg mg

The FBD of the whole system will be as shown in the
figure.
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19.

20.

Therefore, friction on A is

(down the plane)

fA—3\/—

Now for tension T in the string, we may consider
either equilibrium of A or B.
Equilibrium of A gives

mg mg 4mg Zﬁmg
N AR REN A

Similarly, equilibrium of B gives T + fp = F.

T=E+f,=

ng_«ﬁmg_z}mg_&
V23 a2

T=R-fz=

242
Therefore, tension in the string is TJ_ mg.

Free body diagram of mass M is

T N,
fi

T N

T Mg

Hence, the correct answer is (B).

The maximum value of f; is

(fi)_ =(03

The maximum value of f, is

(fz)max =(03

Forces on m; and m, in horizontal direction are as
follows
T_ .

)(20)(10)=60 N

(5)(10)=15N

i‘T

my

B f1 fg‘

Now there are only two possibilities

(1) Either both m, and m, will remain stationary
(with respect to ground) or

(2) Both m; and m, will move (with respect to

ground)
First case is possible when
T<(f;)  ie T<60N
and T<(f,) e T<I5N

21.
22
23.

24.

These conditions will be satisfied when T <15 N
say T=14N then fi=f,=14N

Therefore, the condition f, =2f, will not be satisfied.

So, 1, and m, both can't remain stationary.
In the second case, when m; and m, both move

fr=(f2),, =15N
= h

Now since f;<(f,)

between m; and M. ie., all the masses move with
same acceleration, say 7.

= f,=15N
and f,=30N

=2f,=30N

, there is no relative motion

Hence, the correct answer is (D).
The correct answer is (A).
The correct answer is (D).
The correct answer is (C).

Combined solution to 21, 22, 23
Free body diagrams and equations of motion are as
shown

—»3a —»4a
T=— m1 m2 —T
f,=30N f,=15N
fi=30N —a
M H—=T
For m;, 30-T =20a (1)
For m,, T-15="5a (2)
For M, F-30=50a (3
Solving these three equations, we get
F=60N

T=18N and a:%ms_2

F, jf(Pl )——ZSint
d
! =E(py)= 2cost

= F=F+F



= F=+4sin’*t+4cos’t

= F= 4(sin2t+coszt) =2 unit

Hence, the correct answer is (B).

25. F=-2sinti+2cost]
j=2costi +2sint ]
E-p=(-2sinti +2cost])- (2costi +2sint )
= F.p=-4sintcost+4sintcost =0

So, the angle between F and 7 is 90°.
Hence, the correct answer is (D).

26. p= p§+p5

p=4cos’t+4sin’t =2 units

Hence, the correct answer is (B).
27. N=m(g+ay)cosar and
ma= m(g + i1 )sina

= a:(g+a0)sina

Y

ap 5 Fy=m(g + ag)cosar
Fs=ml(g + ag)sine
F2 ¢ F3=m&0
[¢1 Fa Fi Fy=m
e —

Hence, the correct answer is (B).

! 1
29. Since OB= —— = —qt’
cosa 2

S 1((gr+;;10)sinmf2

cosa 2
= - | 2
\j(g+aﬂ)sinacosa
- 7= — 4
(g+ac,)sin2a

Hence, the correct answer is (B).

31. The correct answer is (A).

ICON
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32. The correct answer is (B).
33. The correct answer is (B).

Combined solution to 31, 32, 33

Nsinf= MA (1)
N +mAsin0=mgcost ..(2)
mgsin@+mAcos6=ma ...(3)

mgcosé

From (1) and (2)

MA
——+mAsinf = mg cos6
sin®

= A(i-«- msine] =mgcosf
sin@

A mgsinfcos @

= —
M+ msin® 6

From (3)

a=gsinf+ Acos@

. mgsinBcos” @
= a=gsinf+————-—
M+ msin” 0

. gsinE)(M +msin 0+ mcos’0)

M+ msin® @
- a=(M+m)gsm6
M+msin*8@
- N- MA  Mmgcost

“sind  M+msin?6
34. The correct answer is (B).
35. The correct answer is (D).
Combined solution to 34, 35

N
mgsin@
=T
mgcoss
“mg mgcosé

The block is moving with constant velocity, so

T'=mg(sinf+ fcosd)
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Since, P=Tv

= 5x103=250x10[%+y§]x2

= 5x10°=1250(1++3u)x2

5000
+\/§#=@=4

1
= ‘u=£

Fo=(N*+(uNY

F.= N1+ u* = mgcosfy1+ >

F- =250x10xg 1+%

= FC =2500N

36. T=mg(sin6+ ucosf)

= T=2500[;+1><\/§}

32
= T=2500N
Hence, the correct answer is (C).

37.  f, = umgcosO

= f =%x2500?

Hence, the correct answer is (C).

38. Extension in the spring is

x=AB-R=2Rcos(30°)-R=(3-1)R

The spring force is given by

F=kx=%1:)nlg(ﬂ1)R=2mg

ICON

39.

40.

41.

42,

Free body diagram of bead is shown here.
N = (F+mg)cos(30°)

= N:(ng+mg)€
N=3\/5%

Hence, the correct answer is (D).
Tangential force

F, = Fsin(30°) - mgsin(30°)

= F=(2mg-mg)sin(30°) = =

2
So, tangential acceleration is given by
_h_g
Tm 2

Hence, the correct answer is (A).
T

F=Fpc
T

mcg
F.B.D. Crate

Mpg
F.B.D. Painter

T+F-mpg=mpa (For Painter)

T-F-mcg=meca (For crate)
Subtract (2) from (1), we get
2F +(mg —mp)g = (mp —me )a
= 900+(25-100)(10)=75a
= 900-750="75a
= a=2ms”
Hence, the correct answer is (C).
Substituting in (2), we get
T=750N
Hence, the correct answer is (D).
a=0

= T+F-Mg=0 {from (1)}

and T-F-mg=0 [from (2)}
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Subtracting, we get T T kyx,
2F=(M-m)g

A m;y

= F:%(M—m)g

Hence, the correct answer is (D). Mg kyx, myg

43,
= kyxy = (my—my)g —kyx,

= kx,=(8-2)(10)-(70)(0.5)

= klx1=25
2

= X =—5=0.5 m
50

Hence, the correct answer is (C).

T, cos(60°) = mg 47. Since, T =m,g +kx, { of (1)}
= T,=2mg T

Hence, the correct answer is (A).

4. T;sin(60°)=T,

kX1
= 2mg—=T,

M

mg
= T2=\/§mg 1

Hence, the correct answer is (B). = T=50x05+20

= T=45N
Hence, the correct answer is (A).

45. Lossin PE = Gainin KE

49. No friction between M and m,, so acceleration of n, is
EE— Zero
Hence, the correct answer is (B).

g 50. H(M+mg)g=mg
1 = ==
= mgﬁ:zmvz . M+my
Hence, the correct answer is (B).
= v=,/2¢/
mg—u(M+m
Hence, the correct answer is (B). 51. a= 84 0)8
M+m
46. For equilibrium of m, and m,, we have
[ m-p(M+my)
T +kyxy =myg -(2) Hence, the correct answer is (C).
From (1) and (2), we get 52. For minimum force F, the lower string just remains

g +kixy = myg —kyx, tightie. T, = 0.
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53.

54.

55.

ma -—

= Tycos0=mg and T,sinf=ma

= a=gtanf

= F=(m+M)gtan@

Hence, the correct answer is (C).

When the lower string is just tight, then
T, =0

= Tjcos@=mg

—

= 1=
cos@

Hence, the correct answer is (B).

T, cosf=mg+T,cosb

= (T,-T,)cos6=mg (1)
Also (T, +T,)sin6 = ma -(2)
From (1) and (2), we get

hi+Tp tanf =
L-T,

a
8
Since T, = 2T,

= a=3gtand

Hence, the correct answer is (A).

Let a, be acceleration of m w.rt. M

Then, ma, cos@ - mgsin® = ma,

48 _.
V2 2
= al—g=azﬁ (1)
Also, N = may sinf+mgcosf .(2)
and F-Nsinf = Ma, ...(3)
Put (2) in (3), we get

F - ma; sin> @ — mgsinfcos@ = Ma,

56.

57.

58.

59.

60.

61.

= F-mgsinfcost = (M + msin? H)al

- w0 s{ff2 )

= 7,=20ms™

Hence, the correct answer is (C).

Since, AB=]= %(1252 , where

. =a1—g=20—10=£ms,2
R
!
cos(45°) 2\ {2
10
1042 = —+#
22
= =25
Since v=1u+at
2
10 20 1
= U=dt=| — =—=1U\/§ms
(5%

Hence, the correct answer is (C).
I’ = laltz
2

= r:%(20)(4)=40 m

Hence, the correct answer is (D).
Fsin@+ f, =mg
= Fsinf+ pFcos@=mg

= F=_— "8
sinf+ pcosf
Hence, the correct answer is (B).
Fsinf=mg+ f,
= Fsinfl-puFcosO =mg
= F= L
sin@ - usin®
Hence, the correct answer is (C).
Fsinf=mg

Hence, the correct answer is (B).

Since there is no force on upper block of mass 10 kg
and no tendency of slipping over 20 kg block there-
fore friction on it will be zero.

Hence, the correct answer is (A).
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63.

64,

66.

67.
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Maximum acceleration or retardation upto which both
blocks will move together is

I = H1g =5ms ™

= Wp(my+my)g=(m+my)a

= U,=05

Also kinetic friction on 20 kg is
fe=mp(my+my)g=150N

Hence, the correct answer is (A).

Since, retardation is 5 ms™, so applying
v* =u* - 2as, we get
0%=400-2x5xs

= s=100m

Hence, the correct answer is (B).
o=at®
Linear speed v=or=1x2xt* = (2 ms™)(#?)

2
Since, ar = % = d('j: ) =4t and

Uz 2
- =—=@7
r

Net acceleration is

_ _[2 2
A=A, =+ap +ac
_ _ 2 2
Force = ma=my[a7 +at

Hence, the correct answer is (B).

Since rate of change of speed is tangential acceleration,
so we have

a
= a%+aé:a2
2
a 2
= —+a-=a
’ c
a
= ac=$
a
= 4t=4
= t=1s

Hence, the correct answer is (B).

The correct answer is (B).

Hints and Explanations H.277

68. The correct answer is (B).

69. The correct answer is (C).

Combined solution to 67, 68, 69

For equilibrium of
8kgblock, T; <40 N
6 kg block, T, <24 N

Also, T, =% and T, =£

So, for equilibrium of
8 kg block, we have T <80 N and

6 kg block, we have T<96 N

However, system will be equilibrium if all the three
blocks are in equilibrium. Hence

T<8)N

= m<8kg

The 6 kg block will start moving if
T,>96 N

= m>96kg

When 9 kg block is hanged, 6 kg block remains at

rest, but 8 kg block moves. Let acceleration of 9 kg
block be a, then acceleration of 8 kg block will be 2a .

For 9 kg block, we have
90-T =9 (1)
For 8 kg block, we have

T
——f=8(2
5 f=8(2a)
T
= 57m=Mm) -.(2)
From (1) and (2), we get
2090 _ 160+ 40
0,
= a=—ms
41
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70.

71.

72.

73.

74.

75.

76.

M 8

Nsinf = kx
N = mgcos@

Nsin® mgsinfcosf mgsin(26)
e X= = =

k k 2k
Hence, the correct answer is (C).

Ncosf+ Mg = N,
= N;=(mgcosf)cosf+Mg
= N, =mgcos’6+Mg

= N =(mcosZB+M)g
Hence, the correct answer is (D).

Net unbalanced force on the block is mgsing.

Hence, the correct answer is (A).

Friction force will be static in nature. So
f=30N

Hence, the correct answer is (C).

Slipping will start if acceleration a of system is

03%25x10
T

( M ) 0.3x25x%10
g>
M+30 5

Hence, the correct answer is (D).

= = 72
(g )-om

Hence, the correct answer is (A).
Tangential acceleration is
dv
ar=—=%k
"t
Centripetal acceleration is

HC:_
r

77.

78.

79.

= —=k
¥
2,2
= ki:k
r
r
= t1= E

Hence, the correct answer is (C).

Net force F =mk® +mk> = 2mk

Hence, the correct answer is (B).

K K
tanf =L = N7 32
r r
= tanf= K“:E
(E)Kﬁ 4
3) r
= tar'd:’w'=E
4
= 0=37°

Hence, the correct answer is (B).

Free body diagram of block
N

160 N =

160 g

Mylock = % =1ms™ {leftwards}

Free body diagram (platform + mass) system
Assuming no friction between platform and surface,
we get acceleration of pulley to be equal to accelera-
tion of platform. So

N

=160

80g

=2 ms™ {rightwards}

apulley = 30

Relative acceleration of pulley and block is

(2+1)=3ms
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81.

83.

84.
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So, time taken by block to reach pulley is

I= 1arelt2
2

= t= &=23
V 3

Hence, the correct answer is (B).

Length of string pulled out in 1 s is four times the dis-
tance moved by block relative to pulley. So

[=4x15=6m

Hence, the correct answer is (B).

Assuming friction between platform and surface,

NI
=160
f N
80
f =160
= uN’"=160
1 2
uz 160 =—=0.066
2400 30
Hence, the correct answer is (D).
mg = 5v
= 50=>5v

= 9=10ms™"

Hence, the correct answer is (B).

At any, instant, a = g —kv, where k is constant

= —=g-kv

= dvkv=.[dt
og_ 0

| [ng-R)],
-k
= In(g-kv)-In(g)=-kt

= ln[l—@]=—kt
g

85.

86.

87.

Hints and Explanations H.279

=8(1-¢M)
= U k e

Hence, the correct answer is (B).

Mg +(my +my ) gsin@— F
1=
1y + 1y + 1y
Hence, the correct answer is (A).

Elongation in string is maximum when relative veloc-
ity of 1 w.r.t. 2 is zero.

Hence, the correct answer is (B).

Mg+ n,gsinfd—kx, ..

a3
1y + 1y

Hence, the correct answer is (A).

Matrix Match/Column Match Type Questions

1

A-(q)
B—-(r)

C—(s)
D—(p)

N +Tsin(45°) = mg , where T =20v2 N
= N=40-20=20N

Tsin(45°)
T=F=202N
N
I 45 = Tcos(45°)
mg

So, f.=uN=16N and f,=j,N=12N

Since Tcos(45°)=20 N which happens to be greater
than f, . So, the block will move and hence we have

Tcos(45°) - f, = ma
= 20-12=4a

= a=2ms?=200 cms™

A—(p,u)

B— ()

C—(rs)

D—(q1)

Since the pulleys are smooth and massless, so net
force on each pulley (even when accelerating) is zero
(because mass of each pulley tends to be zero).
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Let acceleration of 1 kg, 2 kg, 3 kg and 4 kg blocks
be a,, a,, a; and a, respectively. Then drawing the
FBD's of all we get the values of a,, a,, a; and a4, .

80N

4 kg 2 kg

So, a4;=10 ms (up), a,=0,

1
a5 =?O ms™ (down), 2, =5ms™ (down)

20N 20N
_ -2
1kg|fj Ta1_10ms Ekgij Taz:O
10N 20N
20N 20N
T las =% ms™2 134 =5ms=2
3 kg | 4 kg
30N 40N
3. A-(r)
B—(s)
C— (b
D—(q)

If a be the acceleration of the system, then

;- 60-18-(1+2+3)gsin(30°)
1+2+3

= a=2ms>
Net force on the 3 kg blockis F=m3a=6 N
So, (A) = (r) and (B) — (s)

Let N,; be the forceon2duetoland N, be the force
on 3 due to 2.

Ny =Ny —mygsint =m,a (1)

60 — N3, — 139 sin @ = niza ..(2)
Since =2 ms™, so from (2), we get

6D—N32—3U(%)=3(2)

= Nj,=60-15-6=39N=N,,

Substituting the value of N, in equation (1), we get
1
39-N,, —(2)(10)(5] =(2)(2)

A= ()

B—(r)

C-(p)

D —(s)

E-(q

Pseudo force comes into play, when the frame of refer-
ence (from where the phenomenon is being observed)
is accelerating. This pseudo force is then directed
opposite to the acceleration of the observation frame.
So for the observation frames A, B, C, D and E, respec-
tive values of accelerations are

i, =8i,d;=0
i-=-4], ip=-3 and
EE=5}

Hence, the pseudo force on A as observed by B is zero.
The pseudo force on B as observed by C is along +y
direction.

The pseudo force on C as observed by D is along +x
direction.



5.

fi

6.

7.

ICON

The pseudo force on D as observed by E is along —y
direction.

The pseudo force on E as observed by A is along —x
direction.

A= (q)
B—(s)
C—=(pt)
D—(r)
fy = 4N
10ms™" 20ms o
=Ny [Tkg 2kg fo = Ny
fi =Ny =(0.4)(1)(10) = 4

fo =N, =(0.6)(1+2)(10) =18 N

So, net force acting on 1 is 4 N, hence acceleration of 1

f1

is 4, =2 =4 ms?, towards left.

Similarly, net force acting on 2is f, + f, =22 N.

So, acceleration of 2 is

J _hth
, = J2
2

=11 ms™, towards right

Finally, relative acceleration of one w.rt. other is
15ms™

A—(1s)

B— (p,s)

C—(ps)

D—(p,1s)

For an object moving along +x axis with constant
velocity, there may be no net force acting on the object
or there may not be any force acting along +x axis. So,
(A) > (1, s).

For both the accelerated motions expressed in (B) and
(C), we have either the net force on the object to act
along +x axis or also no net force along +x axis such
that components of force along +x axis happen to be
zero. Hence (B) — (p, s) and (C) — (p, 5).

Finally, for the motion of object along +x axis (acceler-
ated or non-uniform) all (p, 1, s) satisfy the condition.
So (D)= (p, 1, 9).

—(q 1)
B (p,s)
C=(ps)
D-(g )
As per the question, we are given that

Hints and Explanations H.281

= i and iy = i
y ny
For CASE-1 and 4:
If a be the combined acceleration of the system, then
Ty,-F=ma and F, - T, =m,a
_b-Hk
my + 11y

a

a

—_—

[

Substituting in either of the equations, we get

My F E 1y m
T1=#(—1+—2}=#(a1+a2)
my 1y \ my i, 11y + 111y
So, (A) > (q, 1)
Also,
1y m FE E 1y
Nz=# il S =#(“1+“z)
my+my \ my oy iy + 1,

S0, (D) = (q,1)
For CASE-2 and 3:
If 2 be the combined acceleration of the system, then

a
——
_a_
T, F
Ff «=—= T, 2 y 2
L

F1+T2=mla and .Fz_T2=m2ﬁ'

_Ek+h

Substituting in either of the equations, we get

1My FE F mym
T,=—12- (_2—_1]=71 2(ay- ;)
my+m, \ my, m my + 1,
So, (C) = (p, s)
Also,
mym E F, 1y
Nj=——2 (_2__1}:71 2 (ay-ay)
So, (B) = (p, 8)
A= (r)
B—(1)
C—(q

D—(p)
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N =mg + Fsin(45°)

= N =50+(20J5)%:70 N
= frm =N =(05)(70)=35N
N Fsin(45°)
_ Foos(4s°)

— Vg = 33 ms’1

mg
So, retardation offered to the block is given by

e Fcos(45°)+f 35+20
m

11 ms™

Since v=u+at, so the block attains zero velocity, say
at time £, we have

0=33-11f,

Till t<t,(=3s), we have the following two facts

(a) the force of friction acting on the block is
fmax=“Nl=35N

(b) and the net retarding force acting on the block is

(Fuet )i ding = F 08(45°)+ fo =55 N

So, we have (A) — (r) and (C) — (q)

Now, for t=45s, ie., t>1,, since the block has zero
velocity at f;=3s. At this very instant the friction
will be opposite to the applied force and happens to be
more than the applied force, so the block will remain
at rest after f; =3 s and in the Static Region, we have
the force of static friction to self adjust to a value equal
to the applied force, so for t>f), ie, t=45s, we
have

fstatic = Fapplied = FCOS(45D) =20N

Fcos(45%) = 20 N

v=0
f=yN=35N >
Hence (B) — ()

Also, at t=4.5 s, the net force on the block is zero as it
happens to be in static mode. Hence (D) — (p)

10.

A— (1)
B—(t)
C—(p)
D—(q)
For A, T-m,gsin@=m,a (1)
For B, mpgsin®-T = nmya (2
LA e
¢ @y
(ﬂP\gs.\ne ind
|
Wy
Add (1) and (2), we get

(mg—my)gsin®=(my, +mg)a

Nig — 1 .
= a=|—L—2 |gsing
Ny + g

- izl

= a=3ms”>

So, (A) = (1)
Substitute the value of a in (1), we get

1

T—(lD)(2

]:(1)(3)

= T=8N

So, Thrust =2T =16 N, i.e,, (B) = (t)

Force exerted by Aon Bis N ,=1m,gc0s6=5V3 N and
force exerted by B on incline is Ny =(m, +mjp ) g cos6=
25J3 N

Hence (C) — (p) and (D) — (q)

A—(s)

B—(p)
C—o (b
D—(q)

For 10 kg block, 10g —T =10a (1)
For A, f=uN and N=4a ..(2)
= f=(05)(4)a

= f=2 (3)



For L shaped block B,
T-N=é6a -.(4)
From (2) and (4), we get
T=10a .(5)
f 2,
= .
f a
I |
NN 10kg
P
Blg 10g

Substituting in (1), we get
100 -10a =10a
= a=5ms™
= f=10N
= N=20N, i.e, normal reaction between A and B.

Also, from diagram, we see the normal reaction on the
block B by the table is N” given by

N'=6g+f
= N=60+10=70N
and finally from (5), we get
T=50N

Please note that, the block A will have both the hori-
zontal and vertical accelerations however the asked
questions have nothing to do with the vertical accel-
eration of A, which happens to be

=mAg—f=40—10=
my

7.5 ms™?

ay

11. A-(t,u)
B—(p,u)
C-(qu)
D—(s,u)

Since f, = um,g =(05)(10)(10)=50 N

So, friction on B due to A is 50 N, towards right
Hence (A) — (t, u)

12.

Hints and Explanations H.283

A . ;
f
A
fa=pmag
B

Now, when F=35N< f,, so no slipping of A on B
and since B lies on a frictionless surface, hence both
A and B move together with a common acceleration a
(say). Then

a= F = 3 =1ms™?, towards right

Cmy+mg 35

So, we get (B) — (p, u)
Now, when F =250 N> 50 N, then for block A

F—pumyg=mua,
= 250-50=(10)a,
= a,=20ms ", towards right

S0, (C) = (q,u)

L
N
f

—=ag

Frictionless surface
Also, for B, we get
f=mgag

= 50=25a;

= ay=2ms", towards right

Hence, finally (D) — (s, u)

D — (s)

The directions of F and # may be different, so § may
change its direction.

If direction of F and j are the same, then direction of
p would not change.
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13.

15.

16.

If F is non-zero in magnitude then magnitude of 7
will change.

A= (s)
B—(r)
C—(p)
D-(q)

Since N:m(g+ay):20(10+10):400N

and Fy,go = my(3t) +(41)" =100t

= f,=uN=05x400=200 N

Slipping starts when, 100t = 200

= t=2s

So, i at t=2's is =61 +10] +8k ) ms™

= [dl=10v2 ms™

Total force F applied by the surface on the block at

t=1sis yN?+ f,z (also called as Contact Force (C.E)

— Contact Force =+/(400)* +(100)°
= CF =100417 N

A—(r)

B—(p)

C—(q
D—(s)

a,cos(37°)=a,

= 4a,=5a, (1)
Since, 100 - T =10a, (2
and Tcos(37°) = 5a,

25
= T=— ..(3

Force on pulley by the string is

F=T?+T%+2T2cos(53°)

A—(p)
B—(r)
C-(q)
D—(s)

17.

w

Since the system is in equilibrium, so
T+W+N=0

= F=W-N

Also, Tcos@=W and Tsinf=N

= T?=N?+W?and N=Wtan6

A—-(q,s)

B—(p,s)

C—(r)

D—(r)

(i) =(fi), =(08)(50)=40N

(f2)....=(f),, =(02)(150)=30 N

F,=35N, F,=0:Block A will not slip over block B,
because F,, < (f )lim

F=50N, F,=0: Block B will slip over horizontal
surface, because F > (fi ),
F =0, F,=30N: Block B will be at rest, because

Fapp:(fl)l‘un

F=10N, £ =50N: Block A have no tendency of
slipping over block B.

Integer/Numerical Answer Type Questions

1

AC=05m, BC=03m
= AB=04m

Let ZBAC=0.Then
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Hints and Explanations H.285

c089=ﬁ=%=iand s.ir19=%=E=§ = T=40N and T, =80N
AC 05 5 AC 05 5
Also, T,cos(30°)=T, (2
We observe that the object is in equilibrium under
three concurrent forces. So, applying Lami’s theorem, = T, =80cos(30°)
we get
3
F 8 T = T2=80§=40\/§N
sin(180°~9)  sin(90°+0)  sin90°
= T,=40(1.7)=68 N
P8 .
Slne_cosg_ SO,T—i:SON,TZ:GSN and T3=40N
= T:i:i=10N and 4, 27=0=mg(3r)—Tr
cosf 4/5

2T - Mgsin(30°) =0
8sind (8)(§)
F_ - 5

= = =6N
cosf ( E)
5
Equilibrium of B gives,
T, = fi=uW; =025x692=173 N (1)

o o7 Mgsin(30°)
Equation of knot (Point O ) gives, 2
T,cos(30°) =T, and -(2) - T=7(15002)(10)(1)=3750N
T,sin(30°) =W, ..(3)
T 3750
From equations (2) and (3), we get m=_—=——=125kg
3¢ 30
173 173
W, =T, tan(30°) = B 100N 5. The cable length is

= W,=100N=10 kgwt LZZ(SB—SA)‘I'SD—SA + constants

Differentiating,

Resolving the tension T, along horizontal and vertical
0 = ZUB - 3?}}{

directions. As the body is in equilibrium,

W=40N

T;sin(30°) =T, =W =40 N (1)
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2 2

Upa=Up =04 =3-2=1 ftsec™
fgp =5 — 0, =6-4=2 ftsec™
The length of cable between A and Cis
L'=(Sg~54)+(Sg—Sc )=255 S 4 —Sc +constants
= 0=2v-v, -0
e =205 -0, =2(3)-2=4 ftsec™
(All answers are quantities directed up incline).
6. Let A beapointon cable 1
L,=5,+25;
0=, +20p (1)
Ly =5c+(Sc—Sz)
0=20- -3 ..(2)

Combine (1) and (2) to obtain

1

Ve =—ZT}A =--(320)=-80 mms "

1
4
So, W rises by h=80(5)=400 mm

7. Let the datum be passing through the fixed pulley as
shown

The length of the two ropes in terms of the position
coordinates x, , x; and x. are

Xp+2x-=1 ..(1)
and xz+(x5-xc)=1, (2
Eliminating s- from equations (1) and (2),
dxg+ x4 =2+ ~(3)
Taking the time derivative of equation (3), we get
dvg+v, =0
Since v, =4 ms™, s0 we get
dvg+4=0
= vg=-1ms’'=1ms", upwards
= 0,=100 cms™, upwards

Let the datum be passing through both the fixed pul-
leys as shown.

The length of the rope in terms of the position coordi-
nates x, and x, is

x,+xy =1 (1)

Taking the time derivative of equation (1), we get
3v,+0,,=0

Taking downward direction as positive, so we have
vy =10 ms’

= 3v,+9=0

= v,=-3 ms'=3ms™, upwards.

(a) Let a be the acceleration of each block and T; and
T, be the tensions, in the two strings as shown in
figure.

y T, T F=12N

b, %% i~ fewglt~~Tfikg

Taking the three blocks and the two strings as the
system.
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Using ZF, = ma,
_a,
[T TTTeTTTTTTTTTITT T |
I I
! 'F=12N
i kg 2kg 1ka|To

___________________________

a=E=2ms’2
6

(b) Freebody diagram (showing the forces in x-direc-
tion only) of 3 kg block and 1 kg block are shown
in figure.

a=2ms?2 a= 2ms
F=12N
3kg [+ 1kg .
Using XF, =ma,

=(1)(a)
= 12-T,=(1)(2)=2

For 1kgblock, F-T,

= T,=12-2=10N
For 3 kg block,
T,=(3)(a)

= T,=(3)(2)=6N

10. Let a be the acceleration with which the masses move

11.

and T, and T, be the tensions in left and right strings.
Friction on mass A is umg =8 N . Then equations of
motion of masses A, B and C are

For mass A
-8=4n (1)

For mass B
T,=8a (2

For mass C
200-T,-T,=20a -.(3)

Adding the above three equations, we get
320=192

= a=6ms”

From equations (1) and (2), we have
T,=48N and T, =32N

When force F is applied at the end of the string,
the tension in the lower part of the string is also F

12.

13.

Hints and Explanations H.287

as shown. If T'is the tension in string connecting the
pulley and the block, then,

T=2F

F
O
F

Also, T =ma=(200)(1)=200 N
= 2F=200N
= F=100N

Free body diagram of crate A w.r.t. ground is shown
in figure.
Equation of motion is given by

100~ N =10a, (D)
Further, we have a, cosec30°= acceleration of crate

= 2a,=2

- -2
= a,=1ms

mpg =100 N

30°

Substituting in equation (1) we get
N=90N
Let 6 be the required angle, then maximum retarda-
tion is
. fi —mgsinf
m
_ umgcosf—mgsin®
m

=

= a=pugcosf-gsind=g(ucosd-sinh)

Now, using v* = u* - 2as, we get
0=(10)" -2¢( cos6—sinB)(5)
= pugcosf—gsinf=10
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14.

15.

= (%](10)(:039—(10)5&19:10
= 4cosf-3sinf=3
= 4cosf=3(1+sin6)
2, .2 . )
= 1l6cos 6—9(1+sm 0+2sin@
= 16(1-sin?0)=9(1+sin*6+2sind)

=  25sin’0+18sinf-7=0

. -18++/324+700
= sinf=————
50
. V1024 -18 32-18 14
= sinf= = =—
50 50 50
{" Rejecting negative sign}
= 0=16°

Since the man is standing stationary w.r.t. the belt, so
acceleration of the man equals the acceleration of the
beltie. a=1ms™

Net force on the manis F

T

et =Ma=65x1=65N
Limiting friction is
fr=umg

Let the man remains stationary with respect to the belt
for maximum acceleration 4, then

mag = f, = pmg
= ay=pg=(02)(10)=2ms™
= a,=200 cms™

Equations of motion in this case are,
Tcosf=uN (1)
and N=W-Tsin@ .(2)

Tsing
T=1200N

= Tcosd

w

(a) From equations (1) and (2), we get

We T(cosf+ usinf)
H

(b) For W to be maximum
d
—(cos@+ usin@)=0
2 cos0+usind)

=  @=tan”'(y)=tan™

1]
22

Since sin(10°)cos(10°) =

SN =

2\2

1
= 2sin(10°)cos(10°)=§

= 5ir1(20°)=1
3

= tan(20°)=L

22
So, 6=20°

From equation (3), we get

1200(cos(20°)+%sin(20°)]

W= i
22
1200(&+L1]
5 we 31 223
22

1
= W=400(2V2 2ﬁ+—J
( )[ .
= W=400(8+1)
= W=3600N

. (a) When the truck accelerates eastwards, force of

friction on mass is eastwards, because the block
has a tendency to move westwards w.r.t. the truck.
So,

frequired =massx acceleration=30x1.8=54 N
Since it is less than p,mg, hence
f=54N (eastwards)

(b) When the truck accelerates westwards then simi-
lar to the argument given earlier, force of friction
is westwards. So,



17.

18.

19.

ICON

Jrequirea =Mass X Acceleration=30x3.8=114 N
Since it is greater than umg, hence

f=fi=mumg =59 N (westwards)

2 2
100210 _ (4)(o?)

r (1)

= 0=5ms

Now, 5= (g )t

{ v=at}

5
t_(o.1)(10)_58

Ty

2k
on Tk
3 kg

1
T
1 2
10kg
For 10 kg , 10g -T, =10a (1)
For 3kg, T, - (T, +0.68) = 3a (2)
For 2kg, T, - 0.6 =2a ..(3)

Solving these equations, we get
a=6ms™
Since, vz =0} +2a7s
Tangential acceleration in interval AC is
2 _ .2

ap = 2C "4 _ 1447 ms
2s

Centripetal i.e. Normal acceleration ay at Cis

UZ

ay = — =241 ms™

Tangential force F; at Cis
Fr =ma; =1500%1.447 =2170 N
Normal force Fy atCis

Fy = may =1500 x2.41 = 3620 N

Total force at C is

F=F}+F?

20.

21.

22

23.

24,

25.

Hints and Explanations H.289

= F=4(2170)% + (3620)*

= F=420N
_ o' 5x5
S ug 05x10

mA=mB=mC=m

Since, F =(m, + my +mg )gsing and N = mgsing

mck =[ﬂ)15=5N

= N=———
i, +mp+m-  \ 3m

There is no tendency of relative slipping between
blocks.

For equilibrium,

10=8+T (1)
T+ f,=20 2
= f,=18N

Let T be the tension in the string. The upward force
exerted on the clamp is

Tsin(30°)=%

30°

ma -———

At t=1s, slipping occurs, so we have
= ma=ugmg

= 4dt=ug

= u,=04
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26.

27.

28.

29.

30.

So in the interval from t =1 to f =3 s, we observe that
the slipping occurs between =1 and t=2s.

dv
4t - g =—
= 8=
Integrating, we get
2
v=(28 —#kgt)L
= W= 0.3

= %:4
Hy

Ll
40

Since wedge is stationary and block is slipping down
with a constant velocity, so normal force on the wedge
due to the table is

N

i

(M +m)g
N=(m+M)g=8N

Let tension the thread connecting m, to the pulley P,
be T and acceleration of m, be a.Then tension in the
thread connecting lowest pulley P; to m; is 4 T and

. .o
acceleration of m1; is —.
4

For my: 40_4]“:4(%)

Fm‘mz: T=1a
= 40-4a=a
= ba=40

= a=8ms™

Pseudo force is zero w.r.t. an observer in an Inertial or
ground frame.

The system can be redrawn as

— A

31.

32.

33.

34.

35.

Since, v=u+at

= v=0+(2)(5)=10 ms™
= ©=1decametre per second

According to Principle of Virtual Work, we have
Tx =3Txy

= x=23x

dx _ ,dxp
dt dt
= v=3

= UB=

v
3
By constraint relation knowledge, we have

V, sin(60°) =V, [1+cos(60°)]+ Vy

= Vp=4ms’

1= 200 g

2+—+1
3

Also, 2xg-T=2x6

= T=8N

Since the block is not moving, so frictional force acting
on the block is opposite to ?Pseudo =—(ma)i

= f = —_pseudo = (2;) newton

1
a=—0=2msf2
5

L] C |
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36. Free body diagram for the middle pulley is shown. do
= —=(2t-4)
T T dt
v 4 4
= [ao2f-afa
Middle 0 2 2
ulle
pulley 2 . .
T = v=2| —| |-4|t
21, 2

So, we observe that

= 0v=(16-4)-4(4-2)
2T-T=0 { pulley is light, so m_, = O}

= T=0 = v=12-8

_ -1

37. ForB, mg—-T=ma (1) = v=4ms
For A, T +mgsinf =ma ..(2) 40.

Adding, (1) and (2), we get

a= %(1+sin@)

T T
= a:S—g
Put a=3—g in (1), we get
4 05kg
3mg
mg _T:T For rod of mass 2 kg
. T=%=5N 20-T = 2a,
For ball
38. ac=“f“;’“3 5- f =5a,
Since thread is mass less
= 0 —B—st'2
C= 75 7 T=f
3. f=(02)(20)=4N 1=03=1q ¢
2 re

So, till 2t =4 = t=2s,block will be at rest.

41. If C doesn't move, then
For 2<t <4 s,theblock willmove withanacceleration

F_
a=—f’
m

a, =4ag
For A

P-T - pmg =m(4ag)
For B

5 4T —mg = mag

20 mg

H.291
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ARCHIVE: JEE MAIN
1. Since P= %
L po N x(2mv)
AAt

p_ 107 x2x107 x10*
h 1x1
Hence, the correct answer is (B).

2, p=mV= m Vi -2gh

Direction of momentum changes at top most point

=2 Nm™

=

Hence, the correct answer is (D).
3. Retardation of the particle
a=—(g+y?)
For H,,,,,, =0

0 y I
= j _vzzjdt
gt+yv

Vo 0

= J}ll_gtan‘l(‘/jgo]ﬂ

Hence, the correct answer is (C).

woae(35)

H_F—(D.2)4x10_(F—8J
- 4 g

Since a < ug
F-8
4
= F-8<8
= F<16

= <(0.2)10

Hence, the correct answer is (C).
5. N, =5¢+20sin(30°)=60 N
Since, f,=02x60=12N

Na

5kg 20 cos (30°)

fa=HN,

5 120 sin (30°)

(20«/5_12] :
= a=-2 2= _106ms’
5 5
Ng TmN
| |1043
5kg —=
fg = uNg
5¢
For B,
NB+10=50
= Np=40N
Since fg = uNy
= fB=8N
= M—8=5a5
2
17.3- .
o =378 geme?
5 5

2
= ag—-a,=08ms

Hence, the correct answer is (D).

I]_ = le
Since k < !
l
ky I, n

Let 6 be the angle with the vertical, then

r/2 1
sinf=-—=—
ro 2



10.

- 9=sin‘1(1)=30°
2

Ncosf=mg (1)
ma’r
Nsing=F = (2)
2
2
= tan9=ﬂ
28
0 = 2gtan6 _ 2
r 3

Hence, the correct answer is (C).

Friction force should be acting upward along the
plane. For the state of impending motion, we have

L_pf8 1
3+(10)(10)$_P+(10](10)(1U)ﬁ

= P=7371-4242
= P=3128=32N

Hence, the correct answer is (B).

Tcos(45°) = mg
Tsin(45°)=F

= F=myg

= F=10x10=100 N

Hence, the correct answer is (A).

F=kt

dp
Since F =
nce i

11.

12.

Hints and Explanations H.293

= dj:kt
dt
3p T
= Jdp:kjtdt
P 0
kT?
= 2p=—o
P 2
= 1=2/F
k

Hence, the correct answer is (B).
o . 1.,
Since, Tana = Finitial T 1 + Eat
= F =(2?+4})+(5?+4})x2+%[4?+4}]x22

= T =(201420]) m
= |Ffmal | = 20\/5 m
Hence, the correct answer is (A).

Since the block remains at rest on the rough incline
upto a maximum force of 2N down the incline, so we

get
2+ mgsin(30°) = uN

mg NE)
2+—== — (1
= 2+ 5 umg 5 (1)

When only, 10 N is applied up the incline, then we
have

mg J3

7+,umg7=10 ..(2)
From (1) and (2), we get

2+mg=10
= mg=8

From (1), we get

6=,u><8><ﬁ
2
H‘ZX6
83
V3
= =—
2

Hence, the correct answer is (B).



ICON

H.294 )EE Advanced Physics: Mechanics - |

13.

14.

To stop the moving blocks, the frictional force between
m,and surface is increased by placing some extra
mass 1 on top of mass 1, .

I T

my

mg
Condition for stopping moving blocksis f 2T
= uUNZ=2T
= pu(m+my)g2mg
For minimum value of m, we have

p(m+my)g=mg

= m=ﬁ—m2=i—10
u 0.15

= m=3333-10=2333 kg

From given options the best suitable answer will be
273 kg.

Hence, the correct answer is (B).

Time taken to slide along smooth surface is given by

I:%[gsin(45°)]tf

2421
= /—
g

Time taken to slide along rough surface is given by

I= %g[sin(45°)— ticos(45°) 3

- 221
2\g(1-n)

As per question, t, =nt

= t§=n2tf
2 _ . 22
g(1-u) g

1

= l-u=—

H=—

15.

16.

1
= #:1_}1_2

Hence, the correct answer is (B).
Downward acceleration on the incline is
a=g(sin30° - cos30°)
Since body moves up with an acceleration 2 upwards
due to external force F, so we have

F —mg(sin30°+ pcos30°) = ma

= F=mg(sin30°+ pcos30°)+
mg(sin30° - ucos30°)

= F:ngsin30°=2x2x10x%:20N

Hence, the correct answer is (D).

During completely inelastic collision both particles A
and B stick together.

Y
pssing

Ps
CM» picose

/
s

A0
307‘1)\
pcos30°,/ 457, pcosdb®

Lo N

psin30° | psind5°

=X

Here, p; = initial momentum of each particle

ps= final momentum of the system

Using conservation of linear momentum,

Along X-axis, pycos8=psin30° - psin45° (1)
Along Y-axis, p,sinf = pcos30°+ pcos45° (2)

Dividing equation (2) by equation (1), we get

B,1
sinf  cos30°+cos45” 2 2
cos@ sin30°-sind45° 1 1
2 2
J3+42
= tanf=——f+
1-42

Hence, the correct answer is (A).
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17. FBD of the pendulum is shown in the figure. So, we

have
Tcosd !
7/?
)
Tsing
mg
2
mo
Tsinf=— and
p
TcosB=mg
2
= tanl9=v—

g
Since, =45°, r=04m
= v'=r1g
= '\o*:\/%=x/m=2ms’1
Hence, the correct answer is (B).

18. Since the rocket is moving vertically upwards with
acceleration 2g, therefore the apparent acceleration
experienced by the point object is g+2¢ =3¢ verti-
cally downwards.

From figure, we have N =3mgcos6

Point object does not move on inclined surface, so
UN =3mgsind

= u(3mgcosf)=23mgsin6

= u=tanf

Hence, the correct answer is (B).

19. Here, F=§v(t)

do Rt

o(t) mp

Integrating both sides,

do K[
o(t) md

20.

21.

Hints and Explanations H.295

- e {28

Graph between Inv and [ 1) is a straight line.
t

Hence, the correct answer is (A).

Various forces acting on the system are shown in the
figure.

100N

For vertical equilibrium of the system,
fp=100N+20 N =120 N

Hence, the correct answer is (A).

System (block + bullet) comes to rest after moving
2m,s=2m,v,=0,0,=7
a=-ug=-005x10=-05ms™

Using v® =u? +2as, we get
0% =07 -2(0.5)x2

= 0= V2 ms™

By Conservation of Linear Momentum, we have

(m +M)
m _
ik - | 4 =005
j—2 m—=
Momentum of Momentum of
the system |=| the system
after collision before collision

mo+0=(M+m)V

= 2(10+50x107)=(50%107 ) x0+0

= v:ﬂwf 20042 ms™
50 %10~
v -1
= —=202ms
10

For a freely falling body, to acquire

v = z 20/2 ms™ , we have

0
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vt =2¢H

H=@=4ﬂm=0.04km
20

Hence, the correct answer is (C).

22. Since collisions are elastic and masses are equal, veloc-
ities of colliding particles get exchanged.
Change in momentum Ap in each collision with the
support is Ap =2mo.
Time interval between consecutive collisions with one
support

(L-2nr)x2
v

At =

So, average force experienced by each support is

2

_%_ 2mv _ o
@A (L-2nr)2 T L=2nr
v

Hence, the correct answer is (B).
23. Block is under limiting friction, so
M=tan@ (1)

Equation of the surface is

_r
=%
y_
So, slope is —=—, 2
p s 2)
y
m
Zoy” x
[— X —»|

From equations (1) and (2), we get

=L
#23

24.

25.

26.

= =1

= x=1

= =—m
Y 6

Hence, the correct answer is (B).

2
Centripetal acceleration, a, = »’r , where @ = T

Since, T, =T,

- o h
a, 1

Hence, the correct answer is (B).

—bt

F(t)=Fe {Given)}

= ma= FDe"“

E _
= g=-Legt
m
dv E
- 0 _fo,u
dat m

F
= do=-2¢"dt
m

Integrating both sides, we get

()

t
jdv =J.ie"b’df
m

0 0

Fo[e—br)
= U=—| —
m\ -b

Hence, the correct answer is (B).

t
FO —bt
=—\1-
. fl( e )

The acceleration of the body down the smooth inclined
plane is a=gsin@ along the inclined plane, where 6
is the angle of inclination.
The vertical component of acceleration a is
. . .2
a(along vertical) = (g sin B)S]n 0= g sm 0

For block A
=g sin’(60°)

aA(along vertical

For block B
)= gsin®(30°)

aB( along vertical

The relative vertical acceleration of A with respect to
B is

aAB{along vertical ) = Ig/‘l{alm‘lg vertical ) — IﬂB{alm‘lg vertical )



27.
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= )=gsm2(60°)—gsin2(30°)

HAB( along vertical

BY (1)
= aAB(alongvertical) =8 7 - E

_8_ )
= aAB{alcmg vertical ) — E =49 ms

Hence, the correct answer is (A).

Since position-time (x-t) graph is a straight line, so
motion is uniform. Because of impulse, direction of
velocity changes as can be seen from slopes of the
graph.

From graph,

ARCHIVE: JEE ADVANCED

Single Correct Choice Type Problems

1.

Ncos(60°)
N
60°
Nsin(60°) :
( -
A um
-
h [ , I
N -
mg T]T
60° f -

For Translational Equilibrium of the stick, we have

N+ Ncos(60°) = mg (1)
f=Nsin(60°) ..(2)
o2

3

For Rotational Equilibrium of stick about the lowest
point, we have

! h
mg[icos(60°):| = N( prpr )

- m_gl_%[&)
4 33

h_3J3
z

16
Also, f=Nsin(60°)

=

_2mgy3

f32

Hints and Explanations

Initial velocity, 4 = @ =1ms "
(2-0)
Final velocity, o = M =-1ms™
(4-2)

H.297

So, initial momentum, p; =mu=04x1=04 Ns and

Final momentum, p =mo=04x(-1)=-04 Ns

= Impulse = Change in momentum = p; - p;

= Impulse=-04-(04) Ns=-0.8 Ns

= |Impulse|=0.8 Ns

Hence, the correct answer is (C).

f_m__(l.ti)(lﬂ)_g
RN IR ]

Hence, the correct answer is (D).

Block will not slip if

(my +my)gsin® < pun,gcosd

= 3sinf< (i](Z)COSQ
10

tanf < %

= <115

For (P), 6=5° friction is static
f=(my+m,)gsin®

For (Q), 8=10° friction is static
f=(my+my)gsin@

For (R), #=15° friction is kinetic
f = pm,gcost

For (S), 6=20° friction is kinetic

= f=pumygcosf

Hence, the correct answer is (D).

3. TcosB component will cancel mg.

1643

N=—"2N

3
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Tsinf component will provide necessary centripetal
force to the ball towards centre C.

= Tsinf=mre® =m(lsing)w*

= T =mlw?
T
= W=, —
ml
Tmax
= a)max g
ml
324
:> wmax =
0.5x0.5

= @ =36rads™

max

Hence, the correct answer is (D).

When P =mg(sin6 - prcos6)

f = umgcos@ {upwards}
when P=mgsin®; f=0
and when P =mg(sin6+ pcosf)

f = umgcos@ {downwards}

Hence, friction is first positive, then zero and then
negative.

Hence, the correct answer is (A).

Nsin® =mg
NcosO=ma
= tan9=§

=

d
= cotg=2= tan(90°-0) = d—y

g x
= c0t6=j—y (1)
x
Since y = kx*
= d—y=2kx
dx
= Lok
§

Hence, the correct answer is (B).

2T cos@=F

F
= T=—sech
2

l— X —-t— X —»

Acceleration of particle a, is given by

Tsin6
ao =
m
Ftan@
2m
F X
)

=

Hence, the correct answer is (B).

Initially under equilibrium of mass m
T =mg

Now, the string is cut. Therefore, T=mg force is decreased
on mass m upwards and downwards on mass 2n1.

mg

= 4, =—=¢ (downwards) and
m

mg_g
2m

Ay = upwards)

Hence, the correct answer is (A).

This is the equilibrium of coplanar forces. Hence,

IF, =0
= F=N
= ZIF,=0,

f=mg

Xt =0

Since, ff:fU
= 1y #0

Hence, the correct answer is (D).
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9. Angular frequency of the system,

10.

11.

12.

’ k fk
o= =, |—
m+m 2m

Maximum acceleration of the system will be, @°A or
kA

2m’

This acceleration to the lower block is provided by
friction.

kA
Hence, fo., = Ma,, =mo*A= m( —)
2m

kA
T2

Hence, the correct answer is (A).

F oS 60°

f

\
Fsin60° M9
For no motion Fapphed <f (: [.tN)

= Fcos60°< yi(mg+ Fsin60°)

PJE]
KNS

=

IA

F
2
£
558
F

= =20N

Hence, the correct answer is (A).
2T cosf =2 Mg (1)

= 2Mgcosf=+2 Mg

=  cosf= ﬁ
= 0=45°

Hence, the correct answer is (C).
T=Mg

Mg

mg
Mg

13.

14.

15.

Hints and Explanations H.299

Also the weight of pulley mg is acting vertically
downward. So total downward force is (m+M)g
and horizontal force is T = Mg . The resultant of these
two is

M*+(m+M)’g
Hence, the correct answer is (D).

mgcoso =N (1)

mgsina = UN ..(2)
= cota= ! =3

Hence, the correct answer is (A).

At the highest point all blocks will possess equal
speeds (as we assume friction to be absent) so, at the
highest point

mvd

mg+N =
1'2

= N:——m
R S

R is MINIMUM in the first case, so
N is MAXIMUM.

Hence, the correct answer is (A).
Tangential Force = Fr =ma=m(aL)=N

Limiting value of friction (f,) = uN = uF;

ma:

= (f)_,, =HN=umol (1)
Further if @ is the angular velocity at time t, then
o =ot ..(2)

Also, the centripetal force is
F.=mLo? = mL(a??) ..(3)

For bead to slide F- > ( £, )

max

= mLla*?)> umeol

:>a!>E
o

So, the minimum time after which the bead begins to

start is \/E .
o

Hence, the correct answer is (A).
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16. Limiting value of static friction is given by,

17.

19.

20.

f.=uN=(05)(5)=25N
Weight of the block =0.98 N
Since the block remains stationary, we have
Force of friction = Weight of block
= f=098N
Hence, the correct answer is (B).

2
tanf= ¢. 1
rg
= 6=45°
Hence, the correct answer is (C).

For equilibrium f =mgsin=(2)(9.8)sin30
= f=98N

Here, we have not used the formula f =pumgcos@
as we are provided with coefficient of static friction
which may or may not be the limiting value of static
friction.

Hence, the correct answer is (A).
5x100

a= = ms
3x10

= a=§><10'3 ms™
3

Since v* —u® = 2as

0% - 0? =2(§x10‘3)3

= 02=102
= 7v=01m

Hence, the correct answer is (C).

Multiple Correct Choice Type Problems

1

11, can never be zero for equilibrium.
1Ny

Ny=—A

Ny

A
B uN;

When 1, =0, we have
Ny = 1,N, (1)

ICON

N, =mg (2)

TB =0
L :
= ngcosﬂ = N,Lsin®

- N,= mg;otﬂ

= N, tan9=?

When y; #0 we have

N, +N, =mg .(3)
HaNy =Ny ..(4)
= N2 = mg
I+ u,

Hence, (C) and (D) are correct.
w=mg=01x10=1N
Q F

Fi
O p
'
w=1N
F, = component of weight =1sinf=sinf
F, = component of applied force =1cos8 = cosf

Now, at #=45°:F =F, and block remains stationary
without the help of friction.

For 8> 45°, £, > F,, so friction will act towards Q.

For 6<45°, F,>F and friction will act towards P.

Hence, (A) and (C) are correct.

Motion of pendulum is the part of a circular motion. In
circular motion it is better to resolve the forces in two
perpendicular directions. First along radius (towards
centre) and second along tangential. Along radius, net

force should be equal to mv*/R and along tangent it
should be equal to ma;, where ar is the tangential
acceleration in the figure.

2
T -Mgcos = MTU and Mgsin6 = Ma,

= ap=gsing
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Mgsine Mg Magcosé

Hence, (B) and (C) are correct.

All accelerated frames are Non-inertial frames. Since
earth rotates about its own axis and revolves around
the sun, so it is a Non-Inertial frame (STRICTLY
SPEAKING), whereas for a good number of cases we
assume the earth to be an Inertial frame of reference as
the value of acceleration is extremely small.

Hence, (B) and (D) are correct.

Integer/Numerical Answer Type Problems

1.

Linear impulse, | = mu,

= i';{)=i=2.5ms‘1
m
—tit
= v=7e
dx _
= —=ye’
dt
X T
—t/
= de:voje Tt
0 0

Hints and Explanations H.301

= x=25(-4)(037-1)

= x=630m

= x=6m
A
Fi f Fy f
¥ e
(2] (7}

Moving upwards Just remains stationary

F =mgsin@+ umg coso
E, =mgsinfl — mg cost
Given that F, =3F,
= (sin45°+ prcos45°)

= F =3(sin45° - ycos45°)
On solving, we get

u=05
= N=10u=5

Assertion and Reasoning Type Problems

1.

Both Statements are correct. But Statement-1I, does not
explain correctly, Statement-1.
Correct explanation: There is an increase in normal
reaction when the object is pushed and there is a
decrease in normal reaction when the object is pulled
(but strictly not horizontally).

The cloth can be pulled out without dislodging the
dishes from the table due to law of inertia, which is
Newton's First Law. While, the Statement-II is true,
but it is Newton’s Third Law.
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