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REVIEW OF BASIC CONCEPTS ‘ the change in momentum of the body and (b) the magnitude
- . | of the force applied.
5 3 © SOLUTION
1. Newton’s First Law of Motion © , o
. . ) (a) Change in momentum = final momentum — initial
Newton’s first law of motion states Fhat every body momentu
continues in its state of rest or of uniform motion in a
straight line unless it is compelled to change that state by | °F Ap = mv, —mv,
an external unbalanced force. = m[ (_33 + 2} + 3|‘() _ (23 + 3} - IA()]
2. Newton’s Second Law of Motion = m(-5i—j+4Kk)
Newton’s second law of motion states that the rate | Aol = 2 2 7 =
of change of linear momentum of a body is directly | ™" lApl = ‘/(_5) +(=1D"+(4)
propor.'tlonal .to th.e agpltec{ Jforce fmd the change takes = 3% Ja2 =12.96 kgms™!
place in the direction in which the force acts.
Linear Momentum Newton defined linear momentum as A 12.96
the product of the mass and the velocity of a body. (b) |F|= aw| _ 106 =432=43N
p =mv At 3
where v is the velocity at a certain instant of time. Differen- @ EXAMPLE 2 A particle of mass 1 g is moving
tiating this equation with respect to time, we get along the positive x-axis under the influence of a force.
k
i mﬂ (" m is constant) e iy
dt dt x
F=ma where k= 10~ Nm?. When the particle is at x = 1.0 m, its
velocity v = 0. Find (a) the magnitude of its velocity when,
dv . - it reaches x = 0.5 m and (b) its position when its speed i
where a = — is the acceleration produced. e R L (b) its position when its speed is
Il ms .
© SOLUTION
' 1. Force = slope of momentum—time (p — ¢) A dv dx do
A ‘ graph. F=ma=m—=m— -— = mv—
Note 2. Change in momentum = area under the dr dx d dx
force—time (F — ¢) graph. ) k
Given, F'= —— . Therefore
2
- k dv k
© EXAMPLE 1 The velocity of a body of -3 = mv—x:> vdv=—ma'x
mass 2A kgA ch‘inges from v, =(2i+3j—k) ms~' to Integrating, we have
Vv, = (—3i+2j+3k)ms‘l in 3 s. Find (a) the magnitude of
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Iva’v = —ﬁjx'zdx
m
2
- v i+c 0
2 mx

where ¢ is the constant of integration. Given v = 0 when

. . . k .
x = 1.0 m. Using this in eq. (i), we get ¢ = —— . Equation
m

(i) becomes ﬁ k&
2 mx m
2%k 1/2
e
LM \X
_2x10'3[1 ]”2
v=|""——[=-1
107 \x
[~ k=107 Nm?and m = 107> kg]
r 1 1/2
= v= 2(—1)]
L X

1/2
(a) Whenx=0.5m,v= [Z(OL—IH =2 ms™!

1/2
(b) Whenv—lms',l—[ (—1)} =x=0.67m

3. Newton’s Third Law of Motion

Newton’s third law of motion states that whenever one
body exerts a force on a second body, the second body
exerts an equal and opposite force on the first, or, to every
action there is an equal and opposite reaction. The action
and reaction forces act on different body.

4. Law of Conservation of Linear Momentum

The law of conservation of linear momentum may be stated
as ‘when no net external force acts on a system consisting
of several particles, the total linear momentum of the
system is conserved, the total linear momentum being the
vector sum of the linear momentum of each particle in the
system’.

Recoil of a Gun

The gun and the bullet constitute a two-body system.
Before the gun is fired, both the gun and the bullet are
at rest. Therefore, the total momentum of the gun-bullet
system is zero. After the gun is fired, the bullet moves
forward and the gun recoils backwards. Let m; and m, be
the masses of the bullet and the gun. If v, and v, are their
respective velocities after firing, the total momentum of
the gun-bullet system after firing is (mj v, + m, v,). From
the law of conservation of momentum, the total momen-
tum after and before the gun is fired must be the same, i.c.

IIT-JEE-PHYSICS;j

my vy +mgv, =0

mp, Vi,

or Vo=——
g
mg

The negative sign indicates that the gun recoils in a direction
opposite to that of the bullet. In terms of magnitudes, we

have
my, Uy,

U:
g
mg

5. Impulse

Consider a collision between two bodies 4 and B moving
in the same straight line. Let Ar be the duration of the
collision, i.e. the time for which the bodies were in contact
during which time the transfer of momentum took place.
We assume that the bodies continue moving in the same
straight line after the collision with velocities different
from their initial velocities.

Impulse of a force is the product of the average force
and the time for which the force acts and it is equal to the
change in momentum of the body during that time. Impulse
is a vector and is measured in kg m s~ or N s.

I=F, At=Ap
@ EXAMPLE 3 A ball of mass m is moving with a
velocity v towards a rigid vertical wall. After striking the
wall, the ball deflects through an angle 8 without change in

its speed. Obtain the expression for the impulse imparted
to the ball.

@ SOLUTION Let v, and v, be the initial and final
velocities of the ball [Fig. 3.1(a)]
Impulse = change in momentum
=mvy—mvy =m(Vy—Vv,) = m[vy + (= V)]
or Impulse = mAv

where Av = v, + (— v,) is the resultant of v, and — v, [Fig.
3.1(b)].

s \]

Av

Fig. 3.1

Magnitude of Av is
[~ magnitude of v; = magnitude of v, = 7]
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Av= \/vl2 +0} +20,0, cos

- \/v2 +0% +207 cosf = \/202(1 +cos0)

= ZUCOS(Q)
2

The direction of impulse is perpendicular to the wall
and away from it.

6. Contact Forces

(1) Normal Reaction

The force exerted by one body when placed on the surface
of another body is known as contact force. If the two
surfaces in contact are perfectly smooth (i.e., frictionless),
then the contact force acts only perpendicular (normal) to
their surface of contact and is known as normal reaction
(R).

If a block of mass m is placed on a horizontal frictionless
surface [Fig. 3.2 (a)], the normal reaction R = mg. If the
block is placed on an inclined plane of inclination « [Fig.
3.2 (b)], the normal reaction R = mg cos «

R
R
m
[ mg cos o
mg a mg
(a) (b)

Fig. 3.2

If there is friction between the surfaces of contact, then
the component of the contact force perpendicular to their
surface gives the normal reaction and the other component
which acts along the tangent to the surface of contact
gives the force of friction. The normal reaction, tension
and friction are examples of contact force.

(2) Tension

The force in a string is called tension (7). If the string is
massless, the tension has the same magnitude at all points
of the string. Tension in the string always acts away from
the body to which it is attached. If the string passes over a
frictionless pulley and its ends are attached to two bodies,
the tension in the entire string has the same magnitude and
its direction is towards its point of contact with the pulley.

IIT-JEE-PHYSICS;

7. Friction

Friction is the force which comes into play when one body
slides or rolls over the surface of another body and acts in a
direction tangential to the surfaces in contact and opposite
to the direction of motion of the body.

The maximum (or limiting) force of friction when a
body just begins to slide over the surface of another body
is called the limiting friction. The force of friction just
before one body begins to slide over another is called the
limiting or static friction (f). The coefficient of limiting or
static friction (i) is defined as

u L
* R

where R is the normal reaction, i.e. the normal force

pressing the two surfaces together.

The force necessary to maintain a body in uniform
motion over the surface of another body, after motion has
started, is called the kinetic or sliding friction ( f,). The
coefficient of kinetic friction (1) is defined as

.Uk=%

Note that y is always less than p,.
Angle of Friction Angle of friction is the angle between
the resultant of the force of limiting friction ( f) and the

normal reaction (R). In Fig. 3.3, 6 is the angle of friction,
which is given by

J_
2= H

tan 6=

Fig. 3.3

Angle of Repose  Suppose a body is placed on an inclined
plane. The angle of inclination is gradually increased until
the body just begins to slide along the plane. When this
happens the angle of inclination « of the inclined surface
with the horizontal is called the angle of repose (see Fig.
3.4). It follows from the figure that

Force of limiting friction ( /) = mg sin &
Force of normal reaction (R) =mg cos &

o A\

P
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mg
Fig. 3.4

Therefore, tan % =pu=tan 6

or a=0=tan" (1)

8. Solving Problems in Mechanics by Free Body
Diagram Method

In mechanics, we often have to handle problems which
involve a group of bodies connected to one another by
strings, pulleys, springs, etc. They exert forces on one
another. Furthermore, there are frictional forces and the
force of gravity acting on each body in the group. To
solve such complicated problems, it is always convenient
to choose one body in the group, find the magnitude and
the direction of the forces acting on this body by all the
remaining bodies in the group. Then we find the resultant
of all the forces acting on the body to obtain the net force
exerted on it. We then use the laws of motion to determine
the dynamics of the body. We apply this procedure to all
other bodies in the group one by one. It is useful to draw a
separate diagram for each body, showing the directions of
the different forces acting on it. Such a diagram is called
the free body diagram (F.B.D.) of the body.

(1) Two masses tied to a string going over a frictionless
pulley Consider two bodies of masses m; and m, (m, >m,)
connected by a string which passes over a pulley, as shown
in Fig. 3.5(a). When the bodies are released, the heavier
one moves downwards and the lighter one moves up.

E.B.D. of m, FB.D. of m,

T T
\ \

Z
m / /
mg myg

(a) (b)
Fig. 3.5

IIT-JEE-PHYSICS,

Net force in the direction of motion of m, is m;g — T.
Therefore, the equation of motion of m, is

mg— 1= ma (1)
Net force in the direction of motion of m, is (7' — m,g).
Therefore, the equation of motion of m, is

T—myg= mya (ii)

From (i) and (ii) we get

"™m—m
a= ( ]g

my +m,
r— 2mym, g

my +m,
(2) Two masses in contact Figure 3.6(a) shows two
blocks of masses m, and m, placed in contact on a horizontal
frictionless surface. A force F is applied to mass m,. As a
result, the masses move with a common acceleration a. To

find a and the contact force on m,, we draw the free body
diagrams as shown in Figs. 3.6(b) and (c).

and

F.B.D. of m, F.B.D. of m,
ny
my —4a —a
7
_F % Folm R R \m,
(@) (b) (©)
Fig. 3.6

R = normal reaction force between the blocks. From
Figs. 3.6(b)and (c), we get
F—R=ma (1)
and R =mya (i1)
Adding (i) and (i1) we get

F =(m;+my)a

F
. a = ——
(my +m,)
Contact force on m, is
myF
F,=mya= —*—
(my +my)

(3) Three masses in contact Figure 3.7(a) shows three
blocks of masses m;, m,, and m; placed in contact on a
horizontal frictionless surface. A force F is applied to
m;. As a result, the three masses move with a common
acceleration a. To find @ and the contact forces on m, and
ms, we draw the free body diagrams as shown in Figs.
3.7(b) (c) and (d).
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ms
my
m, /
F—— /
(a)
F.B.D. of m, F.B.D. of m, F.B.D. of m3
—a —a —a
F m R R my R R ms
(b) (c) (d)
Fig. 3.7
R’ = contact force on m, = reaction force between m,
and m,
R = contact force on m; = reaction force between m, and
ms3
It follows from Figs. 3.7(b), (¢) and (d) that
F—-R =ma (i)
R'—R =mya (i)
and R =msa (iii)
Adding (i), (i) and (iii) we get
F

(my +my +mjy)

Contact force on m, is F, = R’ which from (ii) is given by
Fy, =R'=R+mya
Using (iii) we have
Fy =msa+mya
=(my+ my)a
(my +my)F

= F, =
5 (my +my +my)

Contact force on mj is

myF
(my +my +my)

(4) Two masses connnected with a string Figure 3.8(a)
shows two blocks of masses m; and m, connected with
a string and lying on a horizontal frictionless surface. A
force F is applied to m,. As a result, the masses move with
a common acceleration a. To find @ and force exerted on
m,, we draw the free body diagrams as shown in Figs.
3.8(b) and (c). T is the tension in the string.

my
my  String
' F
(a)
F.B.D. of m; F.B.D. of m,
— da —a
ity T T " F

(b) (©

Fig. 3.8

IIT-JEE-PHYSICS;

It follows from Figs. 3.8(b) and (c) that

T'=ma (1)
and F—T=mya (i1)
Adding (i) and (ii) we get
F
a —
my +m,
Tension in the string is
—~~da
—-a my
ny T
7
r~—7 _ //
Fig. 3.9

If force F is applied on mass m; as shown in Fig. 3.9,
then

F
a=
my +m,
Tension in the string is
7= myF

(5) Three masses connected by strings Figure 3.10 (a)
shows three blocks of masses m;, m, and m; connected
by two strings and placed on a horizontal frictionless
surface. A force F'is applied to m,. As a result, the blocks
move with a common acceleration a. To find @ and the
forces acting on m, and m5, we draw free body diagrams
as shown in Fig. 3.10(b) and (c) and (d). 7 is the tension
in the string between m; and m, and 7" is the tension in the
string between m, and m;.

ms
my m,
F
(@)
F.B.D of m; F.B.D of m, E.B.D of m,
—a
—da -
my ——T7T" T m, T T. m F
(b) (c) (d)
Fig. 3.10
It follows from Figs. 3.10(b), (c) and (d) that
T’ =mya @A)
T—-T' =mya (i)
and F—T=ma (iii)

Adding (1), (i) and (iii), we get

o m A ER e
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F
=_—
(my +my +my)

The tension in the string between m, and m, is T, which
is obtained by adding (i) and (ii).
(my +m3)F

T=(m,+mya=
(2 ) (my +my +my)

The tension in the string between m, and m5 is 7”, which
from (i) is given by
my

T’ = mya=
= ma=—03
(my + my +my)

(6) Two masses connected by a string and suspended
from a support Two blocks of masses m, and m, are
connected by two strings and suspended from a support
as shown in Fig. 3.11(a). Mass m, is pulled down by a
force F. The tension 7 in the string between m, and m,
and tension 77 in the string between m; and the support
can be found from the free body diagrams as shown in Fig.
3.11(b) and (c).

i F.B.D of m, FB.D ofm,
T’ T
/ " T T
my my
__— | ]
T omg £ s
F
(a) (b) (c)
Fig. 3.11
T’ =T+ mg (i)
T=F+mg (i1)

Using (ii) and (i), we get
T" =F+(my +my)g

(7) Two blocks connected by a string passing over a
frictionless pulley fixed at the edge of a horizontal
table Consider a block of mass m, lying on a frictionless
table connected through a pulley to another block of mass
m, hanging vertically (Fig. 3.12). When the system is
released, let acceleration of the blocks be a.

From free body diagrams, the equations of motion of m;
and m, are

IIT-JEE-PHYSICS,

T'=ma (i)
(i)

and myg —T =msa

Adding (i) and (ii), we get
= mg
(my +my)

mn,g

Also T'=ma=

N

(my +m,)

my

(a)

F.B.D. of m, F.B.D. of m,

\ T
—»a

m ——T sy #

m
(b) o
Fig. 3.12

Ifthe table top is frictionless, the blocks will move even
if my <m,.
If 11 is the coefficient of friction between block m; and
the table, the force of friction is
S=UR=pmg
From F.B.D. of m, (Fig. 3.13), Eq. (i) becomes

T'-f=ma = T-umg=ma

—da

. —T

e —

Fig. 3.13

(8) Two blocks connected by a string passing over
a frictionless pulley fixed at the top of an inclined
plane Let T be the tension in the string. Since the
pulley is frictionless, the tension is the same throughout
the string (Fig. 3.14). There are the following two cases:
(a) Mass m, moving up along the incline with acceleration
a [Fig. 3.14]
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T

m>g
(b)
Fig. 3.14
The equations of motion of i, and m, [see Fig. 3.14(b)]
T'—mgsin 8=ma (i)
myg—T =mya (ii)

which give , = lmy —msinf)g
(my +m1,)

T=my(g—a)

If it is the coefficient of friction between mi; and the
inclined plane, the frictional force f= R = tm, g cos@ will
act down the plane because the block m; is moving up the
plane. In this case, Eq. (i) is replaced by

and

T'—mgsin 8—f=ma
= T—mgsin 0— umg cos 8=rmua
(b) Mass m moves down the incline with acceleration a

In this case, we get m g sin 06— T=
= mya which give

mya and T—m,g

_ (mysinf—my)g

(g +my)

and T=my(g+a)

(9) Two blocks connected by a string passing over a
frictionless pulley fixed at the top of a double inclined
plane Let the block of mass m; move up along the
inclined plane of angle of inclination 8,, and the block
of mass m, move down the inclined plane of angle of
inclination 8, (Fig. 3.15). Let I be the tension in the string.
Then, for m, and m,, we have

IIT-JEE-PHYSICS;

T—mgsin 8, =mua
and myg sin 6, — T=mya
Eliminating 7, we get
Y= (m, sinB, —my sin 6, ) g
(my +m,)

Also T =my(a+gsin )

=m, (gsin 6, —a)

Fig. 3.15

(10) One blocks are placed on fop of the another A
block of mass m, is placed on another block of mass m,,
which is lying on a horizontal frictionless surface. The
coefficient of friction between the blocks is gt.

Case 1: The maximum force that can be applied on
the lower block so that the upper block does not slip
[Fig. 3.16(a)]

my
"y = F
(@)
F.B.D. of m,
R lR
/=R a
—>
my —— Flax
m
/= uR
ml TR’
i
1£ (b) 28
Fig. 3.16
Flnax = maximum value of force F so that block m, does

max

not slip of block m,
f = frictional force on m, due to m,
= UR=pm\g
Due to friction, m, will try to drag m, to the right. Hence
frictional force facts towards left. From F.B.D. of ml,

Sinea 7001._
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f=ma=pmg = Uug=a (1) Fraw = HR=maand R=mg
Here, a is the acceleration of each block. or Fnax — Mg = ma (1)
R’ =normal reaction on m, by the From F.B.D. of m,,
horizontal surface. f=mya = umg=ma
From F.B.D. of m,, we have
» = a = EME (i)
R+myg =R (ii) m,
and Frax —f=maa Using (ii) in (i), we get
(my, +my)m g
= F, ..~ UR = msa (iii) Fg = BT TRIME
my
= Finax — Hm g = maa (a) If F < F,,,,, the blocks move together without any

relative motion.

(b) IfF>F,,,,, the blocks slide relative to each other and
Foox = (my +my) ug ~ then their accelerations are different.

@ EXAMPLE 4 A block of mass m = 1 kg is pulled
by a force £ = 10 N at an angle 8 = 60° with a horizontal
surface as shown in Fig. 3.18. Find the acceleration of the
block if

(a) the surface is frictionless and

(b) the coefficient of kinetic friction between the surface
and the block is ¢ = 0.2. Take g = 10 ms™>.

Using (1) in (ii1), we get

(a) If ¥ > F,,,, m; will begin to slide on m, and then

their accelerations will be different.
(b) If F < F,, m; and m, move together without any
relative motion between them.

Case 2: The maximum force that can be applied on the
upper block so that it does not slip on the lower block.

[Fig. 3.17(a)]

F
m; -0
m
(a) | i
F.B.D. of m, F.B.D. of m, Fig. 3.18
R R © SOLUTION The free body diagrams of the block
3 . . .
l 9 m in the two cases are shown in Fig. 3.19.
Fsin @
F,
f= uR m} max mny F
Lol
(b) (© 0
Fig. 3.17 > Feos 8
m —da

Fax = maximum value of force F so that block m, just
begins to slide on block m,

Block m, tries to drag block m, toward right due to
frictional force f= R = um,g. The frictional force exerted
by m, on m, will be towards right. mg

R’ = normal reaction on m, by the horizontal surface. If (a)

a is the acceleration of blocks towards right, from F.B.D.
of m, we have

LIT-JEE-PHYSICS, A 5
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Fsin 6 © SOLUTION Mass of string CD is m = 0.5 X 0.5 =
' 0.25 kg Since string 4B is massless, the tension in 4B is
R the same at every point.

(a) Total mass below point P =m + m + m,
=2+0.25+3=5.25kg

ki Tension at P = 5.25x 10 =52.5 N

J= 1R (b) Total mass below point Q = mass of length OD + m,
=0.5%x03+3=3.15kg

/ Tensionat Q =3.15x10=31.5N

m .
(bf @ EXAMPLE 6 A block of mass m =100 g is placed
on an inclined plane of inclination 8 = 30° as shown in
Fig. 3.19 Fig. 3.21. There is no friction between the block and the
(a) From Fig. 3.19(a) inclined plane. What minimum acceleration a should be

given to the system to the left so that the block does not

Fcos 0 = ma )
slide down the plane?

- Fcos@ 10xcos60° 2

= =5ms”
m 1

(b) From Fig. 3.19(b)

Fcos O—f =ma
= Fcos 60— umg = ma
— q = Fcos0—umg

m
_ 10c0s60°—-0.2x1x10

1
=3 ms™> Fig. 3.21

From Fig. 3.19(b) we also have Fsin 6 + R = mg or | () SOLUTION Figure 3.22 shows the forces acting

Fsin @ = mg — R. Since F sin 6 < mg, the block does not | on the block.
move upwards.
© EXAMPLE 5 Two blocks of masses m, = 2 kg and g Reosd
my =3 kg are suspended from a rigid support by means of
strings AB and CD as shown in Fig. 3.20. String 4B has
negligible mass and string CD has mass 0.5 kg/m. Each
string has length 50 cm. Find the tension (a) at mid-point
P of string AB and (b) at point Q of string CD where CQ Rsin 8 - 5
=20 cm. Take g =10 ms 2.

A
P
B mg
% & Fig. 3.22
C
0 R cos 6 = mg
D R sin 6@ = ma
my a=gtan 0
Z =gtan 30° = 2 8
Fig. 3.20 V3
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@ EXAMPLE 7 A pendulum of bob of mass m =
100 g is suspended from the ceiling of the compartment
of a train. If the train has the acceleration a as shown in
Fig. 3.23, the string makes an angle 8 = 60° with the
vertical. Find the value of a.

Fig. 3.23

@ SOLUTION Figure 3.24 shows the free body dia-
gram of the bob.

Force on the bob in the direction of motion of the train
= T'sin 6. Hence the equation for horizontal direction is

Tcos 6
0
T [
|
|
|
|
|
»! T'sin @
—ma
4
mg
Fig. 3.24
Tsin 8 =ma (i)
For equilibrium along the vertical direction
Tcos O =mg (i1)

Dividing (i) and (i1), we get

a
tan 8= E = a=gtan 0=9.8 x tan 60°

=98 xv/3=17ms™>

@ EXAMPLE8 Two blocks of masses m; = 1.5 kg and
m, =2 kg are attached to each other by strings and pulleys
as shown in Fig. 3.25. Assume that pulleys are massless
and frictionless and strings are massless. The system is
released. If the table is frictionless, find the accelerations
of m, and m, and tensions in the strings. Take g = 10 ms™.

IIT-JEE-PHYSICS,

UL LY
m
Py
(o
. P2
mz

Fig. 3.25

@ SOLUTION Let a, and a, be the acceleration of m,
and m, respectively. Let x; and x, be the distances moved
by m, and m, in a time ¢. Since the total length of the string
remains unchanged, it follows that if m; moves a distance

x, to the right, m, will descend by a distance x, = % or
x; = 2x,. Differentiating twice w.r.t. time we get

. dzxZ

dr’ dt®

Figure 3.26 shows the free body diagrams of m, and m,.

Here T = tension in string attached to m; and 7', = tension
in string attached to ms.

=a,=2a, (1)

For mass m, For m;ss y For pulley P,
? T, T
— T
my  f——T l a
mizg n
Fig. 3.26

For block m,
Iy =ma, (i)

For block m,
myag —T5 =myay (ii)
Since the pulley is massless and frictionless 7, =27 (iii)
Also a, =2a,. (iv)

= I?
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Using (iii) and (iv} in (ii), we have R

(v)

My a

mag — 2T1 .

Eliminating 7 from (i) and (v), we get
T<——— m —>F

S 2myg _ 2x2x10 = 5 s [
Y omy+4m 2+4x15
a, = A, 3 =2.5ms>
2 2 mg
From eq. (i), (a)

T, =ma,=15x5=75N
T, =2T,=2x75=15N

@ EXAMPLEY9 Two blocks of masses m; =100 gand
m, = 5 kg with m; placed on m, are connected to a
frictionless and massless pulley as shown in Fig. 3.27. The
string connecting them is also massless. The coefficient of T 1y
static friction between m, and m, is @ = 0.5. There is no
friction between m, and the horizontal surface. Find the !
maximum horizontal force / that can be applied on m, so
that it does not slide on m,.

R,

myg R
(b)

E : m ~F Fig. 3.28

@ EXAMPLE 10 Aboyofmassm=50kgisstanding

" on a weighing machine placed on the floor of an elevator.
T rrrrrrrrrrrrrrrrrrmmrriryrsi What iS the Weight Of the boy When t—he elevator iS (a—) at
Fig, 3.27 rest, (b) moving up with an acceleration @ = 2.2 ms™' and

(¢) moving down with an acceleration 2.2 ms 2.

@ SOLUTION The weighing machine reads the reac-
tion R exerted by it on the boy. Fig. 3.29 shows the free
body diagrams in the three cases.

@ SOLUTION Frictional force between m| and mz, is
f=MuR, = um,g. If T is the tension in the string, the free
body diagrams of m, and m, are as shown in Fig. 3.28.

It follows from Fig. 3.28(a) that

R, =mg (i) R Ry R,
and F-f-T=0 (ii)
From Fig. 3.28(b), we have
T—f=0=T7T=f (iii)

and R, =R, +m,g @iv)
Using (iii) in (ii)
F-f-f=0=F=2f=2umg

Block m; will not slide on block m, if F is less than a mg mg mg
maximum value F, . given by (@) (b) ©
Frrax = 2umg Fig. 3.29

=2R0 R 0L 10=1 N (a) R=mg =50 x 9.8 =490 N, the true weight of the

boy.
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(b) Ry —mg=ma
=R, =m(g+a)=50x(9.8+22)=600N
(c) mg—R,=ma
=R,=m(g—a)=50x(9.8—-2.2)=380N

v

Note

If the elevator is moving up or down with a
uniform velocity a = 0 then the reading of the
machine gives the actual weight.

© EXAMPLE 11 A uniform cord AB of mass M = 2
kg and length L = 100 c¢m is pulled at ends 4 and B will
forces F; =4 N and F, =3 N as shown in Fig. 3.30(a). Find
the tension at point P at a distance x = 20 cm from end 4.

—X—

F T > 7 3 F

Fig. 3.30(a)

@ SOLUTION Since F; > F,, the cord will accelerate
to the left. Let a be the acceleration. To find tension 7T at P
we consider the sections 4P and PB of the cord.

Mass of part AP is m; = %

Mass of part PB is m, = % (L-x)

Figure 3.30(b) shows the free body diagrams of parts AP

and PB.
-
Fi i
A P
-~
T < > F,
P B
Fig. 3.30(b)
Forpart AP: F\—T =mja (1)

For part PB: T—F, =m,a
Dividing (i) and (ii) we get

Mx
FE-T _m__ [ _ «x
I-A "y M(L—x) L—-x
L
which gives T = FI(L_—ZC)"'FZf

IIT-JEE-PHYSICS;

_4(1-0.2)+3x0.2

1
=38N

© EXAMPLE 12 A monkey of
mass m = 30 kg is climbing up a
rope with an acceleration @ = 5 ms™
relative to the rope. The rope passes
over a frictionless fixed pulley and
has a block of mass M = 15 kg at the
other end as shown in Fig. 3.31(a).
Find (a) acceleration of the rope, (b)
acceleration of monkey and (c) tension
in the rope. Take g = 10 ms™.

@ SOLUTION Let 4 be the acceleration of the block
in the upward direction and 7 be the tension in the rope.
The rope will have acceleration 4 in the downward direc-
tion. Hence the monkey will have a net acceleration (4 —a)
in the downward direction. Figure 3.31(b) shows the free
body diagrams of the monkey and the block.

F.B.D. of monkey F.B.D. of block

/& T
A

//M

Fig. 3.31(a)

m’ M

(4-a)
\ w
mg Mg
Fig. 3.31(b)
For monkey: mg—T=m(4—a) (i)
Forblock: T—Mg=MA (i1)

Adding (i) and (ii), we get
mg—Mg =m(4—a)+ MA

- = m(g+a)— Mg
M+m
30(10+5)-15x%10
- 15+30
=6.7 ms™
Acceleration of monkey =4 —-a=6.7-5
=1.7ms™

Tension in the rope 7= M(g + A)
=15x(10+6.7) =250 N

I A\ £, e
STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS




Since Z2001...

[ |
-
[ | IIT-JEE | NEET | CBSE

“ STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS

—

O) EXAMPLE 13 A block of
mass m = 2 kg is held stationary
against a wall by applying a
horizontal force F on it as shown 7
in Fig. 3.32(a). If the coefficient of p—,_/
friction between the block and the
wall is 1 = 0.25, find the minimum
value of F'required to hold the block

against the wall. Take g = 10 ms .

SOLUTION Let R be the normal
reaction exerted on the block by the
wall and f be the frictional force.
Figure 3.32(b) shows the forces on
the block.

wall——\

m

Fig. 3.32(a)

A S

F——> m

mg
Fig. 3.32(b)
Since the block is held stationary, no net force acts on
it. Hence
f=mg
and F=R

For no slipping, /< uR or mg < uF or F 2 me

EXAMPLE 14 A block of mass m = 2 kg is held in

contact with a block of mass M = 10 kg by applying a

horizontal force F on it as shown in Fig. 3.33(a). Block M

is lying on a horizontal frictionless surface. The coefficient

of friction between the blocks is ¢ = 0.4. Find the minimum

value of F required to hold m against M. Take g =10 ms .
M

m

2

Fig. 3.33(a)

SOLUTION Since the two blocks are always in contact,
they will have the same acceleration, say a. Figure 3.33(b)
show the free body diagrams of the blocks.

IIT-JEE-PHYSICS;

RI
\f —>a
—da
f m R R—m> M
mg f
: N
Fig. 3.33(b)
For block m : F—R =ma (1)
and f =mg (i1)
For block M : R = Ma (ii1)
and Mg+f =R’ (iv)
Eliminating a from (i) and (iii), we get
_ _MF
M+m
For no slipping, f< uR
or mg < bt
M +m
or F> mgM+m)
uM
F. = mg (M +m)
uM
_ 2x10(10+2) — 60N
0.4x10
© EXAMPLE 15 A block P of mass m = 1 kg is

placed over a plank Q of mass M = 6 kg placed over a
smooth horizontal surface as shown in Fig. 3.34. Block P
is given a velocity v =2 ms™ to the right. If the coefficient
of friction between P and Q is 1= 0.3, find the acceleration
of Q relative to P.

m

Fig. 3.34

@ SOLUTION Frictional force between P and Q is
= umg which will retard P and accelerate Q.

Retardation of P is ap = — 1 ...

m m
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_ S _umg
M M

. Acceleration of QO relative to P is

m
dgp = dq—dp= #—A/[g—(—ﬂg)

-saf3)
HE M
1
=0.3x% 10(1 +—)
6

-2

Acceleration of Q is ag,

=3.5ms

@ EXAMPLE 16 Ablock of mass m =500 g is placed
on the top of an inclined of inclination 8 = 30° kept on
the floor of a lift which is moving up with an acceleration
a = 2 ms 2. Find the coefficient of friction between the
block and the incline so that the block moves down with
a constant velocity.
© sOLUTION gnx=g+ta
The block will move down the plane with a constant
velocity if no net force acts on it, i.e.

Force down the plane = frictional force

Mgy SIN 6 = [mg ¢ cosO

= M =tan @=tan 30° = (0.58

EXAMPLE 17 A cube of mass m = 1 kg is placed
on a wedge of mass M = 2 kg as shown in Fig. 3.35(a).
There is no friction between the cube and the wedge. Find
the minimum coefficient of friction between the wedge and
the horizontal surface so that the wedge does not move.

Cube

—— Wedge

0=45°

Fig. 3.35(a)

© SOLUTION Figure 3.35(b)
shows the horizontal force F, and
the vertical force Fy exerted by the
cube on the wedge.

F, = (mg cos 0) sin 8 and
F, = (mg cos 6) cos 6

Weight of the wedge = Mg acting
vertically down wards. Hence Net
horizontal force on the wedge is

Fig. 3.35(b)

F = mg cosBOsinf

IIT-JEE-PHYSICS;|

Net vertical force on the wedge is
N = Mg + mg cos0

F _ mcos@sin®
N M+mcos’8

Hinin

1 X cos45° x sin45°
= 3 =0.2
2+1xcos”45°

EXAMPLE 18 In Example 17 above there is no
friction between the cube and the wedge and between
the wedge and the horizontal surface below. If the wedge

: . ! 1 _
moves towards the right with an acceleration a = B ms >

, find the acceleration of the cube relative to the wedge

when the cube is released.

@ SOLUTION Let 4 be the acceleration of the cube
relative to the wedge as the cube moves down the plane.
Its acceleration when the wedge moves to the right with
acceleration « is (4 cos8 — a) directed towards the left. For
dynamic equilibrium,

m (A cos@—a) = Ma
P (M +m)a
mcos0
_ (2+Dx1/¥2

1x cos45°

=3 ms™?

@ EXAMPLE 19 A block of mass m is lying on the
floor of a lift. With what acceleration « should the lift
descend so that the block exerts a force mg/3 on the floor
of the 1ift?

g 2g
(@ 3 ® 3
3g

(©) g @ =

SOLUTION Refer to Fig. 3.36.

Lift N

m a a

Y
mg

(a) (b)
Fig. 3.36
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Figure 3.36(b) shows the free body diagram of the block.
It is clear that

mg—N= ma
For N= ﬁ,
3
mg
mg— — = ma
8
2
= a= £
3

@ EXAMPLE 20 A block of mass m is placed on a
frictionless inclined plane of inclination 6. The inclined
plane has its base fixed on the floor of a lift which is
going up with a constant acceleration a. When the block
is released, it will slide down the plane with acceleration
(a) (g+a)sin O (b) (g—a)sin @
(c) (g +a)cos B (d) (g—a)cos @
@ SOLUTION Refer to Fig. 3.37.

Lift

m
a

0
(@)

Fig. 3.37

Figure 3.37(b) shows the free body diagram of the block.
The forces acting on the block are:

(1) weight mg downwards
(i) normal reaction N perpendicular to the inclined plane
(iii) reaction force ma downwards (pseudo force).

The components of mg and ma parallel to the inclined
plane are mg sin 6 and ma sin O respectively. The net force
on the block sliding down the plane is

F= mgsin 0+ ma sin 6=m (g + a) sin
Acceleration of the block = g (g+a)sin @
m

@ EXAMPLE 21 In Example 22 above, the normal
force acting on the block is

(a) m(g + a) sin 6 (b) m (g—a)sin 6

(c) m(g+a)cos O (d) m (g —a)cos 0
SOLUTION The components of mg and ma perpen-

dicular to the inclined plane are mg cos 6 and ma cos 0
respectively [see Fig. 3.37(b)]. Since the block does not

IIT-JEE-PHYSICS;

move perpendicular to the plane, the total force on it must
be zero, i.e.
N —mg cos 6—ma cos 6=0

= N= m(g+a)cos 0

@ EXAMPLE 22 A block B of mass m placed on a
horizontal frictionless surface is tied to a point 4 on a
vertical wall by means of a massless string going over a
frictionless moveable pulley P as shown in Fig. 3.38(a). A

force F'is applied to the pulley as shown. The acceleration
of the block is

i 22 ® £
m m

F
(c) I

@ SOLUTION Refer to Fig. 3.38.

(c) zero

Pulley
A P l
B|m T
(a) (b)
Fig. 3.38

Figure 3.38(b) shows the free body diagram of the pulley.
The forces acting on the pulley are:

(1) F towards right
(ii) tension 7 towards left by portion P4 of the string

(iii) tension 7 towards left by portion PB of the string
Since the mass of the pulley is zero, we have

F-T-T=0
2

Now, for the block, the only horizontal force is tension 7'
acting towards right, its acceleration is

T F

a= —=——
- m  2m
@ EXAMPLE 23 A block of mass m is suspended

by strings AB and CB making angles o and 8 with the
horizontal as shown in Fig. 3.39(a). If the strings have
negligible mass, the tension in AB is

mg cos 3 mg sin 8
sin (o + ) sin (a + B)
mg coso mg sino
cos (o + ) cos (o + )
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© SOLUTION Refer to Fig. 3.39
A C

B B
mg
(a) (b)
Fig. 3.39

Figure 3.39 (b) shows the free body diagram of the block.
The horizontal components of 7 and 7, give
T,cos = T,cos 3 (i)

For the vertical components, we have

T, sin o+ T, sin B= mg (i)
Eliminating 7, from (i) and (ii), we get

mg cos fB

sin (@ + )
@ EXAMPLE 24 Block 4 of mass m and block B of
mass 2 m are placed on a fixed triangular wedge by means
of a massless string and a frictionless pulley as shown
in the figure. The coefficient of friction between block
A and the wedge is 2/3 and that between block B and the
wedge is 1/3. If the blocks are released from rest, find the
acceleration of block 4.

Pulley

77 77
Fig. 3.40(a)

@ SOLUTION Case (a): Let us assume that block 4
moves up the plane and block B moves down the plane.
The free body diagrams of the blocks are as follows.

mg cos 45° 2 mg sin 45° 2 mg sin 45°

45°

Fig. 3.40(b)

IIT-JEE-PHYSICS;

The equations of motion of blocks 4 and B are
T —mg sin 45° — u, mg cos 45° = ma, where 1, = 2/3 and
2 ug sin 45° — g 2 mg cos 45° — T'=2 ma, where pz=1/3.

. . g g
Adding these equations and solving we geta = — —==

g q gwe g o2
Case (b): If we assume that block 4 moves down and block

¢ ;
B moves up, we would get « = — —== . Thus in both cases,
P . W2

the acceleration has a negative value which implies that
the blocks will decelerate. This is not possible because the
blocks start from rest. Hence when the blocks are released,
they move with zero acceleration. Thus acceleration of
block 4 = 0.

9. Solving Problems in Mechanics by Constraint
Relation Method

(1) Constraint Relation for a Moveable Pulley

Consider two blocks 1 and 2 attached at the ends of a string
going over a moveable pulley. Let x,, be the displacement
of the pulley and x, and x, be the displacements of the
blocks.

o o

(a) (b)

X1 1

(©)
Fig. 3.41
The constraint relation is as follows. The displacement
of the pulley = average displacement of the blocks, i.e.

(a) If the blocks are displaced in the direction of the
displacement of the pulley, the constraint relation is
[Fig. 3.41 (a)]

= 2
e A P -
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X +xy
=T,
(b) If block 1 moves up and block 2 moves down as
shown in Fig. 3.41(b), the constraint relation is
X —X
x, = 1 5 2
(c) Ifone ends of the string is connected to a fixed end, as
shown in Fig. 3.41(c), then x, = 0 and the constraint
relation is

x+0 x
=T, T, or x=2x,
This result can also be obtained as proved in Example

25 below.

@ EXAMPLE 25 A block B of mass m placed on a
horizontal frictionless surface is tied to a point 4 on a
vertical wall by means of a masslass string going over
a frictionless moveable pulley P as shown in Fig. 3.42.
Show that if the pulley is displaced by a distance x,, the
block will be displaced by 2x,,.

AANANN

B | m

TI77777 7777777777777 7777777777777 77777777777777777777777777

AANANANANANY

Fig. 3.42

@ SOLUTION Suppose the pulley is displaced to P’
and block to B’ (see Fig. 3.43)

Xp
14 P I
ﬂ I’I’ ‘\‘I
' . i .

<

B B\
@ ~ -
—

Fig. 3.43
Since the total length of the string remains the same

AP+ PB=AP+ PP’ + P'P+PB’

Hence AP+ PB’ '+ B'B= AP+ 2PP' + PB’
B'B=2PP’
= x=2x,

IIT-JEE-PHYSICS;

@ EXAMPLE 26 Ifa force F is applied to the pulley
as shown in Fig. 3.42, find (a) the acceleration of the block
and (b) the acceleration of the pulley.

@ SOLUTION Refer to the solution of Example 22
on page 3.15. F
(a) The acceleration of the block is a = -

(b) Since the displacement of the pulley = half the
displacement of the block, the acceleration of the pulley is

_a_ F

P27 am
@ EXAMPLE 27 Figure 3.44 shows two blocks 1 and
2 connected by means of strings to two pulleys P, and P,.
Pulley P, is fixed and pulley P, is moveable. Show that, if
block 1 is moved down by a distance x;, the block 2 moves

X
up by a distance x, = E‘ .

AN

Fixed

q T Xp, = X2

294~

Fig. 3.4
© SOLUTION As pulley P, is fixed ¥» = 0.

Therefore, if block 1 is moved down by x,, the otlher end

of the string must move up by x,, because
X +x
Yp, =0= '2 =
Since the other end of the string going over pulley P, is
fixed,

X =-x

xn+0 x
xp= A -1

2 2 .
which gives x;= 2xp = x,=2x, = XZ:E'

@ EXAMPLE 28 Figure 3.45 shows two blocks 1 and
2 connected by means of strings to two pulleys P, and P,.
Pulley P, is fixed and pulley P, is moveable. Show that,
if block 1 is moved up by x,, the block 2 moves down by
Xy = 2x,.

- A\
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p1

D2

Fixed

x{P32 m4

Fig. 3.45

@ SOLUTION As pulley P, is fixed, pulley P, will
move down by x,. Hence

For pulley 2,
X, +0
Xp =—x;= 22 = X, =-2x;.

The negative sign shows that if block 1 moves up, block
2 will move down.

(2) Constraint Relation for a Moveable Wedge (or
Inclined Plane)

Consider a block of mass m moving with a certain velocity
on a wedge (inclined plane) of inclination 6 as shown in
Fig. 3.46(a). The wedge in moved with a velocity u as
shown.

A

u

(a)

IIT-JEE-PHYSICS;

To find the velocity v of the block perpendicular to the
contact plane AB, we use the following constraint relation:
The relative velocity of the block (with respect to the
wedge) in a direction perpendicular to the contact plane
is always zero. i.e. velocity v of the block perpendicular to
AB = component of velocity v of the block perpendicular
to AB. From Fig. 3.46 (b) it follows that
v=usin @

Note : If the wedge is immoveable or is at rest, # = 0 then
v =0, i.e. the block cannot move perpendicular to AB. This
happens because the component mg cos 6 of the weight of
the block balances with the normal reaction.

(3) Constraint Relation when the Distance Between
Two Points Always Remains Constant

In cases when the distance between two points always
remains constant, we use the following constraint relation.
The relative velocity of one point of an object with respect
to any other point on the same object in the direction of
the line joining them always remains equal to zero, i.e.
the velocity of one point on the object = the components
of velocity of any other point along the line joining them.
This is illustrated by the following examples 29 and 30.

@ EXAMPLE 29 Arod 4B of length L is leaning on a
wall and the floor at an angle 6 as shwon in Fig. 3.47(a). The
end 4 is moved with a constant velocity u to the left. Find
the velocity © with which the end B moves downwards.

Fig. 3.47(a)
@ SOLUTION Using the constraint relation, (since
the distance between points 4 and B always remains
constant = L), we have [see Fig. 3.47(b)]
Velocity of B along BA = velocity of 4 along BA.
or wvsin6 =ucos 6
= ©v=ucoth

u cos 6

Fig. 3.47(b)

A E P sz
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Alternative Method
2+ yz — 72
Differentiating w.r.t. time ¢, we have (since L = constant)
2x£ +2 yﬂ =0

i dr
y &P

= u=—-v = (" — =u, — =v
V@ T Y
= =+p 2L
—X

= ] ("tanﬂ—@)
= wu=7vtan . = 0d
= v =ucotl

@ EXAMPLE 30 A block 4 placed one horizontal
frictionless surface is tied to another block B by means of
an inextensible string going over a pulley as shown in Fig.
3.48(a). The block 4 is moved towards left with a velocity
u. Find the velocity with which block B moves upwards.

C

u 0

(a)

(b)

Fig. 3.48
© SOLUTION Since the distance between points A
and C remains constant [see Fig. 3.48(b)] and the pulley
is fixed, velocity of point C along CA = v, the velocity of
block B upwards.

Velocity of point C along CA = velocity of point 4 along
CA

or v=1ucos 0

10. Centripetal Acceleration

If a body moves in a circle at a constant speed, it is said
to be in uniform circular motion. In such a motion, the

IIT-JEE-PHYSICS;

magnitude of the velocity (i.e. speed) is constant but the
direction of the velocity vector is continually changing.
Thus the velocity is changing with time. Hence the motion
of the body is accelerated (see Fig. 3.49). The acceleration
is directed towards the centre of the circle and is called
centripetal acceleration. The magnitude of the centripetal
acceleration is given by

P
Vi
o
V2
Fig. 3.49
a, = wv

where @ is the angular velocity (or angular frequency) and
v is the speed along the circle. Since v = r@, we have

2

2 (e
a. =wo=wr= —
r

where r is the radius of the circular path. The angular

frequency is related to time period 7 and frequency v as

=2F
T

[0} =2mv

Therefore, centripetal acceleration is also given by (since
v=2mr/T)

r
5 = 4’ rv?

11. Banking of Round Tracks

When a car (or some other vehicle) negotiates a curved
level road, the centripetal force required to keep the car in
motion around the curve is provided by the friction between
the road and the tyres. The weight of the car is supported
by the normal reaction due to the earth. If the surface of the
road is very rough, it provides a large amount of friction
and hence the car can successfully negotiate the bend with
a fairly high speed. If F is the total frictional force between
the tyres and the road, then

Fom
R

when m is the mass of the car, v its speed around the curve
and R is the radius of the curved track. The higher the

Z I
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value of F, the faster is the speed at which the bend can be
negotiated. If y is the coefficient of friction between the
tyres and the road, then F' < uN; N = normal reaction = mg.
The maximum speed which friction can sustain is
VS Vo = (U Rg)lfz

The large amount of friction between the tyres and the
road would damage the tyres. To minimize the wearing out
of tyres the road bed is banked, i.¢. the outer part of the road
is raised a little so that the road slopes towards the centre of
the curved track. Suppose a car of mass m is moving around
a banked track in a circular path of radius R as shown in
Fig. 3.50. Let N, and N, be the reaction at each tyre due to
the road. Then the total reaction is N = N, + N, acting in
the middle of the car. If @ is the angle of the banking, the
vertical component N cos 8 supports the weight mg of the
car while the horizontal component N sin & provides the
necessary centripetal force.

Fsin @

mg
Fig. 3.50 Car on banked curved road

Thus
2
Nsin8=% —Fcos 6
and Ncos 8 =mg+ Fsin 6
Also F =uN

where F'is the force of friction acting radially inwards on
the car. These equations give

2
PURE o gy N0
Rg+uv l-ptan @
The first equation determines the proper banking angle for
given v, R and g, and the second equation the maximum
speed at which the car can successfully negotiate the curve
for given R, u and 0.

For given 8 and R, there is an optimum (best) speed for
negotiating a banked curve at which there will be the least
wear and tear, i.e. when friction is not needed at all (i =
0). If ¢ = 0, this speed is

v =(Rgtan 9)”2
The car will not skid if the angle of banking of the track
satisfies the relation

tan @ = and =

2
tan9=v—
Rg

IIT-JEE-PHYSICS;

12. A Cyclist Negotiating a Curved Level Road

While negotiating a curved level (unbanked) road, a
cyclist has to lean inwards which provides the necessary
centripetal force which prevents him from falling down.
Figure 3.51 shows a cyclist leaning at an angle 8 with the
vertical. NV is the normal reaction which is given by

N =mg
where m is the mass of the cyclist plus the bicycle. The
force of friction between the road and the tyres is

F=uN=umg
Ncos 0
N
mut )

R Cyeclist

mg
(2]
Nsin @

Fig. 3.51

The cyclist will skid if the centripetal force mv*/R
exceeds the frictional force F, i.e. if
"
R g

where R is the radius of the curved road. Thus skidding

occurs if
v > JugR

13. Motion in a Vertical Circle

Figure 3.52 shows an object of mass m whirled with a
constant speed v in a vertical circle of centre O with a
string of length R. When the object is at top A of the circle,
let us say that the tension (force) in the string is 7. Since
the weight mg acts vertically downwards towards the

centre O, we have,
2

my
Force towards centre, F =17, +mg= 2

2
or T, :Tfmg (i)

At the point B, where OB is horizontal, the weight mg
has no component along OB. Thus, if the tension in the
string 1s 7, at B, we have

Force towards centre,

(i)

-—
= 1?2 o
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mg

mg
Fig. 3.52

At C, the lowest point of motion, the weight mg acts in
the opposite direction to the tension 75 in the string. Thus
at C we have,

mv*
Force towards centre, F =T;—mg= =

2
or T3=T?+mg

From (i), (ii) and (iii), we see that the maximum tension

occurs at lowest point C of the motion. Here the tension
2

T5 must be greater than mg by % to keep the object in

a circular path. The minimum tension is given by (i) when
the object is at the highest point 4 of the motion. Here part
of the required centripetal force is provided by the weight
and the rest by 7;.

In order to keep a body of mass m in a circular path, the
centripetal force, at the highest point 4, must at least be
equal to the weight of the body. Thus

vi=Rg or v,=+Rg

gives the minimum speed the body must have at the
highest point so that it can complete the circle. Then the
minimum speed v the body must have at the lowest point
Cis given by

mo?
=mg or

vé =vi+2x2Rg

where we have used v* = u® + 2gh, with & = 2R. Thus
vl =Rg+4Rg=5Rg

or ve = \J5Rg

The tension at this point is given by

2
Ty =m (%Chg] =m(5g+g)
=6 mg

EXAMPLE 31 Abody of mass m =20 g is attached
to an elastic spring of length L = 50 cm and spring constant

I IT-JEE-PHYSICS;

k=2 Nm'. The system is revolved in a horizontal plane
with a frequency v = 30 rev/min. Find the radius of the
circular motion and the tension in the spring.

@ SOLUTION Angular velocity
30
W=2nvV=2X —
=mrads’.

For an elastic spring force F = kx where x is the

extension.

Radius of circular motion r=L+x.
Centripetal force = mre’ = F
Or m(L + x)(u2 = kx
mLw’
= X=—>
k —mw

0.02 x 0.5% (3.14)
2-0.02 x (3.14)?
=0.05m
r=L+x=05+0.05
=0.55m
Tension F=kx=2x005=0.1N

@ EXAMPLE 32 A liquid of mass M and density p is
filled in a tube 4B of length L. The tube is rotated about
end 4 with angular velocity ®. Obtain the expression for
the force exerted at the other end B.

© SOLUTION

«—— AXxis of rotation

Fig. 3.53

Mass of element of length dx is m = %dx

iz
Centripetal force on element = Imwzx
o
L
Mo’
= dex
L o

= lMLw2
)

@ EXAMPLE 33 A conical pendulum has a string of
length / = 50 ¢cm and bob of mass m = 200 g. The bob is
revolved in a horizontal circle of radius » = 20 cm. If the
string makes an angle 6= 60° with the vertical, find (a) the
tension in the string and (b) the speed of the bob around
the circle. Take g = 10 ms™2.
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© SOLUTION Refer to Fig. 3.54,

mg
Fig. 3.54
0OQ =rand PO=1
Force towards centre O = T'sin 6
2
ie. M0 —Tsin@ ()
r
Also mg =T cos 0 (i1)
(a) From (ii) e TR o BOXIO iy
cos@ cos 60°
(b) Dividing (i) by (ii) we have
2
— =tan O
rg
= v = \/rgtan@
= /0.2 x10 x tan 60°
=1.86ms™

@ EXAMPLE 34 A coin of mass m = 10 g is placed
at a distance of 30 cm from the centre of a disc. The disc
is rotated at 30 rev/min about a vertical axis passing
through its centre. What should be the minimum value of
the coefficient of friction between the coin and the disc so
that the coin does not skid off the disc?

@ SOLUTION For no slipping, frictional force > cen-
tripetal force, i.e.

umg >ma'r
o’r
= B> —
g
2
- - (2nv)°r
g

v =30 rev/min = 2 = 0.5 Hz,
60

r=03mandg=9.8 ms™.

IIT-JEE-PHYSICS;

_ 4m*o’r

Hnin =
g

_ 4x(3.14)* x(0.5)° x0.3
9.8

=0.3

@ EXAMPLE 35 A small sphere of mass m = 500 g
moving on the inner surface of a large hemispherical bowl
of radius R =5 m describes a horizontal circle at a distance
OC = 2.5 m below the centre O of the bowl as shown in
Fig. 3.55. Find the force exerted by the sphere on the bowl
and the time period of revolution of the sphree around the
circle. Take g = 10 ms .

Fig. 3.55
SOLUTION Given OP =5 m and OC = 2.5 m. There-
fore cos 6= % = l = 0= 60°.
o°P 2
Radius of circle is »= CP = OP sin 6= 5 sin 60° = 2 x2\/§ m

Ncos 6

mg
Fig. 3.56
Figure 3.56 shows the forces acting on the sphere, N is
the normal reaction.
Net force towards centre C of the circle = N sin 6

= mra? = N sinf (i)
Also mg = N cos@ (i1)
From (ii), W e S g

cos@  cos60°

From (i), ma’ R sin® = N sin6

- A\
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= w=,’l= 10 =2rads™
mR 0.5%5
2r

.. Time period = — =msecond=3.14s
w

@ EXAMPLE 36 A steel metre rod of mass m = 1.5
kg rests with its upper end against a smooth vertical wall
and its lower end on rough horizontal floor. What should
be the minimum coefficient of friction between the ground
and the rod so that it can be inclined at an angle of 30° with
the floor without slipping?

@ SOLUTION Refer to Fig. 3.57. Length of rod
AB=1m

N, = normal reaction of the wall
N, = normal reaction of the floor

The frictional force (f) between the rod and the floor
acts along AD. The weight mg of the rod acts at its mid-
point (centre of mass) C so that AC = AB/2.

For translational equilibrium,

N, =mg and N,=f

1
SECTION

Level A

1. Two masses m and 2m are joined to each other by
means of a frictionless pulley as shown in Fig. 3.58.
When the mass 2m is released, the mass m will
ascend with an acceleration of

£ £
(a) 3 (b) >
(©) g d2g

[]

]

Fig. 3.58

IIT-JEE-PHYSICS;

Taking moments of forces about 4, we have for

rotational equilibrium
N, x0—-mgxAD + N, xXxBE=0

= 0-N,XAD+fxBE =0 (.. mg=N,, N, =)
S _ AD _ ACcos30°

= = -
N, BE  ABsin30°
=> y=lx@=ﬁ=0.87
2 1/2 2
N, B

=\
~—

o

&

Multiple Choice Questions with One Correct Choice

2. A block of mass M is pulled along a horizontal
frictionless surface by a rope of mass m. If a force
F is applied at the free end of the rope, the net force
exerted on the block will be

FM Fm
@ Gr+m) ® Grem
© % W) F

3. A block is pulled along a horizontal frictionless
surface by a rope. The tension in the rope will be the
same at all points on it
(a) if and only if the rope is not accelerated
(b) if and only if the rope is massless
(c) if either the rope is not accelerated or is massless
(d) always

4. A block is placed on the top of a smooth inclined
plane of inclination @ kept on the floor of a lift. When
the lift is descending with a retardation a, the block
is released. The acceleration of the block relative to
the incline is

I A\ =17
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(a) gsin 6 (b) asin 6
(¢) (g—a)sin 6 (d) (g +a)sin 6

5. A block takes twice as much time to slide down a
rough 45° inclined plane as it takes to slide down an
identical smooth 45° inclined plane. The coefficient
of kinetic friction between the block and the rough
inclined plane is
(a) 0.25 (b) 0.50
(c) 0.75 (d) 1.0

6. The upper half of an inclined plane of inclination 6
is perfectly smooth while the lower half'is rough. A
block starting from rest at the top of the plane will
again come to rest at the bottom if the coefficient of
friction between the block and the lower half of the
plane is given by

(a) u=2tan 0 (b) u=tan 6

(d) u=

©) u=

tan 6 tan 6

7. A boy of mass m stands on one end of a wooden
plank of length L and mass M. The plank is floating
on water. If the boy walks from one end of the plank
to the other end at a constant speed, the resulting
displacement of the plank is given by

mL ML
(a) T (b) =
mL mL
© (M +m) @ (M —m)

8. Ball 4 of mass m; moving with a velocity v
undergoes a head—on collision with ball B of mass
m, at rest. After collision, ball 4 continues moving
in its original direction with half its original speed.
The speed of ball B after collision will be

mv myv
Bl L b) —2=
(@) 2m, ®) 2m,
mv myv
ke bl d) =2
© my @ m,

9. A shell of mass 2m fired with a speed u at an angle 6
to the horizontal explodes at the highest point of its
trajectory into two fragments of mass m each. If one
fragment falls vertically, the distance at which the
other fragment falls from the gun is given by

2 - 2
u-sin26 3u“sin26
(a) ——— (by ——
g 2g
2u%sin20 3u?sin26
(c) — (d ——
4 s

IIT-JEE-PHYSICS,

10.

11.

12.

13.

A truck carrying sand is moving on a smooth
horizontal road with a uniform speed u. If a mass
Am of sand leaks in a time Az from the bottom of the
truck, the force needed to keep the truck moving at
its uniform speed u is given by

Amu Amu
b
@ At ®) 2At
2
() A’Ztu (d) zero

A block of mass m, lying on a horizontal frictionless
surface is connected to a block of mass m; by means
of string which passes over a frictionless pulley
as shown in Fig. 3.59. If m; > m,, the common
acceleration of the masses is given by (g is the
acceleration due to gravity)

my
/ 7
/]
/
m
Acceleration
Fig. 3.59
m m
(a g (b) =g
my m
m m
©) ——=¢ d —2—¢g
(my +my) (my +my)

A force F is applied horizontally to block 4 of mass
m, which is in contact with a block B of mass m,, as
shown in Fig. 3.60. If the surfaces are frictionless,
the force exerted by 4 on B is given by

A
B
Force Acceleration
- my m, e
7/
Fig. 3. 60

(a) my F (b) . F

my m

F F

(c) L (d) . ML

(my +m,) (my +m,)

Two skaters 4 and B of mass 50 kg and 70 kg,
respectively, stand facing each other, 6 metres apart
on a horizontal smooth surface. They pull a rope
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14.

15.

16.

17.

18.

11T-

stretched between them. How far has each moved
when they meet?

(a) Both have moved 3 m.

(b) A moves 4 m and B moves 2 m.

(c) A moves 2.5 m and B moves 3.5 m.

(d) A moves 3.5 m and B moves 2.5 m.

Which of the following statements is correct?

(a) A body has a constant velocity but a varying
speed.

(b) A body has a constant speed but a varying ac-
celeration.

(c) A body having a constant speed cannot have an
acceleration.

(d) A body having a constant speed can have a vary-
ing velocity.

A person is sitting facing the engine in a moving

train. He tosses a coin. The coin falls behind him.

This shows that the train is

(a) moving forward with a finite acceleration

(b) moving forward with a finite retardation

(c) moving backward with a uniform speed

(d) moving forward with a uniform speed.

N bullets each of mass m kg are fired with a velocity

v ms |, at the rate of n bullets per second, upon a

wall. The reaction offered by the wall to the bullets

is given by

(a) nNmv by
n

(c) nNm (@) 2@
v m

Ablock 4 is released from the top of smooth inclined
plane and slides down the plane. Another block B
is dropped from the same point and falls vertically
downwards. Which one of the following statements
will be true if the friction offered by air is negligible?
(a) Bothblocks will reach the ground at the same time.
(b) Block A reaches the ground earlier than block B.

(c) Both blocks will reach the ground with the same
speed.

(d) Block B reaches the ground with a higher speed
than block A.

Ablockisreleased from the top of an inclined plane of
height # and angle of inclination 6. The time taken by
the block to reach the bottom of the plane is given by

(a) JE (b) sin 6 \J@
g g

© - - [ (d) —
sinf g

2h

cosB g

JEE-PHYSICS;

19.

20.

21.

22.

23.

24.

A shell, initially at rest, suddenly explodes into two
equal fragments 4 and B. Which one of the following
is observed?

(a) A and B move in the same direction at the same
speed.

(b) A and B move at right angles to each other at the
same speed.

(c) 4 and B move in opposite directions at the same
speed.

(d) 4 and B move in any direction at the same speed.

A bomb at rest explodes into a large number of tiny
fragments. The total momentum of all the fragments
(a) is zero

(b) depends on the total mass of all the fragments
(c) depends on the speeds of various fragments

(d) is infinity

A block of mass M is resting on an inclined plane
as shown in Fig. 3.61. The inclination of the plane
to the horizontal is gradually increased. It is found
that when the angle of inclination is € the block
just begins to the slide down the plane. What is the
minimum force F applied parallel to the plane that
would just make the block move up the plane?

/,‘2

Block

Fig. 3.61

(a) Mgsin @ (b) Mgcos 8

(c) 2 Mgcos 8 (d) 2 Mgsin 8

The driver of a car moving at a speed of 20 ms™'
sees a child standing in the middle of the road. He
immediately applies brakes to bring the car to rest
in 5 s, just in time to save the child. If the mass of
the car is 940 kg that of the driver 60 kg, what is the
magnitude of the retarding force on the vehicle?

(a) 1000 N (b) 2000 N

(c) 3000 N (d) 4000 N

In Q.22, how far was the child from the car when the
brakes were applied?

(a) 50 m (b) 75 m

(c) 100 m (d) 125 m

A body of mass 200 g is moving with a velocity of
5 ms ' along the positive x—direction. At time ¢ = 0,
when the body is at x = 0, a constant force of 0.4 N
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26.

27.

28.

29.

30.

31.

32.
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directed along the negative x—direction is applied to
the body for 10 s. What is the position (x) of the body
att=2.5s?

(@A) x=1.0m (b) x=125m
(c)x=15m (d)x=175m

In Q.24, what is the velocity of the body at
t=2.5s?

(a) 7.5 ms™' (b) 6.25 ms™

(¢) 5.0 ms™’ (d) zero

In Q.24, what is the position (x) of the body at
t=30s?

(a) x=—350m (b) x=—400 m
(c) x=—450 m (d) x=—500m

In Q. 24, what is the speed of the body at 7 = 30 s?
(a) 10 ms™ (b) 15 ms™

(c) 20 ms™' (d) 25 ms™

A train starts from rest with a constant acceleration
a =2 ms>. After 5 s, a stone is dropped from the
window of the train. If the window is at a height of
2 m from the ground, what is the magnitude of the
velocity of the stone 0.2 s after it was dropped? Take
g=10 ms 2.

(a) 4V6 ms™! (b) 10 ms™

(c) 2v/26 ms™ (d) 12 ms™

In Q.28, the angle, which the resultant velocity
vector makes with the horizontal is given by

(a) 6=tan™' (0.1) (b) 6=tan™' (0.2)

(c) @=tan' (0.3) (d) 6=tan™' (0.4)

In Q.28, the acceleration of the stone after it is

dropped is given by

(a) g+a (b) Vg’ +a®

(c) a (d) g

A rope which can withstand a maximum tension of
400 N is hanging from a tree. If a monkey of mass
30 kg climbs on the rope, in which of the following
cases will the rope break? Take g = 10 ms > and
neglect the mass of the rope.

(a) The monkey climbs up with a uniform speed of
5ms.

(b) The monkey climbs up with a uniform

acceleration of 2 ms™>.

(c) The monkey climbs up with a uniform
acceleration of 5 ms™.

(d) The monkey climbs down with a uniform
acceleration of 5 ms 2.

A stream of a liquid of density p flowing horizontally

with a speed v gushes out of a tube of radius » and

JEE-PHYSICS;

33.

34.

335,

36.

37

hits at a vertically wall nearly normally. Assuming
that the liquid does not rebound from the wall, the
force exerted on the wall by the impact of liquid is
given by

(a) mrpo (b) mrpv?

(c) mrpv (d) nrpv?

Two blocks of masses m; = 5 kg and m, = 6 kg are
connected by a light string passing over a light
frictionless pulley as shown in Fig. 3.62. The mass
m is at rest on the inclined plane and mass m, hangs
vertically. If the angle of incline 8= 30°, what is the
magnitude and direction of the force of friction on
the 5 kg block. Take g = 10 ms™.

m, =6 kg

Fig. 3.62

(a) 35 N up the plane (b) 35N down the plane
(c) 85 N up the plane (d) 85N down the plane
A horizontal force of 300 N pulls two blocks
of masses m; = 10 kg and m, = 20 kg which are
connected by a light inextensible string and lying on
a horizontal frictionless surface (Fig. 3.63). What is
the acceleration of each mass?

my

m,
—> F
JTT77777777 7777777777777 77777
Fig. 3.63

(a) 10 ms™> (b) 15 ms™
(c) 30 ms™> (d) zero
In Q.34, the tension in the string is
(a) 100N (b) 200 N
(c) 300 N (d) zero
In Q.34, the force on mass m, is
(a) 100 N (b) 200 N
(c) 300N (d) zero

In Q.34, what will be the tension in the string if the
force F is applied to mass m, as shown in Fig. 3.64?

(a) 100N (b) 200 N
(c) 300N (d) zero
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Fig. 3.64
In Q.37, the force exerted on mass m, is
(a) 100 N (b) 200 N
(c) 300N (d) zero
Level B

A shell explodes into three fragments of equal
masses. Two fragments fly off at right angles to each
other with speeds of 9 ms™' and 12 ms~'. What is the
speed of the third fragment?

(a) 9ms™ (b) 12 ms™

(c) 15 ms™ (d) 18 ms™

A cricket ball of mass 150 g is moving with a velocity
of 12 ms~" and is hit by a bat so that the ball is turned
back with a velocity of 20 ms™'. The force of the
blow acts for 0.1 s. What is the average force exerted

on the ball by the bat?
(a) 18N (b) 30N
(c) 48N (d) 60N

Two billiard balls each of mass 50 g, moving in
opposite directions each with a speed 6 ms !, collide
and rebound with the same speed. The impulse
imparted to each ball due to the other is

(a) 0.3 Ns (b) 0.6 Ns

(c) 0.9 Ns (d) 1.2 Ns

A ball of mass m is moving towards a batsman at a
speed v. The batsman strikes the ball and deflects
it by an angle 6 without changing its speed. The
impulse imparted to the ball is given by

(a) mo cos (6) (b) mwv sin (6)

7] . (6
(c) 2 mv cos (5) (d) 2 mv sin (E)

Figure 3.65 shows the position—time (x—¢) graph
of one-dimensional motion of a body of mass
0.4 kg. What is the time interval between consecutive
impulses received by the body?

(a) 2s (b) 4

(c) 8s (d) 16 s

|
0 2 4 6 8 10 12 14 16

[(S)—>

Fig. 3.65

JEE-PHYSICS;

44,

45.

46.

47.

48.

49.

In Q.43, what is the magnitude of each impulse?

(a) 0.2 Ns (b) 0.4 Ns

(c) 0.8 Ns (d) 1.6 Ns

An aeroplane of mass M requires a speed v for take—
off. The length of the runway is 5 and the coefficient
of friction between the tyres and the ground is p.
Assuming that the plane accelerates uniformly
during the take—off, the minimum force required by
the engine of the plane for take—oft is given by

2 2
(a) M (%HJg) (b) M (%—ugJ

2 2
© M [2% + 2ug] @ M [2%— 2ug]
A block of mass m is projected up an inclined plane
of inclination € with an initial velocity u. If the
coefficient of kinetic friction between the block and
the plane is u, the distance up to which the block will
rise up the plane, before coming to rest, is given by

2 2
u u
(a) —E (b) ——E—
2gsin@ 2gcos @
2 2

u u
(©) : d) ———
4gsin 6 4gcos @

A block of mass 5 kg is resting on an inclined
plane. The inclination of the plane to the horizontal
direction is gradually increased. It is found that,
when the angle of inclination is 30°, the block just
begins to slide down the plane. The coefficient of
sliding friction y between the block and the plane is

(a) ug=sin 30° (b) u, = cos 30°
(c) us,=tan 30° (d) uy,=cot 30°

In Q.47, what minimum force must be applied
parallel to the plane that would just make the block
move up the plane? Take g = 10 ms™.

(a) 25N (b) 50N
(c) 253 N (d) 50V3 N

A block of mass 10 kg is placed at a distance of
5 m from the rear end of a long trolley as shown in
Fig. 3.66. The coefficient of friction between the
block and the surface below is 0.2. Starting from
rest, the trolley is given a uniform acceleration of 3
ms ™. At what distance from the starting point will
the block fall off the trolley? Take g = 10 ms .

(@) I5m (b) 20 m

(¢) 25m (d) 30 m
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Fig. 3.66

Two blocks of equal masses m; = m, = 3 kg,
connected by a light string, are placed on a horizontal
surface which is not frictionless. If a force of 20 N
is applied in the horizontal direction on a block, the
acceleration of each block is 0.5 ms™. Assuming that
the frictional forces on the two blocks are equal, the
tension in the string will be

(a) ION (b) 20N
(c) 40 N (d) 60 N
In Q.50, the frictional force on each block is
(a) 6.5N (b) 7.5 N
(c) 85N (d) 95N

A body slides down an inclined plane of inclination

6. The coefficient of friction down the plane varies

in direct proportion to the distance moved down the

plane (1 = k x). The body will move down the plane

with a

(a) constant acceleration = g sin 6

(b) constant acceleration = (g sin 6 — u g cos 6)

(c) constant retardation = (1 g cos 0 — g sin 6)

(d) variable acceleration that first decreases from
g sin 6 to zero and then becomes negative.

A jet of water with a cross-sectional area a is

striking against a wall at an angle 6 to the normal

and rebounds elastically. If the velocity of water in

the jet is v, the normal force acting on the wall is,

(a)2avzpcose (b)avzpcose

(c) 2avpcos O (d)yavpcos O

A given object takes n times as much time to slide

down a 45° rough incline as it takes to slide down

a perfectly smooth 45° incline. The coefficient of

kinetic friction between the object and the incline is

given by

(@) i =1/(1-n
(©) = 1/(1-n?)

A body is sliding down a rough inclined plane of
angle of inclination € for which the coefficient of
friction varies with distance x as u(x) = kx, where

(b) p,=1-1/n?
(@) ((1-1/%)

JEE-PHYSICS;|

56.

57.

58.

59.

k is a constant. Here x is the distance moved by the
body down the plane. The net force on the body will
be zero at a distance x, given by

tan 6

(a) X (b) ktan 6
©) % (d) kcot 6

A body is moving down a long inclined plane of
angle of inclination 6. The coefficient of friction
between the body and the plane varies as u = 0.5 x,
where x is the distance moved down the plane. The
body will have the maximum velocity when it has
travelled a distance x given by

(a) x=2tan 6 (b) x= po—
(c) x=+2 cot @ (d) x= V2
cot 6

An object is kept on a smooth inclined plane of 1 in
[. The horizontal acceleration to be imparted to the
inclined plane so that the object is stationary relative
to the incline is given by

(a) gVI* -1 (b) g(>-1)
g g
(c) i @ 57—

An insect is crawling up a hemispherical bowl of
radius R. If the coefficient of friction is 1/3, the insect

will be able to go up to height / equal to (take 3/ J1o
=0.95)

R R
(a) 3 (b) 10
R R
(c) 2 (d) 30

Two blocks of masses 5 kg and 3 kg are placed in
contact on a horizontal frictionless surface as shown
in Fig. 3.67. A force of 4 N is applied mass 5 kg as
shown. The acceleration of the mass 3 kg will be

4 o) 4 -2
a) — ms b) — ms
(a) 5 (b) 3
(c) 2 ms (d) 0.5 ms >
Skg kg
™~
Fig. 3.67
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In Q.59, what force is exerted on mass 3 kg?

(a) 0.5N (b) 1.ON

(c) I.5N (d) 4N

In Q.59, if a force of 4 N is applied on mass 3 kg, the
acceleration of mass 5 kg will be

4 2 4 2
(a) 3 ms (b) 3 ms
(c) 2ms™ (d) 0.5 ms™
In Q.61, what force is exerted on mass 5 kg?
(a) 25N (b) 3N
(c) 35N (d) 4N

Three blocks of masses m; =1 kg, m,=2kgand m; =
3 kg are placed in contact on a horizontal frictionless
surface as shown in Fig. 3.68. A force FF = 12 N is
applied to mass m, as shown. The acceleration of the
system is

m, de -
_F
Fig. 3.68
(a) 12 ms™> (b) 6 ms™
(c) 4 ms™> (d) 2 ms™
In Q. 63, the contact force acting on mass m, is
(a) 12N (b) 10N
(c) 8N (d) 6N
In Q.63, the contact force acting on mass mj is
(a) 12N (b) 10N
(c) 8N (d) 6N

Three blocks of masses m; = 1 kg, m, = 2 kg and
my = 3 kg are connected by massless strings and
placed on a horizontal frictionless surface as shown
in Fig. 3.69. A force = 12 N is applied to mass m,
as shown. The acceleration of the system is

(a) 12 ms™ (b) 6 ms™
(¢) 4 ms? (d) 2 ms™
M3 m, .
T3 T ]
- F
!
Fig. 3.69

In Q.66, what is tension 7, between masses m,; and
n,?

(a) 12N (b) 10N

(c) 8N (d) 6N

JEE-PHYSICS;

68.

69.

70.

71.

72.

73.

74.

In Q.66, what is tension 73 between masses m, and
my?

(a) 12N (b) ION

(c) 8N (d) 6N

A ball of mass m is connected to a ball of mass M by
means of a massless spring. The balls are pressed so
that the spring is compressed. When released, ball of
mass m moves with acceleration a. The magnitude
the acceleration of mass M will be

ma Ma
@ Gr+m) ®) Grvm
ma Ma
(c) 73 (d) o

A boy, while catching a ball, experiences an impulse
of 6 Ns. If the mass of the ball is 200 g, what was the
speed of the ball before it was caught?

(a) 10 ms™' (b) 20 ms™

(c) 30 ms™' (d) 40 ms™

A car moving at a speed v is stopped by a retarding
force F in a distance s. If the speed of the car were
3v, the force needed to stop it within the same
distance s will be

(@)3F (b) 6 F

(c) 9F (d) 12 F

A car moving at a speed v is stopped by a retarding
force Fin a distance s. If the retarding force were 3F,
the car will be stopped in a distance

s
(a) (b) 6

Ol W|w

K
(© (d) T

Two blocks of masses m and M are placed on a
horizontal frictionless table connected by a spring
as shown in Fig. 3.70. Mass M is pulled to the right
with a force F. If the acceleration of mass m is a, the
acceleration of mass M will be

(F —ma) (F +ma)
(a) o (b) o
F am
(©) I (d) §Y3
M

e LR L F

Fig. 3.70

A boy wants to climb down a rope. The rope can
withstand a maximum tension equal to two—thirds
the weight of the boy. If g is the acceleration due to
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gravity, the minimum acceleration with which the
boy should climb down the rope should be

g 2g

(@) 3 (b) 3

(c) g (d) zero

A mass m is suspended from a rigid support P by
means of a massless string as shown in Fig. 3.71.
A horizontal force F is applied at point O of the
string. The system is in equilibrium when the string
makes an angle 6 with the vertical. Then the relation
between the tension 7, force F and angle 0 is

(@) F=Tsin 6 (b) F=Tcos 6
L T
( ) B sin@ (d) = cos @

Fig. 3.71

In Q. 75, what is the relation between the weight W
=mg, Tand 6?

(a) W=Tsin 0 (b) W=Tcos 6
T T
) W= — d) W=
© sin@ @ cos @
In Q. 75, the relation between 7, W and F is
w2
(a) T*=WF (b) T= N
2
{6} T= s (d) T? = w?*+ F?
/4
In Q. 75, the relation between F, W and 6 is
(a) F=Wtan 6 (b) F=Wcot 6
(c) F=Wsin 6 (d) F=Wcos 0

Two masses m; = 6 kg and m, = 4 kg are connected
by means of a string which passes over a frictionless
pulley as shown in Fig. 3.72. When the masses are
released, what is the acceleration of the masses?
Take g= 10 ms .

IIT-JEE-PHYSICS,;

80.

81.

82.

83.

84.

/. “«—— Support

° {<—— Pulley

my
m

Fig. 3.72
(a) 2 ms™ (b) 4 ms™>
(c) 8 ms™> (d) 10 ms™
In Q.79, what is the tension in the string?
(a) 40N (b) 48N
(c) 56 N (d) 60N

The support of the pulley in Q.79 is attached to the
ceiling of a lift. What will be the tension in the string
if the lift starts ascending with a constant acceleration
a=5ms>?

(a) 24 N (b) 48 N

(c) 60N (d) 72N

In Q. 81, what will be the tension in the string if the
lift starts descending with a constant acceleration of
a=5ms?2?

(a) 24N (b) 48 N

(c) 60 N (d) 72N

The support of the pulley in Q. 79 is attached to
the ceiling of a compartment of a train. What will
be the tension in the string if the train moves in the
horizontal direction with a constant acceleration of
5ms™?

(a) 24N (b) 48 N

(c) 60 N (d) 72N

A block, released from rest from the top of a smooth
inclined plane of angle of inclination 6,, reaches the
bottom in time ;. The same block, released from
rest from the top of another smooth inclined plane of
angle of inclination 6,, reaches the bottom in time #,.
If the two inclined planes have the same height, the
relation between ¢, and ¢, is

ZI?
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87.

88.
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t, [ sinf, 12 t, sin? 6,
@) ==|— (b) t=——-=
t, \sin6, 4, sin“6,
t, sin@ t
(c) 2=——= @ 2=
t, sin6, 4

A thick uniform rope of mass 6 kg and length 3 m is
hanging vertically from a rigid support. The tension
in the rope at a point 1 m from the support will be
(Take g = 10 ms2)

(a) 20N (b) 30N

(c) 40N (d) 60 N

A block released from rest from the top of a smooth
inclined plane of inclination 45° takes ¢ seconds to
reach the bottom. The same block released from
rest from top of a rough inclined plane of the same
inclination of 45° takes 2¢ seconds to reach the
bottom. The coefficient of friction is

(a) V0.5 (b) Y0.75
(c) 0.5 (d) 0.75

A block, released from rest from the top of a smooth
inclined plane of inclination 6, has a speed v when it
reaches the bottom. The same block, released from the
top of a rough inclined plane of the same inclination
6, has a speed v/n on reaching the bottom, where n
is a number greater than unity. The coefficient of
friction is given by

(@) u= (l—niz) tan 6
(b) u= (l—niz) cot 6

1/2
(c) u= (I—Lz) tan 6

n

172
d) u= (l—n—z) cot 6

Two blocks of masses M = 5 kg and m = 3 kg are
placed on a horizontal surface as shown in Fig. 3.73.
The coefficient of friction between the blocks is 0.5
and that between the block M and the horizontal
surface is 0.7. What is the maximum horizontal force
F that can be applied to block M so that the two
blocks move without slipping? Take g = 10 ms ™.

m

Fig. 3.73

JEE-PHYSICS,

89.

90.

91.

(a) 4N
(c) 24N (d) 96 N

A box is gently placed on a horizontal conveyer belt
moving with a speed of 4 ms™'. If the coefficient of
friction between the box and the belt is 0.8, through
what distance will the block slide without slipping?
Take g = 10 ms >

(a) 0.6 m (b) 0.8 m

(c) 1.0m (d) 1.2m

Two blocks of masses m; = 4 kg and m, = 6 kg are
connected by a string of negligible mass passing
over a frictionless pulley as shown in Fig. 3.74.
The coefficient of friction between block m, and the
horizontal surface is 0.4. When the system is released,
the masses m; and m, start accelerating. What
additional mass m should be placed over mass m, so
that the masses (m, + m) slide with a uniform speed?

(b) 16N

m

7
7
my
Fig. 3.74
(a) 9 kg (b) 10 kg
(c) 11 kg (d) 12 kg

Two blocks of masses m; = m, = m, are connected
by a string of negligible mass which passes over a
frictionless pulley fixed on the top of an inclined
plane as shown in Fig. 3.75. When the angle of
inclination 8= 30°, the mass m, just begins to move
up the inclined plane. What is the coefficient of
friction between block 2, and the inclined plane?

m

my

Fig. 3.75
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92.

93.

94.

1 1
W5 ® 2z N\
1 M
= d) —=
(©) f @ 57 . i

In Q. 91 above, if = 1/23/3 and 6 = 30°, what
should be the ratio m,/m, of the masses so that mass
m; just begins to slide down the plane?

(a) 4 (b) 3
(©) 2 (d) 1
A block is resting on an inclined plane. The angle

98.

Fig 3.76

In Q. 97, if a force F (> u, mg) is applied to block
m, the acceleration with which block M will move
on the horizontal surface is given by (here y is the
coefficient of kinetic friction between block M and
the horizontal surface).

of inclination is gradually increased. The block just (a) My mg (b) My Mg
begins to slide down the plane when the angle of M m
inclination is 30°. What is the coefficient of friction
M
between the inclined surface and the block? (©) o (d) 25 28
1 l e M M m
(a) = (b) Nel 99. A block of mass 5 kg is lying on a rough horizontal
surface. The coefficients of static and kinetic friction
d I between the block and the surface respectively are
() (d) : : .
2J_ 33 0.7 and 0.5. A horizontal force just sufficient to move

In Q. 93, if 6= 30° and u = 1/\/5, the downward
acceleration of the block will be

the block is applied to it. If the force continues to
act even after the block has started moving, the

Vo acceleration of block will be (take g = 10 ms™2)
(a) zero (b) 1/v3 ms (a) 1 ms™ (b) 2 ms™
() 1/2V3 ms? (d) 1/3V3 ms™ (c) 3ms™ (d) 4 ms™

95. A boy of mass m is sliding down a vertical pole | 100. {\b9d)’ projected along an incliped plgne of angle of
by pressing it with a horizontal force f. If u is the inclination 30°_stops aft‘er covering a distance x,. The
coefficient of friction between his palms and the same _bOdy pTOJeCted W'Fh the same spefad stops after
pole, the acceleration with which he slides down will covering a distance x,, if the angle of inclination of
be the inclined plane is increased to 60°. The ratio x,/x, is

s (a) 1 (b) V2
(@) g (b) =
m ) V3 () 2
©) g+ nf d) g— uf 101. A spring is compressed between two blocks of
m m masses m; and m, placed on a horizontal frictionless

96.

A boy of mass 40 kg is climbing a vertical pole at a
constant speed. If the coefficient of friction between his
palms and the pole is 0.8 and g = 10 ms™, the force
that he is applying on the pole is

surface as shown in Fig. 3.77. When the blocks are
released, they have initial velocity of v, and v, as
shown. The blocks travel distances x, and x, respec-
tively before coming to rest. The ratio x,/x, is

(a) 300N (b) 400 N = m -
() 500 N (d) 600 N o | / 7/
97. Ablock of mass m is lying on a another block of mass gyo008e
M, lying on a horizontal frictionless surface as shown % s s
in Fig. 3.76. If the coefficient static friction between Fig. 3.77
the two blocks is ,, the minimum horizontal force
F that must be applied to block of mass m so that it (a) L W (b) n
moves over block of mass M is my n
(a) zero (b) mg
(c) mg/u, (d) pmg © = @ =2
my m
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102. A smooth inclined plane of angle of inclination 30°
is placed on the floor of a compartment of a train
moving with a constant acceleration a. When a block
is placed on the inclined plane, it does not slide down
or up the plane. The acceleration a must be

g
(a) g (b) 5

g g
(c) Nz (d) NG
A block released on a rough inclined plane of
inclination 6 = 30° slides down the plane with an
acceleration g/4, where g is the acceleration due to
gravity. What is the coefficient of friction between
the block and the inclined plane?

103.

2 1
NG ® 5

1 V3
© 2 Ry

104. A block of mass m placed on a rough inclined plane
of inclination @ = 30° can be just prevented from
sliding down by applying a force F; up the plane and
it can be made to just slide up the plane by applying

a force F, up the plane. If the coefficient of friction

between the block and the inclined plane is 1/ 2V3 R
the relation between £ and F), is

(a) F = F, (b) F,=2F,

(¢) F=3F, (d) I, =4F,

A person standing in a stationary lift drops a coin
from a certain height A. It takes time ¢ to reach the
floor of the lift. If the lift is rising up with a uniform
acceleration a, the time taken by the coin, dropped
from the same height /4, to reach the floor will be

(a) ¢ (b) t\/E
g

1/2 1/2
() ¢ (1+3) () 1 [1—3]
g g

In Q. 105, if the lift is descending with an acceleration
a, the time taken by the coin to reach the floor will be

(a) ¢ (b) t\/E
g

1/2 1/2
() t (1+5) () ¢ (1—3J
g g

A block is lying on a horizontal frictionless surface.
One end of a uniform rope is fixed to the block which
is pulled in the horizontal direction by applying a
force F at the other end. If the mass of the rope is

105.

106.

107.
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108.

109.

110.

111.

112.

half the mass of the block, the tension in the middle
of the rope will be

(@) F (b) %
3F SF
© % @ >

When a force F acts on a body of mass m, the
acceleration produced in the body is a. If three equal
forces F| = F, = F3 = F act on the same body as
shown in Fig. 3.78 the acceleration produced is

3

OD
135°

Fy
Fig. 3.78

@ (V2-1) a (b) (V2+1) a
(¢) V2 a (d) a

A shell of mass m is at rest initially. It explodes into
three fragments having masses in the ratio 2:2:1.
The fragments having equal masses fly off along
mutually perpendicular directions with speed v. What
will be the speed of the third (lighter) fragment?

(a) v (b) V2 v
() 242 v (d) 3v2 v
The linear momentum p of a body of mass 2 kg varies
with time 7 as
p=3t2+4
where p and ¢ are in SI units. It follows that the body
is moving with a
(a) constant speed
(b) constant acceleration

(c) variable acceleration
(d) variable retardation.
In Q. 110, what is the acceleration of the body at
t=2s?

(a) 3ms™ (b) 6 ms™>

(c) 9ms™ (d) 12 ms™

In Q. 110, the force acting on the body varies with
time ¢ as
(a) 12
() 17

(b) t
(d)

o A\
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113.

114.

115.

116.

117.

118.

An elastic spring has a length /, when it is stretched
with a force of 2 N and a length /, when it is stretched
with a force of 3 N. What will be the length of the
spring if it is stretched with force of 5N?

@ L+ (b) % (1, + 1)

(c) 3,21, (d) 34, -24

A shell is fired from a cannon with a speed of
100 ms ' atan angle 30° with the vertical (y-direction).
At the highest point of its trajectory, the shell
explodes into two fragments of masses in the ratio
1 : 2. The lighter fragment moves vertically upwards
with an initial speed of 200 ms~!. What is the speed
of the heavier fragment at the time of explosion?

(a) 125 ms™! (b) 150 ms™'
(c) 175 ms™' (d) 200 ms™
A balloon of mass M is rising up with an acceleration

a. If a mass m is removed from the balloon, its
acceleration becomes

Ma+m Ma+m
(a) Ma+mg (b) Ma+mg
M—-—m M+m
ma + M ma + M
(€ % @ ==
M—m M+m

A uniform rope is hanging vertically from the ceiling
such that its free end just touches the horizontal floor
of aroom. The upper end of the rope is then released.
At any instant during the fall of the rope, the total
force exerted by it on the floor is » times the weight
of that part of the rope which is on the floor at that
time. What is the value of n?
(a) 1 (b) 2
(©) 3 (d) 4
The distance x (in metre) travelled by a body in time
t (in second) is given by
2

% =2t— 1
How much distance does the body travel before
reversing its direction of motion?

@) % m ®) (3)
3

A long horizontal rod has a bead which can slide
along its length, and initially placed at a distance L
from one end A of the rod. The rod is set in angular
motion about 4 with constant angular acceleration
o If the coefficient of friction between the rod and
the bead is u, and gravity is neglected, then the time
after which the bead starts slipping is

IIT-JEE-PHYSICS;

119.

120.

121.

122.

123.

124,

125.

ol M
() J; (b) N/

(c) \/,:E (d) infinitesimal

A force vector F = 6i — 8} +10k newton applied to

a body accelerates it by 1 ms 2. What is the mass of
the body?

(a) 10v2 kg (b) 210 kg
(c) 10kg (d) 20 kg

Auniform chain of length L is lying on the horizontal
surface of a table. If the coefficient of friction
between the chain and the table top is u, what is the
maximum length of the chain that can hang over the
edge of the table without disturbing the rest of the
chain on the table?

(a)1 by ML

+ U 1+ pu
L uL

© I_H @ £

In Q. 120 above, if g = 0.25, what is the maximum
percentage of the length of the chain that can hang
over the edge of the table without disturbing the rest
of the chain on the table?

(a) 8% (b) 4—;) %

(c) 20% (d) 25%
A block of mass m is lying on a horizontal surface of
coefficient of friction u. A force F is applied to the
block at an angle 6 with the horizontal. The block
will move with a minimum force F if

(a) u=tan 6 (b) u=cot 8
(c) u=sin 6 (d) u=cos @
In Q. 122 above, the minimum F is given by
#mg umg
b
(a) —1 (b) i+l
m umg

1—,u2 \/1+,u

The coefficients of static and kinetic friction between
a body and the surface are 0.75 and 0.5 respectively.
A force is applied to the body to make it just slide
with a constant acceleration which is

g g
(a) 1 (b) 5
3g
(c) vy d g

Two blocks 4 and B are connected to each other by
a string and a spring of force constant k, as shown in
IZ P o
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Fig. 3.79. The string passes over a frictionless pulley
as shown. The block B slides over the horizontal top
surface of a stationary block C and the block A4 slides
along the vertical side of C both with the same uniform
speed. The coefficient of friction between the surfaces
of the blocks B and C is p. If the mass of block A is m,
what is the mass of block B?

(a) 22 b =
a \/E ‘u
(©) Jum (d) um

.

T
k
C
A
Fig. 3.79
126. In Q. 125 above, the energy stored in the spring is
2.2 2 2
m-g mg
a b
(a) T (b) X
2 2
umg
c) —=— d) umgk
(© 2k (d) umg
127. A trolley of mass M is attached to a block of mass

m by a string passing over a frictionless pulley as
shown in Fig. 3.80. If the coefficient of friction
between the trolley and the surface below is u, what
is the acceleration of the trolley and the block system,
when they are released?

T
M —
) [O] —
T
m
Fig. 3.80
m—M m
b) —

(a) [m+MJg ()Mg
um—-M m—uM
Ll d) | =—£7

(C)[m+M ]g ()[m+M ]g

IIT-JEE-PHYSICS,

128. In Q. 127 above, the tension T in the string is

@) mMg (1+ p) ) mMg (1— )
m+ M M—m
(c) umg (d) (m+uM) g

129. A cylinder rolls up an inclined plane, reaches

some height, and then rolls down (without slipping

throughout these motions). The directions of the

frictional force acting on the cylinder are:

(a) up the incline while ascending and down the
incline while descending

(b) up the incline while ascending as well as
descending

(c¢) down the incline while ascending and up the
incline while descending

(d) down the incline while ascending as well as
descending

An insect crawls up a hemispherical surface very

slowly (see Fig. 3.81). The coefficient of friction

between the insect and the surface is 1/3. If the line

joining the center of the hemispherical surface to

the insect makes an angle o with the vertical, the

maximum possible value of ¢ is given by

130.

o

Insect
Fig. 3.81

(a) cota=3 (b) tanx=3

(c) secx=3 (d) cosec x=3

The pulleys and strings shown in Fig. 3.82 are smooth
and of negligible mass. For the system to remain in
equilibrium, the angle 6 should be

LIS

131.

i

Fig. 3.82

(a) 0° (b) 30°
(c) 45° (d) 60°
A string of negligible mass going over a clamped
pulley of mass m supports a block of mass M as

132.
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133.

134.

135.

136.

137.

11T-

shown in Fig. 3.83. The force on the pulley by the
clamp is given by

(a) V2 Mg (b) V2 mg
© NM+mP+mtg () JM+mP+Mg

\ m

=

N g

\ m

§ g

N

S

N

§ (m+M)g

Fig. 3.83

A block of weight 200 N is pulled along a rough
horizontal surface at a constant speed by a force of
100 N acting at an angle of 30° above the horizontal.
The coefficient of friction between the block and the
surface is

(a) 0.43 (b) 0.58
(c) 0.75 (d) 0.85

Bullets of mass 0.03 kg each hit a plate at the rate
of 200 bullets per second with a velocity of 50 ms™
and reflect back with a velocity of 30 ms™'. The
average force (in newton) acting on the plate is

(a) 120 (b) 180

(c) 300 (d) 480

A body of mass M kg is on the top point of a smooth
hemisphere of radius 5 m. It is released to slide
down the surface of the hemisphere. It leaves the
surface when its velocity is 5 m/s. At this instant the
angle made by the radius vector of the body with the
vertical is: (Acceleration due to gravity = 10 ms>)

(a) 30° (b) 45°
(c) 60° (d) 90°
A stationary body of mass 3 kg explodes into three
equal pieces. Two of the pieces fly off at right angles
to each other, one with a velocity 2i m/s and the
other with a velocity 3j m/s. If the explosion takes

place in 107 sec, the average force acting on the
third piece in newton is:

(a) (2i+3j) x107° (b) —(2i+3j) x 10°
(¢) (3j—2i) x10° (d) (2i-3j) x107°

A string can withstand a tension of 25 N. What is the
greatest speed at which a body of mass 1 kg can be

JEE-PHYSICS;

138.

139.

140.

141.

142.

143.

144.

whirled in a horizontal circle using a 1 m length of a
string?

(a) 2.5 ms™! (b) 5.0 ms™

(c) 7.5 ms~' (d) 10 ms™

A body of mass 0.5 kg is whirled in a vertical circle
at an angular frequency of 10 rad s™'. If the radius
of the circle is 0.5 m, what is the tension in the
string when the body is at the top of the circle? Take
g=10 ms 2.

(a) 10N (b) 20N

(¢) 30N (d) 40N

In Q.138, what will be the tension in the string when
the body is at the bottom of the circle?

(a) I0N (b) 20N

(c) 30N (d) 40N

A cyclist is moving with a speed of 6 ms™'. As he
approaches a circular turn on the road of radius
120 m, he applies brakes and reduces his speed at a
constant rate of 0.4 ms™. The magnitude of the net
acceleration of the cyclist on the circular turn is

(a) 0.5 ms™ (b) 1.0 ms™

(c) 2.0 ms™ (d) 4.0 ms™

A simple pendulum of bob mass m swings with
an angular amplitude of 40°. When its angular
displacement is 20°, the tension in the string is

(a) mg cos 20°

(b) mg sin 20°

(c) greater than mg cos 20°

(d) greater than mg sin 20°

A car moves at a speed of 36 km h™' on a level road.
The coefficient of friction between the tyres and
the road is 0.8. The car negotiates a curve of radius
R. If g = 10 ms™2, the car will skid (or slip) while
negotiating the curve if value of R is
(a) 10 m (b) 13 m
(c) 14m (d) 16 m
A train has to negotiate a curve of radius 200 m.
By how much should the outer rails be raised with

respect to the inner rails for a speed of 36 km h™".
The distance between the rails is 1.5 m. Take

g=10ms>.
(a) 7.5 cm (b) 10 cm
(¢) 12.5cm (d) 15cm

A train rounds an unbanked circular bend of radius
50 m at a speed of 54 km h™'. If g = 10 ms~?, the
angle of banking required to prevent wearing out
of rails is given by

(a) O=tan"' (0.15) (b) 6=tan"' (0.25)

(c) 6=tan' (0.35) (d) 6=tan™' (0.45)
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146.

147.

148.

149.

150.

One end of a string of length R is tied to a stone
of mass m and the other end to a small pivot on a
frictionless vertical board. The stone is whirled in
a vertical circle with the pivot as the centre. The
minimum speed the stone must have, when it is at
the topmost point on the circle, so that the string does
not slack is given by

(a) JgR (b) JmgR
(c) vJ2gR (d) «2mgR

In Q.145, the minimum speed the stone must have,
when it is at the lowermost point on the circle, so that
the stone can complete the circle is given by

(a) J4gR (b) JAmgR
(c) VJ5gR (d) /5mgR

The pilot of an aircraft, who is not tied to his seat, can
loop a vertical circle in air without falling out at the
top of the loop. What is the minimum speed required
so that he can successfully negotiate a loop or radius
4 km? Take g =10 ms 2.
(a) 100 ms™!

(c) 300 ms™

(b) 200 ms™'
(d) 400 ms™'

Adisc of radius =20 cm is rotating about its axis with
an angular speed of 20 rad s™'. It is gently placed on a
horizontal surface which is perfectly frictionless (Fig.
3.84). What is the linear speed of point 4 on the disc?
(a) 1 ms™ (b) 2ms™!
(c) 3ms™ (d) 4 ms™

%
+

Fig. 3.84

In Q.148, the linear speed of point B on the disc will be
(a) 1 ms™ (b) 2ms™!

(c) 3 ms™ (d) 4 ms™

InQ.148, whatis the linear speed of point Con the disc?
(a) 1 ms™ (b) 2 ms™

(c) 3ms™ (d) 4 ms™

IIT-JEE-PHYSICS,
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154.
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159.

The combined mass of a rider and a motorcycle is 200
kg. What is the necessary frictional force if the rider
is to negotiate a curve of 80 m radius at a speed of 72
km h™'? Take g = 10 ms™2.

(a) 500N (b) 750 N
(c) 1000 N (d) 1250 N
In Q.151, the angle at which rider must lean to avoid

falling is given by

(a) @=tan"' (0.2) (b) 6=tan™' (0.3)

(c) 6=tan' (0.4) (d) 6=tan"' (0.5)

A car, moving at a speed of 54 km h™', is to go round
a curved road of radius 30 m. If the curved road is
not banked, what must be the coefficient of friction
between the tyres and the road for the car to negotiate
the curve? Take g = 10 ms ™.

(a) zero (b) 0.25

(c) 0.50 (d) 0.75

A string of length L = 1 m is fixed at one end and
carries a mass of 100 g at the other end. The string
makes V5 /7 revolutions per second about a vertical
axis passing through its second end. What is the
angle of inclination of the string with the vertical?
Take g = 10 ms ™.

(a) 30° (b) 45°

(c) 60° (d) 75°

In Q.154, the tension in the string is

(a) 2N (b) 3N

(c) 4N (d) SN

In Q.154, what is the linear speed of the mass?
(a) V10 ms™ (b) V15 ms™!

©) 2V5 ms™! (d) 5ms™!

A simple pendulum of length » = 1 m and bob mass
100 g is swinging with an angular amplitude of 60°.
What is the tension in the string when the bob passes
through the equilibrium position? Take g = 10 ms ™.
(a) IN (b) 2N

(¢)3N (d) 4N

A spring which obey’s Hooke’s law extends by
1 cm when a mass is hung on it. It extends by a
further 3 cm when the attached mass is moved in a
horizontal circle making 2 revolutions per second.
What is the length of the unstretched spring? Take
g= 7 ms 2.

(a) 18 cm (b) 19 cm

(c) 20 cm (d) 21 cm

In Q.158, the angle of inclination of the spring to the
vertical is given by

o A
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(a) 6= cos™ (-‘1;) (b) 6=cos™ (%)

(c) 6=cos™ (%) (d) 6=cos™ (71_5)

A boy is seated on top of a hemispherical mound of
ice of radius R. He is given a little push and he starts
sliding down the ice. If ice is frictionless, the boy
will leave the ice at a point whose height is

3R 2R
il by ==
4 ®) 3
2R

(©) 3

160.

(a)

R
(d) 3
161. A boy whirls a stone in a horizontal circle 2 m above
the ground by means of a string 1.25 m long. The
string breaks and the stone flies off horizontally,
striking the ground 10 m away. What is the magnitude
of the centripetal acceleration during circular motion?
Take g = 10 ms 2?2

(a) 100 ms™> (b) 200 ms™

(c) 300 ms™ (d) 400 ms™

Refer again to Q.145. If vy = /5gr , what will be the
kinetic energy of the stone when it is at the topmost
point of the circle? B is the lowermost point of the
circle.

162.

(a) % mgR (b) mgR

(c) % mgR (d) % mgR

163. InQ.145,ifv, = {/gR , what will be the kinetic energy
of the stone when the string becomes horizontal? 4 is
the topmost point of the circle.

(a) % mgR ) gk

(c) % mgR (d) 2 mgR

164. Abody is resting on top of a hemispherical mound of
ice of radius R. If ice is frictionless, what minimum
horizontal velocity must be imparted to the body so

that it leaves the mound without sliding over it?

@) 2& ®) ek

Py
(c) 2gR (d) 2JgR

IIT-JEE-PHYSICS,

165. A car is negotiating a curved road of radius r. If the
coefficient of friction between the tyres and the road
is U, the car will skid if its speed exceeds

(a) Vurg (b) 2urg
(c) V3urg (d) 2Jurg

166. The over-bridge of a river is in the form of a circular
arc of radius of curvature 10 m. If g = 10 ms2, what is
the highest speed at which a motor cyclist can cross
the bridge without leaving the ground?

(a) 10 ms™ (b) 10v2 ms™
(c) 103 ms™ (d) 20 ms™

167. The over-bridge of a river is in the form of a circular
arc of radius of curvature R. If m is the combined
mass of the motorcycle and the rider crossing the
bridge at a speed v, the thrust on the bridge at the
highest point will be
@ ™ (b) m

R g
(©) m (d) Lol
R g R g

168. The blocks 4 and B of masses 2 m and m are
connected as shown in Fig. 3.85. The spring has
negligible mass. The string is
suddenly cut. The magnitudes of
accelerations of masses 2 m and
m at that instant are
(@eg.g

g Al2m
(b) & 5 l-<— String
B m
g
C) —»
© 5.8 Fig. 3.85
g &
d =,=
(d) 2%
169. A force F hits a block of mass m = 35 g initially

at rest. The duration of the impact is 5 ms. It the
force varies with time as shown in Fig. 3.86, the
speed of the block immediately after impact is

(a) 1 ms™! (b) 2 ms™
(c) 3ms™! (d) 4 ms™
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170. A rope of mass m is attached to a block of mass M
lying on a horizontal surface. The block is pulled
along the surface by applying a force F on the free
end of the rope. If u is the coefficient of friction
between block and the surface, the force exerted by
the rope on the block is

(a)

(F —umg) (b)

(F —uMg)

(M m) (M m)

(c) —(F+,uMg) (d) —(F+uMg)
M m

171. Figure 3.87 shows an elevator and blocks 4 and B.
The block 4 has mass m and block B has mass M. If
the elevator is descending will an acceleration a, the

force exerted by block A4 or block B is
(g—a) |

@) (M +m)
M
(b) (g+a) a
(M +m) y l
(c) m(g—a) B
(d) M(g+a)
Fig. 3.87

172. Three blocks 4, B and C of masses m,, m, and m, are
connected by a string passing over a fixed frictionless
pulley as shown in Fig. 3.88. If
(my +my)>my, and m, +m,+my =
M, the tension in the string
connecting blocks B and C is

(a) 2mm, g
M
2mm, g
(b) 2mms 8
M A
(c) 2mymsg

M m3DC

(d) zero

ny

my

Fig. 3.88

IIT-JEE-PHYSICS,

173. A man of mass M stands on the floor of a box of
mass m as shown in Fig. 3.89. He raises himself and
the box with an acceleration a = g/3 by means of a
rope going over a fixed frictionless pulley. If the
mass of the rope is negligible
compared to (M + m) and if
M = 2m, the tension in the rope

will be

(a) 2 mg
(b) 2me
3

(c) mg T"
(d) 4me
3

Fig. 3.89

174. In Q. 173 above, the normal reaction (or contact

force) between the man and the box is

(@) "8 (b) zmg
3

(c) 4mg
Figure 3.90 shows a block of mass m placed on a
horizontal surface. The coefficient of static friction
between the block and the surface is y. The maximum
force F that can be applied at point O such that the
block does not slip on the surface is

(d) zero
175.

String

F
Fig. 3.90
(a) umgsin @ (b) umgcos 6
(c) umgtan @ (d) umg
1/-% Answers
(Level A)
1. (a) 2. (a) 3. (¢) 4. (d)
5. (c) 6. (a) 7. (c) 8. (a)
9. (b) 10. (d) 11. (c) 12. (d)
13. (d) 14. (d) 15. (a) 16. (a)
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17. (¢) 18. () 19. (c) 20. (a)
21. (d) 22. (d) 23. (a) 24. (b) Solutions
25.(d) 26. (a) 27. (b) 28. (c)
29. (b) 30. (d) 31 (9 32.(d) 1. The net force acting on mass m = 2mgT—mg = %
33. (b) 34. (a) 35. (a) 36. (b)
37. (b) 38. (a) Therefore, the acceleration of mass m = ;n_g =§ :
m
Level B
39.(c) 40. (c) Al (b) 2. (c) Hence the correct choice is (a).
43. (a) 44. (c) 45. (a) 46. (c) 2. The total mass of the block-rope system = M + m.
47. () 48. (b) 49. (a) 50. (a) Therefore, the acceleration of the block—rope system
51. (c) 52. (d) 53. (a) 54. (b) 7
55. (a) 56. (a) 57. (c) 58. (c) = Tim" Thus, the net force acting on the block =
59. (d) 60. (c) 61. (d) 62. (a) erati i X
acceleration X mass = . Hence the correct
63. (d 64. (b 65. (d 66. (d ..
67. Eb; 68. Ed; 69. Ec)) 70. Ec; choice is (a). o
71. (c) 72. (a) 73. (a) 74. (a) 3. Tfl‘]ehter;,S[io?( in the rope depegd?1 on the acff:el:eration
of the block—rope system and the mass of the rope.
75 (@) 76. () 77. (&) 78. (a) The tension will be the same at all points on the rope
79 (@) 80._(b) 81. (d) 82. (a) if either the acceleration of the rope is zero or the
83. (b) 84. (c) 85. (0) 86. (d) mass of the rope is negligible compared to the mass
87. (a) 88. (d) 89. (c) 90. (¢) of the block. Hence the correct choice is (c).
91. (c) 92. (a) 93. (b) 94. (a) 4. When the lift is descending with a retardation
93. (d) 96. (c) 97. (d) 98. (2) (negative acceleration) a, the effective value of g is
99. (b) 100. () 101. (b) 102. (d) Zeir= g +a. The component of this acceleration along
103. (c) 104. (c) 105. (c) 106. (d) the inclined plane is g.sin 8 = (g + a) sin 6. Hence
107. (d) 108. (a) 109. (¢) 110. (¢) the correct choice is (d)
111. (b) 112. (b) 113. (©) 114. (a) 5. The accelerations of the block sliding down a smooth
115. (a) 116. (c) 117. (b) 118. (a) and rough 45° inclined planes respectively are
119. (a) 120. (b) 121. (c) 122. (a) 2y =geidse =S
123. (d) 124. (a) 125. (b) 126. (a) V2
127.() 128 129.(b)  130.(2) and a; = g (sin 45° — i cos 45°) = & (1 — 1)
131. (c) 132. (d) 133. (b) 134. (d) 2
135. (c) 136. (b) 137. (b) 138. (b) :I:wre /il]k is lt‘lhe coePﬁcie;‘nthoftlﬁcineti(;frli‘c(:jtio.n. NOW, “]/C
ow that the square of the time of slide is inversely
122 Ec; 112 EZ; i:; EC; ijﬁ Ea; proportional to the acceleration. Therefore
.a . . \a . \C
2
147. (b) 148. (d) 149. (d) 150. (b) L _a_ !
151. (c) 152. (d) 153. (d) 154. (c) tioa l-py
155. (a) 136. (b) 157. (&) 158. (@) Since #, = 2t,, we have 4 = or iy, = 0.75.
159. (a) 160. (c) 161. (b) 162. (a) 1-p,
163. (¢) 164. (b) 165. (a) 166. (a) Hence the correct answer is (c).
167. (d) 168. () 169. (a) 170. (a) 6. The acceleration ofthg blpck while i? is sli‘ding dow‘n
171. (¢) 172. (¢) 173. (b) 174. (c) the upper half of the inclined plane is g sin 6. If i is

the coefficient of kinetic friction between the block
and the lower half of the plane, the retardation of
the block while it is sliding down the lower half
=— (g sin 68— ug cos 0). For the block to come to rest
at the bottom of the inclined plane, the acceleration
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in the first half must be equal to the retardation in the
second half, i.e.

gsin @ =— (g sin 6 ug cos 0)
or Hcos 8 =2sin O

M =2tan @

Hence the correct choice is (a).

7. Before the boy starts walking on the plank, both the
boy and the plank are at rest. Therefore, the total
momentum of the boy—plank system is zero. If the
boy walks with a speed v on the plank and as a result
if the speed of the plank in the opposite direction
is V, then the total momentum of the system is mv
— (M + m)V. From the principle of conservation of
momentum, we have

mo— (M+m)V =0

or vy __m

v (M +m)

Since the distance moved is proportional to speed,
the displacement L of the plank is given by

L v.__m

L v (M+m)

or r__mL
(M +m)

Hence the correct choice is (c).

8. The law of conservation of momentum gives
v ,
mIU = ml E + m2’U

where v’ is the speed of ball B after collision. Thus

o m‘lv

2m,

Hence the correct choice is (a).

9. At the highest point of trajectory, the projectile has
only a horizontal velocity which is u cos 6. After
explosion, the fragment falling downwards has no
horizontal velocity. If «" is the horizontal velocity
of the other fragment, the law of conservation of
momentum gives

(2m)ucos @ =mx0+mu
which gives u =2ucos @

Now, the time taken to reach the highest point (as
well as the time taken to fall down from this point) is

IIT-JEE-PHYSICS;

10.

11.

12.

13.

u sin 6
g
by the other fragment is

. Therefore, the horizontal distance travelled

u cos X AL +2ucos Bx u sin 6
g g
_ o’ sin 29+u2 sin26 _ 3u” sin 26
2g g 2g

Hence the correct choice is (b).

The force exerted by the leaking sand on the truck

= rate of change of momentum

Amu

At
The sand falling vertically downward will exert this
force on the truck in vertically upward direction.
This perpendicular force can do no work on the
truck. Since friction is absent, no force is needed
to keep the truck moving at a constant speed in the
horizontal direction. Hence the correct choice is (d).

For masses m; and m,, we have

T =mya
mg—T =m,a

Adding the two equations, we get

_ mg
(my +m,)

Hence, the correct choice is (c).
myF

The contact force exertedby A on Bis Fy= ————,
(my +my)

which is choice (d).

Let m, and my be the masses of skaters 4 and B and
a, and ay their respective accelerations, when they
pull at each other. From Newton’s third law, action
and reaction forces are equal in magnitude, i.e.

mya, = mpgdapg

v v
or mA —A =mB _B
t t
or mi vi = mﬁ ‘023 (i)

where v, and vy are their respective speeds and ¢
is the time taken for them to meet. Let s, and sz be
the distances travelled by them when they meet, we
have,

2a,s, =vy and 2agsp=7v%
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14.

135;

16.

17:
18.
19.

20.

21.

11T -

Using these equations in Eq. (i), noting that
My, IS
50
+sp =6 m; s, = 3.5 m and sz = 2.5 m. Hence, the
correct choice is (d).

Sy T
mya,=mgag, We get —== =—. Since s,

Sp My

If a body has a constant velocity, both its speed and
its direction of motion are constant. Hence, choice
(a) is incorrect. A body having a constant speed can
have an acceleration, called centripetal acceleration
(=v*/R) which is not variable. Hence, choices (b) and
(c) are also incorrect. A body having a constant speed
can have a varying velocity, e.g. a body moving in a
circle with a constant speed; its direction of motion
and hence its velocity is continuously changing with
time. Hence, the only correct choice is (d).

As long as the coin is in the hand of the person, it
shares the acceleration of the train; it has the inertia
of motion. When he tosses the coin, it falls behind
him opposite to the direction of accelerated motion
but now it no longer shares the acceleration of the
train. Hence the correct choice is (a).

The reaction force offered by the wall to the bullets =
the force exerted by bullets on the wall (third law of
motion) = the rate of change of momentum of bullets
(second law of motion). Now, total mass of n bullets
= Nm. Momentum of n bullets = Nmv. If n bullets are
fired per second, the change of momentum per second
= nNmv. Hence, the correct choice is (a).

Since v = /2gh , the correct choice is (c).
The correct choice is (c).

Since the shell is at rest, the initial momentum is
zero. After it explodes, the total momentum of the
equal fragments 4 and B must be zero, which is
possible only if they fly off in opposite directions
with equal speeds. Hence the correct choice is (c).

Since the bomb is at rest, its momentum is zero.
From the principle of conservation of momentum,
it follows that, after explosion, the total momentum
of all the fragments must be zero. Hence the correct
choice is (a).

The component of weight Mg of the block along the
inclined plane = Mg sin 6. The minimum frictional
force to be overcome is also Mg sin 6. To make the
block just move up the plane the minimum force
applied must overcome the component Mg sin 6
of gravitational force as well as the frictional force
Mg sin 6. Hence the correct choice is (d).

JEE-PHYSICS;

22.

23.

24.

25.

26.

Now, u =20 ms_', t = 5s and v = 0 (since the car is
brought to rest). The acceleration of the car is
v—u_0-20 _

t

— 4 ms™?

a =

The negative sign indicates retardation and its
magnitude is 4 ms—.
.. Retardation force = mass X acceleration

= (940 + 60) x 4 = 4000 N

Hence the correct choice is (d).

2

Now 2as = v* — u?. Therefore

v’ —u® _0-(20)" _
2a 2x(—4)

50 m

s =

Hence the correct choice is (a).

Given u =+ 5 ms™' along positive x—direction
F=-0.4 N along negative x—direction
m=200g=0.2kg

The acceleration a = £=ﬂ = — 2 ms2. The

negative sign shows tha{'the r%'gtion is retarded. The
position of the body at time ¢ is given by

X =xptutt % at*

Att=0, the body is at x = 0. Therefore, x,= 0. Hence
xX'=ut+ l at*
2

Since the force acts during the time interval from ¢ =
0 to =10 s, the motion is decelerated only between
t=0and r=10s. The position of the body at #=2.5 s
is given by
x =5x25+ % X (= 2) x (2.5)
=1.25m
Hence the correct choice is (b).
The velocity of the body at r=2.5 s is
v=utat=5+(-2)x(2.5)
=5-5=0
Thus, the correct choice is (d).

During the first ten seconds (i.e. from ¢ = 0 to
t =10 s) the motion is decelerated. During this time
a=-2ms>. Putting u = 5 ms_], a=-2ms?and

g : 1
t =10 s in equation x = ut + > ar*. We have

AE P e
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27.

28.

29.

X, =5x10+ % X (—2) % (10)
=—50m i)
The velocity of the body at 1= 10 s is

v=utat=5+(-2)x10
=—15ms™
During the remaining 20 seconds, i.e. from ¢t = 10 s
to t = 30 s, the acceleration a = 0, because the force
ceases to act after t = 10 s. The velocity of the body
remains constant at — 15 ms~' during the last 20
seconds. The distance covered by the body during
the last 20 seconds is

X, =—15%20=-300m
.. Position of the body at t =30 s is
X =x;+x,=—50-300=-350m
Thus, the correct choice is (a).

The magnitude of the velocity (i.e. speed) of the
body at =30 s is 15 ms™'. Hence, the correct choice
is (b).

Given u =0, a =2 ms . Since the stone is located in
the train, the acceleration of the stone is @ = 2 ms ™.
At time ¢ = 5s, the velocity of the stone is v =u + at
=0+2x5=10ms"'. Before the stone is dropped, its
motion is accelerated with the train. But, the moment
itis dropped, its acceleration due to the motion of the
train ceases. Therefore, after the stone is dropped, it
has the following two motions:

(a) a uniform motion with velocity 10 ms™' parallel
to the ground, i.e.

v, =10 ms' (the horizontal velocity)

(b) an accelerated motion vertically downwards due
to gravity. In time ¢ = 0.2 s, the vertical velocity
of the stone is v, =0+ gt =10x0.2=2 ms .

The resultant velocity of stone at t = 0.2 s is
v = o2 +02 =(10) +(2)?
=104 =24/26 ms™

Hence the correct choice is (¢).

The angle, which the resultant velocity vector, makes
with the horizontal is given by

Hence, the correct choice is (b).

IIT-JEE-PHYSICS;|

30. After the stone is dropped, the horizontal velocity v,

31.

32.

33.

remains unchanged because the acceleration is zero
along the horizontal direction. The only acceleration
of the stone is the acceleration due to gravity. Hence
the correct choice is (d).

Mass of monkey (m) = 30 kg, g = 10 ms 2, If
the monkey climbs up the rope with a uniform
acceleration a, the tension in the rope is T=m (g +
a). If he climbs down with a uniform acceleration a,
the tension is 7= m(g — a). In choice (a), since the
speed is uniform acceleration @ = 0. Therefore

T =mg=30x10=300N
In case (b), the tension is
T=m(g+a)=30x(10+2)
=360 N
In case (c), the tension is
T=m(g+a)=30x(10+5)

=450 N
In case (d), the tension is

T =m(g —a)=30x (10 - 5)
=150 N

Since the rope can withstand a maximum tension of
400 N, the rope will break only in case (c). Hence,
the correct choice is (c).

Cross—sectional area of tube (4) = 7. Since the
speed of the liquid is v, the volume of liquid flowing
out per second = Av = m?v. Mass of liquid flowing
out per second = 7r*vp. Therefore,

Initial momentum of liquid per second

= mass of liquid flowing per
second % speed of liquid

= 1 po?

This is the rate at which momentum is imparted to
wall on impact. Since the liquid does not rebound
after impact, the momentum after impact is zero.
Hence, the rate of change of momentum = m?pov°.
From Newton’s second law, the force exerted on the
wall =rate of change of momentum = 7 pv’. Hence,
the correct choice is (d).

Weight of mass m, = 6 x 10 = 60 N. The weight of
m, provides the tension. Thus

T=60N

Opposing this force along the plane is the component
F, = mg sin @ of the force m;g. Now F, =
m g sin =15 x 10 x sin 30° = 25 N. Since F._is less
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34.

35.

36.

37.

38.

39.

than 7" and is, therefore, insufficient to balance 7 (see
Fig. 3.91), the force of friction (f) down the plane is
necessary to keep block m, at rest. Thus, f must act
down the plane. Since mass m, is at rest, the net force
on m,; along the plane must be zero. Thus

m,g cos 0

Fig. 3.91
T—mgsin30°—f=0
or f=T—mgsin 30°

=60 —5x 10 x sin 30°
=60-25=35N
Hence, the correct choice is (b).
The acceleration of each mass is
Ll = bl =10 ms™
10+20
Hence, the correct choice is (a).
The tension in the string is
I'=ma=10x10=
Thus, the correct choice is (a).
The force on mass m, is
my F
my + m,

a=
m,+m2

100 N

_20x 300
10+ 20
Hence, the correct choice is (b).

If the force is applied to mass m, the acceleration
remains the same; it does not depend on whether
force F is applied to m, or m;. Thus a = 10 ms 2. The
tension in the string, in this case, is

T=mya=20x10=200N
Hence, the correct choice is (b).

=200N

F,=

The force exerted on m, is
m F

10300
10+20

=100 N

F,=
Hence, the correct choice is (a).

(Level B)

The momentum of the shell before explosion is zero.
The total momentum of the three fragments after
explosion must also be zero. If m is the mass of each
fragment and v,, v, and v; their velocities, then their
momenta are

IIT-JEE-PHYSICS;

40.

41.

Py =myv,
P2 =mVv,
P3 =myV;

where v, = 9 ms~' along, say, the x—direction and
= 12 ms™' along the y-direction (Fig. 3.92). The
resultant of p, and p, has a magnitude given by

p =03+ P = e} + 1)

P P

7 (180° - 6)

' P3

Fig. 3.92

The direction of the resultant vector p is at an angle 6
with the x-axis. Since the total momentum is zero, we
have p; + p =0 or p; =— p. Therefore, the magnitude
of p5 is equal to that of p but its direction is opposite
(180° — ) with x—axis. Therefore, magnitude of p; is

p3 = magnitude of p

- m(@} + 0"
=mx (9% +12%)"?

=15 m kg ms™'
P3

. Speed of the third fragme]nt =

15 ms™ . Hence, the correct choice is (c).

Mass of the ball = 0.15 kg. Initial momentum of
the ball = 0.15 kg x 12 ms™' = 1.8 kg ms™'. Final
momentum of the ball = 0.15 kg x (— 20 ms") =
— 3 kg ms™'. Change in momentum = 1.8 — (— 3) =
4.8 kg ms'. This is the impulse of the force exerted
by the bat. Now, impulse = average force X time of
impact.

4.8

0.1

impulse

.. Average force = =48 N. Hence, the

time
correct choice is (c).
Mass of a ball (m) = 0.05 kg, initial velocity each
ball (u) =6 ms~' and final velocity of each ball =

— 6 ms . Change in momentum of each ball = mu —
mv=m (u—v)=0.05x {6—(—6)} =0.6 kg ms™".
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Now, impulse = change in momentum = 0.6 kg ms™’

= 0.6 Ns. Hence, the correct choice is (b).

42. The ball moving along 4B with velocity vis deflected
along BC with velocity v’. The magnitude of vectors

v and Vv’ is the same = v [see Fig. 3.93 (a)].
C

- Bat

c
>
D AV 0 5
Ly
A
(b)
Fig. 3.93

Change in velocity is Av=v’—v =v’ + (—v), i.e.
Av is the resultant of vectors v’ and — v. As shown
in Fig. 3.89 (b), the magnitude of Av is given by

Av = 2 402 +20% cos@
= \/202(l+cose)

=2 v cos (Q)
2

. Change in momentum = 2 mv cos (9) Hence the
correct choice is (¢) 2

43. The slope of the graph between t =0 and t =2 s is
constant and positive. Therefore, the body moves
from position x = 0 to x = 2 m during the time interval
from¢t=0to 2 s. Between ¢t =2 s and ¢ = 4 s, the
slope of the graph is constant but negative. This
implies that at ¢t = 2s, the velocity of the body is
reversed and it retraces its path and returns to x = 0 at
t=4s; and so on. Thus, the body receives impulses at
t=0,2s,4s, ..., etc. Therefore, the interval between
two consecutive impulses is 2 s. Hence, the correct
choice is (a).

IIT-JEE-PHYSICS;|

44.

45.

46.

Between ¢ = 0 and ¢t = 2s, the speed of the body is v =
slope of the (x—7) graph between = 0 and 7 = 2s, i.e.

At t = 2 s, the velocity of the body is reversed and
it moves in the opposite direction with a speed =
— 1 ms™". Therefore,

Impulse = change in momentum
=mv — (—mv) =2 mv
=2x0.4kgx1ms™
=0.8 kgms™' =0.8 Ns

Hence, the correct choice is (¢).

The required force is to (i) accelerate the plane from
rest to a speed v over a distance s and (ii) to overcome
the force of friction (= uR = uMg). The acceleration
a required to impart a speed v in a distance s
is given by v* — u® = 2as. Since, u = 0, we have
v? =2 as or a = v*/2s. The force needed to produce
this acceleration is

. v?
F|; = mass X acceleration =
s
The force needed to overcome the force of friction is

F, = uMg

2
.. Total force needed = F| + F, =M (-12)— + ,ug]
s
Hence, the correct choice is (a).

Refer to Fig. 3.94. Since the block is projected
upwards, it rises after overcoming two forces: (i) the
component mg sin 6 of the weight mg and (ii) the
force of friction F'=mg sin 6, both acting downwards.
Therefore, the total downward acceleration is

mg mgcos 0

Fig. 3.94
=—gsin O—gsin 0=—2gsin 0
Let s be the distance moved up the plane before the
block comes to rest. Then, from v —ut= 2as,we have
0—u? =2X(—2gsin 6) X s

uZ

or s = 2
4gsin 0

Hence, the correct choice is (¢).
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47.

48.

49.

11T-

The weight W = mg of the block can be resolved
into two rectangular components: one along the plane
(W sin 0) and the other perpendicular to it (¥ cos ).
Let R be the magnitude of the normal reaction and f;
be the force of sliding friction (see Fig. 3.95).

Wcos 6

Fig. 3.95

When these forces are in equilibrium, the block just
begins to slide, i.e.

Js =Wsin 0

Also R =Wcos 0
.. Coefficient of sliding friction is u, = A = W'sin 0
R Wcos@

=tan O=tan30°.
Hence, the correct choice is (c).

The minimum force F, applied parallel to the plane,
that would just make the block move up the plane,
must not only overcome the force of friction f; but
also the component mg sin 6 of the weight along the
plane. Therefore,

F=f+mgsin@
But f; = mg sin 6. Therefore, F = 2 mg sin 6 =
2 x5 x 10 xsin 30° =50 N.
Hence the correct choice is (b).

Since the block is placed on the trolley, the
acceleration of the block = acceleration of the trolley
a =3 ms . Therefore, the force acting on the block is

F=ma=10x3=30N

The weight mg of the block is balanced by the normal
reaction R. As the trolley accelerates in the forward
direction, it exerts a reaction force /= 30 N on the
block in the direction, as shown in the Fig. 3.63 on
page 3.28. The force of friction will oppose this force
and will act in a direction opposite to that of . The
force of limiting friction fis given by

R mg
or f=umg=02x10x10=20N

Thus, the block is acted upon by two forces-force
F = 30 N towards the right and frictional force

JEE-PHYSICS;

50.

51.

52,

S=20 N towards the left. The net force on the block
towards the right, i.e. towards the rear end of the
trolley is

Fr=F—-f=30-20=10N
Due to this force, the block experiences an
acceleration towards the rear end which is given by

F’” 10
a=—=— =1ms?

m 10

Let ¢ be the time taken for the block to fall from
the rear end of the trolley. Clearly, the block has
to travel a distance S* = 5 m to fall off the trolley.
Since the trolley starts from rest, initial velocity
1= 0. Now t can be obtained from the relation

1
s=ut+ — at*
2

Puttings=5m,u=0anda=a" =1 ms 2, we get
t=10 s.
The distance covered by the trolley in time ¢ = V10 s
is(-u=0)

S =ut+ L aP=0+ L x3x10=15m

2 2
Hence, the correct choice is (a).
Let f'be the frictional force on each block.
ma=T-f (1)

and ma=F—-T-f (ii)
Subtracting the two equations, we have

(my—my)a=2T-F

Since my = m,, we get 0 =27 - For T =
10N

Hence, the correct choice is (a).

F_20
2 2

Putting 7= 10 N in Eq. (i) above, we have
f=T—ma
=10-3x0.5=85N
Hence, the correct choice is (c).

Force of friction is

f=UR = mgcos @

When the body slides down, the downward force
along the plane = component mg sin @ of the weight
mg. Since the force of friction acts upwards along the
plane, the effective downward force = mg sin 68— umg
cos 8= mg (sin 68— it cos 6)

.. Acceleration = force/mass = g(sin 8 — 1 cos 6) =
g (sin 6 — kx cos 6). Hence, the acceleration varies
with x and decreases as x increases. Thus, the correct
choice is (d).
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53. The mass of water stream striking against the wall in
1 second = avp. Hence, the change in its momentum
per second is (avp)v — (- avp )v = 2apv*. The normal
component of the rate of change of momentum and,
therefore, force is 2apv* cos 6. Hence the correct
choice is (a).

54. The square of the time of slide is inversely
proportional to the acceleration. The accelerations
in the two cases are

g

a, =gsin45° = -y and

a, = (g sin 45° — 1, g cos 45°)

=& -
\/E(l ,uk)

1

or uk=l—n—2.

Hence, the correct choice is (b).

55. Refer to Fig. 3.96. The net downward force on the
body at a distance x is

Fig. 3.96

fx) =mg sin @ — umg cos 6
= mg (sin O — U cos 6)
=mg (sin 6 — kx cos 6)
. flx) =0 at a value of x = x,, given by
sin 0 —kx,cos 6 =0
_ tanf
k

Thus, the correct choice is (a).

which gives X

56. The acceleration of the body down the plane is
g sin 80— ug cos 0= g (sin 8 — u cos 0) = g(sin 6 —
0.5x cos 0). Therefore, the body will first accelerate
up to x < 2 tan 6. The velocity will be maximum at
x = 2 tan 6, because for x > 2 tan 0, the body starts
decelerating. Hence, the correct choice is (a).

IIT-JEE-PHYSICS,

57. Refer to Fig. 3.97. Given AB = 1, AC = [, so that

BC = VI> =1, Thus tan 6 = AB/BC = 1/NI* -1 A

horizontal acceleration a imparted to the inclined
plane has a component a cos 6 down the plane. If
this equals the component g sin 6 of the g along the
plane, the object will appear stationary relative to the
incline, i.e. if

Fig. 3.97

acos 0=gsin 6

or a=gtan 0=
-1

Hence, the correct choice is (c).

58. Refer to Fig. 3.98.

Let A4 be the position of the insect when it has reached
the maximum height 2. Now O4 = OC = R. The
insect will crawl up the bowl until the component
mg sin O of his weight down the plane equals the
force F = umg cos 0 of limiting friction (the insect
will slip down if mg sin 0 exceeds umg cos 6). Thus
mg sin @ = umg cos B or tan 6= =1/3.

OB

Now in triangle OAB, tan (E - 9) o

2 AB’

Let OB = x, then AB = VR? —=x* . Thus
X

Ry

A

cot @ =

2P,
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x 1 69. When the balls are released, the force experienced
or 3= 2 (v tan 6= -) by mass m is F' = its mass X its acceleration = ma.
R —x This is the force exerted by mass M on mass m. From
IR Newton’s third law, the mass m will exert an equal
which gives x = N = (.95 R. Therefore, h=R —x force F' on mass M. Thus, force on m, = F = ma.
10 Therefore, the acceleration of M is
=R —0.95 R=0.05 R. Hence, the correct choice is
(c). a = r _ma
59. The acceleration a is M M
F 4 i Hence the correct choice is (c).
a= my +m, - 5+3 =0.5ms 70. Impulse = change in momentum. Let v be the speed
o of the ball before it was caught and m its mass. Since
which s the same for both masses. Hence, the correct the ball is brought to rest after it is caught, the change
choice is (d). in momentum = mv. Now m = 0.2 kg. Therefore,
60. The force on mass of 3 kg = m,a =3 kg x 0.5 ms 2 impulse is 0.2 v. Given, impulse = 6 Ns. Hence
= 1.5 N. Hence the correct choice is (c). 6 .
) o v =—=30ms"
61. The acceleration a, which is the same for both masses 0.2
will still be 0.5 ms 2. Hence the correct choice is (zd). Thus, the correct choice is (c).
62. g%r(;? %xened hon mass Shkg - 5 kg x 0.5 ms™ = | 71 ot mbe the mass of the car and a be the deceleration
5 N. Hence the correct choice is (a). produced by force F, then F' = ma, where a is given
63. The acceleration of the system is by
2
_ netforce 12 2as =’ ora= —
total mass 1+2+3 5 25
=2 ms™> Therefore, F = mo . Thus F o v%, If v is increased
s
Hence the correct choice is (d). by 3 times, F will increase by 9 times. Hence, the
64. The contact force on mass m, is correct choice is (c).
Fy =(my+tmy)a=(2+3)x2 mv? e 1. :
_ 72. Now, F'= ——, which implies that s < —, i.e. 5 is
=10N 2s F
Hence the correct choice is (b) inversely proportional to F. Thus, the correct choice
65. The contact force on mass mj is is (a)- 5 A
B B B 73. Force acting on mass m is f= ma. Mass m will pu
F3 =mya=3xX2=6N mass M to the left with a force /= ma. Hence, the
Hence the correct choice is (d). net acting on mass M = F — = F — ma. Therefore,
66. The acceleration of the system is acceleration of mass M= ———% Hence the correct
net force 12 choice is (a).
total mass 1+2+3 74. Let a be the minimum acceleration with which the
=2 ms2 boy must climb down the rope. Then mg — T'= ma
. or T = mg — ma is the maximum tension. Now,
Hence the correct choice is (d). 2
67. Tension T, between m, and m, is 3 e Therefore,
Ty =(my+my)a=(2+3)x2 = mg =mg—ma
=10N 3
Hence the correct choice is (b). which gives a = g/3. Hence the correct choice is (a).
68. Tension T. between ma and m. is 75. The mass is in equilibrium at point O under the action
) 3 2 3 of the concurrent forces F, T and W = mg. Therefore,
T, =m3a=3x2=6N as shown in Fig. 3.99, The horizontal component
Hence the correct choice is (d). T sin O of tension 7 must balance with force F and

\ I: I) i
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76.

77.

78.

79.

80.

81.

82.

83.

the vertical component 7" cos & must balance with
weight W= mg. Thus

F =Tsin 0
W =Tcos @

(i)
and (ii)
Thus, the correct choice is (a).

From Eq. (ii) above, it follows that the correct choice
is (b).

Fig. 3.99

Squarmg Eqgs. (i) and (ii) and adding we get
T? = W? + F?. Hence the correct choice is (d).
Dividing (i) by (ii) we get F' = W tan 6, which is
choice (a).
The common acceleration of the masses is

_ (m-my)g (6-4)x10

(m, +m,) (6+4)

Hence the correct choice is (a).

=2ms?

The tension in the string is

_2x6x4x10
(6+4)

Hence the correct choice is (b).

_ e =48 N

(my +m,) -

If the lift rises upwards with an acceleration a, the

effective value of g is g.= g + a. Hence
2 2 4
= 2 (gra)=220%2  (10+5)
(my +m;)
=72N

Thus, the correct choice is (d).

In this case, g .4+ =g —a. Hence

2mm,
= —1 < _x(g—a)=24N
(my +m;)

Thus, the correct choice is (a).

Since the acceleration of the train is perpendicular
to the acceleration due to gravity, the acceleration
vector of the train has no component along
the wvertical direction. Hence, in this case,
Zess = &- Thus, the correct choice is (b).

IIT-JEE-PHYSICS;

84.

85.

86.

87.

Let & be the height of each inclined plane. Then,

and

the distances along the plane are s, = —
sin @,

respectively. The accelerations of the

8§y T —
sin 92

block are a; = g sin 0, and a, = g sin 6, respectively.
Now, since the block is released from rest, the
velocity of the block when it reaches the bottom of
the planes is v] = 2a, s, and v = 2a, s, respectively.
But v, = a, t, and v, = a,t, or a% t% = 2a,; s, and

a2 t5 5 = 2a, s,. These equations give
5 a s gsmﬂl h  sin@,
5 oay s gsinB2 sin@, A
_ sin® g,
sin” 0,
t sin @
4, sing,

Hence, the correct choice is (c).

Let m be the mass of the rope and / its length. The
tension T at a distance x from the support = weight

of length (! — x) of the rope = % x (I —x)or

1
T=6><0

x(3-1) =40 N

Hence the correct choice is (c).

The acceleration of the block sliding down the
smooth inclined plane is ¢; = g sin 6 and down the
rough inclined plane is @, = g sin 68— g cos 6. Given

t; =tand t, = 2t. If the length of the inclined plane is
s, we have
s = l atl= l a3
5 Gl = 5 @b
or alt% =apts
or gsin Ox 7 =(gsin 8- g cos 0) x (21)°
or sin 8 =4 (sin 68— (L cos 6)

3

which gives = % tan 8= 2 (- 6=45°)

Hence the correct choice is (d).

We use the relation v*> — u? = 2as. Since u = 0, we
have v* = 2as.

Now v} =2a,s or v* = 2g sin @ x s
2
andv%=2azsor v_z =2(g sin 8 — ug cos 6) X s
n

Dividing, we get or n” (sin 6 — 1 cos 6) = sin 6

1
which gives u= [1 — —) tan 6, which is choice (a).
n

A =
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88.

89.

90.

91.

11T -

The force of friction between block m and block
M = u, mg, where u, is the coefficient of friction
between the two blocks. Now, the force of friction
between block M (with block m on top of it) and
the horizontal surface = u, (M + m)g, where u, is
the coefficient of friction between block M and the
surface. The maximum force F applied to block M
must be enough to overcome this force of friction
and the force due to acceleration of the system. If the
acceleration of the system is a then this force = (M +
m)a. Thus

F=(M+m)a+ u, (M+m)g )
Now, since the force on block m is u;mg, its
acceleration is

_ force onmass m  [mg

=g (i1)
mass m
Using (ii) in (i) we get

F=w (M+mg+ pp (M+m)g

= ) M+m)g
=(05+0.7)yx(5+3)x10
=96 N

Hence the correct choice is (d).

The force of friction acting on the box = umg, where
m is the mass of the box. This force produces an
acceleration a = umg/m = pg in the box. The box
will slide on the belt, without slipping, till it attains
a speed (v) = the speed of the belt. The distance s
moved by the box is given by

> —u? =2as

¥ v 4x4

Sinceu=0,s= —= =
2a 2ug 2x0.8x10

=1m.

Hence the correct choice is (c).

When the masses are accelerating, there is a tension
in the string. When a mass m is added to m; such
that the acceleration is zero, the system of masses
(m, + m) will slide on the surface with a uniform
speed and then there is no tension in the string. This
will happen if the downward force m,g equals the
force of friction u(m, + m)g on blocks m,; and m, i.e.
ny 6

u

if + = orm =
u(m, + m)g = my,g or m 04

11 kg. Hence the correct choice is (c).

The block m, will just begin to move up the plane
if the downward force m,g due to mass m, trying to
pull the mass m,; up the plane just equals the force
(m,g sin 8+ um,g cos @) trying to push the mass m,
down the plane, i.e. when

myg =m,g (sin @+ y cos @)

JEE-PHYSICS;|

92.

93.

94.

95.

96.

97.

Now, it is given that m, =
Therefore, we have

1 =sin 30° + u cos 30°

m, = m and 6 = 30°.

which gives u= L . Hence the correct choice is (c).

The block m, will just begin to move down the plane
if the downward force

(m,g sin 6— um, g cos @) on m, just equals the upward
force m,g acting on m, due to mj, i.e. if

myg =m,g (sin 86— L cos B)
my 1 _ 1

sin@—pcos® g0 106300

23

or
my

= 4, which is choice (a).

The block will just begin to slide when the force
of limiting friction (mg sin 6) = force of normal
reaction umg cos 6, i.e. if mg sin @ = umg cos @ or

L = tan 6. Therefore, y = tan 30° =1/ V3 . Hence the

correct choice is (b).

Downward acceleration is
a =g (sin 6— ucos 0)

=gx |[sin30°— L X cos30°
g NE)

1 1
g [2 N
Hence the correct choice is (a).

Normal reaction R = f. Therefore, force of friction
= UR = yf. The net downward force F = mg — pf.

Hence, the acceleration a = £:M =
m m
g— ﬂ . Hence the correct choice is (d).

As the boy is climbing the pole at a constant

speed (no acceleration), the force of friction must

be just balanced by his weight, i.e. uR = mg or
_mg _ 40x10

u 08

is (c).

Block m will move over block M if the force F

applied to m exceeds the force of static friction

between the two blocks. The minimum F must be

just enough to overcome static friction. Thus

Fin = coefficient of friction X normal reaction of M

onm= |, mg.

Hence the correct choice is (d).

- A

=500 N. Hence the correct choice
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98.

99.

100.

101.

11T -

If F> u, mg, the block m will start moving on block
M. Tt will, therefore, exert a force on block M due
to kinetic friction between m and M. This force f,

= pymg. Thus, the acceleration of block M = Ji

=l % . Hence the correct choice is (a).

Given m = 5 kg, u, = 0.7 and gy, = 0.5. The force
applied to the block sufficient to move it = force of
static friction, i.e. =, mg=10.7x5x10=35N.
Force responsible for producing acceleration of the
block is

f = applied force — force of dynamic friction

=F—ymg
=35-05x5x10
=35-25=10N

S_10 2

. Acceleration g = —= =2 ms

m
Hence the correct choice is (b).

Let the initial speed be u. Final speed v = 0
in both cases. The retardation for 8, = 30° is

a; = g sin @, and for 8, = 60° is a, = g sin 6,. Now,
using v° — u* = 2ax, we have
u? = 2a;x,
=2a,x,
Thus Xo_ a4 _ g51'n 0, _ S}n 60 -3
X, a gsin@ sin30°

Hence the correct choice is (c).

From the principle of conservation of momentum,
we have

v _my
= nyu, 0r —=—=
U m

myu,

M

When the spring is released, it exerts an equal and
opposite force F on each block. Let a; and a, be the

accelerations of blocks m, and m, respectively. Then
a ..
F =ma; = mya, or —+=—L (ii)
a m

Also v? = 2a,x, and v3 = 2a,x,, which give

2 2
Xy _ U a4y |y wl| M| =
Xy U% a m my

[Use Egs. (i) and (ii)]

my
m

Hence the correct choice is (b).

JEE-PHYSICS,

102.

103.

104.

105.

Refer to Fig. 3.100. The component of acceleration
vector a along the plane is @ cos 6. The component
of acceleration due to gravity g along the plane is
g sin 6. The block will stay at rest if @ cos 8 = g sin
Qora=gtan @

Fig. 3.100

£ . Hence

V3

The acceleration of block moving down the inclined
plane is

Now 6= 30°. Therefore, a = g tan 30° =
the correct choice is (d).

a =gsin 8- ugcos 6

g

Putting a = r and 6=30° we get U= which

1
2V3’
is choice (c).

The force F, required to prevent the block from
sliding down is

F, =mgsin 86— Lt mg cos 6 (i)
The force F, required to make the block move up the
plane is

Fy =mgsin @+ umgcos 8  (ii)
From Egs. (i) and (ii) we get

Fy+F, =2mgsin @

and Fy—F, =2 umg cos 6

Dividing the two equations, we get

F,+F _tanf tan30° _
F-F u  1/2\3
which gives F, = 3 F,. Hence the correct choice is
(c).
We have, h = % gt?. When the lift is rising up
with an acceleration a, the effective acceleration is
g =g+ aand ¢t is given by h = -;- g’t’?. Thus
1 r 402 1 2
— t =
S
or (g+ay?* =gt?
a2
or = t[l +—] which is choice (¢).
g
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106.

107.

108.

109.

In this case, the effective acceleration of the coin is
g’ = g — a. Thus the correct choice is (d).

Let M be the mass of the block and m that of the rope.
The acceleration of the block—rope system is

a = L
(M +m)
Therefore, the tension at the middle point of the rope
will be
. (M + %] F
r=(m+2)am 2
2 (M +m)
. M
Given, m = TR Therefore, T = — . Hence the

correct choice is (d).

Lil . The resultant of | and F,
m

has magnitude F” given by (see Fig. 3.101).
F'=(F}+F)"?=2F (- F,=F,=F)

The direction F” is opposite to that of Fj.

.. Net force on body = F" — F;

=2 F-F
=(V2 -1 F

The acceleration a =

450"
"
A45°

S

1359

Fig. 3.101
. F

.. Acceleration = (\6 -1 — = (\5 — 1)a. Hence

the correct choice is (a). m

2
The mass of two fragments of equal masses = ?m

each. The mass of the lighter fragment = % The

momenta of heavier fragments are p = ZmTU The

resultant of momenta p and p is

p; =(P2 +p2)1/2= \/5 p

IIT-JEE-PHYSICS;

110.

111.

112.

113.

From the principle of conservation of momentum,
the momentum of the third (lighter) fragment of

mass 3 must be V2 p but opposite in direction.

Thus, if ¥ is the speed of the lighter fragment, we
have

5 5
y=12J2 v

Hence the correct choice is (c).

or

Now, mv=3t>+4.Sincem=2kg,v= = t2+2.The

@a’
dt dt

the acceleration of the body is increasing with time.
Hence the correct choice is (¢).

acceleration is a = [3 2 +2) = 3¢. Thus,

At t=2s, accelerationa=3x2=6 ms 2. Hence the

correct choice is (b).
We know from Newton’s second law that force F is
given by

_d dp _ d

o= (37 +4) =6

Hence the correct choice is (b).
For an elastic spring, the relation between force F
and extension x is

F =kx
where £ is the force constant of the spring. Let [, be
the original length of the spring, then F = k(I — [)
where / is the spring length when stretched by a force
F. We are given that

2 =kl — 1y (1)
and 3 =k(l,—1) (ii)
Dividing (ii) by (i) we have
2 ll - lo

Which gives /;, = 3/, — 2/,. Using this value of /;; in

either (1) or (ii) we get k = .
L—4

When a stretching force of 5 N is applied, let /; be
the length of the spring. Then

5 = k(l; — Iy)
Substituting the values of /; and £, and solving we get
I; =35,-2],

Hence the correct choice is (¢).

ET | CBSE
D A 5 e

Sinee 2001

ACCENTS EDUCATIONAL PROMOTERS



Since 2001...

[~ |
|
| IIT-JEE | NEET | CBSE

“ STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS

114. Refer to Fig. 3.102. The velocity of the shell at the
highest point is v = u sin 8= 100 x sin 30° = 50 ms™!
parallel to the positive x-direction. Let m be the mass
of the shell. Then the mass of the lighter fragment is

m, = % and its momentum is p, = m,v,; where v, =
200 ms~!. The direction of p, is vertically upwards.
The mass of the heavier fragment is m, = 2?m and
its momentum is p, = m, v,, where v, is the speed

of the heavier fragment at the time of explosion. Let
momentum vector p, substend an angle ¢ with the
x-direction as shown. From the law of conservation
of momentum, the component p, sin & of p, along
y-direction must balance with p| and the component
P, cos o must balance with p, i.e.

y

Fig. 3.102

P> sin o= p; or m,v, sin & =m 7,

mu, . mu

or —= sin o= —
3
or 2v, sin x =1, (i)
and p, cos O = p OT My, COS O = MV
2mu,

or —= COS X =muv or

2v,c08 @ =3v (ii)

Squaring and adding (i) and (ii) we have
4022 = v% + 977

or 20, = (03 + 90?2

Now v =50 ms ! and v, = 200 ms™' (given). Using
these values, we get v, = 125 ms™'. Hence the correct
choice is (a).

The forces acting on the balloon are its weight acting
downwards and upthrust F acting upwards. Thus

F—Mg=Ma
When mass m is removed, we have
F—-M-myg=M-m)a’

115.

(i)

(i1)

IIT-JEE-PHYSICS;|

116.

117.

118.

where a’ is the new acceleration. Eliminating F from
(i) and (ii} and simplifying we get

a = Ma +mg
M—m
which is choice (a).
Let m be the mass per unit length of the rope. Let x be

the part of the rope on the floor at time ¢. The weight
of this part is

F, =mgx

Now, if a small part dx falls on the floor in time dt,
the force exerted by it is

F, =rate of change of momentum

_ (mdx)v
dat

dx . .
Now o = p, where v is the velocity of that part of
t

the rope at that instant. But vt=2 gx.Hence F, = mv®

= m X (2gx) = 2mgx. Total force FF=F, + I, = mgx
+ 2mgx =3mgx = 3F,
Hence the correct choice is (c).

d’x _

Given >
dt

dv .
2t— £ or i =2t ¢, Integrating

3
v=p_L _p (1—£j
3 3

The body will reverse its direction of motion
at a time f when v = 0, i.e. at 1 = 3 5. Now, since

& 5, 7P

= =t

dt 3

we get

dx
v = —, we have
dt

Integrating, we have

£ t3( t)
X=———=—|1-=
3 12 3 4

U ) O AN € 5
x(att—SS)—T(l—ZJ— m

Hence the correct choice is (b).

The radius of the circular motion of the bead is
r = L. The linear acceleration of the bead is ¢ = or =
oL, If m is the mass of the bead, then

Force acting on the bead =ma=m a L

. Reaction force acting on the beadis R=m o L
The bead starts slipping when frictional force
between the bead and the rod becomes equal to
centrifugal force acting on the bead, i.e.

2
UR =

o

r
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or nwmaolL = mra* = mLa’ (rv=rw)
or o = ' = (o)’ (' w=at)
2,2 u
or a=o tort=,—,
H o

which is choice (a).

119. The magnitude of the force is
A a Ay pA A ~\T1/2
F= JF-F =[(6i - 8j+10k)-(6i - 8j +10K) |
= {(6)* + (8)* + (10)*]"* = (200)'* = 10V2 N
. Mass = E— 102N =102 kg. Hence the
a 1ms?
correct choice is (a).

120. let M be the mass of the chain and L its length. If a
length / hangs over the edge of the table, the force
pulling the chain down is % g. The force of friction
between the rest of the chain of length (L — /) and the

L
For equilibrium, the two forces must be equal, i.e.
M uM(L-1)
L ¥ L ¢
or I=uL-0
I+u
Thus, the correct choice is (b).

121. L=L 0.25 = 1 or 20%, which is choice
L 1+upu 1+025 5
(c).

122. Refer to Fig. 3.103. Vertical component of F is
F'sin B and the horizontal component is F cos 6. Thus

R
F
9_

7 7

mg
Fig. 3.103
R+ Fsin @ =mg
or R =mg—Fsin 0

IIT-JEE-PHYSICS;

123.

124.

125.

126.

127.

128.

Frictional force uR = u (mg — F sin 6). Also
U (mg— Fsin @) = Fcos @

g (i)

or F=——
(1 sin @ + cos 6)

F will be minimum if the denominator is maximum,
i.e. if

a4 (usin B+ cos 8) =0

de
or i cos 8—sin =0 or = tan 6, which is choice (a).

1
Now tan 6 = u. Therefore, cos 0 =
Jii 1+ j.lz
N YT

Using these in Eq. (i) above and simplifying, we get
F=_HMmE

\/1+,ul2

Hence the correct choice is (d).

and

sin 8=

Force required to accelerate the body of mass m is
F=(u,— ) mg=1(0.75-0.5) mg =0.25 mg

*. Acceleration = LU 0.25 g, which is choice (a).
m

Since the blocks slide at the same uniform speed,
no net force acts on them. If M is the mass of block
B, then the tension in the string is 7= u M g. Also
T = mg. Equating the two, we get u M = m or

=%JWMHM%@.

Extension in the spring x = —=ng. Therefore,

potential energy stored in the spring is

2 2 2
pE= L 2= Lk(gj _mg’
2 2 k 2k

Hence the correct choice is (a).

If the acceleration of the block and trolley system is
a, then we have

mg—T =ma (i)
(i1)

and I'-uMg =Ma

Eliminating 7, we get

a= (w] g, which is choice (d).
m+ M

Dividing Eq. (i) by Eq. (ii) and simplifying we find
that the correct choice is (a).

s
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129. When a cylinder rolls up or down an inclined plane,
its angular acceleration is always directed down the
plane. Hence the frictional force acts up the inclined
plate when the cylinder rolls up or down the plane.
Thus, the correct choice is (b).

130. Asshown in Fig. 3.104, the insect will crawl without
slipping if the value of ¢t is not greater than that given
by the condition: force of friction f= mg sin a. Now

f=uN, where N is the normal reaction. Thus

UN =mgsin o
or U mg cos @ =mg sin o
or cot = L 3, which is choice (a).
u

o
& me

mg sin o

Fig. 3.104

131. Let T be the tension in the string. When the system is

in equilibrium, then for the two equal masses m, we
have

T =mg (1)
and for the mass V2 m, we have

2T cos 8 = V2 mg (ii)

P .. . 1
Dividing (ii) by (i), we get cos 8= — or 8=45°,
V2

The force F on the pulley by the clamp is given by

which is choice (c).

132.
the resultant of two forces: tension 7 = Mg acting
horizontally and a force (m + M)g acting vertically
downwards. Thus

F=(Mg)? +{(m+M)g¥ =[M+(m+MP1"g
which is choice (d).

Refer to Fig. 3.105. Since the block moves with a

constant velocity, no net force acts on it. Therefore,
the horizontal component F' cos @ of force ' must
balance with the friction force, i.e. f,= F cos 6. Also

133.

IIT-JEE-PHYSICS;

A F=100N

6=30°
Y

Jr = L'“ > F cos 6

Y
f=mg=200N

Fig. 3.105
f. =u(mg— Fsin 8)
= U (f— F sin 6)
U(f—Fsin 8) =Fcos 6
or L (200 — 100 sin 30°) = 100 cos 30°

or u (ZOO—IOOX%] =100 x 0.866 = 86.6
or U= 568 _ 0.58,
150

which is choice (b).
134. Change of momentum of one bullet

=m(v—u)
=0.03 x {50 — (— 30)}
=24kgms™
Average force = rate of change of momentum of 200
bullets
=200x2.4=480N,
which is choice (d).

135. Let the body leave the surface at point B as shown in
Fig. 3.106. When the body is between points 4 and
B, we have

2
Mgcos —N = Mo
-

When the body leaves the surface at point B, the
normal reaction N becomes zero. Thus

Mg cos v
Fig. 3.106
2
Mgcos 8 = g
r
2 2
or cos@ = — =ﬂ =— or 6=60°

v
rg 5x10 2
Hence the correct choice is (c).
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136. Mass of each piece (m) = 1 kg. Initial momentum = 0. A
Final momentum = p, + p, + p;. From the principle mg
of conservation of momentum, we have y
1
PitPtP; =0 ’
v 0
or p; =—(p; T pr) =—(mv, +mv,) T
2
=—m (v, +V,) B
A A ymg
=—1kgx (2i+3j) ms™
gx( D Fig. 3.107
= —(2i+3j) kgms™ 139. When the body is at the bottom of the circle (point B
in Fig. 3.107), the tension 7, is opposite to weight mg
_py _ —(2i+3j) kgms" and the difference (75, — mg) provides the necessary
Force I = ri 10-5s centripetal force. Therefore, we have
T, =m (R®*+ g)
= —(2i+3j) x 10° newton =0.5%(0.5x 10+ 10)=30 N
Hence the correct choice is (b). Thus, the correct choice is (c).

140. Referring to Fig. 3.108, the cyclist is moving on a

137. Since the body is whirled in a horizontal circle, the straight road from 4 to B with a velocity v = 6 ms .

gravity, acting vertically downwards, has no effect
on the motion. If v is the greatest speed with which
the body can be whirled, the maximum centripetal
force (or tension) in the string is mv*/R, which must
balance a force of 25 N. Thus

B a, D v A

which gives v = 5 ms ™', which is choice (b).
138. Itis clear from Fig. 3.107, that when the body at the

; : : : ; Fig. 3.108
top point 4 of the circle, its weight mg and tension -
T, in the string act downwards towards the centre As he approaches the circular turn, he decelerates
O of the circle and the sum of the two provides the at rate a,, represented by vector BD. The magnitude
necessary centripetal force. Thus of declaration is a, = 0.4 ms 2. At point B, two
T+ — MR accelerations a, and a_, the centripetal acceleration
1T mg = m directed towards the centre C act on the cyclist.
2 2
or Ty =m (Ra’ -~ g) Now a, = Z%=% = 0.3 ms . Using the law of
=0.5x (0.5 x 10— 10) parallelogram of vector addition, vector B E gives
the resultant acceleration @ whose magnitude is
=20N ( DE = ac)
Thus, the correct choice is (b) — (012 + az)l/z = (0.4 + (0.3)22=0.5 ms2

Hence the correct choice is (a).
141. The tension in the string is given by

2

T =mgcos 0+

= I
IIT-JEE-PHYSICS, s A L e
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where r is the length of the string and v, the velocity
of the bob when its angular displacement is 8. When
the angular displacement is maximum, i.e. when 8=
40°, v = 0. Tension at 6= 20° is given by
2
T = mg cos 20° + mo_
”
where v is the velocity when @ = 20°. Hence the
correct choice is (c).

142. Speed of car (v)=36 kmh™' =10ms™". The maximum

centripetal force that friction can provide is

2

muo
= m = —_—

fmax # g R
v 10x10

=—=——=125m
™ ug 0.8x10

or R

This is the minimum radius the curve must have for
the car to negotiate it without sliding at a speed of 10
ms~'. Hence the correct choice is (a).

Speed of train (v) =36 km h™' = 10 ms™

Radius of the curve (R) = 200 m

Distance between rails (x) = 1.5 m

Let the outer rails be raised by a height 4 with respect
to the inner rails so that the angle of banking is 6

143.

(Fig. 3.109).
h
; 1
| |
| * |
Fig. 3.109
2
Then tan @ = E =
x Rg
2 2
or B = XU =1.5><(10)

Rg 20010

=0.075m=7.5cm

Thus, the correct choice is (a).
144. Nowv=54kmh™'=15ms™', R=50 m. The required
angle of banking is given by
v’ 15%15

tan @ = — =

=222 =045
Rg 50x10

Thus, the correct choice is (d)

IIT-JEE-PHYSICS;

145. Refering to Fig. 3.110, when the stone is at the
topmost point 4, the net force towards the centre is

o

(i)

T, +mg =

A
V4

mg

Pivot

B Vs
mg
Fig. 3.110

When the stone is at the lowermost point B, the net
force towards the centre is
2
muy .
ii
; (i)
The relation between v, and vy can be obtained
from the principle of conservation of energy. Let
the gravitational potential energy be zero at the
lowermost point B. Then

KE at B+PE at B=KE at 4 + PE at 4

Tg—mg =

or % mv%-’-():% mvi+mg><AB

1
= 5 mvj+mgx2R

or vE =v?+4gR

(iii)
Now, when the stone is at 4, the string will not slack

if the whole of centripetal force is provided by the
weight mg, i.e. T, = 0. Putting 7, = 0, we have

2

v
mRA orv, = gR

Hence, the correct choice is (a).

mg =

146. The minimum speed of the stone when it is at its
lowermost position B, so that the stone can complete

the circle is obtained from Eq. (iii) above by putting
v, = yJgR which gives
v = \J5gR

Hence, the correct choice is (c).

The pilot does not drop down when he is at the top
of the loop because his weight mg is less than the
centripetal force m v*/R required to keep him in the

147.
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loop. The rest of the centripetal force is balanced by
the reaction of the seat. Hence, he is stuck to the seat
without being tied to it. If the speed of the aircraft is
reduced so that mg > mv?/R, he will fall off from his
seat. Therefore, the minimum speed v ,;, required to
successfully negotiate the vertical loop is given by

2

_ MUhin
m = e—
€7 R
or Vmin =V 2R =+/10x 4000

=200 ms ™!

Thus, the correct choice is (b).

148. Since the surface is perfectly frictionless, the disc
will not roll on the surface; it will simply keep on

rotating at point B where it is placed. Now

Linear speed = distance from centre X angular
speed

Given, =20 cm=0.2mand ®=20rad s

.~ Linear speed at point A = 04 X @=rw=0.2 x 20
=4 ms'. Thus, the correct choice is (d).

-1

149. Linear speed at point B=BO X w=rw=02x20=

4 ms~'. Hence, the correct choice is (d).

: : 1 -
Linear speed at point C=COX 0= — ro=2ms",
which is choice (b). 2

150.

151. Given,m=200kg,R=801‘1‘1andv=7'2kmh'1 =20

ms ™. The necessary frictional force is given by
mv® 200 x (20)°
R 80

Thus, the correct choice is (c).

F= =1000N

152. The angle at which the rider must lean is given by

Hence, the correct choice is (d).

153. The maximum centripetal force that the friction can
provide is
2
mu
F —1 m —_— e——
umg R

:vz 15x15
Rg 30x10

or u

=0.75(-> 54kmh™'=15ms™)

Hence, the correct choice is (d).

[IT-JEE-PHYSICS,

154. Given,m=100g=0.1kg, n= ﬁ Hzand L=1m.
T

Referring to Fig. 3.111, tension T can be resolved
into two perpendicular components: T sin @ and
T cos 6. The horizontal component T sin 8 provides
the centripetal force for circular motion and the
vertical component T cos @balances with the weight
mg. Thus, since

R=CB=Lsin 6,

Fig. 3.111
72
Tsin 8= T =ma’ R=ma’L sin 0 (1)
and Tcos 8=mg (ii)
From (i) we have T'=m@’L = mw* (- L=1m)
Using this in Eq. (ii) we get,
mo’ cos @ = mg
or cosg=2E__28 L
o’  4n’n? 2, 5
4m° X —
T
=0.5
which gives 8= 60°. Thus the correct choice is (c).
155. T=ma’ = 0.1 x 42% x = =2 N, which is choice
(a). T
156. Linear speedv=wR =2mn L sin 0

=21 ﬁ x 1 x V1—cos? 60°

T

15 ms !

Hence, the correct choice is (b).

I.
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157. When the bob passes through the equilibrium
position O, the tension in the string is given by
2
T =mg+ —
,

where v is the speed of the bob at O. Now, the
potential energy of the bob at the extreme position
A = mgh (see Fig. 3.112) which is converted into

kinetic energy % mv? when it reaches O. Therefore

1 mv® = mgh

Fig. 3.112

or v* = 2gh. Using this we get T = mg + M
r

PB = r cos 6. Therefore, h = PO — PB=r—rcos 6

= r(1 — cos 6). Using this value of 4, the tension is

T=mg+2mg(l—cosb)
=mg {1 +2 (1 —cos 6)}

Given, m = 100 g = 0.1 kg, =1 m and 8 = 60°.
Putting these values, we get 7 = 2 N. Hence the
correct choice is (b).

158. According to Hookes’ law, the stretching force
F = kx, where k is the force constant and x, the
extension of the spring. A force mg stretches the
spring by 1 cm. When the mass is describing the

horizontal circle, total stretching= 1 + 3 =4 cm. Hence
T =4mg

Referring to Fig. 3.113, the horizontal component
T sin @ provides the necessary centripetal force for
circular motion, i.e.

2

Tsing = 7
"

= mw’r

Given, @ =2mn=2nx2=4rxrad s '. Let L cm
be the length of the unstretched spring. Then
AC=(L+4)cmand r= (L + 4) sin 6.

IIT-JEE-PHYSICS;j

Tsin 0=m x (47> x (L +4) sin 6
T  4mg

orlL+4= = wT=4m
167°m 167°m ¢ ®
2
T
= %:—2 =0.25m=25cm
4n° 4w

or L=25—-4=21 cm. Hence the correct choice is (d).
A

Stretched

spring \

Tcos @

Fig. 3.113

159. We have seen above that 7 = 4mg. Referring to
Fig. 3.101, we have

Tcos 8 =mg
1
T 4mg 4

Hence the correct choice is (a).

160. As the boy is given a little push, his initial speed can
be taken to be zero. Suppose he leaves the mound at
point P at a height & (Fig. 3.114). The forces acting
on him are his weight mg and the normal reaction F.

It is clear that at point P

mg sin 6

mg

Fig. 3.114

mU2

mgcos 0—F = — (1)

A
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161.

162.

where v is the speed of the boy at P. This is the speed
withwhichheleavestheice. Energy conservationgives

% mv? =mg (R - h) (ii)
Using Eqgs (i) and (ii) we get,
mg cos 06— F =2mg (%) (iii)

As the boy leaves the mound, the normal reaction F'
vanishes. Thus, putting 7 = 0 in Eq. (iii), we have

R
But cos 8= ﬁ . Therefore, we get ﬁ =2 - % or
R R R

h:

W

R. Hence, the correct choice is (c).

Given, =2 m, R =1.25 m and horizontal distance s
=10 m. When the string breaks, the stone is projected
in the horizontal direction, which means that there is
no initial vertical velocity.

From s = ut + % gtz, we have (" u=0),

1 ., :
h=— gt i
5 8 (1)
The horizontal distance travelled in time ¢ is
=0t (ii)

where v is the velocity of the stone in the horizontal
direction which is the same as its velocity in circular
motion.

Eliminating ¢ from (i) and (ii) we get

Now, centripetal acceleration is

_gs® _ 10x100
2hR  2x2x%1.25

a-v2
¢ R

=200 ms 2
Thus, the correct choice is (b).
Refer again to the solution to Q. 161. We have

vé =v} +4gR

Putting vz = \/5gR , we get v, = {/gR . Therefore,

g 1 1
kinetic energy at 4 = 3 mv? = 5 mgR. Hence the

correct choice is (a).

IIT-JEE-PHYSICS;

163.

164.

165.

166.

167.

168.

169.

Kinetic energy at 4 = % mv3 = % mgR. When the

string becomes horizontal, the stone falls through a
height R and gains kinetic energy = potential energy
lost in falling through height R = mgR. Hence,
the kinetic energy when the string is horizontal =

% mgR+mgR= % mgR.Thus, the correctchoiceis(c).

Refer also to the solution of Q.160 again. The

horizontal velocity v must be such that the centripetal
2

force equals the weight of the body, i.e. % =mg

orv=4gR.

The car will skid if the normal reaction F = u mg

m02
>

is less than the centripetal force mv*/r or if
%

umgorv> /urg . Hence, the correct choice is (a).

The motor cyclist can leave the ground only at
the highest point on the bridge. At this point, the
centripetal force is mv?/R. He will not leave the
ground if the centripetal force equals the weight mg.

2
Thus % =mgorv=+gR =10x10 =10 ms™".

Hence, the correct choice is (a)
Thrust at the highest point = centripetal force +
weight
= mv’ + mg
R

Hence, the correct choice is (d).

When the system is in equilibrium, the spring force
=3 mg. When the string is cut, the net force on block
A =3 mg—2 mg = mg. Hence the acceleration of this
block at this instant is

_ forceonblock A

mass of block A 2m 2

When the string is cut, the block B falls freely with an
acceleration equal to g. Hence the correct choice is (c).

Impulse 7= area under the 7' — ¢ graph
AD x %(AB +00C)

]0Nx%(2+5)ms

35 x 10> Ns

Impulse = change in momentum , i.e.

I=mv—mu=mo (. u=0)

N N
STUDY CIRC
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. e 1 35x 10 N's gl Adding (1) and (2) and simplifying, we get
m  35x107 kg _ Ltim-—m)g @
So the correct choice is (a) (m; +my)
Using (4) in (3) and simplifying, we get
170. The free - body diagrams of the block and the rope
are shown in Fig. 3.115. T, = 2mymyg _2mymy g
o —>a (my +my +my) M
F M T T m F So the correct choice is (c).
173. Let R be the normal reaction exerted downward by
Fig. 3.115 man on the floor of the box. The box, in turn, will
Fofbloeks T P=Wa ki - exert a force R upward on the man. The free body
arblog f=amiberef= Mg diagrams of the box and the man are shown in Fig.
s T'—uMg = Ma ey 3.118. Let T be the tension in the rope.
Forrope: F—T=ma 2)
T
Dividing (1) by (2) and simplifying, we find that the
correct choice is (a). T
171. Let R be the force exerted by 4 or B. The free-body
diagrams are (since B applies an equal and opposite aT aT
force R or A) as shown in Fig. 3.116 R
lR
* l mg Mg
il B l 417 Fig. 3.118
mg TR Forbox: T— R —mg = ma (D)
Fig. 3.116 Forman: 7T+ R— Mg = Ma )
Adding (1) and (2) we get
For block 4 : mg— R =ma g (1) =
=5 R=m(g—a) = E(M+M)(g+a)
4 2
So the correct choice is (c). Putting M =2m and a = g/3, we get T = %g . The
172. Since (m, + m3) > m,, blocks B and C will move correct choice is (a).
down will an acceleration and block 4 will move up s
174. t 1 2 t:
with the same acceleration. Let 7, be the tension in 74. Subtracting (1) and (2) we ge
the string connecting 4 and B and T be the tension R= l( M —m)(g+a)
in the string connecting B and C. The free body 2
diagrams of 4, B and C are shown in Fig. 3.117. 1 g
= —=C2m-m)| g+=
T, T, T, 2 3
A A A Py
A B ) = Tg
a a
aT 8 ] l i' ™2 l T 1™ So the correct choice in (b).
v Try v 175. Let T and T), be the tensions in the string as shown
m,g m,g msg in Fig. 3.119.
Fig. 3.117
For block 4 : T\ —m g =m,a @9)]
For block B : T, + myg— T = mya 2)
For block C: myg— T, = msa 3)
Fig. 3.119
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Here frictional force f= ymg. Since the system is in
static equilibrium, no net force acts at point O and on
block m. Hence, acceleration of O and m is zero.

For point O : T, =T, cos 8 and

:F=T, sin@ (N
Forblock: T, =f
= : T, cos 8= umg 2

2

Dividing (1) and (2) we get
F= pumg tan 6 3)

If force F exceeds the value given by (3), the block
will begin to slide on the surface. So the correct

choice is (c).

Multiple Choice Questions Based on Passage

SECTION

k

Questions 1 to 4 are based on the following passage.

Passage |

A block of masses m is initially at rest on a
frictionless horizontal surface. A time-dependent force
F = at — b#* acts on the body, where a and b are positive
constants.

1. The magnitude of the force is maximum at time ¢,

given by
a 2a
£ b) £
@ 5 ®) =
a a
© 5 @ 72
2. The maximum force F,, is given by
2 2
a a
£ b) -
@ % ® 2
24* 44
c) — d —
(c) b (d) b
3. The maximum impulse /,,, imparted to the block is
given by
3 &
a
a) — b
(a) 35 (b) )
3 o
a
c) — d
© 5 @ 1
4. The maximum velocity v, attained by the block is
3 3
a
a b
@ ®) S
3 3
a
c d
© T2 @ Toms?

IIT-JEE-PHYSICS;

' Solutions
1. The force is maximum whend—F—O dd—f<0
dt dt
Now & _ 4 i by=a—2bt
ow ” _dt(a_ )=a-—
Puttingci—lj=0andt=t1,weget
0=a-2bty =t = ~—
TaTeth=hT oy
d’F _d
Also d_ = —( —2 bf)=-2 b, which is negative.
t

Hence the correct choice is (c).

2
a a a
—axg—bx(ﬁj e Hence
the correct choice is (b).

3. Maximum impulse is given by

2. Fma’(:atl _btzl

I = }th

4
= j(at —bt*)dr
0
atl2 l)tl3
2 3

_ 2(1]2 _E[i)' _a
22/ 3\2p) 1282
Hence the correct choice is (d).

4. Now impulse = change in momentum = mv — 0 = mv
1 a

max

m  12mb*’

ET | CBSE
s A\ 51 e
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Questions 5 to 8 are based on the following passage.
Passage 11

A body of mass m is initially at rest. A periodic force
F = a cos(bt + ¢) is applied to it, where a, b and ¢ are
constants.

5. The time period T of the force is

1 2
(a) A (b) >

(c) ZK\/E (d) 23'r\/E
b a

6. The maximum velocity of the body is

a by 2
@) mb (®) mc
c b+c
(c) s (d)
a

7. The smallest value of ¢ after £ = 0 when the velocity
of the body becomes zero is given by

(@) t,=— (b) 1, =

T—c T
(), = b (d)rl:E

8. The distance travelled by the body from time =0 to
t =1, is given by

(@) — ®) 2% i
a) —5 cosc¢ — sine
mb* mb?
2 2
(c) 2 cosc (d) 24 Sine
mb

Solutions

5. F will repeat itself at values of ¢ given by
cos(bt+c)=+1, 1e.

bt +c¢=0,2m 4m,--

¢c 2n—c 4nm—c

B b b

. . . 2
The smallest time interval is T = T
correct choice is (b).

= t=

Hence the

6. From Newton’s second law of motion,
d| dv
_dp_,dv

dt dt
Th dv _ (bt +
us m o a cos c)

=  dv= % cos(bt + c)dt

IIT-JEE-PHYSICS;

a a

o= —jcos (bt + ¢)dt = — sin(bt + ¢) @)
m mb

Since the maximum value of sin(bt+c¢)=1,,,,, % ,

Hence the correct choice is (a).

7. From Eq (i) it follows that v = 0 at values of ¢
given by sin(bt +c)=0or (bt +c)=0,m 2 x, ... or
c m—c 2m—c

-, , . Therefore,
b b b

[=—

;—”'C—(—E)—E hich is choice (d
b b b’ch is choice (d).

8. Now v = é = dx = v dt. Therefore, the distance

moved between r=0and 1 = ¢, is
4 a 4
x = jvdt = %Isin (bt + ¢)dt
0 0
=— Lz cos(bt; + ¢)

mb
=— chos[bx£+cj|
mb b
a acosc
=— F cos(m + ¢)= e

Hence the correct choice is (a).

Questions 9 to 11 are based on the following passage.

Passage 111

Three masses m, = m, m, =2 m and m; = 3 m are hung on
a string passing over a frictionless pulley as shown in Fig.
3.120. The mass of the string is negligible. The system is
then released.

9. Ifa,, a, and a, are the accelerations of masses m,, m,
and m5 respectively, then

(a) a) <a, <a;
(b) ay>ay>a;4
(c) a;>a,=a;

(d) ay=a,=a3
10. The tension in the string
between masses m, and my is ™

(a) mg
(b) 3 mg

(c) 4 mg

‘Sinea 2001,

ET | CBSE
I A 5

ACCENTS EDUCATIONAL PROMOTERS



Since 2001...

I I
] NT-JEE | NEET | CBSE

“ STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS

11. The tension in the string between masses m, and m, is

2mg

(2) 4 mg ) 5

© 5% (d) 2 mg
L,’/ll

NS ’a Solutions

9. When the masses are released, mass m; moves
upward and masses m, and m; move downward with
a common acceleration given by

=(m2 +my—my)g _

(my +my +my)

2m+3m—m)g _2_g
(m+2m+3m) 3

The correct choice is (d).

10. Let 7 be the tension in the string between m; and m,
and 7" be the tension in the string between m, and
my [see Fig. 3.121 (a)]. Figure 3.121 (b) shows the
free-body diagram of mass m;.

myg—T =msa
2
= T'=m3(g—a)=3mx(g—7g)=mg

Hence the correct choice is (a).

m3g mg
(b) (c)
Fig. 3.121
11. Figure 3.113(c) shows the free-body diagram of
mass m,.
T'—mg=ma
= T=ml(g+a)=mx(g+2:;g) 5’;’g

Hence the correct choice is (¢).

Questions 12 to 14 are based on the following passage.
Passage IV

Two blocks of masses m, =3 m and m, =2 m are suspended
from a rigid support by two inextensible uniform wires
A and B. Wire 4 has negligible mass and wire B has a

IIT-JEE-PHYSICS;

mass m3 = m, as shown in Fig. 3.122. The whole system of
blocks, wires and the support have an upward acceleration a.

12. The tension at the mid-point C of wire B is

sz ~—— Support

(@) 5 m(g+a)
3 D [Wire A
(b) 5 m(g — a)
(© % m(g + a) /”"
o
(d) 5 m(gt+a) ,
C| Wire B
13. The tension at point O
of wire B is
(@) 3m(g +a) // =
(Yamiter—d) 3.122
(c) 2m(g +a)
(d) 2m(g—a)
14. The tension at the mid-point D of wire 4 is
(a) 2m(g + a) (b) 4m(g —a)
(c) 6m(g +a) (d) 8m(g -

- Solutions

12. Refer to Fig. 3.123. Let T be the tension at the mid-
point C of wire B. Then

which is choice (d).
s

—~—— Wire A
DAT,

=]

O|T>

C<— T
<« WireB

e[ |

Fig. 3.123

2 foc |
e A 2 e
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13. Let T, be the tension in wire 4. Since this wire has
negligible mass, the tension is the same (= 7)) at
every point on this wire. Let 7, be the tension at point
O of wire B. Then, we have for wire 4.

I -T,-mg=ma ()
where T, is given by

—(my + m3)g =(my + m3)a

3

= T, =(my+ms3) (g +a)
=(@2m+m)(g+a)=3m(g+a)
Hence the correct choice is (a).

14. Putting 7, = 3m(g + a) in Eq. (i), we get
=6 m(g+ a).

Hence the correct choice is (c).

Assertion-Reason Type Questions

SECTION

In the following questions, Statement-1 (Assertion) is
followed by Statement-2 (Reason). Each question has
four choices out of which only one choice is correct

(a) Statement-1 is true, Statement-2 is true and
Statement-2 is the correct explanation for
Statement-1.

(b) Statement-1 is true, Statement-2 is true but
Statement-2 is not the correct explanation for
Statement-1.

(c) Statement-1 is true; Statement-2 is false.

(d) Statement-1 is false; Statement-2 is true.

1. Statement-1
A block is pulled along a horizontal frictionless
surface by a thick rope. The tension in the rope will
not always be the same at all points on it.
Statement-2
The tension in the rope depends on the acceleration
of the block-rope system and the mass of the rope.

2. Statement-1
A truck moving on a horizontal surface with a
uniform speed u is carrying sand. If a mass Am of
the sand ‘leaks’ from the truck in a time Az, the force
needed to keep the truck moving at its uniform speed
is u Am/At.
Statement-2
Force = rate of change of momentum.

3. Statement-1
Two blocks of masses m and M are placed on a
horizontal surface as shown in Fig. 3.124. The
coefficient of friction between the two blocks is 1, and
that between the block M and the horizontal surface is
1. The maximum force that can be applied to block
M so that the two blocks move without slipping is

F=(u + ) (M+m)g.

IIT-JEE-PHYSICS,

M// %

Fig. 3.124

Statement-2
Maximum force =total mass X maximum acceleration.
4. Statement-1
A shell of mass m is at rest initially. It explodes into
three fragments having masses in the ratio 2:2:1.
The fragments having equal masses fly off along
mutually perpendicular directions with speed v. The
speed of the third (lighter) fragment will be 2 V2 0.
Statement-2
The momentum of a system of particles is conserved
if no external force acts on it.
5. Statement-1
The maximum value of force F such that the block
shown in Fig. 3.125 does not move is y mg/cos 6,
where u is the coefficient of friction between the
block and the horizontal surface.

7
W

Fig. 3.125

Statement-2
Frictional force = coefficient of friction X normal

reaction.
\ SI ce ZOOL..
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6.

1.
2.

Statement-1

A ball of mass m is moving towards a batsman at a
speed v. The batsman strikes the ball and deflects
it by an angle 0 without changing its speed. The
impulse imparted to the ball is zero.

Statement-2
Impulse = change in momentum
Statement-1

A cloth covers a table. Some dishes are kept on it.
The cloth can be pulled out without dislodging the
dishes from the table.

Statement-2

For every action there is an equal and opposite
reaction.

Statement-1

When a ball dropped from a certain height hits the
floor, it exerts a force equal to the rate of change of
momentum.

Statement-2

The floor does not move because the action and
reaction forces, being equal and opposite, cancel
each other.

Solutions

The correct choice is (a).

The correct choice is (d). The force exerted by
the leaking sand on the truck = rate of change of
momentum = u Am/At. The sand falling vertically
downwards will exert this force on the truck in the
vertically upward direction. This perpendicular
force can do no work on the truck. Since the truck
moves with a uniform velocity, the force exerted just
overcomes the frictional force.

. The correct choice is (¢). The force of friction

between block m and block M = u;mg, where u, is
the coefficient of friction between the two blocks.
Now, the force of friction between block M (with
block m on top of it) and the horizontal surface =
W (M + m)g, where U, is the coefficient of friction
between block M and surface. The maximum force
applied to block M must be enough to overcome this
force of friction and the force due to acceleration of
the system. If the acceleration of the system is @ then
this force = (M + m)a. Thus

IIT-JEE-PHYSICS;|

F=M+ m)a+my(M+m)g (1)

Now, since the force on block m is umg, its
acceleration a is

force on mass m m -
a= - L (i1)

=g

massm
Using (ii) in (i) we get
F=p(M+m)g+ M+ m)g
= + 1) (M + m)g

. The correct choice is (a). The mass of two fragments

of equal masses = 2?”1 each. The mass of the lighter
fragment = % The momenta of heavier fragments
are p = MTU . The resultant of momenta p and p is

p/z(p2 +p2)l/2= \/Ep

From the principle of conservation of momentum,
the momentum of the third (lighter) fragment of

mass 3 must be 2 p but opposite in direction.

Thus, if V is the speed of the lighter fragment, we
have

or v=2\2v

. The correct choice is (a). The component of F

parallel to the horizontal surface is F cos 6. F will be
maximum when F cos 0 just overcomes the frictional
force f= umg. Thus
== w

cosf

F,

max Cos 0= #mg = Fmax

. The correct choice is (d). Refer to the solution of

Q.44 of section I.

. Statement-1 follows the Newton’s first law of

motion also called the law of inertia. The dishes
are not dislodged even when the cloth is suddenly
pulled because the dishes have the inertia of rest.
Statement-2 is Newton’s third law of motion, it does
not explain statement-1. Hence the correct choice is

(b).

. The assertion is true but the reason is not correct

because action and reaction forces do not act on
the same body and hence do not cancel each other.
Hence the correct choice is (c).

Z P
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SECTION

4

Previous Years’ Questions from AIEEE, I1I1T-JEE,

JEE (Main) and JEE (Advanced)

. The minimum velocity (in ms™') with which a car

driver must traverse a flat curve of radius 150 m and
coefficient of friction 0.6 to avoid skidding is

(a) 60 (b) 30

(c) 15 (d) 25 [2002]
A lift is moving down with acceleration a@. A man in
the lift drops a ball inside the lift. The accelerations
of the ball as observed by the man in the lift and man
standing stationary on the ground respectively are
(@) g g (b) (g-a),(g—a)

(©) (g-a)g (d) ag [2002]
When forces Fy,F» and F; are actmg on a particle
of mass m such that F, and F; are mutually
perpendicular, then the particle remains stationary.
If force F, is now removed, the magnitude of
acceleration of the particle will be

Fi 5E
@ fi ®) 2
©) mF3 () % 2002]

The speeds of two identical cars are u and 4u at a
given instant. The ratio of the respective distances at
which the two cars are stopped from that instant is

(a) 1:1 (b) 1:4

(c) 1:8 (d) 1:16 [2001]

. One end of a massless rope, which passes over a

massless and frictionless pulley P is tied to a hook
C while the other end is free. The rope can bear a
maximum tension of 360 N. With that maximum
accleration (in ms"z) can a man of mass 60 kg climb
on the rope?

(a) 16
(c) 4

(b) 6

(d) 8 [2002]

IIT-JEE-PHYSICS;|

(with Complete Solutions)

. A light string passing over a smooth light pulley

connects two blocks of masses m; and m, (vertically).

If the acceleration of the system is % 5

of masses is
(a) 8:1
(c) 4:3

then the ratio

(b) 9:7

(d) 5:3 [2002]

. A spring balance is attached to the ceilling of a lift.

A man hangs his bag on the spring and the balance
reads 49 N, when the lift is stationary. If the lift
moves downwards with an acceleration 5 ms'z, the
reading of the balance will be

(a) 24 N (b) 74 N

(¢) 15N (d) 499N [2003]

. Three forces start acting simultaneously on a

particle moving with a velocity . These forces
are represented in magnitude and direction by the
three sides of a triangles as shown in the figure. The
particle will now move with velocity

(a) less then p (b) greater p

(c) equal to (d) equal to zero[2003]
(\

. A horizontal force of 10 N is necessary to just hold a

block stationary against a wall as shown in the figure.
If the coefficient of friction between the block and
the wall is 0.2, the weight of the block is

(a) 20N (b) 50 N
(c) 100N (d) 2N [2003]
Block
10N
—_—

A
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10. A marble block of mass 2 kg lying on ice when given (a) one (b) two
a velocity of 6 ms™' is stopped by friction in 10 s. The (c) three (d) four [2004]
coefficient of friction between the block and ice is 17. A string passing over a light frictionless pulley
(a) 0.02 (b) 0.03 carries two masses m; = 5 kg and m, = 4.8 kg at
(c) 0.06 (d) 0.01 [2003] its ends hanging vertically. When the masses are
11. A block of mass M is pulled along a horizontal released, their acceleration (in ms™) will be
frictionless surface by a rope is mass m. If a force (a) 0.2 (b) 9.8
F is applied at the free end of the rope, the force (©) 5 (d) 4.8 [2004]
exerted by the rope on the block is 18. A block rests on a rough inclined plane making an
(a) mE (b) —— angle of 30° with the horizontal. The coefficient of
M+m M—m static friction between the block and the plane is 0.8.
MF If the frictional force on the block is 10 N, the mass
() F (@ M+m [2003] of the block (in kg) is (take g =10 ms )
12. A light spring balance B, hangs from the hook of (a) 2.0 (b) 4.0
another light spring balance B,. A block of mass M (¢) 1.6 (d) 2.5 [2004]
kg is hung from B,. Choose the correct statement | 19 A particle is acted upon by a force of constant
from the following. magnitude which is always perpendicular to the
(a) Both B, and B, read M kg each velocity of the particle. The motion of the particle
(b) B, reads M kg and B, reads zero takes in a plane. It follows that
(c) The readings of B, and B, can have any values (a) Its velocity is constant
but the sum of the readings will be M kg (b) its acceleration is constant
. M (c) its kinetic energy is constant
(d) Both B, and B, will read 2 ke. [2003] (d) it moves in a straight line [2004]
13. A rocket with a of mass 3.5 x 10* kg is blasted 20. A block P of mass m is placed on a horizontal
upwards with an initial acceleration of 10 ms™. The frictionless surface. Another block Q of same mass is
initial thrust of the blast is kept on P and connected to a rigid wall by means of
(a) 3.5x10°N (b) 7.0x 10°N a spring of spring constant k as shown in the figure.
(c) 14.0 x 10°N (d) 1.75 x 10° N[2003] The two blocks move together, without slipping,
14. What is the maximum value of the force F such that peerrmlng 51mp_le harmon!c mf)tl_on of amplitude 4.
the block shown in the arrangement does not move? If pis the coef’ﬁcgmt of static friction between b.loc.:ks
The coefficient of friction between the block and the P and Q, the e value of the force of friction
horizontal surface is 0.5. (Take g =10 ms ) between P and Q is kA
(a) 20N (b) 10N (a) mg (b) 7
(c) 12N (d) 1SN [2003] (c) k4 (d) zero [2004]
7
7
1
m=13 kg é £
E—W— 0 / H
15. A car is moving in a circular path of radius 500 m 2
with a speed of 30 ms™". If the speed is increased at # p
the rate of 2ms“2, the resultant acceleration will be 2
(a) 2 ms™ (b) 2.5 ms™> 8
(c) 2.7 ms™ (d) 4 ms™ [2003] | 21. Asmooth block is released from rest on a 45° rough
16. A machine gun fires a bullet of mass 40 g with a incline and then slides a distance d. The time taken
velocity 1200 ms~'. The man holding it can exert to slide is n times the time it takes to slide the same
a maximum force of 144 N on the gun. How many distance on a perfectly smooth 45° incline. the
bullets can he fire per second at the most? coefficient of kinetic friction is
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22.

23.

24.

25.

26.

[2005]

The upper half of an inclined plane with inclination
0 is perfectly smooth while the lower half is rough.
A body starting from rest at the top will again come
to rest at the bottom if the coefficient of friction of
the lower half is

(a) 2sin O (b) 2 cos 6

(c) 2tan @ (d) tan 6 [2005]
A block is kept on a frictionless inclined surface of
inclination 6 as shown in the figure. The incline is
given an acceleration a to keep the block stationary.
Then a is

g
(a) ano (b) g cosec 6
(©) g (d) gtan 6 [2005]
6

A particle of mass 0.3 kg is subjected to force

F = —kx where k=15 N m™'. What will be its initial

acceleration (in ms™) if it is released from point

20 cm away from the origin?

(a) 3 (b) 15

(©5 (d) 10 [2005]

A car is moving on a straight road with a speed of

100 ms™". If the coefficient of friction between the

types and road is 0.5, the distance at which the car

can be stopped is

(a) 800 m (b) 1000 m

(c) 100 m (d) 400 m [2005]

A block of mass m is held stationary against a wall

by applying a horizontal force F on the block. Which

of the following statement is false?

(a) The frictional force acting on the block is f=mg

(b) The normal reaction force acting on the block is
N=F

(c) No net torque acts on the block

(d) N does not produce any torque. [2005]

IIT-JEE-PHYSICS;|

27.

28.

29.

30.

N
:
T

A player caught a cricket ball of mass 150 g moving at
a rate of 20 m/s. If the catching process is completed
in 0.1 s, the force of the blow exerted by the ball on
the hand of the player is equal to

(a) 30N (b) 300N

(c) 150N (d) 3N [2006]
A ball of mass 0.2 kg is thrown vertically upwards
by applying a force by hand. If the hand moves
0.2 m while applying the force and the ball goes up
to 2 m height further, find the magnitude of the force.
Consider g = 10 m/s’.

(a) 20N (b) 22N

(c) 4N (d) 16 N [2006]
The blocks 4 and B of masses 2 m and m are connected
as shown in the figure. The spring has negligible
mass. The string is suddenly cut. The magnitudes of
accelerations of masses 2 m and m at that instant are

(g g (b) g,§
g g 8
(©) 58 d -5 [2006]
Al2m
String
B| m

A block of mass m is connected to another block of
mass M by a spring (massless) of spring constant & as
shown in the figure. The blocks are kept on a smooth
horizontal plane. Initially the blocks are at rest and
the spring is unstretched. Then a constant force F
starts acting on the block of mass M to pull it. Find
the force on the block of mass m.

mF (M +m)F
@ M ®) M
mF
) Genty @ ey 12007
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31:

32.

33.

34.

g ol .

A particle moves in the x — y plane under the influence
of a force such that its linear momentum is

() =A[i cos (kt) — jsin (kf)]

Where 4 and K are constants. The angle between the
force and momentum is

(a) 0° (b) 30°
(c) 45° (d) 90 [2007]
Two particles of mass m each are tied at the ends of a
light string of length 2a. The whole system is kept on
a frictionless horizontal surface with the string held
tight so that each mass is at a distance ‘a’ from the
centre P as shown in the figure. Now the mid-point
of the string is pulled vertically upwards with a small
but constant force F. As a result, the particles move
towards each other on the surface. The magnitude
of acceleration, when the separation between them
becomes 2x, is
F a b F x

%) 2m./a2_x2 ) 2m /az_xz

F Nd*

&) o—— (d) =—

2ma

[2007]

A body of mass m = 3.513 kg is moving along the
x-axis with a speed of 5.00 ms™'. The megnitude of
its momentum (in kg ms") is recorded as

(a) 17.6 (b) 17.565

(c) 17.56 (d) 17.57 [2008]
A block of base 10 cm x 10 cm and height 15 cm is
kept on an inclined plane. The coefficient of friction
between them is /3. The inclination @ of this
inclined plane from the horizontal plane is gradually
increased from 0°. Then

IIT-JEE-PHYSICS;|

35.

36.

37.

(a) at @ =30°, the block will start sliding down the
plane

(b) the block will remain at rest on the plane up to
certain 6 and then it will topple

(c) at 6 = 60°, the block will start sliding down the
plane and continue to do so at higher angles

(d) at 8= 60°, the block will start sliding down the
plane and on further increasing 6, it will topple at
certain 6. [2009]

A piece of wire is bent in the shape of parabola
y = kx* (y-axis vertical) with a bead of mass m on
it. The bead can slide on the wire without friction.
It stays at the lowest point of the parabola when the
wire is at rest. The wire is now acclerated parallel to
the x-axis with a constant accleration a. The distance
of the new equilibrium position of the bead, where
the bead can stay at rest with respect to the wire,
from the y-axis is

) (b) 5
gk 2gk
2a a
(c) E (d) —4gk [2009]

Two fixed frictionless inclined planes making an
angle 30° and 60° with horizontal are shown in the
figure. Two block 4 and B are place on the two
planes, What is the relative vertical acceleration of
A with respect to B?

(a) 4.9 ms 2
(b) 9.8 ms™>
(¢) zero

(d) 4.9 ms™

\

A particle of mass m is at rest at the origin at time
t = 0. It is subjected to a force. F(f) = Fye™ in the
x direction where F|, and b are constants. Which of
the following graphs represents the variation of the
velocity (v) of the particle with time #?

in horizontal direction
in vertical direction

in vertical direction [2010]
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Solutions

_.,
5
.
1
1
1
1
1]
QD —

3|

1. v=JuRg = J0.6x150x10 =30 ms™'

2. Apparent weight in the lift=m (g — a). Therefore, ap-
t— parent accleration inside the lift is (g — @). If the man
is standing stationary on the ground, the acceleration

F T Fo === of the falling ball is g. So the correct choice is (c).
ol Lo
l ‘mb v mb 3. Since the particle remains stationary, the resultant of
?1, F» and F} is zero, i.e.
o~ e F1+F2+F3=0
38. A wire, which passes through the hole in a small — Fi=—(Fa+ Fs )

bead, is bent in the form of quarter of a circle. The

wire is fixed vertically on ground as shown in the Thus magnitude of /7 is equal to the magnitude of

figure. The bead is released from A (Fz + F3 ) but opposite in direction. Hence if F) is

near the top of the wire and it removed, the magnitude of the force on the particle

slides along the wire without = magnitude of ( F2+ F3 ) = —magnitude of F1.

friction. As the bead moves from —

A to B, the force it applies on the 90° . Acceleration d = _ﬂ

wire is m

(a) always radially outwards F

(b) always radially inwards Magnitude of acceleration = —— but its direction is
m

(c) radially outwards initially and radially inwards opposite to F, .

later.

4. Since the cars are identical, their retardation a due to

ially i initiall iall
(d) radially inwards initially and radially outwards frictional force will be the same. From v” — u? = 2as,

later. [2014] we have
2
Answers 0—u?=—2as, = s, = —
2a
| 2 16u°
. (b) 2. (c) 3. (a) 4. (d) and 0—(4u)"=-2as, = s, = 2
5. () 6. (b) 7. (a) 8. (d) s 1
9. (d) 10. (c) 11. (d) 12. (a) s, 16
13. (a) 14. (b) 15. (¢) 16. (c) 5. From the free body diagram of the man
17. (a) 18. () 19. (c) 20. (b) T— mg=ma 1
21. (a) 22. (c) 23. (d) 24. (d) T —mg T a
= a=———
25. (b) 26. (d) 27. (a) 28. (b) m - T
29. (c) 30. (c) 31. (d) 32. (b) . T —mg S hian
33. (a) 34. (b) 35. (b) 36. (d) o m l
37 (¢) 38. (d) 360—60%10 L
=T 0 —4 ms
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10.

11T-

Negative acceleration implies climbing up the rope.
The rope will break even if the man does not climb
up the rope. However, choice (¢) will be correct if the
man were to climb down the rope.

Refer to Fig. 3.5 on page 3.4 of this chapter. The
acceleration of the blocks is

my —nmy .
a= — g ...(1)

Given a = -'g- . Using this in Eq (i), we get

Mass of bag is m = =5kg

49
9.8
Aparent weight of the bag when the lift moves down
an acceleration a is

=m(g—a)=5%x(9.8-5)=24N

The resultant of three forces which can be represented
in magnitude and direction by the three sides of
triangle taken in the same order is zero. This follows
from the triangle law of vector addition. From
Newton’s first law, if no net force acts on a particle,
its velocity remains unchanged in magnitude and
direction. Hence the correct choice is (d)

It follows from the free body diagram shown in the
figure that

W=f r
and F=R

But f= uR. Therefore

F—{ Block r<~—R

W= R = uF i
=0.2x10 W
=2N

Frictional force f'= umg. Therefore retardation is

a=——=-m
m g

From v = u + at, we have

6
0=6-ax10=a= 10

JEE-PHYSICS;

11. Refer to the following figure.

Block
Rope F.B.D of block F.B.D of rope

Acceleration of block-rope system is

F :
- Mim ...(1)
From free body diagrams of block and rope, we have
T'=Ma
and F—T=ma ...(i1)

Using (i) in (ii) we have

MF
T'= ——, which is choice (d)
M+m

12. Refer to the following figure.

B
! EB.D. of B|
T3
By
M

T
(a) (b)
EB.D. of By

T E.B.D. of block

f]

M

T, Mg

(c) (d

T\ = reading of By and T, = reading of B,.
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For equilibrium

T, =Mg
T,=T,
and T3=1,

Hence 7, =T, = Mg. So both B, and B, will read M kg.
13. Initial thrust = ma
=(3.5%x10%)x10=3.5%10°N
14. The horizontal component of F parallel to the surface
is F' sin 6. Hence maximum value of F'is given by
Fsin 6= umg

or F'sin60°=0.5x+/3x 10

J3
- F7=0.5><x/§><10

Which gives F =10 N.

15. Centripetal acceleration is
v @30y

a(- e =

r 500

Tangential acceleration is

1.8 ms™>

a,= 2ms ™

Resultant acceleration a = \/a? + a?
= J(1.8)> +(2)? =2.7 ms™2

16. Momentum of one bullet = mv. If n bullets are fired
per second, the momentum imparted to the gun per
second = nmv. From Newton’s second law, force =
rate of change of momentum, i.e.

F =nmv

= B T aAx100

17. Refer to Fig 3.5 on page 3.4 of this chapter. The
common acceleration of the masses is

m —m,
a=|—|g

(5_4'8) 9.8 =0.2 ms™>
= X = s
SRy 7 Teens

18. Angle of repose is §
a=tan"' (u) = tan— '
1 (0.8) = 39.7°
Since 6 < «, the
frictional force f
on the block is less
than the limiting
friction and is given by (. the block is at rest)
f=mgsin 6

= 10=m x 10 x sin 30° = m = 2.0 kg

6=30°

IIT-JEE-PHYSICS,

19. Power P= F-.v = Fv cos 6. Since 68 =90°, P =0,
aw

ie. 7 = (. Hence the work done by the force is
{

constant. Therefore, kinetic energy of the particle
remains constant.

20. Let a be the acceleration at a time ¢ of the blocks
executing SHM. The force on the blocks due to
acceleration is

F=m+m)a=2ma

Foos=2M Qe (1)

Now, the acceleration is maximum when the blocks
are at the extreme position of maximum displacement,
ie.

F,

max = kA
Equating (1) and (2), we get
kA
amax 2m
.. Maximum force of friction = ma

kA kA
= — X — 2
" om 2 @
21. The acceleration of the block sliding on a smooth

inclined plane of inclination 6 is

max

a, =gsin 0 (1)
.. Distance moved in time ¢, is
1 ..
S, = —atf (ii)
The acceleration on a rough inclined plane is
a, =g sin 60— g cos 6 (iii)
Distance moved in time 7, is
1 .
Sy = 502’22 (1v)

Given s; =s, =d and t, = nt,. Using these in (ii) and
(iv), we have

ati =ay(nt;)’
= a, = nzaz = 4 - n’ (v)
a
Dividing (i) and (iii)
a gsin 0

a, gsinf—u,gcosb
sin45° |
© sin45°—pu, cos45° 11—,

22. Refer to the solution of Question 6 on page 3.21.The
correct choice is (¢).

23. If'the inclined plane is given an acceleration a to the
right, the block experiences a force ma to the left,
where m is the mass of the block.
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The following figure shows the forces acting on the
block.

ma cosf

mg cos6
+ masin@ M&

The block with remain stationary if no net force acts

on it down the plane, i.e. if
mg sin 0 —ma cos =10
which gives a = g tan 6.

F —kx

24. Accelerationa= — = ——

m m

_ —15x0.2
0.3

25. Magnitude of acceleration = 10 ms

Frictional force f'= u mg. Therefore retardation is

=—10ms~
-2

4= _£ =—ug=-0.5x10=-5ms>

Using v*—u” = 2as, we have

0—(100)*=2x -5 xs=s=1000m

26. Since the block is held stationary, it is in translational
as well as rotational equilibrium. Hence no net force
and no net torque acts on the block. No net force will
act on the block if f = mg and N = F. No net torque
will act on the block, if torque by frictional force f
about centre O = counter torque by normal reaction
N about centre O. Hence choice (d) is false.

27. Givenm=150x 10" kg,=20ms ' and = 0.1 s. Let
F be the force of the impact. Now, impulse = force
x time of impact = F x t. Also impulse = change in
momentum = mv. Equating them we have F X t = mv

mxv  (150x107)x 20
or F= = =30N
t 0.1
28. A velocity of the ball just after it is released from the
hand is

v=2gh = V2x10x2 = V40 ms™
Let a be the acceleration imparted to the ball during
the time the hand was moving. During this time, the
distance moved is s = 0.2 m. The value of a is given
by

v* —u* =2as
or 40-0=2xax0.2
which gives @ = 100 ms ™. If F is the magnitude of
the applied force, then F — mg = ma or F = m(g + a)
=0.2 x(10+ 100) =22 N.

IIT-JEE-PHYSICS;|

29. When the system is in equilibrium, the spring force
=3 mg. When the string is cut, the net force on block
A =3 mg—2 mg=1 mg. Hence the acceleration of
this block at this instant is
_ force on block A _mg_g

" mass ofblock A 2m 2

When the string is cut, the block B falls freely with
an acceleration equal to g.

30. The common acceleration of the blocks is

B
47 (m+ M)
mF
‘. Force on block of mass m = ma = m
31. Force F= d p
dt

@B 7 si
E[A{ i cos (kt) — j sin (kt)]

Ak[- i sin (kt) - cos (kt)]

Now, F.p = Ak[~isin (kt) - j cos kt].
A[ i cos (kt)—j sin (kt)].
= A*K [—sin (kt) cos (kt) + cos (kt) sinkt]

0(-ii=jj=1andij=0)

Hence the angle between F and P is 90°.

32. Refer to the figure. Let f be the force producing the
accelerationofeachmass. Itfollows fromthefigurethat
F=Tcosoa+Tcosa=2Tcos a=2Tsin 0 (" a=

- 0)

A
~ 2sin6

(1)

-~ X —— i X —

Also T'cos 0= f=ma 2)
Using (1) and (2), we get

e
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B Fcos@ B F
&= 2msin®  2mtan@
Fx

2mNa® - x*
33. p=mv = 3.513 x 5.00 = 17.565 kg ms™'. Since
the speed v = 5.00 ms™' has 3 significant figures,

The result of multiplication must have 3 significant

figures. Hence the correct choice is (a).
34.

The block will just begin to slide if the downward
force mg sin 0 just overcomes the frictional force,
i.e.if mgsin 6= uUN=pmgcos 6= tan 0=pu= /3
= 60=060°

The block will topple if the torque due to normal
reaction N about O just exceeds the torque due to
mg sin 6 about O, i.e.

N x OA=mg sin 6 x OB

=> mg cos 6 x 5 cm = mg sin 0 x gcm

tan 6= % = 0= 34°

Since @ for toppling is less than O for sliding, the
correct choice is (b).

35. For the bead to stay at rest,

=

N cos 0=mg
N sin 0= ma

a
which gives tan 0= E . Now

tan 6 = slope of th N T
an 6 = slope of the curve = x_a'x( )=
2hex a a
% =— =5x=T
g 2gk
y
A
| y= ke
______ N
Ncos 6 ‘;9/3 wire
Bead— | Fl.sine =
Y X
mg

IIT-JEE-PHYSICS;|

36. Accleration along the inclined plane is a = g sin 6.
Vertical component of @ is a cos (90° — 6) = a sin 6

= g sin’6.

For block A4, vertical acceleration is is g sin’ (60°)

= 3Tg and for block B the vertical acceleration is

g sin%(30°) = %.

Therefore, the relative vertical

acceleration of 4 with respect to B = 37—— ==

2 4 2
=49 ms™.
37. F=Fy ™ = ma=Fye™
. = Fpe™
dt
=% do=Fo 0 g

m

Integrating, we get

t

Fy ‘ i
m| —b|

E) —bt
Bl L7 T
mb( e)

It is clear that v =0 at t = 0 and i(;’ast—wo. So the

correct graph is (c).
38. Initially the bead exerts an inward radial force
(centripetal force) on the wire and the wire exerts
a normal reaction N radially outwards. At a certain
instant during the motion, the normal reaction N
becomes zero. After that instant, the normal reaction
N will act radially outwards. So the correct choice

is (d).
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