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Entrance Tests.

UNIT

- 4 : SYSTEM OF PARTICLES AND ROTATIONAL MOTION

Centre oF Mass

The centre of mass of a rigid body is an imaginary point
at a fixed position with respect to the body as a whole.
The position of centre of mass of a rigid body depends
on two factors.

(i) The geometrical shape of the body.

(ii) The distribution of mass in the body.

Position of Centre of Mass (COM) of Two

Particles

Centre of mass of two particles of mass m; and m,
separated by a distance r lies in between the two
particles. The distance of centre of mass from any of the
particle (r) is inversely proportional to the mass of the

article (m
p ( :} Lt I al
1 L
ie T e — cm
m O O O
J"r'll ?H'z
n i
or i HT*E—H
L5 m
or nyry = myr;

ny m
or ?’I =] rand TZ = —_—r
m:,_ + ??’!1 m, + m2

Here, r; = distance of COM from m,

and r, = distance of COM from i1,

From the above discussion, we see that
ry=ry=1/2rif m = my, i.e., COM lies midway between
the two particles of equal masses.

o PHYSICS FOR YOU | 0CTOBER '18

Centre of Mass of a System of ‘N’ Discrete

Particles

Consider a system of N point masses mj, m,, ms,
. .. m, whose position vectors from origin O
are given by 7,5, 7, eeeeernenn r,, respectively. Then the
position vector of the centre of mass C of the system is
given by

: - lﬂlrl + mzrz + . mnrn
cm
My + My + oo + 1M,
L
2 mit;
~ i=1
cm — T,
xm
o E &, ..
fem = 37 Zmi li
M5
H
where M | = 3 my; |is the total mass of the system.
i=1

Centre of Mass of a Continuous Mass
Distribution
For continuous mass distribution the centre of mass can
be located by replacing summation sign with an integral
sign. Proper limits for the integral are chosen according
to the situation

jxdm
Id »Y¥em = _jd_m'zcm = e
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jdm = M(mass of the body)

= |

m = —ﬁjrdm

Note: If an object has symmetric uniform mass
distribution about x axis then y coordinate of COM is

zero and vice-versa

Centre of Mass of a Uniform Rod

Suppose a rod of mass M and length L is lying along the
x-axis with its one end at x = 0 and the other at x = L,
Mass per unit length of the rod = M/L

Hence, dm, (the mass of the element dx situated at

T
_@0. .x.lnli.
i P Q
The coordinates of the element PQ are (x, 0, 0).

Therefore, x-coordinate of COM of the rod will be
L L M
fy xdm ] (x)[ L..dx]

x=xis)= de
L

Xem = = = lIL xdx = ks

M Jdm M L0 2
_[ydm

The y-coordinate of COM is Yo = ,[ e 0

Similarly, z.,, = 0

L
i.e., the coordinates of COM of the rod are ['2",0, 0 )
Or it lies at the centre of the rod.

RIGID_B{ID\'

A rigid body is one whose geometric shape and size
remains unchanged under the action of any external
force. When a rigid body performs rotational motion,
the particles of the body move in circles. The centres
of these circles lie on a straight line called the axis of
rotation, which is fixed and perpendicular to the planes
of circle.

Torque and Angular Momentum

Torque is the turning effect of a force. If a force acting
on a object has a tendency to rotate the body about an
axis, the force is said to exert a torque on the body. It is
a vector quantity. In vector form,

Torque, T=FxF

In magnitude, T = r F sin0.

Here 0 is the angle between 7 and F.

Torqzue has the same dimensions as that of work i.e.
[ML T_EI‘ But work is a scalar quantity whereas torque
is a vector quantity.

10
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By convention, anticlockwise moments are taken as
positive and clockwise moments are taken as negative.

Special Cases

axis of rotation
. > 3
@ 0 = P

If0=0%thent=0
(the rod will not rotate)

uw

axis of rotation F
=
F

If0=180°thent=0
(the rod will not rotate)

o

F1o-o0

-
y
P

axis of rotation

=
L

(0] r
If 8 = 90°, then T = rF (maximum torque)

Note : Same force acting at the same point can produce
either anticlockwise or clockwise torque depending
upon the location of the axis of rotation as shown in

the figure.

Axis of rotation Axis of rotation

C w x C
. . \j ) ( ( . .
& e 7/ ¢ AN B
Anticlockwise torque Clockwise torque
Work Done by Torque
Work done, W = torque x angular displacement
=txAO
dw d
Power, P=——= 1—9 =1Tm
dt dt

Angular momentum of a particle about a given axis is
the moment of linear momentum of the particle about
that axis. It is denoted by symbol L .

Angular momentum L =7 x p

In magnitude, L = rp sin0

where 0 is the angle between 7 and p .

Angular momentum is a vector quantity. Its SI unit is
kg m?s~!, Its dimensional formula is [ML*T-1].

Relationship between Torque and Angular
Momentum
Rate of change of angular momentum of a body is equal
to the external torque acting upon the body.
il
ext =
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Law of Conservation of Angular Momentum
If no external torque acts on a system then the total
angular momentum is conserved.

- dL -
ie., Ty =0 then — =0 or L=constant
dt

Equilibrium of Rigid Body

A rigid body is in mechanical equilibrium, if it is in
translational equilibrium i.e. the total external force on
it is zero. i.e. £F; = 0.

Abody is it is in rotational equilibrium, if the total
external torque on it is zero, i.e. Xt; = 0.

Mowment oF liNERTIA

Moment of inertia of a rigid body about a given axis of
rotation is defined as the sum of the products of masses
of the various particles and square of their respective
perpendicular distances from the axis of rotation.

It is denoted by symbol I and is given by | = Z m; rl-z
i=1
Moment of inertia is a quantity. Its S.I. unit is kg m*
Factors on which the moment of inertia depends :
(i) mass of the body, its shape and distribution of mass
about the axis of rotation
(ii) position and orientation from the axis of rotation.

Radius of Gyration
It is defined as the distance from the axis of rotation at
which, if whole mass of the body were concentrated, the

moment of inertia of the body would be same as with
the actual distribution of the mass of body. It is denoted
by symbol K.
The SI unit of radius of gyration is metre.
Radius of gyration of a body about an axis of rotation
may also be defined as the root mean square distance of
the particles from the axis of rotation.
n

The moment of inertia of a body about a given axis is
equal to the product of mass of the body and square of
its radius of gyration about that axis.

ie, =MK%

Theorems of Perpendicular and Parallel Axes
The moment of inertia of a plane lamina about an
axis perpendicular to its plane is equal to the sum of
its moments of inertia about two perpendicular axes
concurrent with perpendicular axis and lying in the
plane of the body is called perpendicular axes theorem.
L=I:+I,
where x and y are two perpendicular axes in the plane
and z axis is perpendicular to its plane.
The moment of inertia of a body about an axis is equal
to the sum of the moment of inertia of the body about
a parallel axis passing through its centre of mass and
the product of its mass and the square of the distance
between the two parallel axes is called parallel axis
theorem.
I=1I, +Md®
where I, is the moment of inertia of the body about an
axis passing through the centre of mass and d is the
perpendicular distance between two parallel axes.

Moment of Inertia and Radius of Gyration of Some Regular Bodies About Specific Axis is

Given Below

§.No. | Body Axis of rotation

(i) about an axis passing through centre

Moment of Radius of
inertia (I) | gyration (K)
MR? R

' and perpendicular to its plane

(ii) about a diameter

Uniform circular ring of
mass M and radius R

(=

(iii) about a tangent in its own plane

(iv) about a tangent perpendicular to its

plane

1

~ MR L
2 V2
3 3
Z MR 2h
2 2
2MR? RV2

PHYSICS FOR YOU | 0CTOBER '18
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Uniform circular disc of .

mass M and radius R

Solid sphere of radius R
and mass M

Hollow sphere of radius R
and mass M

Solid cylinder of length I,
radius R and mass M

Hollow cylinder of mass
M and radius R

Thin rod of length L

Rectangular lamina of
length [ and breadth b

Uniform cone of radius R
and height h

Parallelopiped of length
[, breadth b and height h,
mass M

PHYSICS FOR YOU | 0CTOBER 18

(i) about an axis passing through centre
and perpendicular to its plane

(ii) about a diameter

(iii) about a tangent in its own plane

(iv) about a tangent perpendicular to its
own plane

(i) about its diameter

(ii) about a tangential axis

(i) about its diameter

(ii) about a tangential axis

(i) about its own axis

(if) about an axis passing through centre
of mass and perpendicular to its own axis

(iii) about the diameter of one of the faces
of cylinder

(i) about its own axis

(ii) about an axis passing through its

centre of mass and perpendicular to its

Own axis

(i) about an axis through centre of mass
and perpendicular to the rod

(ii) about an axis through one end and

perpendicular to rod

about an axis passing through its centre of
mass and perpendicular to plane

about an axis through its centre of mass
and joining its vertex to centre of base

about its central axis

12 4

M[F +52J
12

==

R/2
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Relation between Angular Momentum and
Moment of Inertia

Angular momentum, L = [o

The angular acceleration o of a rigid body rotating about
a fixed axis is given by Io = 7. If the external torque 7 is
zero, the component of angular momentum about the
fixed axis Iw of such a rotating body is constant.

A Rovuine Ricio Booy

1
Kinetic energy of rotational motion, K = = o’

Kinetic energy of a rolling body = translational kinetic
energy (Kt) + rotational kinetic energy (Kg).

2
i bie? =114
2 2 2 R?

When a body rolls down an inclined plane of inclination
6 without slipping its velocity at the bottom of incline is

given by v =

where h is the height of the incline.

When a body rolls down en an inclined plane without
slipping, its acceleration down the inclined plane is
gsin®

=
e
R

When a body rolls down on an inclined plane without
slipping, time taken by the body to reach the bottom is

given by a=

given by ¢ =

where [ is the length of the inclined plane.

AnaLogy BETWEEN TRANSLATIONAL MoTtion AND
Rotationar Morion

Translational Rotational motion
_ motion ~ abouta fixed axis
.| Displacement x Angular displacement 6 |
z ] Velocity v = dx/dt - Angular velocity
‘@ =do/dt
3. Acceleration Angular acceleration
a = dv/dt o = dw/dt

prelll 1= MLl

10.

Mass M Moment of inertia I
Force F = Ma Torque T = I
Work dW = Fds Work dW = tdo
Kinetic energy of a Kinetic energy of a
translational motion | rotational motion
 Kp=Mv/2 K =Io?/2
Power P = Fv Power P = tw
Linear momentum Angular
p=My ' momentum L = [o
Equations of Equations of
translational motion | rotational motion
(i)v=u+at 0= wg + ot
1
(ii) s = ut +—at> 0=t +—ar?
2 2
(iii) v2 - u? = 2as o* - g® =200

. a
(iv) Spth = U+ 5(2” ~1) Bmh = m0+%(2n -1)

Tnoucut Provoking Points

Moment of inertia of a body has different values
in different directions and as such it is not a scalar.
Futher, it is not a vector either as its value about a
given axis remains the same whether the direction
of rotation is clockwise or anticlockwise, ie.,
direction of rotation need not be specified. In fact,
it is tensor quanity.

Rolling motion is possible only if a frictional force
is present between the rolling body and incline to
produce a net torque about the centre of mass.

The angular velocity of rotating body is the same
relative to any point on it.

If sense of angular velocity and angular acceleration
is same, the rigid body is speeding up and if they
have opposite sence, the body is slowing down.

If an object is uncostrained (i.e., not an pivot)a
couple causes the object to rotate about its centre
of mass.

The gravitational torque on any extended object
is equivalent to the torque of a single force,
gravitational force, acting at the objects centre of
mass. We can treat the object as if all its mass were
concentrated at the centre of mass.

Rotational kinetic energy is maximum for ring and
minimum for solid and moving with same speed.

®
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SPEEDSfDRA CTICE

Four particles of mass m,
=2m, my =4m, my=m
and my are placed at four
corners of a square. What
should be the value of n14 ‘
so that the centre of mass ,:
of all the four particlesare s, : my
exactly at the centre of the

square?

(a) 2m (b) 8m

(c) 6m (d) None of these

For the same total mass, which of the following
will have the largest moment of inertia about an
axis passing through the centre of gravity and
perpendicular to the plane of body?

(a) A ring of radius/

(b) A disc of radius !

(c) A square lamina of side 2/

(d) Four rods forming square of side 2/

my

A ring rolls down, starting from rest, down an
inclined plane of length I and inclination 6. The
velocity of the centre of mass of the ring at the mid
point of the inclined plane is

(a) /glsin@ (b) M
2
(c) |/2glsin®

If a disc slides from top to bottom of an inclined
plane, it takes time #;. If it rolls, it takes time ¢,. Now,
t_?.
i3

b
@i ®mI ©2 @3
2 3 2 5
A wheel is rolling straight on ;
ground without slipping. If the
axis of the wheel has speed v, the
instantaneous velocity of a point
P on the rim, defined by angle 6,
relative to the ground will be
(a) vcosB/2 (b) 2vcos 6/2
(c) v(1+sinB) (d) v (1 + cos 8).

4
d) . [—glsin®
(d) - 8lsin

is
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6. A uniform rod of length [ is free to

rotate in a vertical plane about a |
fixed horizontal axis through its 6
centre. The rod begins rotation from
rest from its unstable equilibrium
position. When it has turned
through an angle 0, its angular
velocity @ is given as et

(a) [%8 sind ) [98 4in®
[ l 2

d) [°f cos®
I

(3%]

(c) 6—3 Ccos 9
[ 2

A wheel of radius r and mass m stands in front of
a step of height h. The least horizontal force which
should be applied to the axle of the wheel to allow
it to raise on to the step is

@) mgh(2r—h)

r—nh
© mg+h(2r —h)
r—h

A ball weighing 15 g is tied to a string 10 cm long.
Initially the ball is held in 0em o
position such that the string 158 ':_ 'Y
is horizontal, The ball is now Lt
released. A nail N is situated ++N
vertically below the support = ;
at a distance L. The minimum
value of L such that the string

will be wound round the nail is
(a) 2ecm (b)) 4em  (¢) 6ecm  (d) 8cm

If the density of the material of a square plate and
a circular plate shown in the figure is the same, the
center of mass of the composite

(b) mgh (r-h)

(d) none of these

system will be

(a) inside the square plate

(b) inside the circular plate

(c) at the point of contact M=t

(d) outside the system

. Two blocks of equal mass are tied with a light string

which passes over a massless pulley as shown in the
figure.
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12.

13
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The magnitude of acceleration of centre of mass of
both blocks is (neglect friction everywhere)

" [{J‘]] ® {{fl}
@ (L) @)

Two steel balls of equal diameter are connected by
a rigid bar of negligible weight as shown and are
dropped in the horizontal position from height h
above the heavy steel and brass base plates. If the
coefficient of restitution between the ball and steel
base is 0.6 and that between the other ball and the
brass base is 0.4. The angular velocity of the bar
immediately after rebound is (Assume the two
impacts are simultaneous).

I=1m

h=02m
| Steel | ------ I Brassl
2 1
a) =rad s™ b) —rad s~
(a) = (b) .
©) %rad 5! (d) %rad pe

A uniform rod of mass m and length [; is rotating
with a constant angular speed w about a vertical axis
passing through its point of suspension. The moment
of inertia of the rod about the axis of rotation if it
makes an angle 0 to the vertical (axis of rotation) is

ml; sin® 0 mi; sin” 6
(a) ———— (b) —2——

12 6

2ml sin” 0 mi_ sin® ©

(© 3 3

A rod of mass m is placed on
smooth table. For what value of
x, the point P on the rod of length
I = 6 m has zero acceleration if a
force F is applied at the end of rod
as shown in figure.
(a) 1m

(c) 25m

= —H

(b) 2m
(d) 1.5m

14.

15.

16.

17.

18.

A rod of mass m is placed on a solid and hollow
spheres each of mass m. If the speed of the plate
is v, assuming pure rolling of the spheres with all
contacting surfaces, the kinetic energy of the system
(spheres + plate) will be

@@

43 2
b) 2=
50 B ) 50

Theangularmomentum
of the disc which spins

(@) —

with @.:%"fé and its

CM moves with a

% (@]
velocity ¥ =vi about O !
will be
(2) SmVR’*C (b) vafc
2 2
R mvR »
& -2 @ -k

A cotton reel rolls
without sliding such
that the point P of the
string has velocity
v=6ms L Ifr=10
c¢m and R = 20 ¢m,
then the velocity of
its centre C is

(a) 2.5m e (b) 5ms’!
(c) 4ms™ (d) 2ms7!

A homogenous rod of length [ = nx and mass M
is lying on a smooth horizontal floor. A bullet of
mass m hits the rod at a distance x from the middle
of the rod at a velocity v; perpendicular to the rod
and comes to rest after collision. If the velocity of
the farther end of the rod just after the impact is in
the opposite direction of v, then

(@dn>3 (B)n<3 () n>6

A uniform rod of length L and mass M is held
vertical, with its bottom end pivoted to the floor.
The rod falls under gravity, freely turning about
the pivot. If acceleration due to gravity is g, what is
the instantaneous angular speed of the rod when it
makes an angle 60° with the vertical

(d)n<eé

PHYSICS FOR YOU | OCTOBER '18
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(a) (g]h’l
L

(c} (S‘J%_g JHZ

2L

19. A solid sphere is rotating abouit a diameter at an
angular velocity w. If it cools so that its radius
reduces to L of its original value, its angular velocity

n
becomes
(0]
(a) = (b) = (¢) nw (d) n*o
n n
20. A cube of mass m and height H slides with a speed
H
v. It strikes the obstacle of height h = i The speed
of the CM of the cube just after the collision is
i i
I ' ‘%_
V5 V3 V5 V3
a) —v (b)) —v (¢) —v (d) —v
(a) 5 (b) c (c) 4 (d) 1
SOLUTIONS

L. (d): xcp =0

op [hELEMX, X, tmax,
m, +m, +m, +m,

or (Zm)(-a)+ 4m(a) + m(a) + my(-a) =0
or ny=3m wy
Similarly ycp =0 s ¥
or (2m)(-a)+4m(-a) +m(a) b
+ my(a)=0ormy=5m A
Since, value of m, are different i
to satisfy by both xcpy=0and ~ 2m @ | @ dm
Yem =0
Hence, it is not possible.

2. (d): Iyyg=MP

16

MP

Ipisc = T
2

Iquare = @ = %MF (Using Lraxis theorem)
MQ) M ., aMP

I = J_ +— I - = + MI

four rods H 4 12 4 0 ” 2

2
L. %Miz.

Thus, Iy, s has the largest moment of inertia.

PHYSICS FOR YOU | 0CTOBER 18

(b): Loss in PE = Mg [%sine]

Gain in KE
= ° MV + lfmz
2 2

Forring, I = MRE, w=

i

R

1 1 v

= ~lw’= - MR*x - = —
2 2 2 2

Hence gain in K.E. = %M\fl + = MV = MV

glsin®

= MvzzMgé sinfh = v=

(c): The acceleration of disc rolling down on an
inclined plane is given by,

gsinf gsin0 2 .
Apoll = = = Ay = — £sin 0
roll ]+I-:li MRZQ roll 3 b4
MR~ MR?
Also, ag;q. = g sinf
o1 - E
Ayige 3

1

1 5
_ 7 3 2 2 2
S _(as]ide)tl = E(amll ]IZ = dglide X ‘tl = gl * 'tz

As is evident, ' = 2{:‘::032] "
s G| = SegE (or) "Nordfr
P 2 5

0
= 2-:055 (vem) = vp= 21»’{:03%

MONTHLY TUNE UP CLASS XII .1 33 Sl

11. (b)
16. (c)

26.(3.2) 27.(d)

1. (b) 2. (b 3. (¢ 4. (b) 5 (d)

6. (a) 7. (b) 8. (a 9. (c) 10. (a)
12. (b) 13. (b) 14. (a) 15. (b)
17. (a) 18. (a) 19. (b) 20.(a,cd)

21.(abd) 22. (abc) 23. (ac) 24. (30) 25. (8)

28. (a) 29. (c) 30. (b)
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6. (b): The CM of the rod has fallen

byé(l—cose).

AU=- Mg B(l—cos&)];

AK = 1 M)z:l M_‘r- .
2 21 3

AU+ AK=00r AK =-AU

& MFPP - T— !(l 0)
>l 3 = Mg N —Cos

2 3g(1-cosb)
!

0
6gsinl[--]
o= \2) = i ’6—g-sin[9]
i ! 2

(c) : Torque due to F must
be more than torque due
to mg about P.

I‘fz cos B

Fin(r = h) = mgx

Fmin{r 26 h)

=mg r’ —(r—hy

B mg\}(:"2 —(r* + h* =2rh) _ mg+Jh(2r—h)
min — (r—h) e (}‘—h) ™

(c): For string to be wound around the nail,

v2.f5gr

= v2,f5g(10—L)

Now %M'w2 =mg(10) = V= 2g (10)

= 210> [5g(10- L)
20g > 5¢(10- L) = 20>50-5L=> 5L > 30
L>6
Linin = 6 cm.
(a) : Mass of square plate M, = o
2
Mass of circular disc M, = n%c

/2 12

10.

11.

12.

2
M,><|0+?ti ol

nl !
= Xoyp =—g-—=

n+4) m+4
IEG[I—FE:I 4'(—} T
4 4

1
Xem < i i.e., COM lies in the square

XeMm =

(a) : Acceleration of system
L sin60° — g sin 30°
2m
Here m = mass of each block
or a= (@ ]g
4
mdy; + ma,

Now ey = o

Bl

Here 4, and @, are { ) g at the right angles.

Hence |Ei1 |=£a=(£:—l]g

> oMl =5 W
(a): If v is the velocity by which balls strike the
bases, then their velocities after collision are 0.6 v
and 0.4 v as shown in the figure ‘u’ is the velocity
of COM just after collision and ® is the angular
velocity acquired by the rod.

06v 0.4v

l/bm r
Al

Forend A : 0.6v= u+%‘u) (1)

|
Forend B:0.4v = ”-E'w

Subtracting (i) and (ii) we get
v
0L2v=0l= 0=—
Y 5]
Now using [v* = u* + 2as]
V=0+2x10x02=4=>v=2ms"
O=——-= 2 rad s
5x1 5
(d): We can observe each
and every element of rod in
rotating with different radius
about the axis of rotation.
Take an elementary mass dm
of the rod.

PHYSICS FOR YOU | OCTOBER '18
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m
dm=—dl
0
The moment of inertia of the elementary mass is

given as
dI = (dm)r*
The moment of inertia of the rod,

I=[dI=I=[rdm

Substituting r = I sin 6 and dm =" 41 we obtain

o3 0 3
[
I=[(Psin®6)dl =72 ej 2= G2 g
I Iy Jo 3l,
252
% e mlg sin” 6
3
(a) : Acceleration of therod a= L
m
Angular acceleration of the rod >F
T Fl{2 6F
== 3 = —
I lmI n2 ;nf
Net acceleration of point P, T o
ap=a-ox=0 x| -
F_6F ! oe—i) H—sa
———x=0=x=—=1m P
m ml 6 =
(d): The total KE is K = K.,q4 + Khollow shere
*: Kw!id sphere
1
where K, 4= Emv2 (i)
Since the CM of each sphere moves with a velocity
oot
CM 2’

.. (ii)

X
3
2
1 2\ 7 2
K solidaphiere :Em( ) (l-i—g)zﬁmv . (1i1)
Adding equation (i), (i) and (iii)
1 5 53
k=—mv* +—mv* + —mv* 2
24 40

15. (b): The angular momentum of the disc about O is

®
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16.

17.

18.

=m(xf+R:i)xv§+%mR2 (3—;.@]

i m(x;-i- R:r') X vi+ %mR2 (3—;!; vaR(} X E)

+§vaf;+va.é +§vaf;=m—vac
2 2 2

(c): As reel

rolls point of contact of

cotton

reel with ground will
act as instantaneous
axis of rotation.
vp=0(R+71)

= m= L4 =20rads™!

+r
Velocity of centre of reel
6%20 ™
= = = ms
(R+r) (20+10)
(d): Let after collision velocity of rod be v and
angular velocity be @ then

VPR

VC = LDR

2
mvy = mv + MV = mvyx = mvx + Fﬂ)

Mon 2x
12

From above equations,

Mo ’x
12

mvy = mv +

=MV = on’x =12V

o

Velocity of father end of the rod = v — —
2

~ mnzx_mnx_mnx(n l)

12 2 2 \6

If this velocity is opposite to vy, then

%—i<0=>r]<6

(d): The fall of centre of f M
gravity h is given by

[E_h)
A2 J =cos60”’
(LJ
2

or h:%(l—cosﬁﬂ")
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20.
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Decrease in potential energy

E
= Mgh= MgE(l —cos60°)
1ML
Kinetic energy of rotation = — Iu) == =X ~—3—+m'
in

[I

(Because rod is rotating about an axis

passing through its one end)]
According to law of conservation of energy,

ML
MgE(1-(:(:115150'“]1=—|:|L}2 = m=
2 6
(d): On applying law of conservation of angular
momentum
Ilm] = Iz[ﬂz
For solid sphere,
2 2 2
I=Zmr’ = —mq2m| =—mr22(t}2
5 5
2 ["Jl 2
ro=—-|o,=>0,=n"w
n
.,
a): mv|—-h
(a) {2
[(H2 +H?) [H H
=m| ——+| — e
12 2 2
T "
g
s

3g

-1 4

rm= 22
H
i1L1’2+(—-h]
12 2
Ifh:ﬂ,wchave
4
5, (i 6
— _4'14 35
[i _1_] 2 - 15+3 18
2 16 48

,_\5
v=v :?V

®®

PHYSICS
AROUND U

Understand the Science behind
Real Life Phenomena

The Sun the only star that can be seen during the day.

tars glow during the day, but they are impossible to see

because of the brightness and closeness of the Sun. Also, the
light coming from the Sun is scattered into the bright blue colour
that we are familiar with as being the colour of the sky. This blue-
tinted atmosphere plays a part in blocking out the stars, which
in fact shine very faintly. On the other hand, if you lived on the
moon, its lack of atmosphere would allow you to see the stars
both day and night.

The radius of the Earth can be calculated by observing the
sunset at the seashore.

magine you are located at the equator of the Earth and it is

mid-summer. You note the exact time the Sun sets for you.
You ask a friend living a distance S due west of you to note the
time when the Sun sets for him. If the delay in his observing the
Sunset is y hours then the circumference of the Earth C is given
by C = (24 x §) / y. The justification for this simple equation is:
If a point on the Earth moves through a distance § in y hours,
then the distance it would move in 24 hours, must be equal to the
circumference of the Earth. If you are not on the equator, some
modification of this equation may be required, but the principle
remains the same.

What constitutes the Earth's magnetic field?

here is no bar magnet sitting at the center of the Earth. The

Earth’s magnetic field arises precisely because the inside of
the Earth is hot enough to melt iron and there is iron in the core
of the Earth. The heat inside the Earth, generated as a result of
decay of radioactive elements at the core produces convection
cells which transport liquid conducting material upward and
then down again, very much like what happens when we put a pot
of water to boil. The motion of the conducting material, in rather
regular loops along with the rotation of the Earth, produces a
dynamo effect - in other words, loops of electric currents. The
Earth's magnetic field is supposed to be a result of these currents.

Is there any truth to the saying, “Red skies at night, sailors’
delight; red skies in the morning, sailors take warning”?

he saying may have some truth where storms usually

approach from the west and so in what are called storm
systems. If the western sky is red at sunset, then the area west is
free of storm cloud that would block the sunlight skirting Earth’s
curve, and you would probably have good weather for a few day.
However, if the eastern sky is red at sunrise, then the area east
is free of storm clouds, and the next storm may be coming soon
from the west.
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The velocity versus time curve of a moving particle
is given in figure. The maximum acceleration is

v (cm s_l)
s
804
L
40- 40
Tyt LI :lofl
ot N g (4]
10 20 30 40 50 60 70
(a) lems™ (b) 2cms™
(&) 3ems™ (d) 4cms™

A body dropped from top of a tower falls through
40 m during the last two seconds of its fall. The
height of the tower (in m) is (Take g =10 m s7)

(a) 60m (b) 45m (¢) 80m (d) 50m
The velocity at the maximum height of a projectile
is half its initial velocity of projection v,. Its range
on the horizontal plane is
(a) 3v§fg

() w/3g

(b) 3vii2g
(d) 3vi/2g

A balloon of mass m is descending down with an
acceleration a (where a < g). How much mass be
removed from it so that it starts moving up with an
acceleration a ?

W 2L )
g+a

2ma
g—a

€ == (d)
g +a

ma
g—a
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with Exclusive and brain
storming MCQs

Practicing these MCQs help to Strengthen your concepts and give you extra edge in your NEET Preparations

A ball of mass 0.2 kg rests on a vertical post of
height 5 m. A bullet of mass 0.01 kg travelling
with a velocity v m s! in a horizontal direction,
hits the centre of the ball. After the collision,
the ball and the bullet travel independently. The
ball hits the ground =

¥ ims
at a distance of —>@---.
20 m and the bullet \‘H g
at a distance of 100 m Ball®, Bullet™.
from the foot of the ' b
post shown in figure.
The initial velocity v of the bullet is
(a) 250ms™! (b) 25042 ms™!
(c) 400ms! (d) 500ms™!
Starting from rest, a body slides down a 45° inclined
plane in twice the time it takes to slide down the
same distance in the absence of friction. The
coefficient of friction between the body and the
inclined plane is

0 20 m 100 m

(a) 033 (b) 025 (¢) 075 (d) 0.80
If the linear momentum is increased by 50%, then
KE will be increased by

(a) 50% (b) 100% (c) 125% (d) 200%

A block of mass 0.50 kg is moving with a speed of
2.00 m s~ on a smooth surface. It strikes another
mass of 1.00 kg and then they move as a single body.
The energy loss during the collision is

(a) 0.16] (b) 100] (c) 067] (d) 0.34]
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13.
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A uniform rod of length [ and mass m is swinging
freely about a horizontal axis passing through its
end. Its maximum angular speed is . Its centre of
mass rises to a maximum height of

1w’ 1o
(@ ——— (b) ——
3 g 6 g
1w’ 1 P’
() —— (d) =——
2 g 6 g

The ratio of the radii of gyration of a circular disc and
a circular ring of the same radii about a tangential
axis is

ta) 12 (B BB 2B 2.

A solid sphere of uniform density and radius R
applies a gravitational force of attraction F; on a
particle placed at a distance 2R from the centre of
the sphere. A spherical
cavity of radius (R/2) is
now made in the sphere
as shown in figure. The
sphere with cavity now
applies a gravitational
force F; on the same
particle. The ratio (F,/
F))is

(@ 172 (b) 3/4 (c) 7/8

A capillary tube is attached horizontally to a
constant pressure head arrangement. If the radius
of the tube is increased by 10%, the rate of flow of
liquid will change nearly by

(a) +10% (b) -10% (c) +46% (d) +40%

Two rigid boxes containing different ideal gases
are placed on a table. Box A contains one mole of
nitrogen at temperature T,; while box B contains
one mole of helium at temperature (7/3)T,. The
boxes are then put into thermal contact with each
other and heat flows between them until the gases
reach a common final temperature. (Ignore the heat
capacity of boxes). Then the final temperature of
the gases, T} in terms of T, is

(d) 7/9

5 3
@ T,=0T, b) T,=T,

7 3
© T,=3T, @ 1,=3T,

Two vibrating tuning forks producing progressive
waves given by y, =4sin (5007t) and y, = 2sin (5067t)
are held near the ear of a person. The person will
hear

15.

3 beats/s with intensity ratio between maxima
and minima equal to 2
3 beats/s with intensity ratio between maxima
and minima equal to 9
6 beats/s with intensity ratio between maxima
and minima equal to 2
6 beats/s with intensity ratio between maxima
and minima equal to 9

If 2 moles of an ideal monoatomic gas at
temperature T, is mixed with 4 moles of another
ideal monoatomic gas at temperature 2T}, then the
temperature of the mixture is

(a) (5/3)Ty(b) (3/2)T, (c) (4/3)Ty(d) (5/4)T,

SOLUTIONS

1.

2.

.

4.

(d): Maximum acceleration = slope of BC
40cms!

=————=4cms”
10s
(b): Height through which a body falls in ¢ seconds,
| ;
h ==yt~ -"(1]
S &

Height through which the body falls in
(t - 2) seconds,
1 2
h==g(t-2)
23( )
From eq (i) and (ii), we get

...(ii)

Thus, .!”:—Jii'zégt2 —%g(£—2)2 =40m

or 2g(t-1)=40m
hence, t=3s (on puttingg=10m s

Clearly, h = —;— x (10) % (3)’m=45m
(d): At the highest point, v :Yifl and v,y =0

Clearly, v, cos6 = ? or 0 = 60°

v2sin20  v’sin120° vg(\EfZ) .
R=-0"—_"-"0 == =(3vY)/2g
8 g g
(a) : When the balloon descends with acceleration a,
mg - F = ma aall)

When the balloon ascends with acceleration a (with
mass m' removed),
F-(m-m)g=(m-ma
From eqns. (i) and (ii), we get
(mg - ma)-mg+m'g=ma-m'a

...(ii)

or m'(g+a)=2ma
, 2ma
or m'=
(g+a)

PHYSICS FOR YOU | OCTOBER '18
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(d):As y=%g!3, 5=%(10)r2 ort=1s

20m =
Further, as v, t = 20 mor v, =——=20 ms
$

100 m

and as vy £ =100 m, v, =——=100 m s

Applying the law of conservation of momentum,

(0.01kg) v=(0.01 kg){lOOms“)+(0 2kg) (20ms™),

hence v=500ms"

(c) : When there is no friction, a = g sinf.

When there is friction, net downwards force acting

on the body, i.e.,

F=mgsin0 - f= mg sin® — uR = mg sin O — p mg coso

Acceleration acting on the body,

g F _mg(sin0—pcos0)
m m

If s is the distance through which the block slides,

1 1 2
s=—at’ ==a't? or i=I‘——4
2 2 a

or a'=g/(sinf - pcos0)

(ast'=21)

or gis =4 or4sinb - 4pcosb =sin0
g(sin® — [ cosO )

or p=—j~tanﬁ=~j—[l)=0.75 [ 6=45°

Py

3
(¢) :pp=p; + (1/2)p; = (3/2)p; or P—'z =

K 2
Thus, — = L7 it
K; pi 4
or Kf=EKl. or KI—K,.=EK,.
4 : 4

Thus, percentage increase in kinetic energy

Kr_ i
- x100=125%

(c):As05x2+1x0=(05+1)v
(assuming the body of mass 1.00 kg to be rest)

v= %m s'=0.67ms™"

Energy loss = K; - Ky = %({).5)(2)2 —%(1.5)(0.67)11

=1J-033]=0.67]
(d):When the centre of mass of the rod rises
through h, increase in PE = mgh
)
.
2\ 3

2.2

Kinetic energy of the rod = EI

u

Thus, mgh= [ ol Ju}z or k=l
6 6

g
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10. (b): For the given axis,

11.

12.

13.

14.

15.

MR I ;'VIRZ

ring

kdi'sc = _Rz _R krrng '-'F J7 R

k (4_12) J5 JBssJE

Svdise

kg BI2R V6

(d): F =GM_r:1=£ , where GM;m=x
(2R 4 R*

Fe GM'm G(M/8)m =1

[SRT (9/4)R* 18

2

Idm =

Thus,

(as M' is the mass of the cavity)

Thus, F, =F, gt A Ix
4 18 36

E 7x 4 7
or —_—
F 36 x 9
nPr't 18l
(c):—zi

VvV wPr'/8nl
()1
r r

] =1.4641
¥ _meo (i—lJloo
Vv

Thus,

=(1.4641-1)100 = 46%
(d) 1 As dU = Cll.’ dT‘
5 3 7 ;
dU= ER(]}— To) + ER(Tf _ETU) as Cy, for nitrogen
is (5/2)R and for helium its value is (3/2)R.
Put dU = 0 and obtain T, :%T"
(b) :{D1=500ﬂ:, 1= 2505 Wy =

Number of beats/s = 3
Further, Ay =4and A, =2

506, v, = 253

Amplitude ratio, r = ..
4,
Bz (1) 1)°
Yoo = 1y?
(a) : Let T be the temperature of the mixture. As
U= U1 + Uz,

=9

%(n] +m, )RT =£H1RT{, +£HER(2T{,)

or (2+4)T=2T,+8T,
or T=(5/3)T,

(asny=2,n,=4)

*®
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Ways to master

the art of
self-discipline

The art of Self-discipline is the set of actions
that help you develop a total control over life
by employing various perspectives. No one is
born with the ability to have a complete control
over oneself. It is something that you succeed at
only after making certain sacrifices from your
end. Self-discipline is a habit that matures with
practice and ultimately shapes you to lead a
happy and healthy lifestyle. With self discipline,
you will understand self potential. Another
benefit from self discipline is that you will learn
to focus more and pay attention to what is a
priority to you without getting distracted. You
might get frustrated in the process of maturing
as a self-disciplined person, but, trust it’s totally
worth it.

If you are interested in developing a mastery
over the art of self-discipline, then here’s a list of
things that youd have to do.

@ Respect yourseli and fill your mind with positive information.

Self discipline involves self respect. A
human body is created with great mastery
and you will know when something is off
balance. Understand your body messages
and treat it well. Exercise or do meditation
to get the balance of mind and body. Also,
you must nurture your mind by soaking it
with positive and engaging information.
Read books, engage in meaningful
discussions, avoid negative conversations and people, and listen to
soothing, joyful and boosting music rather than watching television
and filling your mind with all the negativity and commercialism.

It is essential to feel connected to something greater than you. By
meditation, praying or spending time with nature you can connect
with the Almighty. It helps in making decisions for greater good
and not just for something that feels good in that moment.

Eat healthy food at regular intervals.

People don't know that your hunger has a direct link with your
self-discipline and it’s generally observed that when you’re hungry,
your ability to think and operate is adversely affected. In that
situation, you generally won't have a control over the brain, and
as a result, you will certainly find it difficult to execute even the
simplest of the task with utmost perfection.

So, whenever you're on the receiving end of such problems, do
remember to eat healthy food, that too at regular intervals that lets
you help you get a control over oneself.

You become disciplined from the time you start taking care for
yourself. When you treat your body well, it helps you in reaching
and accomplishing amazing goals.

@ Value your time.

You must value your time with your work, family and self. Make
generous space in your life for each of the zones. Schedule your
family time and personal time similar to how you schedule your
work time and other responsibilities.

@ Prepare written schedule.

When you prepare a written schedule and add everything to it,
you generate priorities and sticking to your priorities will help you
develop self discipline. Writing down helps you to remember your
priority and not miss out anything.

@ Build the will to succeed, one step at a time.

Many people want to develop self discipline by bringing drastic
changes in their lives. However one must know that this can lead
to failure and can have damaging consequences. You must make
small changes in your life with things and not completely change
everything at once. Simple and small is the key to mastering the
art of self discipline. If you are struggling and don't understand
how to make small and simple goals, take one thing at a time and
work on it.
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@ Set realistic and achievable goals.

People make the biggest mistake by setting goals that
are next to impossible to achieve for them, just for the
sake of developing self discipline. You need to learn to
set realistic goals and set milestones for the long term
goals to improve self discipline, It will help you to easily
monitor your progress and boosts you up for further
goals.

@ Stop procrastination.

Your delayed actions can cause you to miss out on
crucial opportunities. Procrastination is one fatal habit
that can get you totally messed up and close the doors
for your future development. Instead of delaying the
activities, start executing them and try to finish them
off within the given duration.

Make a daily checklist.

It is helpful to create a daily to
do list, to help you exercise self
discipline. You never miss a
thing in your routine and it helps
you to make sure you are doing
everything without your mood
coming in the way. Ensure each
day that you complete each of the mentioned tasks.

@ Reward yourself on success.

You must reward yourself when you master self
discipline in a thing and accomplished that goal
Watch a movie in the weekend or treat yourself with a
delightful meal. To encourage yourself more, think of a
reward that is very stimulating for you and which you
would do anything for.

Understand your priorities.

You will need to prioritize your activities in order
to develop a total control over yourself. Prioritizing
helps you in multitasking as well, by letting you assign
proper time for each task until its completion. Having
a definite set of action plan contributes a lot to the
self-discipline. Mind you, prioritizing isnt an easy
task. You will have to give up on a lot of activities in
order to execute your plans in a timely manner. You
should be able to understand the biggest priority in
your life in that moment to help you motivate properly.
Contemplate what is important to you in your life and
rectify your priorities list.

@ Keep a check on your emotions and Speak to yourself.

No matter how strenuous your situation might be,
always keep your emotions in check. Do not let your
emotions get the better of you under any circumstances.

@ PHYSICS FOR YOU | 0CTOBER 18

It might seem as a humongous move at first, but,
you will have to keep your emotions under control
amidst the most gruelling situations. Don’t hurt
yourself when you fail. Never curse yourself or let
yourself be swamped with hurtful feelings when you
fail in your quest to develop self discipline. There are
always bad times and mistakes can happen by any
person, no one is perfect. You are only going to learn
self discipline when you gather your senses and learn
from your mistakes.

When you self communicate just to criticize yourself, it
can be self destroying. But when you use the technique
to boost up your energy, motivate and encourage going
on with something, you will find many advantages of
this technique.

@ Read inspiring stories.

Many times, when you read success
stories or the inspirational account
of success, you receive motivation
and drive to go on. Engross in
other’s success stories and you are
more likely to follow your own goals
with courage and determination.

@ Remove temptation and get rid of destructive habits.

All have those vulnerability triggers that make them
weak and lead to failure. Perhaps it could be some
distraction, hunger or sleepiness. Recognize and get
rid of the triggers. If you stay up late, spend lot of time
surfing then it is time for you to get rid of these habits
or your self-discipline strive is going to suffer. A lot
of lack of discipline come from giving up to simple
temptations.

Recheck your goals.

If you are stuck with the same situation then perhaps
your goal is not motivating or exciting enough for you.
May be you need to make changes in your goals or
change a goal completely. Recheck each goal and settle
for what works for you.

@ Be consistent with your daily steps.

You must always persist looking forward and moving
in a forward direction. Never look back or take any step
backwards. Make all your steps effective in reaching a
step forward to your ultimate goal.

The above tips can be very useful and effective with
proper implementation and you will ultimately begin
seeing changes in your life that are leading you to self
discipline.

®®
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Chapterwise practice questions for CBSE Exams as per the latest pattern and marking scheme
issued by CBSE for the academic session 2018-19.

GENERAL INSTRUCTIONS

(i Al questions are compulsory. (i) Q.ne. 1 to5 are very short answer questions and carry 1 mark each.
(i) Q.no.6to12 are short answer questions and carry 2 marks each. (iv) Q.no. 13 to 24 are also short answer questions and carry 3 marks each.
(v) Q.no. 25 to 27 are long answer questions and carry 5 marks each. (vi) Use log tables if necessary, use of calculator is not allowed.
Time Allowed : 3 hours Maximum Marks : 70

Mechanical Properties of Solids | Mechanical Properties of Fluids

1. A hard wire is broken bY bendlng lt repeatedly in 6. The breaklrlg &)r{:e f(}r a Wire 18 F' What Wi]l b‘e t]'l€
breaking force for
(a) two paralle]l wires of the same size and

alternating directions. Why ¢

2. How does the boiling point of a liquid vary with (b) for a single wire of double the thickness 7
pressure ? 7. By how much a rubber string of length
3. Following are the graph of elastic materials. Which 10 m increases in length under its own weight

one corresponds to that of brittle material ? when suspended vertically? Density of rubber
=15x10°kgm™; Y=5x 10 Nm™?;g=10ms™>

8. Anideal fluid flows through a pipe of circular cross

8 $ section with diameters 5 cm and 10 cm as shown in
i i the figure. Find the ratio of velocities of fluid at A
| Strain = ! Strain = Strain and B.
(a) (b) (c)

4. Two balls A and B have radii in the ratio 1 : 4. What

will be the ratio of their terminal velocities in a
9. A small ball of mass m and density p is dropped

liquid ?
in a viscous liquid of density py. After some time,
5. Water rises in a capillary tube, whereas mercury the ball falls with a constant velocity. Calculate the
falls in the same tube. Why? viscous force on the ball,
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11.

12.
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When the tension in a metal wire is T}, its length is
[;. When the tension is T, its length is [,. Find the
natural length of wire.

Why does modulus of elasticity of most of
the materials decrease with the increase of
temperature?
OR

If n identical water droplets falling under gravity
with terminal velocity v coalesce to form a single
drop which has the terminal velocity 4v, find the
number 7.

A bubble having surface
tension S and radius R is
formed onaringofradius b
(b<<R). Air is blown inside
the tube with velocity v as
shown in figure. The air molecule collides
perpendicularly with the wall of the bubble and
stops. Calculate the radius at which the bubble
separates from the ring.

SECTION C

13.

14.
15.

16.

26

A square lead slab of side 50 cm and thickness
10 cm is subjected to a shearing force (on its narrow
face) 0f 9.0 x 10* N. The lower edge is riveted to the
floor. How much will the upper edge be displaced ?
If modulus of rigidity (G) is 5.6 x 10’ N m™2.

State and prove Torricelli's theorem.

(i) A ball floats on the surface of water in a
container exposed to the atmosphere. Will the
ball remain immersed at its initial depth or
will it sink or rise somewhat if the container is
shifted to the moon ?

The viscous force ‘F acting on a body of radius
‘Y moving with a velocity ‘v’ in a medium
of coefficient of viscosity M’ is given by
F = émnrv. Check the correctness of the
formula.

(ii)

Stress strain curve for two wires of material
A and B are as shown in figure.

wire A

Stress wire B

Strain
(a) Which material is more ductile ?
(b) Which material has greater value of Young's
modulus ?
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18.

19,

20.

(c) Which of the two is stronger material ?
(d) Which material is more brittle ?

Explain why

(i) a balloon filled with helium does not rise in
air indefinitely but halts after a certain height
(Neglect winds)?

(ii) the force required by a man to raise his limbs
immersed in water is smaller than the force
for the same movement in air?

Water from a tap emerges vertically downwards
with an initial velocity v;,. Assume pressure is
constant throughout the stream of water and the
flow is steady, find the distance from the tap at
which cross-sectional area of stream is half of the
cross-sectional area of stream at the tap.

A cable is replaced by another cable of the same
length and material but of twice the diameter.

(a) How does this affect its elongation under a
given load ?

How many times will be the maximum load it
can now support without exceeding the elastic
limit ?

(i) For the area of the hole

is much lesser than the
area of the base of a vessel ﬂnT
of liquid, find velocity of ¥
efflux v of the liquid if
vessel is accelerating as
shown in figure.

(@, = vertical acceleration)
A large open tank has two holes in the wall.
One is a square hole of side L at a depth y
from the top and the other is a circular hole
of radius R at a depth 4y from the top. When
the tank is completely filled with water, the
quantities of water flowing out per second
from both holes are the same. Then, what is
the value of R ?

(b)

(ii)

MONTHLY TUNE UP cLass X1 [N SIS

I. (@ 2. (b) 3 (@ 4 (@ 5 (@

6. (b) 7. (b) 8 (b) 9. (d 10. (¢
11.(b) 12. (a) 13. (a) 14. (d) 15. (0
16.(a) 17. (b) 18. (a) 19. (c) 20. (a,b,¢)
21.(a,b, ¢, d) 22. (b,d) 23. (a,b,¢)

24.(4) 25. (123) 26. (2) 27. (d) 28. (b)
29.(a) 30. (c)
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22.

24.
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Water stands at a depth H in a tank whose side
walls are vertical as shown in the figure. A hole is
made on one side of the walls at a depth h below
the water surface.

] .,

H

l H_

N Jl
-]

(a) At what distance s from the foot of the wall

does the emerging stream of water strike the

floor ?
For what value of h this range is maximum?

(i) The breaking stress for aluminium is
7.5 x 10’Nm™. Find the greatest length
of aluminium wire that can hang vertically
without breaking under its own weight.
Density of aluminium is 2.7 x 10° kg m™.
The shear modulus of a material is always
considerably smaller than the Young's
modulus for it. What does it signify ¢

(ii)

. A solid sphere of mass m = 2 kg and density of

0.5 x 10° kg m™ is held stationary relative to a
tank filled with water as shown in figure. The tank
is accelerating vertically upward with acceleration
2ms™

(i) Calculate the tension in
the thread connecting the
sphere and the bottom of
the tank.

If the thread snaps, calculate
the acceleration of the sphere with respect to

the tank. (Density of water is p = 1000 kg m>

andg=10m s2)

(a) Explain why should the beams used in the
construction of bridges have large depth and
small breadth.

(b) Why are girders given I shape ?

25.

Explain what happens when the load on a metal
wire suspended from a rigid support is gradually
increased. Illustrate your answer with a suitable
stress-strain graph.

26.

27.

OR
(a) Pressure decreases as one ascends the
atmosphere. If the density of air is p, what is
the change in pressure dP over a differential
height dh ¢
Considering the pressure P to be proportional
to the density, find the pressure P at a height
h if the pressure on the surface of the earth
is Py,.
(¢) IfPy=1.013x10°Nm™> p,=1.29kgm™>and
¢=9.8m s, at what height will the pressure
drop to (1/10) the value at the surface of the

(b)

earth?
(d) This model of the atmosphere works for
relatively small distances. Identify the

underlying assumption that limits the model.

A bar of cross-section A is subjected to equal and
opposite tensile forces at its ends. Consider a plane
section of the bar whose normal makes an angle 6
with the axis of the bar.

(i) What is the tensile stress on this plane?

(ii) What is the shearing stress on this plane?

(iii) For what value of 0 is the tensile stress

maximum?
(iv) For what value of 0 is the shearing stress
maximum?
L
Bolf— 1~ -rhreann X‘Sﬁ ----------------- —>F
A\
OR

State and prove Bernoulli's theorem.

A light rod of length 2 m is suspended horizontally
by means of two vertical wires of equal lengths
tied to its ends. One of the wires is made of
steel and is of cross-section A; = 0.1 cm?
and the other is of brass and is of cross-section
Ay =0.2 em”. Find out the position along the rod
at which a weight must be suspended to produce
(i) equal stress in both wires, (ii) equal strain in
both wires. For steel, Y = 20 x 10" N m™ and for
brass Y=10x 10'° N m™2.

OR
Explain how does a body attain a terminal velocity
when it is dropped from rest in a viscous medium.
Derive an expression for the terminal velocity of
a small spherical body falling through a viscous
medium.

PHYSICS FOR YOU | OCTOBER '18
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SOLUTIONS

1. When the wire is subjected to repeated alternating
strains, the strength of its material decreases and the
wire breaks.

2. The boiling point of a liquid increases with
pressure. For example, if the pressure is more than
the atmospheric pressure, water boils at a temperature
higher than 100° C.

3. Graph (a) represents a brittle material as it indicates
a very small plastic range of extension.

4. Terminal velocity, v o< r*

2 2
Ya_lla =(l) =1:16
VB i"B 4

5. Inacapillary tube, a liquid rises to a height h given

by (h _ 20'(:059]
pg

For water, 0 is positive and hence h is positive. So water
rises in the capillary tube. For mercury 0 is obtuse,
cos 0 is negative and hence h is negative. So mercury
gets depressed in the capillary tube.

6. (a) When two wires of same size are suspended in
parallel, a force F equal to the breaking force will act
on each wire if a breaking force of 2F is applied on the
parallel combination.

YAAl Y.r® Al
= = ie, Fecr

l l

Thus for a single wire of double the thickness, the
breaking force will be 4F.

(b) F 2

7. Let A be the area of cross-section of the string in SI
units,
Mass of string, m = Volume x Density

=(Ax10)x 1.5x 10° = 1.5 x 10*A kg
Stress in the string

4
4 X s
=g _LoXI0 XAXW i isseiob W2

A A
5
Y=Strerss r5x103=1_5x10
Strain AL/5
5
1.5x10" x5 2
AL=————=15x10""m=15mm
5x10

8.  Using continuity equation, A;v; = Ayv,

2 2
ﬁzﬂ_zzﬂz{z]zé
2
vy, A mr f 1
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9.  Volume of the ball, V = %
Mass of the liquid displaced, m”=Vp, = E.p[}
p

When the body falls with a constant velocity,

Viscous force = Effective weight of the ball

F = Weight of the ball - Upthrust
=mg-m'g

mpPy Po
F=mg- —'g=mg(l ——].
P p
10. Y:ﬂ
AAI

Y, l and A constants,

£= constant or Ale F
Al

If tension is T;, then

I, -1 T o)
If tension is T, then

l‘z —lee Tz
Dividing eqn. (i) by eqn. (ii), we get
L R L
L-1 T,
or (T,-T,)=LT,-1|T,
LT, -LT, _ LT, -bLT,

L-T, ) L-1

11. As the temperature increases, the interatomic
forces of attraction become weaker. For given stress,
a larger strain or deformation is produced at a higher
temperature. Hence the modulus of elasticity (stress/
strain) decreases with the increase of temperature.

OR
Radius of each small drop = r

(1)

or I=

Volume of each small drop = e

Volume of bigger drop = g- nR’
1

R=n’=R=n’r
% 5 7
As terminal velocity, v e< -

2
l{ = {1) , where v’ is the terminal velocity of bigger
v

R
drop.

= %
L,=n 3 v =ndy
¥ 2

SRR

Since v'=4v, . dv=n3v or n=(4)2 =8
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12. The bubble
separate from the ring
when

21th x 26 sin 0 = pAv®

will

o sinf)

or 4nbcx%=pxnbzxv2

o sinB
or R= 4—0
pv’
13. The lead slab is fixed and force is applied parallel
to narrow face as shown in figure. The area of the face
parallel to which force is applied is

A=50cmx 10cm = 0.5m x 0.1 m = 0.05 m*>

9.0x10*N
Therefore, the stress applied = —
0.05m
= 1.80 x 10° N m™?
We know that shearing strain, Ax _ Stress
L G
X
Therefore, the displacement, Ax = Stress X L
18x10°Nm *x0.5m -4
Ax= 9 ) =16x107"m
56x10"Nm
Ax=0.16 mm

14. Torricelli's theorem : It states that velocity of liquid
flowing out of a narrow hole (i.e., velocity of efflux) at
a depth h below the free surface of liquid in a vessel is

v=./2gh . Let us consider a tank containing an ideal

liquid and having a hole at O as shown in figure. Further,
let the flow of the liquid be streamlined.

l-'l_‘=0
—_— A
'y Py=P.hy=h,vy=0
h Po=Pho=0,vo=v
y BN
i ‘ >
i A ]
B
\ y J
[—s —|

Let h = height of the liquid surface above the hole,
h'= height of the hole from the ground,
s = horizontal distance travelled by the liquid,

v = speed with which the liquid comes out of O,

p = density of the liquid,

P = atmospheric pressure.

According to Bernoulli's theorem,

total energy of the liquid at A = total energy of the
liquid at O,

1 1
ie, Py+pgh, +Epvi =P, +pghy +5pv§,
or P+pgh+0=P+{)+%pv2

(as pressure at A = pressure at O = atmospheric pressure
=P.AtA,vy=0andat O, hy=0)

Thus, gh= %vz or v=/2gh
v is called the speed of efflux of the liquid.

15. (i) The gravity on moon is about one-sixth of that
on the earth. But gravity has equal effect both on weight
of the body and the upthrust. So equilibrium of the
floating body is not affected. On the earth, weight of the
floating body is balanced by upthrust due to both water
and air.

W=mg=V,p.g+Vp,g

or m=Vy,p,+ VP, - (i)
But the moon has no atmosphere. So
W=mg=Vip.g
or m=V)p, .. (i)
Vﬂpﬂ

From eqn. (i) and (ii), we note that V,, = V,, + &%

Clearly, V), > V,, Pw

That is, the volume of ball immersed in water on the

moon is greater than that on earth. Hence ball will sink

slightly more in water when taken to the moon.

(ii) [F] = [MLT "]

[6rnrv] = [MLT'T 1) [L] [LT 1] = [MLT 9
Dimensions of LHS = Dimensions of RHS.

Hence the given formula for viscous force F is

dimensionally correct.

16. (a) Wire of material A with larger plastic region is
more ductile.
Stress

train
(c) For given strain, larger stress is required for A than
that for B.

A is stronger than B.

(d) Material with smaller plastic region is more brittle,

therefore B is more brittle than A.

(b) Young's modulus is Y,> Yy
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17. (i) A balloon filled with helium goes on rising
in air as long as the weight of the air displaced by it
(i.e., upthrust) is greater than the weight of filled
balloon. We know that the density of air decreases with
height. Therefore, the balloon halts after attaining a
height at which density of air is such that the weight
of air displaced just equals the weight of helium filled
balloon.

(ii) Water exerts much more upthrust on the limbs
of man than air. So the net weight of limbs in water is
much less than that in air. Hence the force required by
a man to raise his limbs immersed in water is smaller
than the force for the same movement in air.

18. In the shown figure, v3 = v§ + 2gh

and Avy=A,v,
Solving, =2 =—0 I
1 \Iv3+2gh b

4*"[) = Vﬂ + Zgh = h = 32L
19. (a) Young's modulus,
Mgl Mgl 4 Mgl

2 2 N 2
r-.Al D, Al
! TI[D] Al

where D is the diameter of the wire.

{
2g e Al e L2
DY D
Clearly, if the diameter is doubled, the elongation will

Elongation, Al=

become one fourth.

nD? Al-Y
(b} Load, Mg— T

Clearly, if the diameter is doubled, the wire can support

ie., M‘s_ng2

4 times the original load.

20. (i) Effective value of acceleration due to gravity
becomes (g + ag).

Required velocity of efflux, v=/2(g +a,)h
(ii) Equating the rate of flow, v|A; = v,A,

But vl=,f2gy,A1=L2,v2=\}2g x4y, A2=RR2
\2gy x[* = \IZg X4y x Tl:Rz(using Torricelli's law)

L
or ?=2nR* or R=——
2T
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v=y2¢h

I
W .
Y _v >
H
l H_
: A
-]
Time taken by the liquid to touch the ground, i.e., to
travel a vertical distance (H - h) is given by,

2(H-h
L _(}

’2 H-
Thus, s = vt = J2gh X ( or s=2Jh(H —h)

(b) For s to be maximum, —=0
dh

21. (a) Velocity of efflux,

(H-h)=

or 5[2 h(H-‘h)]=0‘

or 2x(1/2) (Hh- k)" (H-2h)=0
or ———2h =0 or h= E
Hh~ I 2
22. (i) Let L be the greatest length of aluminium wire
that can hang without breaking.
Mass of the wire, M = ALp
Mg _ (A;p)g Log
As breaking stress = 7.5 x 10’ N m™,

Lpg=7.5%10' Nm™
_7.5x10" _ 7.5x10’
Pg 2 7x10° x9.8
=28x10°m=2.8km

(ii) For a material, shear modulus is smaller than the
Young's modulus. This shows that it is easier to slide
layers of atoms of solid over one another than to pull
them apart or to squeeze them close together.

Stress =

or

23. Density of sphere = 0.5 % 10° kgm™
(i) Herep =10 kgm ,g= 10 m s,
a=2ms’,m=2 kg

pVig +a)

Volume of sphere, V = L
g

Weight of sphere in accelerating
medium = cV(g + a)
Upthrust on sphere due to liquid

=pVig+a) T oVig+a)
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As the block is held stationary

T+oV(g+a)=pVig+a)

0.5%10% x2x12
0.5x10°

(ii) If the thread snaps, T=0.

Fret =‘Fup_ W=(p-0)Vig+a)

T=(p~o)§(g+a]= =24N

=0.5x103x%x12=24 N

0.5x10

24 .
acceleration of sphere = ? =12 ms >

24. (a) The knowledge of elasticity is applied in
designing a bridge such that it does not bend too much
or break under the load of traffic, the force of wind and
under its own weight. Consider a rectangular bar length
I, breadth b and thickness d supported at both ends, as
shown in figure. When a load W is suspended at its
middle, the bar gets depressed by an amount given by

WP
4Y bd?

(b) Bending can be reduced by using a material with a
large Young's modulus Y. As § is proportional to d > and
to b', so depression can be decreased more effectively
by increasing the depth d rather than the breadth b. But
a deep bar has a tendency to bend under the weight of
a moving traffic, as shown in figure (b). This bending
is called buckling. Hence a better choice is to have a
bar of I-shaped cross-section, as shown in figure (c).
This section provides a large load bearing surface and
enough depth to prevent bending. Also, this shape
reduces the weight of the beam without sacrificing its
strength and hence reduces the cost.

b
—
T i == |
d
L | (=——=|
(a) Rectangular  (b) Buckling of () I-shaped

cross-section of bar  a deep bar cross-section of bar

Joint Entrance Examination
(Main) 2019

he JEE (Main)-2019 will be conducted by National Testing Agency
(NTA) twice before admissions in the next academic session. The

NTA will conduct the first JEE (Main)-January 2019 for admission to
Undergraduate Programs in NITs, lliTs and other Centrally Funded
Technical Institutions etc. on the weekends (Saturdays / Sundays) during
6t January 2019 - 20" January 2019. The test details are

given below:
Paper Subjects Mode of Timing of
Examination Examination
First |Second
Shift Shift
Paper-1 Mathematics, | “Computer Based | 09.30 | 02.30
(For B.E./B. | Physics & Test (CBT)" mode | am.to | pm.to
Tech.) Chemistry only 1230 | 05.30
p.m. p.m.
Paper - 2 Mathematics | "Computer Based
(For B. Arch/ | Part | Test (CBT)” mode
B.Planning} | Aptitude Test | only
(to be Part Il
attempted Will be held in one
in one Drawing Test | "Pen & Paper shift only
sitting) Part Ill Based” (offline)
mode to be
attempted on
Drawing sheet

The exact date and shift allotted to candidates for JEE (Main) - January
2019 shall be displayed by the 5" October 2018 on the NTA websites
A candidate may appear in Paper 1 and/or Paper 2 depending upon
the course/s hefshe wishes to pursue. All the candidates aspiring to take
admission to the undergraduate programs at I[Ts for the year 2019 will
have to appear inthe Paper-1(B. E./B.Tech.) of JEE (Main)-2019. Based on
the performance in Paper-1(B. E. /B. Tech.) of JEE (Main}-2019, a number
of top candidates as per the requirement of JEE (Advanced) (including all
categories) will be eligible to appear in JEE (Advanced)-2019.

Similarly, the second JEE (Main) - April 2019 will be conducted between

6 April 2019 - 20t April 2019 for which a separate notice will
be issued |ater on and the candidates will be required to apply separately.

However, candidates are not required to compulscrily appear in both the
tests i.e. JEE (Main) - January 2019 and JEE (Main) - April 2019. In case,
a candidate appears in both the tests, the better of the two scores will be
used for the admissions and eligibility for JEE (Advanced)-2019.

Candidates who desire to appear in the JEE (Main) - January 2019
may see the detailed Information Bulletin for JEE (Main) -
January 2019 which is available on the website www.nta.ac.in and
www.jeemain.nic.in w.e.f. 1*' September 2018,
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25. Refer to answer 26, page no. 305 (MTG CBSE
Champion Physics class 11)
OR
Refer to answer 20, page no. 336 (MTG CBSE
Champion Physics class 11)

26. (i) The resolved part of F along the normal is the
tensile force on this plane and the resolved part parallel
to the plane is the shearing force on the plane.

Fsin@
\ ¢ FcosH
F—f-emmmmmmmmmeaam ".'Sg ................ —
\

Area of plane section = A sec 0

F
Force Fcos® _F 29
Area Asec® A

(ii) Shearing stress applied on the top face
So, F=Fsin®

Tensile stress =

F Fsin® F
Shearing stress = = ZinBcos®
Area  AsecB
= i sin 26,
2A

[+ sin 20 = 2sin0 cosO]
(iii) Tensile stress will be maximum when cos’0 is
maximum ie,cos0=1 or B=0°
(iv) Shearing stress will be
sin 20 is maximum i.e. sin 20 = 1
or 20=90° or O =45°

OR

Refer to answer 62, page no. 342 (MTG CBSE
Champion Physics class 11)

maximum when

27. The situation is shown in figure. Let AB be the
rod of length 2 m. Suppose a weight W is hung at C at
distance x from A. Let T} and T, be the tensions in the
steel and brass wire respectively.

SRR NSNS Y T T
Steel Brass
wire wire
T\ A AT
C
A q—x—)id—z-x—hm
w
: " T,
(i) Stress in steel wire = —,
A
T

Stress in brass wire =

=

@ PHYSICS FOR YOU | 0CTOBER '18

As both the stresses are equal, so

L0 o B A DI

A A, T, A, 02 2
Now moments about C are equal as the system is
equilibrium

Tyx=T,(2-x) or I,_=2—x

T, X

1_2-x [ fl_zl]

* T 2

x=4-2x
Ix=4 or x=§=1.33m

(ii) Now Y = Stress/Strain
Strain = Stress/Y

. . T/ A
Strain in steel wire =
1
T J
Strain in brass wire = v =
T T *
o AY, AY,
L AY, 0.1em®x20x10°Nm™
T, AY, 02cm’x10x10"Nm™
T 2-
Again, Tix=T, (2-x) or —L=="72
T, x
_ A s
or 1:2—x g B |
x T
x=2-x
or 2x=2 or x=1m.
OR

Refer to answer 95, page no. 346 (MTG CBSE
Champion Physics class 11)
............................................................ ®®
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PRACTICE PROBLEMS

hese practice problems enable you to self analyse your extent of
understanding of specified chapters. Give yourself four marks for correct
answer and deduct one mark for wrong answer. Performance analysis table
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Class XI \

given at the end will help you to check your readiness.

System of Particles
and

Rotational Motion

Total Marks : 120

NEET / AlIMS

34

Only One Option Correct Type

A ‘T’ shaped object with dimension shown in the
figure, is lying on a smooth floor. A force Fis applied
at the point P parallel to AB, such that the object
has only the translational motion without rotation.
Find the location of P with respect to C.

4 fe— | —>
(a) 3“ Al |B
(b) I T

2 Ffp- 2l

3
3
@ 5! .

A particle of mass m moving with velocity u makes
an elastic one dimensional collision with a stationary
particle of mass m. They are in contact for a brief
time T. Their force of interaction increases from

y A ;
zero to Fy linearly in time — and decreases linearly

to zero in further time E The magnitude of Fj is

mu 2mu
(a) T (b) T
it
(c) T (d) None of these

A circular ring of mass 6 kg and radius a is placed
such that its centre lies at the origin. Two particles
of masses 2 kg each are placed at the intersecting

PHYSICS FOR YOU | 0CTOBER 18

Time Taken : 60 Min.

points of the circle with positive X-axis and positive
Y-axis. Then, the angle made by the position vector
of centre of mass of entire system with X-axis is

(a) 45° (b) 60°

(c) tan”! (E]
5

The motor of an engine is rotating about its axis
with an angular velocity of 100 rpm. It comes to rest
in 15 s, after being switched off. Assuming constant
angular deceleration. What are the numbers of
revolutions made by it before coming to rest ?

(a) 12.5  (b) 40 (¢) 326 (d) 15.6

Two uniform rods of equal
length but different masses
are rigidly joined to form an
L-shaped body, which is then
pivoted as shown in figure. If in
equilibrium the body is in the
shown configuration, ratio M/m will be

@2 B3 @z @
Four point masses each Y

of value m, are placed at
the corners of a square A
ABCD of side I. The
moment of inertia of
the system about an axis X 0
passing through A and
parallel to BD is D c

!
@) 3 mi* (b) 3mP  (c) mP  (d) 2mb

(d) 30°




-

10.

11.

12.
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A fly wheel of moment of inertia 3 x 10% kg m* is
rotating with uniform angular speed of 4.6 rad s™'.
If a torque of 6.9 x 10> N m retards the wheel, then
the time in which the wheel comes to rest is

(a) 1.5s (b) 2s (c) 0.5 (d) 1s

A particle of mass m moves in the XY plane with a
velocity v along the straight line AB. If the angular
momentum of the particle with respect to origin O
is Ly when it is at A and Ly when it is at B, then
(@) Ly>Lp y B
(b) Ly=Lg >
(c) The relationship between

L4 and Ly depends upon

the slope of the line AB
(d) Ly<Lg 0

Two solid cylinders P and Q of same mass and same

radius start rolling down a fixed inclined plane from

the same height at the same time. Cylinder P has

most of its mass concentrated near its surface, while

Q has most of its mass concentrated near the axis.

Which statement is correct ?

(a) Both cylinders P and Q reach the ground at the
same time.

(b) Cylinder P has larger linear acceleration than
cylinder Q.

(c) Both cylinder P and Q reaches the ground with
same translational kinetic energy.

(d) Cylinder Q reaches the ground with larger
angular speed.

X

A circular platform is mounted on a frictionless
vertical axle. Its radius R = 2 m and its moment of
inertia about the axle is 200 kg m’. It is initially at
rest. A 50 kg man stands on the edge of the platform
and begins to walk along the edge at the speed of

1 m s~ relative to the ground. Time taken by the
man to complete one revolution is

(b) 3?“3 E

() ==

Two spherical bodies of mass M and 5 M and radii R
and 2R released in free space with initial separation
between their centres equal to 12 R. If they attract
each other due to gravitational force only, then
the distance covered by the smaller body before
collision is

(a) 45R (b) 7Z5R (¢) L5R (d) 2.5R

Two masses m and m, (m, > m,) are connected by
massless flexible and inextensible string passed over
massless and frictionless pulley. The acceleration of
centre of mass is

(a) ms (c) 2ms

2
- nh —
(a) (”’”—’”?] g ) 2—2p
my + m, Byt
my +
© ﬁg (d) Zero

Assertion & Reason Type

Directions : In the following questions, a statement of assertion
is followed by a statement of reason. Mark the correct choice as:

(a)
(b)

()
(d)

13.

14.

16.

. Assertion : Two identical

If both assertion and reason are true and reason is the
correct explanation of assertion.

If both assertion and reason are true but reason is not the
correct explanation of assertion.

If assertion is true but reason is false.

If assertion is false but reason is true.

Assertion : Two axes AB and CD are as shown in
figure. Given figure is of a semi-circular ring. As the
axis moves from AB towards CD, moment of inertia
first decreases, then increases.

A [P ——

T

Reason : Centre of mass lies somewhere between
AB and CD.

Assertion : A ring and a disc of same mass and
radius begin to roll without slipping from the top
of an inclined surface at f = 0. The ring reaches the
bottom of incline in time #; while the disc reaches
the bottom in time #;, then t; < t,.

Reason : Disc will roll down the plane with more
acceleration because of its lesser value of moment
of inertia.

spherical spheres are half
filled with two liquids of
densities p; and p; (> py).

(a) (b)
The centre of mass of both the spheres lie at same level.

Reason : The centre of mass will lie at centre of the
sphere.

JEE MAIN / ADVANCED

Only One Option Correct Type

Each pulley in figure has radius » and moment of
inertia I. The acceleration of the block is

PHYSICS FOR YOU | OCTOBER '18
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(M—-m)g (M—m)g

() (d)
(M+m+—] (M+m

ml"‘-

. Two uniform boards, tied

together with the help

of a string, are balanced

on a surface as shown in

figure.

The coefficient of static

friction between boards and surface is 0.5. The

minimum value of 0, for which this type of

arrangement is possible is

(a) 30°

(b) 45°

(c) 37°

(d) It is not possible to have this type of balanced
arrangement.

A solid cylinder is placed on the end of an inclined
plane. It is found that the plane can be tipped at an
angle 0 before the cylinder starts to slide, When the
cylinder turns on its sides and is allowed to roll, it is
found that the steepest angle at which the cylinder
performs pure rolling is ¢. The ratio of tan ¢/tan 0 is
(a) 3 (b) 1/3 (c) 1 (d) 172

. In the figure shown mass of

both, the spherical body and

block is m. Moment of inertia

of the spherical body about

centre of mass is 2mR’. The

spherical body rolls on the

horizontal surface. There is

no slipping at any surfaces in contact. The ratio of
kinetic energy of the spherical body to that of block is
(a) 3/4 (b) 1/3 (c) 2/3 (d) 1/2

More than one Options Correct Type

The moments of inertia of i

a thin square plate ABCD st 4y ,E’:’l
of uniform thickness o P
about an axis passing = ------f--- e -fregees
through the centre O and R
perpendicular to the plate e .2
are 5 , Cs

PHYSICS FOR YOU | 0CTOBER 18

21.

22,

5. 1

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

() [ +1; d L+L+1+1,
(Where I}, I5, I; and I, are respectively, the moments
of inertia about axes 1, 2, 3 and 4, where axes are in
the plane of the plate).

A wheel is rolling on a horizontal plane. At a certain
instant, it has a velocity ' and acceleration ‘a’ of
CM as shown in figure. Acceleration of
(a) A is vertically upwards C
(b) B may be vertically
downwards
(¢) C cannot be horizontal
(d) some point on the
rim may be horizontal
leftwards

A particle of mass m is projected with a velocity
v making an angle of 45° with the horizontal.
The magnitude of the angular momentum of the
projectile about the point of projection, when the
particle is at its maximum height A, is

my’ my>
4\f—g (c) J_ (d) m 2gh

The torque T on a body about a given point is
foundtobe equal to A and L where A is a constant
vector,and [ is the angular momentum of the body
about that point. From this it follows that
dL
(a) 7
(b) the component of L in the direction of A does
not change with time.
(c) the magnitude of L does not change with time.

(a) zero

is perpendicular to [ atall instants of time

(d) L does not change with time.

Numerical Value Type

24. One fourth length of a uniform rod of length 2/ and

mass m is placed on a horizontal table and the rod
is held horizontal. The rod is released from rest. The
normal reaction on the rod as soon as the rod is

A
31
f—

f—1/4—

released is . Find the value of x.
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25. Two plates 1 and 2 move with velocities -v and 2v
respectively. If the sphere does not slide relative to
the plates, assuming the masses of each body as m.
The kinetic energy of the !
system (plates + sphere) ¥ m

X
is —0 mv>. The value of m

2

m 2v

xis

26. A semi-circular track of radius R = 62.5 cm is cut in
a block. Mass of block, having track, is M = 1 kg and
rests over a smooth horizontal floor. A cylinder of
radius r = 10 cm and mass m = 0.5 kg is hanging by
a thread such that axes of cylinder and track are in
same level and surface of cylinder is in contact with
the track as shown in the figure. When the thread is
burnt, cylinder starts to move down the track.
Sufficient friction exists between
surface of cylinder and track,
so that cylinder does not slip. R
Calculate velocity (in ms_l) of
axis of cylinder when it reaches
bottom of the track (g=10m s2).

m

Comprehension Type

A uniform rod of length L lies on a smooth horizontal
table. The rod has a mass M. A particle of mass m
moving with speed v strikes the rod perpendicularly at
one of the ends of the rod and sticks to it after collision.

27. Find the velocity of the centre of mass C of the
system constituting ‘the rod plus the particle’
2Mv 2my My my
(a) (b) c (d)
M-m M+m M+m M+m
28. Find the velocity of the rod with respect to C before

the collision
My mv 2Mv 2mv
(a)

M+m (6) M+m (©) M+m (d) m+ M
Matrix Match Type

29. From a uniform disc of mass M and radius R, a
concentric disc of radius R/2 is cut out,
For the remaining annular disc : I, is the moment of
inertia about axis ‘1, I, about 2} I; about ‘3’ and I,
about ‘4’

30.

Axes ‘I’ and 2’ are
perpendicular to the disc
and ‘3’ and ‘4’ are in the
plane of the disc.

Axes ‘2, ‘3 and 4
intersect at a common
point.

Match the following columns:

Column I Column II
21
(A) | I; isequal to (P) 3—2MR2
(B) | I, is equal to (Q) | L/2
15
(C) | I; +1 isequal to | (R) 51’9’1’1‘3'-2
(D) | I, - Iyisequalto | (S) | none of these
A B C D
(a) R P P Q
(b) P Q R S
(c) Q P R P
(d) R P R S

Match column I with column IL

A disc rolls on ground without slipping. Velocity of
centre of mass is v.

There is a point P on

circumference of disc at

angle 0. Suppose vpis the

speed of this point. Then,

match  the following P
columns.

Column I | IColumn 11
(A);If&):ﬁﬂ" ) ‘Vp =2v
(B) If6 = 90° Q) (vp=v
(C)|1f0 = 120° | (R) vp=2v

|
(D) If0 = 180° () |vp =Bv
A B C D
(a) P P S Q
(b) S R R S
(c) Q P S R
(d) R S Q P o9
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Entrance Tests,

UNIT 4 : ELECTROMAGNETIC INDUCTION AND ALTERNATING CURRENT

Farapay’s Law oF InpucTion

® According to Faraday’s first law of electromagnetic
induction, whenever the magnetic flux linked with
a circuit changes, an emf is induced in the circuit.
The SI unit of induced emf is volt.

®  Magnetic Flux : The total number of magnetic field
lines crossing through the surface is known as the
magnetic flux of the any surface held in magnetic
field B.
If a loop enclosing an area A is placed in a magnetic
field B, then the magnetic flux through the loop is

= [B-dA

® According to Faradays second law of
electromagnetic induction, the magnitude of the
induced emf in a circuit is equal to the time rate of

magnetic flux through the circuit.

do
fe. €= “E
In the case of a closely wound coil of N turns,
change of flux associated with each turn is the same.
do
dt
Lenz’s Law and energy conservation
According to Lenz’s law, the induced current has a

direction such that the magnetic field due to the current

e=-N—

opposes the change in the magnetic flux that induces

3¢

PHYSICS FOR YOU | 0CTOBER 18

the current. In other words, the polarity of the induced

emf/current is such that it always opposes the change in

magnetic flux which produces the induced emf/current.

Lenzs law is in accordance with the principle of

conservation of energy.

¢ Fleming’s Right Hand
Rule : Fleming’s right

Motion of conductor

hand rule also gives us
the direction of induced
emf or current, in a
conductor moving in a

Magnetic
field

Induced

current

magnetic field.

According to this rule, if we stretch the fore finger,
central finger and thumb of our right hand in
mutually perpendicular directions such that fore
finger points along the direction of the field and
thumb is along the direction of motion of the
conductor, then the central finger would give us the
direction of induced current or emf. The direction
of induced current or emf given by Lenz’s law and
Fleming’s right hand rule is the same.

¢ Applications of Lenz’s
Law : When a north
pole of a bar magnet is
moved towards a colil,
the current S

induced ﬁ
in the coil will be in

anticlockwise direction as shown in the figure.
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When a north pole of bar
magnet is moved away
from the coil, the current
induced in the coil will be
in clockwise direction as

shown in the figure. ‘/&

When a current carrying coil is moved towards a
stationary coil, the direction of current induced in
stationary coil is as shown in figure.

LDILLE LIILDE

|2 ©

I U(Stationar)r}
When a current carrying coil is moved away from a
stationary coil, the direction of current induced in
stationary coil is as shown in figure.

TTO00 DL
+—a Y v A
4F ©
(Stationary)

When two coils A and B are arranged as shown in figure,
then on pressing K, current in A increases in clockwise
direction. Therefore, induced current in B will be in
anticlockwise direction.

However, when key K is released, current in A decreases
in clockwise direction. Therefore, induced current in B
will be in clockwise direction.

When current in a straight conductor AB is increased,
induced current in loop will be in clockwise direction
as shown in the figure. If current in AB is decreasing,
the induced current in the loop will be in anticlockwise
direction.

A > B
Current

Moriona. EMF

If a conductor is moving with velocity ¥ in a magnetic
field, electrons inside it experience a force F=e(v x B)

and accumulate at the end of the conductor. Very soon,
an electric field is established. Eventually component of
magnetic force along the conductor length is balanced
by the electric field force and the drifting of electorns
stops and an emf is established.

s=-jE-dI=j(a><§)-dI

Thisisgeneral expression forinducedemfinaconducting

Now,

wire. If ¥, B and [ are mutually perpendicular to each
other then, € = Bvl.

Motional emf in Loop
If a conducting rod moves on two parallel conducting
rails then an emf is induced whose magnitude is
|e| = Blv and direction is given by Fleming’s right hand
rule. Induced current |I|= |i| = B

R R
Rotational emf
If a conducting rod of length I rotates about an axis
passing through one of its ends (that end may be fixed)
with an angular velocity ® in a plane perpendicular

to the magnetic field B. Then an induced emf is set
up between ends of rod whose magnitude is given by

1
|e|== Bl’®
2

Eddy Currents

The current induced in bulk pieces of conductors when
the magnetic flux linked with the conductor changes
are known as Eddy currents.

INbucTANCE

An electric current can be induced in a coil by flux
change produced by another coil in its vicinity or flux
change produced by the same coil. The flux through a
coil is proportional to the current i.e. ¢ o< |
For a closely wound coil of N turns, N o< [

LI
or ¢=E

where L is the constant of proportionality called
inductance. SI unit of inductance is Tm’A™' or
henry (H) and its dimensional formula is [ML2T2A7%.

Self Inductance

Whenever the current passing through a coil or circuit
changes, the magnetic flux linked with it will also
change. As a result of this, an emf is induced in the coil
or the circuit which opposes the change that causes it.

PHYSICS FOR YOU | 0CTOBER '18 @
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This phenomenon is known as self induction and the

emf induced is known as self induced emf or back emf.
When a current I flows through a coil and ¢ is the

magnetic flux linked with the coil, then

Oec ] or 0=1LI
where L is coeflicient of self induction or self inductance
of the coil.
The self induced emfis €=~ d—q} =—L ﬂ
dt dt

Self inductance of a solenoid is L = pgn’lA
where [ is length of the coil solenoid, n is number of
turns per unit length of a solenoid and A is area of cross
section of the solenoid.

N2nR
Self inductance of a circular coil is L= Lot B2
where R is the radius of a coil and N is the number of
turns.

Mutual Inductance

Whenever the current passing through a coil or circuit
changes, the magnetic flux linked with a neighbouring
coil or circuit will also change. Hence an emf will be
induced in the neighbouring coil or circuit. This
phenomenon is known as mutual induction. The coil
or circuit in which the current changes is known as
primary, while the other in which emfis set up is known
as secondary.

Let Ip be the current flowing through primary coil at
any instant. If ¢g is the flux linked with secondary coil
then ¢ge< Ip or ¢g= MlIp

where M is coefficient of mutual inductance of two coils.

The emf induced in the secondary coil is given by

dlp

dt
Combination of Inductances
When two coils having self inductance L; and L, are
connected in series keeping them far apart (so that
mutual inductance between them is negligible), the
equivalent inductance of the combination is given by

L=L;+L,

When two coils are connected in parallel, the equivalent
inductance is given by
1 1 1
—_———
L L L,
Energy Stored by an Inductor
A current-carrying inductor stores energy in the
magnetic field associated with it and energy stored for

ES=

. 1
current [ and an inductance L are related as E LIz,

(0
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AC Generator

It is a device used to obtain a supply of alternating
emf by converting rotational mechanical energy into
electrical energy. It is based on the phenomenon of
electromagnetic induction. i.e. when a coil is rotated in
uniform magnetic field, an induced emf is produced in
it.

The instantaneous value of the e.m.f. produced is given
by € = NBAwsinwt, where N is number of turns of the
coil, A is the area of coil and w is angular frequency of
rotation of the coil in a magnetic field strength B.

Basic Principle of AC Generation

Alternating voltage is generated by rotating a coil
of conducting wire in a strong magnetic field. The
magnetic flux linked with the coil changes with time
and an alternating emf is thus induced. Instantaneous
flux linked with coil is

0=(A-B)n e

= ABn cos(wt + 0p)
where, B
A = area of the coil (in m?) G:ﬁm
B = magnetic field (in tesla)
n = number of turns

2n =
o= angular frequency = e 2nv(in rad s71)

v = frequency (in hertz)
0, = initial phase angle.
and the alternating voltage is given by

Vz—égzvosinmr
dt

Where V; = ABnw

The instantaneous value of an ac is given by

I=I,sin ot

Here,  is the angular frequency of ac and (w/2m) is the
frequency of ac. (21/w) represents the time period of ac.
In one cycle of ac, current increases from zero to a
maximum, then decreases to zero and reverses in
direction and then decreases to zero. Thus current is
zero twice in one cycle and is numerically maximum
also twice in one cycle, once in the forward direction
and once in the backward direction in one cycle. Time
taken to complete one cycle is called Time Period.

The frequency of ac represents the number of cycles of
ac completed in one second. Ac supplied in India has a
frequency of 50 Hz.
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AvLternaTiNG CuRRENT

It is the current which varies continuously in magnitude
and periodically in direction. It can be represented by
I = Iy sinwt or I = [cost.

where I is peak value of current and is known as
amplitude of ac and I is the instantaneous value of ac.

2
0= ?11: =21y where T'is period of ac and v is frequency

of ac.

Voltages and currents that vary symmetrically in
magnitude and direction with time are very common.
The electric mains supply in our homes and offices is a
voltage that varies like a sine function with time. Such
a voltage is called alternating voltage (ac voltage) and
the current driven through the appliances is called the
alternating current (ac current)

Average Values of AC Voltage and AC
Current

AC voltage or current are commonly sinusoidal (sine
or cosine function) and their mean values for complete
cycle is zero. The average values for half cycles are
equally positive and negative

® Average value for one half cycle (or rectified

average value)
V = Vysin wt
Ti2
j Vadt
2
S (V= ”2 ZE Vi, =0.637 V,,.
| at
0

This is also known as the rectified average value of a
sinusoidal voltage and is represented as V,

® Root Mean Square Value (V, or I.)
Since V or I are equally negative and positive, their
squares will always be positive and the square root
of the average of their square will give the rms

values.
V= V(}Slnﬂ.)f
Vi Vz
W2 jv sin mrdt-—ﬁjl cos2mt)d =0
o 2
Thus V. =/(V?), ./
J_
I
and I (%), =—%
TI'I'IS -JE
Peak value

or RMS value=

V2

Series AC Circurs

When only Resistance is in AC Circuit

Consider a simple ac circuit Ve
consisting of a resistor of ST
resistance R and an ac generator, | i v

as shown in figure.

According to Kirchhoff’s loop law
at any instant, the algebraic sum
of the potential difference around a closed loop in a
circuit must be zero.

€- VR=U‘,E— IRR=0;EQSinUJ‘f—IRR=U'

£
L Eﬂsinmt = I, sinmt (i)

. £
where I is the maximum current, I, = EU

From above equations, we see that the instantaneous

voltage drop across the resistor is

Vi = IyRsinwt ...(ii)

® Phasor Diagram : We see
in equation (i) and (ii), Iy I A
and Vp both vary as sinwt v 7 Vi
and reach their maximum
values at the same time
as shown in figure (a),
they are said to be in (a)
phase. A phasor diagram
is used to represent phase
relationships. The lengths Vil
of the arrows correspond to
V, and I, The projections
of the arrows onto the
vertical axis gives Vi and I,
In case of the single-loop resistive circuit, the current
and voltage phasors lie along the same line, as shown
in figure (b), because Iy and Vy are in phase.

Phasor diagram

(b)

When only Inductor is in an AC Circuit
Now consider an ac circuit
consisting only of an inductor of
inductance L connected to the L v
terminals of an ac generator, as
shown in the figure.

€ = gysinmi

The induced emf across the inductor is given by L—.

On applying Kirchhoff’s loop rule to the circuit

E-V; = E"-L£=U

dt
When we rearrange this equation and substitute € = g,

sinmt, we get

0 =

PHYSICS FOR YOU | 0CTOBER '18 @
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...(iii)

Integration of this expression gives the current as a
function of time

dl 3
L—=g,sinmt
dt

£ £
I = —stinmtdt =-—coswt +C

L ol
For average value of current over one time period to be
zero, C=10

o
I, =——cosmt
) oL

When we use the trigonometric identity
coswt = - sin{wt - 1/2), we can express equation as

I =E—”sin(mr—£) (iv)
oL 2
From equation (iv), we see that the current reaches its
maximum values when cos wt = 1
Iy= b L 2 (v)
ol X,
where the quantity X;, called the inductive reactance, is
X =0l
The expression for the rms current is similar to equation
(v), with g, replaced by €,,,. Inductive reactance, like
resistance, has unit of ohm.

dl
V= LE =g, sinmt =1, X; sinw?

®  Phasor Diagram : We can think of equation (v) as
ohms law for an inductive circuit. On comparing
result of equation (iv) with equation (iii), we can see
that the current and voltage are out of phase with
each other by 1/2 rad, or 90°.
A plot of voltage and
current versus time is given
in figure (a). The voltage
reaches its maximum value
one quarter of an oscillation
period before the current
reaches its maximum value.
The corresponding phasor
diagram for this circuit is
shown in figure (b). Thus,
we see that for a sinusoidal
applied voltage, the current
in an inductor always lags bel
the inductor by 90°.

When only Capacitor is in an AC circuit
Figure shows an ac circuit consisting of a capacitor of
capacitance C connected across the terminals of an ac
generator. On applying Kirchhoft’s loop rule to this
circuit gives.

@

Vi

0
Phasor diagram

-
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£ - VC =0 Ve

Ve =€ = g sinwt W) KE—— g —2
where Vi is the instantaneous 52 v
voltage drop across the i =
capacitor. £ = Egsinot
From the definition of

capacitance, V- = Q/C, and this value for V- substituted
into equation (vi) gives
Q = CE{} sinmt
Since I = dQ/dt, on differentiating above equation gives
the instantaneous current in the circuit.

Io= ‘i—? = Ceymcos 0t
Here again we see that the current is not in phase
with the voltage drop across the capacitor, given
by equation (vi). Using the trigonometric identity
coswt = sin(wt + 1/2), we can express this equation in
the alternative form

bl
I =wCe, sin(mt+5] (Vi)

From equation (vii), we see that the current in the
circuit reaches its maximum value when coswt = 1.

€

ip =WCgy=—-

Xc

where X is called the capacitive reactance
1

€ wC
The SI unit of X- is also ohm. The rms current is given by
an expression similar to equation with V{ replaced by V..
® Phasor Diagram : Combining equation (vi) and
(vii), we can express the instantaneous voltage drop
across the capacitor as, Vo = V} sinwt = [(X-sinwf
Comparing the result of equation (v) with equation

L8
(vi), we see that the current is — rad = 90° out of
phase with the voltage across the capacitor.

A plot of current and
voltage versus time, shows
that the current reaches
its maximum value one
quarter of a cycle sooner
than the voltage reaches
its maximum value. The
corresponding  phasor
diagram is shown in the
figure (b). Thus we see
that for a sinusoidally
applied emf,the current
always leads the voltage
across a capacitor by 90°.

wi

Phasor diagram
(b)
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Vector Analysis (Phasor Algebra)

The complex quantities normally employed in ac circuit
analysis, can be added and subtracted like coplanar
vectors. Such coplanar vectors, which represent
sinusoidally time varying quantities, are known as
phasors.

In cartesian form, a phasor

A can be written as

A=a+jb

where a is the x-component and
b is the y-component of phasor A.

The magnitude of A is, |A|=+va’ +b* and the angle
between the direction of phasor A and the positive
X-axis is,

than_l(g)
a

when a given phasor A, the direction of which is along
the x-axis is multiplied by the operator j, a new phasor
jA is obtained which will be 90° anticlockwise from A,
i.e., along y-axis. If the operator j is multiplied now to
the phasor jA, a new phasor j* A is obtained which is
along x-axis and having same magnitude as of A, Thus,
A=-A
i 2=—1 or j= J—_l

Now using the j operator, let us discuss different circuits
of an ac.

Series L-R Circuit

Now consider an ac circuit consisting of a resistor of
resistance R and an inductor of inductance L in series
with an ac source generator.

N WV Vi

&

Suppose in phasor diagram, current is taken along

positive x-direction. Then Vj is also along positive

x-direction and V; along positive y-direction.

As we know potential

difference  across a Y

resistance in ac is in

phase with current, and it

leads current in phase by

90° across the inductor, so we can write

V=Vp+jV,=IR+j(IX;) = IR + j(Iwl) = IZ

® Impedance and Phase Difference : Here,
Z =R+ jX; = R + j(wL) is called impedance of
the circuit. Impedance plays the same role in ac
circuits as the ohmic resistance does in dc circuits
The modulus of impedance is,

| Z =V R? +(oL)?

Ve

d=tan

The potential difference leads the current by an angle,
:tan"](ﬁ] = q):tan_l(w—L)
R R R

Series L-C-R Circuit and Resonance
Now consider an ac circuit =
consisting of a resistor of e
resistance R, a capacitor of L
capacitance C and an inductor )—'ﬂlll—'\/\/\zJ
of inductance L, in series with K_V: *??' '(V_:
an ac source generator.
Suppose in a phasor diagram, current is taken along
positive x-direction. Then Vy is along positive
x-direction. V| along positive y- direction and V- along
negative y-direction, as potential difference across an
inductor leads the current by 90° in phase while that
across a capacitor, lags it in phase by 90°.

ViV ko

V=VI+(v,-Vc)?
So, we can write, V= Vp + jV; - jVi
=IR +j(IX;) - j(IX¢) = IR + jII(X; - Xp)] = 1Z
® Impedance and Phase Difference :

Here impendance is,

1
Z=R+ij(X;, =X -)=R+j| oL———
X - Xe) J[ wC]

The modulus of impedance is,
2

|Z|=,|R* +| o . and the potential
wC

difference leads the current by an angle.

|V =Ve af X —Xc

O=tan WL Clotan 1(;) ...(viii)
R R
ml — L
o =tan™! RmC
The steady current in the circuit is given by
Vi

I= 2 sin(ot + )

2
JR2+((1)L—--1-]
oC

where @ is given from equation (viii)
Vo

JRE +[mL—-l]
wC

It depends on angular frequency  of ac source.

The peak current is I =

PHYSICS FOR YOU | OCTOBER '18
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® Resonance Condition : The current will be

maximum when m{,—i=0 = 0M=,/— and
wC LC
corresponding frequency is U—E—L 2.
: g ’ 2n 2N LG

This frequency is known as resonant frequency of
the given circuit. At this frequency peak current

v
will be Iy =—2
If the resistance R in the LCR circuit is zero, the

: Yo
peak current at resonance is IU = F

It means, there can be a finite current in pure
LC circuit even without any applied emf,
This current in the circuit is at frequency,

1 1
v=—,[—
2rVLC

Quauity FacTor

It is a measure of sharpness of resonance. It is defined
as the ratio of reactance of either the inductance or
capacitance at the resonant angular frequency to the
total resistance of the circuit.

A B pte.. Y etk
Q=3=T7 '3 m,CR’Q r\cC
Quality factor is also expressed in terms of bandwidth

__ Resonant frequency

~ Bandwidth
Power in AC Circuir

In an ac circuit we may define three types of power.

® Instantaneous power : The power in the ac circuit
at any instant of time is known as instantaneous
power. It is equal to the product of values of
alternating voltage and alternating current at that
time.

®  Average power (P,,) : The power averaged over one
full cycle of ac is known as average power. It is also
known as true power.

Vol
B.=V_1I -

ms < rms cosp=

cos®

® Apparent power : The product of virtual voltage
(Vims) and virtual current (I, in the circuit is
known as virtual power.
Vol
P=V, 1. =22

rms Crms
2
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Power Factor
It is defined as the ratio of true power to apparent power
of an ac circuit

True power
cosp=———
Apparent power

® Power factor is also defined as the ratio of the
resistance to the impedance of an ac circuit

R
cost})—z

It is unitless and dimensionless quantity.

® In pure resistive circuit,
0=0%cosp=1.
® In pure inductive or capacitive circuit
T
=—;cos0p=0.
¢ 2
® In RL circuit,

Z= ,HRE +Xi and cosq):;

® [n RC circuit,

R
Z =,’R2 +Xé and cosq}:E

® In series LCR circuit,

Z=\'/R2 +(X; -XC)2 and cos@ =

® Atresonance, X; = X
Z=R and ¢=0°
cos =1

Eﬁuuﬂ AC Circuirs

Let us consider an alternating B R
source connected across an I,

inductance L in parallel with I

a capacitor C. The resistance I

in series with the inductance &

is R and with the capacitor is v

Zero.

Let the instantaneous value of emf applied be V and the
corresponding current is I, I; and I.. Then,

I= If. + IC

vV V. V. (eQV

Z R+jolL jloC R+joL  j

=V SOV oV s =)
R+joL 2 R+ joL

or

® Admittance:

1
—= —+ joC
Z R+ joL
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| J '
E is known as admittance (Y). Therefore,

Y_

I R-jol

_ R+ j(0CR* +0’*C-wlL)
Z R+o’l? -

R + o’

+ joC

Resonance Condition

The magnitude of the admittance,

JR? +(0CR? + 0’13 C - 0L)?
R* + @’I?

The admittance will be minimum, when

OCR* + 0’L*C- oL =0

1 R?
W= |—-—
LC |2

It gives the condition of resonance and the

i iE

Y=|Y|=

corresponding frequenc v—ﬂ——
P glrequency, V= on 2\ 1C 12

is known as resonance frequency. At resonance
frequency admittance is minimum or the
impedance is maximum. Thus, the parallel circuit
does not allow this frequency from the source to
pass in the circuit. Due to this reason the circuit
with such a frequency is known as rejector circuit.
1
— same as
resonance frequency in series circuit.
At resonance, the reactive component of Y is real.
The reciprocal of the admittance is called the parallel
resistor or the dynamic resistance. The dynamic
resistance is thus, reciprocal of the real part of the
admittance.

If R = 0, resonance frequency is

: p R* + 0’
Dynamic resistance = — R
2
Substituting @’ = m T
Ic |2
we have, dynamic resistance= —
CR
peak  current  through  the  supply
_ Vy _ V,CR
L/CR L
The  peak  current  through  capacitor
Vo
= =mwV,C.
1/Cw

The ratio of the peak current through capacitor and
through the supply is known as Q-factor.

VyC
Thus, Q-factor=—2——= Rk
V,CR/L R
This is basically the measure of current

magnification. The rejector circuit at resonance

i T oL . .
exhibits current magnification of T similar to the

voltage magnification of the same ratio exhibited by
the series acceptor circuit at resonance.

At resonance the current through the supply and
voltage are in phase, while the current through the
capacitor leads the voltage by 90°.

LC OsciLLaTioNS
2 d +‘5“L5“‘_
° Ld—g+i:0 ( I:——QJ Al ¥
dt= C dt ol
2 1

Frequency, v=

2n/LC

Oscillation of charge, g = g,,cos(0t + §)

1
(where ® = natural frequency = E )

Oscillation of current, I = I, sin(wf + ¢)
(where I, = wgq,,)
v

2 2
Electric energy, Uy = 2

2
cos” (mf +
2C 2C ( o

Magnetic energy,

2
I Dn . 2
Up=—LI"=—Lw g; sin” (®t +0)=—"sin" (wt +

= 5 L o (ot +0) - (ot +0)

TRANSFORMERS

A transformer consists of an iron core on which
a primary coil of turns N, and a secondary coil of
turns Ny are bound. If the primary coil is connected
to an AC source, the primary and secondary
voltages and current are related by

V—NSV'I N”I
’_NP R

If the secondary coil has a greater number of
turns than the primary, the voltage is stepped-up
(Vg > V). This type of arrangement is called a
step-up transformer. If the secondary coil has
turns less than the primary, we have a step-down
transformer.

Efficiency of transformer,
Outputpower VI

B Input power B VPIP
For an ideal transformer,m = 1
The ratio Np/Ng is known as turns ratio of the
transformer. Transformers are mainly characterized
by the turns ratio.
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*  Vector form of Ohm's law, | =of i AT
1 = ' o  Drift speed, v = =—1
where conductivity o =— and | is the current density, ! P "-"'ﬂ
P | «  Mobility, p, = A
=  Graph between Vand I for a metallic conducior :> E m
¥i ¥ »  Current in terms of drift velocity, [ = nedvy

# In tcmwufrcl,amtinn time T,

R, = resistance at 1°C

= Ryll +atr + B, Ry= Rl +ut) o1, [ = temperature

Shoger o thve e ™ Heve tm 8, = anll, !
¥ E SR LE T3 T, i
e RO R T | Al o
> ' ne'tA Re't
Mixed Grouping : Parallel Grouping : Electric Current ;
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n T is emu. It is called biot {Bi) conditions, differences.
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potential across any 1 P ey substance by virlue of _ Specific reistance w the resistance of a |
portion of the wire, ] which it opposes the flow | == af the material :9' substance having unit |
Vel V= k] i of current through it. : ol conductor R L a ey
s S 1 Bm f . '
1 i Ve o and unit length. ]
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- i nt £=¢mf
«  Internal resistance ofa ¢ I= { - . Temperature Dependence
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« If polarity of m batteries is reversed
I ={n—2meim+ R) ]
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SPEED

A coil of inductance 8.4 mH and resistance 6 & is
connected to a 12 V battery. The current in the coil
is 1.0 A at approximately the time

(c) 35ms

(a) 500s (b) 20s

In the circuit shown in
figure, the A.C. source
gives a voltage V = 20
c0s(2000¢). Neglecting
source resistance,
the voltmeter and

(d) 1 ms

ammeter readings will

be

(a) 0V,0.47 A (b) 1.68 V,0.47 A
(c) OV,14A (d) 56 V.14 A

A resistance of 20 Q is connected to a source of an
alternating potential V = 220 sin (100 wt) V. The
time taken by the current to change from its peak
value to rms value, is
(a) 0.2s

(c) 25x107s

(b) 0.25s
(d) 25x107s

Two parallel vertical metallic y R,
rails AB and CD are separated o
by 1 m. They are connected

at the two ends by resistances | )= 1+
R, and R, as shown in figure. % % l x x
A horizontal metallic rod of mg

mass 0.2 kg slides without x| «x x x
friction, vertically down 5 AN B
the rails under the action R,

of gravity. There is a uniform horizontal magnetic
field of 0.6 T perpendicular to the plane of the
rails. When the terminal velocity is attained, the
power dissipated in R, and R, are 0.76 W and
1.2 W respectively. Find the terminal velocity of
the rod and the resistance R, and R,.

(@ 1ms,0479,030Q (b) 2ms',030,030Q
(© 1ms,047Q,050Q (d) 2ms™,0309,047Q

The network shown in Figure, is a part of a complete
circuit. What is the potential difference V - V,,
when the current I is 5A and is decreasing at a
rate of 10° (A s7')?
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PRACTICE

15V

I 10 mH
A L2 iil il B
(a) 5V (b) 15V () 10V (d) 05V

A circular wire loop of radius R is placed in the x-y
plane centered at the origin O. A square loop of side a
(a << R) having two turns is placed with its center at

z= 3R along the axis of the circular wire loop,

as shown in figure. The plane of the square loop

makes an angle of 45° with respect to the z-axis. If

the mutual inductance between the loops is given
2

Hyd
b )
Y

then find the value of p.

X
(a) 1 (b) 3 (c) 5
At a moment (t = 0) when
charge on capacitor C, is zero,
the switch is closed. If i, be
the current through inductor
at that instant, for ¢ > 0,find

L| e
s 7
the maximum charge on C,.

L , L
CAC ® WCyE e
]+C2 |+ 2
: L @ iC, G +C,
CHC; VL

A fully charged capacitor C with initial charge g,
is connected to a coil of self inductance L at t = 0.
Find the time at which the energy is stored equally
between the electric and the magnetic fields.

@) EJE () EJE © -’SEJE @ mJLC

(d) 7

Cl
——
[

@ iC

) i



10.

11.

13,

13.

14.
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A simple LR circuit is connected to a battery at time
t = 0. The energy stored in the inductor reaches half
its maximum value at time

SHE]

L | 2 R, [V2-1
(c) Eln[ﬁ-l] (d) Elnl V) ]

Power factor of an LR series circuit is 0.6 and that
of a CR series circuit is 0.5. If the element (L, C, and
R) of the two circuits are joined in series the power
factor of this circuit is found to be 1. The ratio of
the resistance in the LR circuit to the resistance in
the CR circuit is

6 5 4 33

— B ——i d el
(a) 5 (b) p (c) % (d) 1
Determine the rms value of ¥y

a semi-circular current wave
which has a maximum value
of a.

0
(@) (1/V2)a (b) J(3/2)a
(©) J(2/3)a (d) (1/3)a

A 50 W, 100 V lamp is to be connected to an ac
mains of 200 V, 50 Hz. What capacitor is essential
to be put in series with the lamp?

25 50
(@) HF (b) EHF
50 100
(€ ~HF (d) EPF

A coil having 500 square loops each of side 10 cm is
placed normal to a magnetic field which increased at
arate of 1.0 T s. Find the induced e.m.f. (in volt).
() 50V (b)1V (¢ 10V (d)5V

In a circuit shown in figure, A and B are two cells of
same emf E but different internal resistances r; and
ry (r; > ry), respectively. Find the value of R such
that potential difference across the terminals of cell
A is zero a long time after key K is closed.

L

15.

16.

17.

18.

19.

20.

@ 20-n) (b) %(r,—rz)
3 4
(c) Z(rl—rz) (d) 5(?1—?‘3)

In the circuit shown in figure, key K is closed at
t =0, the current through the key at the instant
t=10"1n2sis

4Q 50
AAAN AAAN
—Lzov
L=5mH K 5&!%
KT <
AAAA, i}
6L C=0.lmF
(a) 2A (b) 3.5A (c) 2.5A (d) 0

In an LR series circuit, a sinusoidal V = V sin wt
is applied. It is given that L = 35 mH, R =11Q,
Vims = 220 V, ®/21 = 50 Hz and 7t = 22/7. Find the
amplitude of the current in steady state and obtain
the phase difference between the current and the
voltage.

s n T s

A bulb is rated at 100V, 100W. It can be treated as

a resistor. Find out the inductance of an inductor

(called choke coil) that should be connected in series

with the bulb to operate the bulb at its rated power

with the help of an ac source of 200 V and 50 Hz.
1

@ 7 ¥ (d) V3H

(b) i H (c) 2H
T
The equivalent inductance between A and B is

Lk L

4H 4H 4H

@) 1H (b)4H () 0.8H (d) 16H

An alternating emf of angular frequency w is applied

across an inductance. The instantaneous power

developed in the circuit has an angular frequency

®

@2 ®= (20 (o
4 2

The magnetic flux through a coil varies with time

as O = 5t° + 6¢ + 9. The ratio of emf at t = 3 s to
t=0s will be

(a) 1:9 (b) 1:6

(c) 6:1 (d) 9:1
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SOLUTIONS

Rt $
£ " 12V sax10?
d tj=— 1—e L ;‘: m— | g
- R ! 6Q ¢

6t ] 6
—3 —3 1
8.4x10 :
g —88 4x10 -

[1A]= (2A) [

&S]

or "—*Gr —=lh2=1t= (0'693)(8'4X10_3)
8.4x10™ 6
=0.00097 s = 0.97 ms = 1 ms.
(d): Vigs = 2
V2

v

X, =L =(5x 107 H) (zoooﬁ]= 100
s

1 1
Xo=— = J=10Q

OC  (50x107F). [2000 i,

R=Rp+R; = R=6Q+4Q-100

(X, - X ) + R

= \/(10 Q-10Q°+(10Q)7 =10Q
v 20V

I — ?s = 'JE([O Q)E ('JE)A= 14 A

Violtmeter = Jems * (J(XL = XC )2 +RL2 )
_ (JEA)-(J(m Q-10 Q) +(4 Q) ]

=42V =56V

vV 220sin(1007¢)
d:il= —= — -
R 20

= [=11sin (1007t)
Here peak value = 11 A

It happens for the first time when (1007t;) = 325

tl= S
200

The rms value of I =
J_

It happens when (1007t,) = %R
3

Iy = ——
27 400

PHYSICS FOR YOU | 0CTOBER 18

3 1 1
(h-t)= — - —=—s5=25x10"s,
400 200 400
(a) : For terminal velocity net force on the rod must
be zero

2 4 :

0.2x9.8 =9—8A

0.6x1 3

Now if e is the emf induced in the rod,

exI=P=P,+ P,
0.76+1.20

So, e=(—1

(9.8/3)
Now as this e is generated due to motion of rod with

terminal velocity in the magnetic field, i.e.,

Bll=mg,ie,[=

=06V

0.6 -
e=Bvylso vp = =2 —ims!
Bl 0.6x1 V2
Power dissipated across a conductor P= s
V2
ie, R=—
P

The resistance are in parallel combination so,
Vi=V,=e

2
So, Rj=%= 08 40
1
2 2
And, R2=e_=(0.6} —03Q.
P, 12

(b): j——l{) As -—»—mm—q—fmum\—.

12 15v 5mH

di
Induced emf across inductance, |e| = L—

le| = (5% 107%) (10*) V=5V dt
Since, the current is decreasing , the polarity of this
emf would be so as to increase the existing current.
The circuit can be redrawn as shown in the figure.

I

e
A o——MWWW—]
12 15v 5mH B
Now, Vy-5+15+5=Vp
Vy-Vp=-15V or V-V, =15V

L iR
PR~ 2R + X232
B 2AR? +3R2 )2 - 2(4R% )2 2.2 R 16R
1
¢ = NBA cos45° ::’R a Y
].lota
AT
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2 2
a foi
M:$ = M= ?2 = u(?lz
i 3Ep  2PER
o p=7
7. (a) G
1t L
™ -, |
L =
(‘:’2 £ Es

We know that q = g,,, cos wf

. . . n
i =g, cos mt+5 » 1= Iy cos mr+5

Maximum current i; = q,,(0

|
where | 0= —F———
L(G+G)
Maximum charge on (C, + C,)

Gm = %:iﬂ\/"{‘(cl +G,)

Maximum charge on C,

G . i
= LIC,+C,) = iy |————
Ci+cz><‘o~.} (C+GCy) = &G C+C,

8. (b): In LC oscillation energy is transferred C to L
or LtoC.

max

1
Maximum energy in L = E L

2
Imax

2C

Maximum energy in C =

: Yoa LIl .5
Equal energy will be when > LI = 515 — LI

max

1 1
I=—7—I1, . =I=1_sinoft=—1I_
o sl \E
ot = = 2—ﬂt—£ fe
= or T or -
1
t= 52 VLC = n\.ﬂ
9. (e: Umax LIO’U_ nzlax
Lo iy 2 2 titq2 Ig
=L =—|=LI = Ll-e"'] =—
2 2[2 “} . 2
= it " \‘6_1:9 —izln J2-1
N T J2
2 L (2
= t=Tln| —— t=—In
V2-1 R \2-1

10. (¢) : For (LR) circuit

4
cosﬂ=§ =0=5¥=X = ERI

12§

1
For (CR) circuit, cosf= 5 =0=60= X-= \ERz
In LCR, power factor is 1 i.e., (X - X;) is zero.
R, 4

R 33

XL=XC=>§R1=-ER2 =

. (¢) : The equation of a semi-circular wave is

P4y =dory=at-o

1 +a 2
Iims Za'l.—ﬂ dx
l +a 2
? Al —x*)d
ms "~ 9.0) 4 (a )dx »
3
1 1
=—I+a{a2—x2)dx=— 2 x-r
2q7-a 2a 3
=

3 3 2

1
21 as_“_+a3_“_ _a
N

r 3

: As resistance of the lamp

VZ 2
s __log =2000Q

= R =
The rms value of current is

V 100 1

R 200 2
So when the lamp is put in series with a capacitance
and run at 200 V ac, from V = IZ, we have

Vo 200

Z=—=——=4000Q
I (1/2)

Now as in case of CR circuit, Z = | R> + [L]]

wC
ie, R+ [Lc]z =160000
m

- (LT =16x10% =(200)2 =12 x10*

wC
— =412 x10°
wC
_ 1 100 50 uE
100nx~’ﬁx102 n\/— T H3
do| _
Ad): e=l-— =5volt
(@ dt d:

. (d): After a long time, steady state is reached in

which impedance due to inductor (wL for dc) is

51)
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; 1
zero and that due to capacitance [—C) becomes
®

infinite, so equivalent circuit is shown in figure.
R/2

|_|

ry T2

R
—+ R
Net external resistance g = 2 =—R
2 4
Net internal resistance Ry, = r) + 1y
2E

Current in circuit I =
~R4+nr+r
4 1 e

The potential difference across the terminals of cell
Aiszero;soE-Ir =0

2En

=E- =0 = R=§(rl-r2]

“R+n+r
4 1 2

(¢) : Current in branches containing L and C will
flow independently

I
I

180 10Q
20V

L 1}( &

t
I, =2(1_3 5x1074 ]= 2 =15A
10

y

fendk

.

2

,
20 "5

L="e 107 =10A
10

I=L+1,=25A

(a) : Inductive reactance,
X; =L =21 x 50 x 35 x 107

=2x%x50><35x10'3=119

Therefore, impedance of circuit

z=\/R2 4 X7 =\/112 +117 =112 Q

Given V,,, =220V

Amplitude of voltage V; = \EV,ms =220\2V

Vi
Amplitude of current iy = ?O = 21210«.7;5

=20 A

PHYSICS FOR YOU | 0CTOBER 18

17,

18.
19.

Phase lag of current over voltage

=1 s
=tan ()= —
¢ 4

_1 oL S ]

GO = tan == tan'—
R 11
(b): From the rating of the bulb, the resistance of
the bulb is
V2 200 V, 50 Hz

R=—=100Q (=)
P
1A
For the bulb to be operated at
its rated value, the rms current

through it should be 1A,

vV L R=1000Q
Ak, I, = r;“
2 3
R | 0o =>L=£H
n

\/1002 + (2r50L)°

(a)
(c): V=V;sinwt

If it is applied across an inductor, then I lag by g .

n
Thus, I = I sin [UH—E]

s
P=VI=Vyl,sin 0t sin mt_E)

V.1
-(—02—“-]?.sincor cos mt

Vol Vol
pP= _(%] sin 2o1) = —22 sin ot + 1)

=> P has an angular frequency of 2w’

You go to the corner,
because it's always
90 degrees.

How do you keep
warm in a cold
room?
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Two positive point charges each

=4
of magnitude 10 C are fixed at LYY
positions A and B at separation i E : 3
2d = 6m. A negatively charged 4—d—»\d—d—>

particle of mass m = 90 gm

and charge of magnitude 10 x 107° Cis revolving in a
circular path of radius 4 m in the plane perpendicular
to the line AB and bisecting the line AB. Neglect
the effect of gravity. Find the angular velocity of
the particle.

(a) 200 rad s! (b) 400 rad s

(c) 250 rad " (d) 100 rad s™*

In rectangle shown in the

B -5
figure, the two corners i
have charges g4, = - 5 uC B
and g, =+2.0uC Thework >°m| T
done in moving a charge
of + 3.0 uC from B to A is 0 A
[takeL =10" ]

4me,

(@) 28] (b)35] (c)45] (d) 55]

Two identical potentiometer wires w; and w; of
equal length I, connected to a battery of emf £,
and internal resistance 1 Q through two switches
§; and §,. A battery of emf € is balanced on these
potentiometer wires one by one. If potentiometer

PHYSICS FOR YOU | 0CTOBER 18

wire w is of resistance 2 € and balancing length
is I/2 on it, when only

S, is closed and S, is

open. On closing §, WS’ 1Q
and opening S, the
balancing length on w,
is found to be 21/3, then
find the resistance of

potentiometer wire w,.
(a) 05Q (b)1Q () 0252 (d) 0.75Q

Assume that each atom of copper contributes one
electron. If the current flowing through a copper
wire of 1 mm diameter is 1.1 A, the drift velocity of
electrons will be

Lid|

O e [T

(a) 0.3 mms™" (b) 0.5 mms™!
(¢) 0.1 mms™' (d) 0.2 mm 7!
(Density of Cu = 9 g cm™, atomic weight of

Cu=63g)
In the circuit shown in figure, if a conducting wire is
connected between the points B and D, the current

in this wire will B
(a) flow from B to D A:S’ : YQC
(b) flow from D to B
(c) flow in the direction 1 ’;"\i/",,}{@ |
which will be decided b
by the value of V Hi
(d) be zero v
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6. A particle of charge -16 x 107'® C moving with

velocity 10 m s~ along the X-axis enters a region
where a magnetic field of induction B is along
the y-axis and an electric field of magnitude of
10" V m™' is along the negative Z-axis. If the charged
particle continues moving along the X-axis, the
magnitude of B is

(a) 10°Wbm™ (b) 10° Wb m™

(c) 10" Wbm™ (d) 107 Wb m™

The magnetic field intensity due to a thin wire
carrying current I shown in figure is

(a) M{R—OH tan o)

2nR

I
——({n—0.
ZrtR( )

I
HL(R+OL)
21R

I
“L{R+a—tanu)
2nR

(b)
(c)

(d)

A circuit containing capacitors C; and C,, shown in
the figure, is in the steady
state with key K; close.
At the instant £ = 0, K is
opened and K is closed.
The angular frequency of
oscillation of the circuit
and charge across C,; at
=125 ps are respectively.
(a) 25 x 10% rad s™!, 32 uC
(b) 5x10*rads™!, 16 uC
(¢) 5x10%rads™!, -16 uC
(d) 25 x 10° rad s™!, =32 uC

A typical light dimmer B
used to dim the stage ‘_,W_é?b_
lights in a theatre consists i

of a variable induction

L (where inductance is
adjustable between zero -
and L,..) connected in series with a light bulb
B as shown in figure. The mains electrical supply
is 220 V at 50 Hz, the light bulb is rated at 220 V,
1100 W. What L,,,, is required if the rate of energy
dissipation in the light bulb is to be varied by a
factor of 5 from its upper limit of 1100 W ?

(a) 0.69 H (b) 0.28H

(c) 0.38H (d) 0.56 H

10.

11.

12.

13.

14.

Two thin symmetrical lenses of different nature and
of different material have equal radii of curvature
R = 15 cm. The lenses are put close together and
immersed in water(u,,= 4/3). The focal length of the
system in water is 30 cm. The difference between
refractive indices of the two lenses is

(a) 1/2 (b) 1/4 (c) 1/3 (d) 3/4

The figure shows the initial position of a point
source of light S, a detector D and a lens L. Now at
t = 0, all the three start moving towards right with
different velocities as shown. The time(s) at which
the detector receives the maximum light is

—»10cms-1
20cms! -1
i 30cms
S \)D
Focal length = 10 cm
1m gth

(b) 3.8s

(a) 0.56sand 8,94 s
(c) 894sand 19.62s (d) 0.56s

If three times of A;;, of continuous X ray spectrum
of target metal at 40 kV is same as the wavelength of
K, line of this metal at 30 kV, then find the atomic
number of the target metal.

(a) 67 (b) 47 (c) 37 (d) 27
Transitions between three energy levels in a
particular atom give rise to three spectral lines of
wavelengths, in increasing magnitudes, A, A, and
A3. Which one of the following equations correctly
relates Ay, A, and A5?

(a) )\.] =A-2‘—)\-3 {b) )"] :)\_3 T }"2
1 1 1 1 1 1
el ) —=——m—
Bt 9% h n

Half-lives of two radioactive substances A and B
are, respectively, 20 min and 40 min. Initially, the
samples of A and B have equal number of nuclei.
After 80 min the ratio of the remaining number of
A and B nuclei is

(a) 1:16  (b) 4:1

(c) 1:4 (d) 1:1

. In semiconductor, the concentrations of electrons

and holes are 8 x 10" m™ and 5 x 10'"® m™,
respectively. If the mobilities of electrons and hole
are23m’V~'s'and0.01m? Vs respectively,
then semiconductor is

(a) N-type and its resistivity is 0.34 Q m

(b) P-type and its resistivity is 0.034 Q m

(c) N-typeand its resistivity is 0.034 Q m

(d) P-type and its resistivity is 3.40 Q m

PHYSICS FOR YOU | OCTOBER '18
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(b) : Net force on — g towards the centre.
F = (2F,sin@) =2. quz X

R SN S
For parilcle to move in a circle

F = mw’R =
_2KQR __ op EAINE
(d2+R2)3f2 Q Q

K ‘ tr
= o= | 2KQg
il + R
9 _6
- 2x9%10° x10x10x10 =400rad s}
90x1073 x (3% +4%)¥2

(a) : Work done for moving a charge g, from B to A.

Wg_sa=q0(Va-Vp)
Also, V; = potential at point A

=_k_q_n+£f_f;=k[ﬁ+q_zJ

Ul L) n n
—5x107° L2X 10‘6 10°
=101 —+ =
15%10 5x1072 15
Similarly,
-6 —6
2x1 %1 -1
vy =10'° 0 - J2x10 13 sy
15%10 5%1072 N

1 -13
= Wy, ﬂxl(ﬁ{ﬁxmﬁ—[Fxloé]}zz.aj

(b): When S, is closed and S, is open, w; is in circuit.

Current through w.
€ g, €
O T

I = =
Y (R+1) ek 3

Potential difference across £ length of w,;

1 €
==[2)=-L
2 3 ¢
This should be equal to €. So, L_oe= €= 3¢
€
Similarly for second case: I, = e .
R+1 R+1

Potential difference across 21/3 length of w,
2 2( 3¢ ] r 2R

~ 8% 3l Rl

3 R+1
This should be equal to €. So, Ril =g =R=1Q
(c) : Number density of electrons,
23
n-—ﬁxm ( ]1023 [E)li}zgmﬂr
(63g)/(9gem™) \7 7

PHYSICS FOR YOU | 0CTOBER 18

A =7 =71(0.5 x 10°m)* = 0.25% x 10™* m?
.

neA L1A

1(6/7)10° m™3](1.6 x1071°C)(0.251 X105 m?)

=0.1 mms!

(b):

le VY
STABCT 0140 8Q
v Vv

Vi-Vp)=| — 4=~
(Va=Vs) [SQ] 2

4

Similarly, (Vy - V) = 7y

Th'l.lS,(VD—VB)Z(VD—V_,q)'l‘(vA—VB}
-V Vv VvV
=—dt—=—

4 2 4

Since, (Vp - Vi) > 0, current flows from D to B.
(a): F;: ZqE
=(-16x107'8)(=10%k)
=16x10""k

E, =q(#xB)

= (- 16x10_18}(101xB})
=(-16x10"7 B k)
From figure, since F,, +F, =0, F,, =-F,
or 16x1077B=16x10""

Hence, B = 10° Wb m™*

(a) :Refer to figure. B, p =
I
. L (2sinc)
4nRcoso

4;“0(:) [sino—sin(—ct)]
(as OC =R cos )

(T—o+tanao)

I
Thus, B= BA_DB + BAB :h
2R

(a) : Angular frequency of oscillation
1

VLG o2x107 x8x1078
=25x10*rads' =25 x 10° rad s7*

2
Q10 = 24189

Cl d t Cl d t




10.

11.

12.
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The solution of this equation is Q = Qy sin (®f + @),
where t =0, Q = Q,

GG 8x2x10712 x20
Qy=CV=—"2 v 222X~ X7
G+6G 10x107°

=3‘2X iﬁ-ﬁc q]:g

A 0Q=032UC)cos (2.5% 108 x 125 x 1078 = 32 uC
(b) : For power to be consumed at the rate of

1100
—— =220 W,we have P=E, [, cos 0

220 %220 R
X

VR + P? JR3+L2m’-

V2 220
where R =—=

P 1100
(220)° x 44
44% + (Lw)*
Lo =+220x 44 —44% =88Q

88 88 LR

Zztxf 2mx50 2x22 50

(c) : Let f, and f, be the focal length in water.

220=

=440

220= = 44° + (Lw)* =220 44

Then, i:[ﬂ—1](i+i)=[ﬂ—1](5) ..(i)
fl My R R Hy R
L:(“_z_l][ 1 l) (”2 1)[_5) ....(ii)

f2 My R R Hy, R
A, —
Adding (i) and (ii), we get i+ L M
fi f2 lJwR

L 20w -1y MR
or —=—-—=" 0 (-w= =

30 wR 3 Sl 60 3
(a): The detector will

receive the maximum light
when the image of point
source of light coincides

S &L D
with the position of j00-10¢ 20f—s
detector.

Let at any time ¢, image of S and detector coincides
then,
for - (100 - 10#)cm, v =20t cm, f= 10 cm
The detector receives maximum light.
E I 1 1 1 1 1
rom, ———=— T L T———— L

v u f 20t —(100-10¢) 10
2 -19t+10=0 = t=0.56 sand 8.94 s
he 12400
eV 40000

12400

At40 KV : hppip = o0 =0.31 A

=

=0.31 A

(c): A'mm

Wavelength of K, is independent of applied potential.

h
For K, X-ray : %(13.6)(2-1)2 EE:}L—C"
KC(

Given that A K,

=(Z-1F=

=3}l’mil‘1:> 2=3X0.

(Zz-1)

ﬁ—lBUS:b

13. (c)

H
14. (c) : We know that N = N, (%)

A
For A, NA:N“(%T =,

31

Z-1=36=7Z=37
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Chapterwise practice questions for CBSE Exams as per the latest pattern and marking scheme
issued by CBSE for the academic session 2018-19.

GENERAL INSTRUCTIONS
(i All questions are compulsory. (ii)
(i) Q. no. 6 to 12 are short answer questions and carry 2 marks each. (iv)
{(v) Q.no. 25 to 27 are long answer questions and carry 5 marks each. (vi)

Q.no. 1 to 5 are very short answer questions and carry 1 mark each.
Q. no. 13 to 24 are also short answer questions and carry 3 marks each.
Use log tables if necessary, use of calculator is not allowed.

Time Allowed : 3 hours Maximum Marks : 70

Electromagnetic Waves | Optics

8. Which constituent radiation of the electromagnetic

b

Is the speed of light in glass independent of the
colour of light? If not, which of the two colours; red
and violet, travels slower in a glass prism?

What would the diver see when looking up at the
water at angle of i > i ?

spectrum is used

(a) in radar,

(b) to take photograph of internal parts of a human
body and

(¢) for taking photographs of the sky during night
and foggy conditions?

3. State ti_le reason why microwaves are best suited for Give one reason for your answer in each case.
long distance transmission of signals. ) )
= A 5] b slhes i 9. Identify the electromagnetic waves whose
. cjonvef‘gmg ens 1s Kept coula. y in contact wit wavelengths vary as
a diverging lens, both lenses being of equal focal a) 10°" %< 10°M
lengths. What is the focal length of the combination? (#) R .
gHs: g ' b) 10 *m<h<10m
5. Why can light waves be polarised while sound Write one use of éach.
ised ?
Wae cinot bepohrisell | 10. Laser light of wavelength 630 nm incident on
SECTION B a pair of slits produces an interference pattern
6. Aconvexlensoffocallength 25 cm s placed coaxially in which the bright fringes are separated by
in contact with a concave lens of focal length 20 cm. 7.2 mm. Calculate the wavelength of another source
Determine the power of the combination. Will the of laser light which produces interference fringes
system be converging or diverging in nature? separated by 8.1 mm using same pair of slits.
7. Use the mirror equation to show that an object 11. (a) A ray of light falls on a transparent sphere with

58

placed between f and 2f of a concave mirror
produces a real image beyond 2f.
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centre C as shown in the figure. The ray emerges
from the sphere parallel to the line AB. Find the



14. (a)
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angle of refraction at A if refractive index of the
material of the sphere is /3 .

(b) When red light passing through a convex lens
is replaced by light of blue colour, how will the
focal length of the lens change?

OR

(a) Write the conditions under which light sources
can be said to be coherent.

(b) Why is it necessary to have coherent sources in
order to produce an interference pattern?

12. (a) State the necessary conditions for producing

total internal reflection of light.

(b) Draw ray diagrams to show how specially
designed prisms make use of total internal
reflection to obtain inverted image of the object
by deviating rays (i) through 90° and (ii) through
180°,

SECTION C

13. (a) A ray of light incident on A

face AB of an equilateral

glass prism, shows minimum

deviation of 30° Calculate

the speed of light through the

prism.

Find the angle of incidence at face AB so that
the emergent ray grazes along the face AC.

(b)

An equiconvex lens of focal length f” is cut into
two identical plane convex lenses. How will the
power of each part be related to the focal length
of the original lens?

A double convex lens of +5 D is made of glass
of refractive index 1.55 with both faces of equal
radii of curvature. Find the value of its radius
of curvature.

(b)

15. Consider a plane e.m. wave travelling with speed ¢

in the positive z-direction.

(a) Use Faraday's law to show that E = ¢B

(b) Use modified Ampere's circuital law to show
1

VHo S

that =

16.

17.

18.

19,

20.

1.

Use Huygen’s principle to show how a plane
wavefront propagates from a denser to rarer
medium. Hence verify Snell’s law of refraction.

Answer the following questions :

(a) In a double slit experiment using light of
wavelength 600 nm, the angular width of the
fringe formed on a distant screen is 0.1°. Find
the spacing between the two slits.

(b) Light of wavelength 500 A propagating in air
gets partly reflected from the surface of water.
How will the wavelengths and frequencies of
the reflected and refracted light be affected?

Write Maxwell’s generalization of Ampere’s
Circuital Law. Show that in the process of charging
a capacitor, the current produced within the plates
of the capacitor is

L En%

where ¢p is the electric flux produced during
charging of the capacitor plates.

Suppose that the electric field amplitude of an
electromagnetic wave is E, = 120 NC™' and that its
frequency is v = 50.0 MHz.

(a) Determine, By, w, k and A.

(b) Find expressions for E and B.

In the following diagram, an object ‘O’ is placed
15 cm in front of a convex lens L, of focal length 20
cm and the final image is formed at I at a distance of
80 cm from the second lens L,. Find the focal length
of the lens L,.

20 cm 80 cm

— >

An object of 3 ¢cm height is placed at a distance
of 60 cm from a convex mirror of focal length
30 cm. Find the nature, position and size of the
image formed.
OR
(a) When the oscillating electric and magnetic fields
are along the x-and y-direction respectively.
(i) point out the direction of propagation of
electromagnetic wave.
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22,

23,

24.
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(ii) express the velocity of propagation in terms of
the amplitudes of the oscillating electric and
magnetic fields.

(b) How do you show that the e.m. wave carries
energy and momentum?

Two wavelengths of sodium light 590 nm and
596 nm are used, in turn to study the diffraction
taking place at a single slit of aperture 2 x 107" m.
The distance between the slit and the screen is
1.5 m. Calculate the separation between the
positions of the first maxima of the diffraction
pattern obtained in the two cases.

(a) Draw a ray diagram showing the formation of
image by a reflecting telescope.

(b) Write two advantages of a reflecting telescope
over a refracting telescope.

(a) Good quality sun-glasses made of polaroids
are preferred over ordinary coloured glasses.
Justifying your answer.

(b) Two polaroids P, and P, are placed in crossed
postions. A third polaroid P; is kept between
P, and P, such that pass axis of P; is parallel to
that of P,. How would the intensity of light (I,)
transmitted through P, vary as P, is rotated?
Draw a plot of intensity ‘I,” versus the angle ‘0
between pass axes of P; and P;.

SECTION D

25.

(60

(a) Derive the mathematical relation between
refractive indices #; and n, of two media and
radius of curvature R for refraction at a convex
spherical surface. Consider the object to be a
point source lying on the principle axis in rarer
medium of refractive index »; and a real image
formed in the denser medium of refractive
index n,. Hence, derive lens maker’s formula.
Light from a point source in air falls on a convex
spherical glass surface of refractive index 1.5 and
radius of curvature 20 cm. The distance of light
source from the glass surface is 100 cm. At what
position is the image formed ?

OR
A monochromatic source of light of wavelength
A illuminates a narrow slit of width d to produce
a diffraction pattern on the screen. Obtain the
conditions when secondary wavelets originating
from the slit interfere to produce maxima and
minima on the screen.
How would the diffraction pattern be affected
when

(b

N

(a)

(b)
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26.

27,

(i) the width of the slit is decreased?
(ii) the monochromatic source of light is replaced
by white light?
(a) A ray of monochromatic light is incident on
one of the faces of an equilateral triangular
prism of refracting angle A. Trace the path of
ray passing through the prism. Hence, derive
an expression for the refractive index of the
material of the prism in terms of the angle of
minimum deviation and its refracting angle.
(b) Three light rays red (R), green (G) and blue (B)
are incident on the right angled prism abc at
face ab. The refractive indices of the material of
the prism for red, green and blue wavelengths
are respectively 1.39, 1.44 and 1.47. Trace the
paths of these rays reasoning out the difference
in their behaviour.

L
[ —
G——
O
»0 SN
OR
In Youngs double slit experiment, deduce
the condition for (i) constructive, and

(ii) destructive interference at a point on the screen.
Draw a graph showing variation of intensity in
the interference pattern against position ‘x’ on the
screen.

Draw a ray diagram to show the working of a

compound microscope. Deduce an expression for

the total magnification when the final image is

formed at the near point.

In a compound microscope, an object is placed ata

distance of 1.5 cm from the objective of focal length

1.25 cm. If the eye piece has a focal length of 5 cm

and the final image is formed at the near point,

estimate the magnifying power of the microscope.

OR

(a) Describe briefly how an unpolarised light get
linearly polarized when it passes through a
polaroid.

(b) Three identical polaroid sheets P,, P, and P; are
oriented so that the pass axis of P, and P; are
inclined at angle of 60° and 90° respectively with
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respect to the pass axis of P;. A monochromatic
source S of unpolarised light of intensity I is
kept in front of the polaroid sheet P, as shown
in the figure. Determine the intensities of light
as observed by the observers O,, O, and O; as
shown.

P, P, Py

SOLUTIONS

1. No, the speed of light in glass (i.e., v) depends upon
the colour of light (i.e., A).

As L = clv, y=< ,» where ¢ is the speed of light in a
vacuum. H

According to Cauchy's formula.

L=a+ bsz, where a and b are constant and their values
depend upon the nature of the substance.

Thus, v= &
a+bi\?

As A, > A, v, < v, ie., violet component of white light
travels slower than the red component.

2. Because of total internal reflections, the diver will
not see anything above water. Instead, he would see the
reflection of something on the sides and/or bottom of
the pool.

3. Because of their smaller wavelength, microwaves
are not bent by objects of normal dimensions. So they
can be used to beam signal in a particular direction.

4. AS i:i —| _l=0 QrF:oo

1 1 1
F i LF f f
(asf; = fand fy = -f)

5. Only those waves can be polarised which are
transverse in nature. Thus, light waves, which are
transverse in nature, can be polarised whereas sound
waves, which are longitudinal cannot be polarised.

6. Given that focal length of convex lens, f; = + 25 cm and
focal length of concave lens, f, = -20 cm
Equivalent focal length,

LRSS S WO R
F f, f, 25 =20 100
F=-100cm
Power of the combination, P:;z L:—lD
F(m) -1m

The focal length of the combination= 1 m = 100 cm.

The system will be diverging in nature as the focal length
is negative.

7. From mirror formula, l = i = l

v f u
Now for a concave mirror, f < 0 and for an object is
placed on the left side of the mirror, the object distance
u<0

2f<u<for L;>l>-l
2f u f
OF gl
2f  u f

1 1 1 1 1 1 1 1
O =il or —<—<10
rr

2f v
This implies that v < 0 so that image is formed on left.
Also the above inequality implies

2f > v
or [2f]<|v| [~ 2fand v are negative]
i.e., the real image is formed beyond 2f.
8. (a) Microwaves are used in radar. Because of their
small wavelengths, microwaves are not diffracted or
bent by objects of normal dimensions. So these waves
can be used to beam signal in a particular direction.
(b) X-rays are used to photograph internal parts of a
body, X-rays have high penetrating power.
(c) Infrared rays are used for taking photographs of the
sky during night and foggy conditions. This is because
these radiations are readily absorbed by water molecules
present in most materials. After absorption they heat up
the materials and their surroundings.

9. (a) Gamma rays lie between 107" ' m-10"" m.
These rays are used in radiotherapy to treat certain
cancers and tumors.

(b) Infrared waves lie between 10~ m-107° m. These
waves are used in taking photographs during conditions
of fog, smoke etc as these waves are scattered less than
visible rays.

10. Fringe width, [3:"117?L

When D and d are kept fixed, E = i

B A
A :
or A= My 530281 510 708.75 nm
B 532 7.2

: sin(i)

11. (a) From Snell’s law, we have : — =u
sin(r)

AtA, i=60%u= V3
Now, sin(r) = sinff)

PHYSICS FOR YOU | OCTOBER '18



t.me/TipTopStudy. www.tiptopstudy.com

= sin(r)= Sm‘(g) ) =%
l hl(l)
= r=Ssin ==
2
. r=30°

(b) Focal length of the lens decrease when red light is
replaced by blue light.
OR

(a) The essential condition, which must satisfied
sources to be coherent are :

(i) the two light waves should be of same wavelength.
(ii) the two light waves should either be in phase or
should have a constant phase difference.

(b) Because coherent sources emit light waves of same
frequency or wavelength and of a stable phase difference.

12. (a) Essential conditions for total internal reflection :
(i) Light should travel from a denser medium to a rarer
medium.

(ii) Angle of incidence in denser medium should be
greater than the critical angle for the pair of media in
contact.

(b) (i) To deviate a ray of light through 90°:

A totally reflecting prism is used to deviate the path
of the ray of light through 90°, when it is inconvenient
to view the direct light. In Michelson’s method to find
velocity of light, the direct light from the octagonal
mirror is avoided from direct viewing by making use of
totally reflecting prism.

(ii) To deviate a ray of light through 180° : When the ray
of light comes to meet the hypotenuse face BC at right
angles to it, it is refracted out of prism as such along the
path RS. The path of the ray of light has been turned
through 180° due to two total internal reflections.

PHYSICS FOR YOU | 0CTOBER 18

13. (a) The refractive index of the material of prism,

A+d
sin m
_M
fp=——g
sin —
2
Given: A = 60°, §,, = 30°
sin45° 1
= =—. 2= =42
h= Gn3oe J2 h=2
3x10®
|.L=—:>v=i= =212x10°ms’!

.. A3-1
Slnl=T

o _1(\5—1]
1=sin T

14. (a) The focal length of original equiconvex lens is f.
Let the focal length of each part after cutting be F.

F
=>f=5ﬁp=2f

Power of each part will be given by
1 1

P=—=P=—
F 2f

(b) From lens maker formula, we have

B 1 1
P—(M—I}[RTI*R—:]
where
P = Power of lens = +5 D
u = Refractive index of the lens = 1.55
R, = Radius of curvature of first face (+ve)
R, = Radius of curvature of second face (-ve)
Given:R; =R, =R
= 5 =(1.55-1)(l_i ] 5 (1555 1)(3]
R -R R

0.55x2

= 5:0.55(%):«!1: = R=0.22m
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The radius of curvature of the lens is 22 cm.

15. Let E bein the x-direction and B in the y-direction.
(a) Consider a rectangular loop in the x-z plane with
one side of length [ parallel to E. Suppose at any instant,
the rectangle is partially on the left of the wavefront and
partially on the right of the wave front.

Rate of change of magnetic flux,

do
LB
a e

Line integral of E = (ﬁﬁ-d!: El

From Faraday's law,

. do
E-dl=—*

Ef) dt
El=Blc or E=cB

(b) Consider a similar loop in the y-z plane
Rate of change of electric flux, d:;f = El¢

Line integral of B= (ﬁﬁ -dl= Bl

~ d
From Ampere's law, fﬁB dl =8, % =U,€,Ele

or B=pyegEc = ugcB.c [ E=cB]

A orc=
Ho€q o€
16. Given figure shows the refraction of a plane

wavefront at a rarer medium i.e., v, > v,

Incident
wavefront

N

il
Denser - “w G
W

Rarer - v,

V<,

: Refracted
“D wavefront
The incident and refracted wavfronts are shown in

figure.

Let the angles of incidence and refraction be i and r
respectively.

From right AABC, we have,

sin ZBAC =sini= E
AC
From right AADC, we have,
sin ZDCA =sinr= E
AC

sini _ BC _wt

sint  AD vyt

sini v
——=—="l, (aconstant)
sinr v,

This verifies Snell’s law of refraction. The constant 'y, is
called the refractive index of the second medium with
respect to first medium.

or d=i

6

17. (a) Angular width, 6 = %

Here, =600 nm=6 x 107 m

8=01"= Lokis 3 rad = iracl,d:'-.’
180 0
—7
o 6x10 * x1800 =3 % 10_4:'11
T

(b) Frequency of a light depends on its source only. So,
the frequencies of reflected and refracted light will be
same as that of incident light.

Reflected light is in the same medium (air) so its
wavelength remains same as 500 A

Wavelength of refracted light, A, = A
u,, = refractive index of water, "

So, wavelength of refracted wave will be decreased.

18. Maxwell’s generalization of Ampere’s circuital Law,
cﬁﬁ-.d?:pﬂ (+i) =, (H—Eﬂ %]

In the process of charging the capacitor there is change

in electric flux between the capacitor plates.
==

Ao, d

dt o dt

E — Electric field between the plates = Aisu

(EA)

A — Area of the plate

do, d( q 1dq iy
—_—ftm | v |m—— =
S0 gt dr(Aeox g, dt &,

i, ddg

=1=§Fy —=

ig=1 0 1t

19. Here Ey = 120 NC™},
v = 50.0 MHz = 50 x 10° Hz

E., 120NC!
(a) Bﬂ="£=T1'

¢ 3x10%ms
=210 =2 x 3.14 x 50 x 10°
=3.14x 108 rad s,

_o_3.14x10°
¢ 3x10°

=4x107 T

k =1.05m™"
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B 3x10°
v 50x10°

=6.00m

(b) If the wave is propagating along x-axis, then field E
will be along y-axis and field B along z-axis.

E=E, sin(kx—ot) j
or E=120sin(1.05x-3.14x10%¢)j NC™
where x is in metre and f in second.

B = B, sin(kx — ot)k
= 4x107 sin(1.05x—3.14x10%)k tesla

20. As per the figure,
The image formed by lens L, is at P. Therefore, using

lens formula Lo 1.1
v u

As per the parameters given in the question
u=-15 cm,fLI =20 cm

So, the image distance will be
2 L =2
v (=15 20
v=-60cm
Now, this image is acting as an object for the lens L,.
We can again use the lens formula and other parameters
given in the question and question figure to find the
focal length of lens L,.

1 1 1

Yi; U le
Here, u; =v+(-20) =-60-20=-80cm
vy, =80cm

11 1

80 (-80) f,
fio=40cm
So, the focal length of the lens L, = 40 cm.

21. Here, height of object h =3 cm
u=-60cm, f=+30cm
Using the mirror formula, we have

1 1 1

—_——

v ou f

1 1 1 1 1 1
—t—=— = —=—+—

v —60 30 v 30 60

-+
1. 241 L. v=20cm

=— =
v 60 v 60
The image is virtual and erect.
The image is at a distance of 20 cm from the mirror on
the opposite side of the object.

@
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u 3
= h'=1lcm

R h’ ( 20 ) o1
] — = =—
3 3

-60

Image is diminished and its size is 1 cm.
OR

(a) (i)

(ii) Speed of e.m. wave can be given as the ratio of
magnitude of electric field (E;) to the magnitude of
magnetic field (By), i.e., c= %

(1}
(b) Electromagnetic waves or photons transport energy

and momentum. When an electromagnetic wave
interacts with a small particle, it can exchange energy
and momentum with the particle. The force exerted on
the particle is equal to the momentum transferred per
unit time. Optical tweezers use this force to provide a
nen-invasive technique for manipulating microscopic-
sized particles with light.

22. Given that: Wavelength of the light beam,
Ay =590 nm=5.9x10" m

Wavelength of another light beam,

A, =596 nm =5.96 x 107 m

Distance of the slits from the screen =D =1.5m
Slits width=a=2x10"*m

For the first secondary maxima,

3
sinf =—L= i
2a D
= 3MD and i 3D
2a 2a

Separation between the positions of first secondary
maxima of two sodium lines,
3D
Xy =x=—(Ay=A
S G (A =2y)
3x1.5 . ; =
= 3 (596x10"-59%x107)=6.75x 10" m
2x2x10

23. (a) The formation of image by a reflecting telescope,
‘%Obj:ctiw mirror

Secondary “
ST B oo 1T
‘ Eye piece

L
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(b) Advantage of reflecting telescope, over a refracting
type:

(i) In refracting telescope the final image is formed
after two times of partial refraction through the lenses,
major losses in the intensity take place due to partial
reflection and refractions. In reflecting telescope, all the
light intensity incident forms the final image as no loss
of intensity can be ensured in reflection.

(ii) In refracting telescope glass of lens offers different
refractive indices to different colours and hence
chromatic abberation due to which coloured image
is formed take place. Reflecting telescope is free from
chromatic abberation.

24. (a) Sun glasses filled with polaroid sheets protect
our eyes from glare. Polaroids reduce head light glare of
motor car being driven at night. Polaroids are used in
three dimensional pictures, i.e., in holography.

(b) Let two polaroids P, and P, are placed in crossed
positions. Let P; be the polaroid sheet placed between
P, and P, making an angle 6 with pass axis of P,

If I, = intensity of polarised light after passing through
P, then intensity of light after passing through P; will be
I=1, cos’0 (1)
Now angle between P, and P,

) -

Outcoming intensity after P, is,
I, = I cos” (90° - )

P, and P, are in crossed position]

2
or I =1, cos’® sin’0 _J lsmze

V\f\f

31:f4 P

25. (a) Refer to answer 60(a), Page no.225 (MTG CBSE
Champion Physics Class 12)
(b) R=20cm, ny; =1.5,n, =1, u=-100cm

A B L5, 1 151
v oou R v 100 20
1.5 05 1 1 1 3

Of —m=— —— = ———
v 20 100 40 100 200
00

2
or v= T % 1.5=100 cm

@
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= So, a real image is formed on the other side,
100 cm away from the surface.

OR
Refer to answer 73, Page no. 264 (MTG CBSE Champion
Physics Class 12)

26. (a) Refer to answer 85(a), Page no. 228 (MTG CBSE
Champion Physics Class 12)
(b) Critical angle for

1

(i) Redlightissinc, = s =0.7194
or ¢, =46° ’
1
ii) G light is sinc, =——=0.6944
(ii) Green lightis sin¢, o

or ¢, = 44°

1
(iii) Blue light is sin¢, = —— =0.6802
% 1.47
or ¢,=43
As angle of incidence i = 45° of red light ray on face AC
is less that its critical angle of 46°, so red light ray will
emerge out of face AC.

A
B—»
G—p
{7
B R
Yv
B G

OR
Refer to answer 38, Page no. 257 (MTG CBSE Champion
Physics Class 12)

27. (a) Refer to answer 130, Page no. 236 (MTG CBSE
Champion Physics Class 12)
OR

(a) Refer to answer 104 (a), Page no. 270 (MTG CBSE
Champion Physics Class 12)
(b) Intensity observed by observer O, = %“
Intensity observed by observer
1, cos” 60° RIS

2 2 4 8

Intensity observed by observer O;

2
b (i) h
8 |2) 32

02=

-'ro 2 ID = 2 o
=" cos (90°-60°) =—sin" 30
8 ( ) 8

®®
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answer and deduct one mark for wrong answer. Performance analysis table and Aiternating Current
given at the end will help you to check your readiness.

Total Marks : 120 Time Taken : 60 Min.

NEET / AlIMS x X x
Only One Option Correct Type

x x = —
1. Anemfof15Visapplied inacircuit coil containing
5 H inductance and 10 € resistance. The ratio of e
the currents at time f =ecand f = 1 s is (i)
1/2
e ¢ @a (b)b (© ¢ d) d
@ -7 1 (b) 3 .
€ 8= 5. Aninductor ofinductance L =400 mH and resistors

(¢) 1-¢! (d) e! of resistances R; =2 Q and R, =2 Q are connected

. . to a batt femf 12 V as sh in the fi .Th
2. The resistance and inductance of series circuit are S AR SO I DB, S

50 and 20 H, respectively. At the instant of closing internal resistance of the battery is negligible. The

the switch, the current is increasing at the rate switch S is closed at ¢ = 0. The potential drop across
4 A 5™, The supply voltage (in V) is L as a function of time is
(@) 20 (b) 80 (c) 120 (d) 100 (a) 6e>'V [£
3. A pair of coils of turns ny and n, are kept close (b) 23—33 v L
together. Current passing through the first is t gﬂ.
reduced at the rate r, and emf 3 mV is developed -1 R
across the other coil. If the second coil carries (c) 6|1-€92 |V |S :
current which is then reduced at the rate 2r, then
the emf produced across the first coil will be (d) 12V
(a) %m\f (b) %mv 6. 'The horizontal component of the earth’s magnetic
™ " field at a place is 4.0 x 107 T and the dip is 45°.
(c) 6mV (d) 3 mV A metal rod of length 20 cm is placed in the
2 north-south direction and is moved at a constant
4. A conducting loop being pulled out of magnetic speed of 5 cm s”! towards east. Calculate the emf
field with a speed v. Which of the following plots induced in the rod.
may represent the power delivered by the pulling (@) 4x10°%V (b) 2x10°V
agent as a function of the speed v? (€) 6x107*V (d) 4x10°%Vv

PHYSICS FOR YOU | 0CTOBER '18 @
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If the rms current in a 50 Hz AC circuit is 5 A, the

1 2
value of the current — s after its value becomes

ZEro is
(@) 5v2 A (b) 5312 A
(c) 5/6 A d) 5/2A

In a series LCR circuit, resistance R = 10 Q and the
impedance Z = 10 Q. The phase difference between
the current and the voltage is

(a) 0° (b) 30° (c) 45° (d) 60°

An inductor of reactance 1 Q and a resistor of
2 Q are connected in series to the terminals of a
6 V (rms) AC source. The power dissipated in the
circuit is

(a) 8W (b)) 12W (¢) 144W (d) 18W
An LCR series circuit consists of a resistance of
10 Q, a capacitor of reactance 60 Q and an inductor
coil. The circuit is found to resonate when put
across a 300 V, 100 Hz supply. The inductance of
coil (in H) is (take, T = 3)

(a) 0.1 (b) 0.01 (¢) 0.2 (d) 0.02

A circuit draws 330 W from a 110V, 60 Hz AC line.
The power factor is 0.6 and the current lags the
voltage. The capacitance of a series capacitor that

will result in a power factor of unity is equal to

(a) 31 uF (b) 54 uF  (c) 151 uF (d) 201 puF
A 200 km telephone wire has capacity of
0.014 uF km™". If it carries an alternating current
of frequency 50 kHz, what should be the value of
an inductance required to be connected in series so
that impedance is minimum?

(a) 36x10°%H (b) 0.36 x 10~ H

(c) 3.6x107°H (d) 3.6x 107 H

Assertion & Reason Type

Directions : In the following questions, a statement of assertion
is followed by a statement of reason. Mark the correct choice as:

(@
(b)
(c)

(d)
13.

@

If both assertion and reason are frue and reason is the
correct explanation of assertion.

If both assertion and reason are true but reason is not the
correct explanation of assertion.

If assertion is true but reason is false.

It both assertion and reason are false. e

Assertion : A conducting loop
is rotated in a uniform magnetic

field with constant angular x | x
velocity ® as shown in figure. At
time t = 0, plane of the loop is * % X
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14.

15.

16.

17,

perpendicular to the magnetic field. Induced emf
produced in the loop is maximum when plane of
loop is parallel to magnetic field.

Rea o : When plane of loop is parallel to magnetic
field, then magnetic flux passing through the loop
is zero.

Assertion : An induced emf of 2 V is developed in
a circular loop, if current in the loop is changed at
arate of 4 A s™'. If4 A of current is passed through
this loop, then flux linked with this coil will be 2 Wb.
Reason : Flux linked with the coil is

e

1=
Assertion : In LCR series AC circuit X; = X-= Rat
a given frequency. When frequency is doubled the

i

13
impedance of the circuit is = R.

Reason :

frequency.
JEE MAIN / ADVANCED

Only One Option Correct Type

The given frequency is resonance

Loop A of radius r << R
moves toward loop B with
a constant velocity v in such
a way that their planes are
always parallel. What is the
distance between the two
loops (x) when the induced emf in loop A is
maximum ¢

R
a) R b) —
(a) (b) 05
R 1
(c) — (d) R(l——]
2 V2
GivenL,=1mH,R,=19Q,[,=2mH, R, =2Q
i Iy
v
R! Rl
)
T; 1 T

(iii)
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Neglecting mutual inductance, the time constants
(in ms) for circuits (i), (ii), and (iii) are

9 9
a) L1,— b) —.11
(a) ~ (b) g
© 11,1 @ 1,51
A thin uniform ring of mass i
m and electric charge Q L =
uniformly distributed rotates
around an axis perpendicular
toits plane and going through
its center. The angular -

momentum of the ring is

7.5 x 10~ kg m* 5™\, The ring is in a homogeneous
magnetic field of a field strength of 0.1 T and the
lines of the magnetic induction are parallel with
the plane of the ring. Torque exerted on the ring is
[The specific charge (charge-mass ratio) of the ring
isQ/m=10"C kg'l].

(a) 375x 107N m upward along the plane

(b) 3.75 x 10" N-m downward along the plane
(¢) 7.5 x 107" N-m upward along the plane

(d) none of the above

A short-circuited coil is placed in a time-varying
magnetic field. Electrical power is dissipated due to
the current induced in the coil. If the number of
turns were to be quadrupled and the wire radius
halved, the electrical power dissipated would be
(a) halved (b) the same

(c) doubled (d) quadrupled

More than One Options Correct Type

20. Two different coils have self-inductances L; = 8 mH

and L, =2 mH. The current in one coil is increased
at a constant rate. The current in the second coil
is also increased at the same constant rate. At a
certain instant of time, the power is given to the
two coils is the same. At that time, the current, the
induced voltage and the energy stored in the first
coil are i}, V| and W, respectively. Corresponding
values for the second coil at the same instant are
i, V5 and W, respectively. Then

L3

@ =1 (b) =4

(c) =4

21.

24.

The uniform magnetic field perpendicular to the

plane of a conducting ring of radius a changes at

the rate of ct, then

(a) all the points on the ring are at the same potential

(b) the emf induced in the ring is na‘o.

(c) electric field intensity E at any point on the ring
is zero

(d) E = (acr)/2

. A choke coil of resistance 5 £ and inductance 0.6 H

is in series with a capacitance of 10 uFE. If a voltage
of 200 V is applied and the frequency is adjusted
to resonance, the current and voltage across the
inductance and capacitance are I, V; and V,
respectively. Then we have,

(a) I, =40 A (b) V,=9.8kV

() V;=98kV (d) V;=19.6kV

. An inductor and two capacitors are connected in

the circuit as shown in figure. Initially capacitor
A has no charge and capacitor B has CV charge.
Assume that the circuit has no resistance at all. At

2
t=0,switch Sisclosed, then [given LC= —= ¢
% 10‘1
and CV = 100 mC] T
BO00
L -Qy=-CV
| =3
= CY
/s +Qy

(a) when current in the circuit is maximum,
charge on each capacitor is same

(b) when current in the circuit is maximum, charge
on capacitor A is twice the charge on capacitor B

(c) g=50(1+ cos 100 t) mC, when g is the charge
on capacitor B at time ¢

(d) g = 50 (1 - cos 100 mt) mC, where g is the
charge on capacitor B at time ¢

Numerical Value Type

A copper rod of length 0.19 m is moving with
uniform velocity 10 m s™' parallel to a long
straight wire carrying a current of 5.0 A. The rod is
perpendicular to the wire with its ends at distances
0.01 m and 0.2 m from it. The emf induced in the
rod is NuV. Find the value of N.

. A long solenoid of diameter 0.1 m has 2 x 10*

turns per metre. At the center of the solenoid, a
100-turn coil of radius 0.01 m is placed with its axis
coinciding with the solenoid axis. The current in

(69)
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the solenoid is decreased at a constant rate from
+2 A to -2 A in 0.05 s. Find the total charge (in pC)
flowing through the coil during this time when the
resistance of the coil is 40 ° €.

A coil of inductance 0.50 H and resistance 100 Q
is connected to a 240 V, 50 Hz ac supply. Time
lag between maximum and minimum current is
N x 107 s. Find the value of N.

Comprehension Type
In the circuit shown in figure, o
the capacitor has capacitance S a
C = 20 uF and is initially -TC :
charged to 100 V with the 3$g, >
polarity shown. The resistor

R; has resistance 10 Q. At

time t = 0, the switch is closed. The smaller circuit is
not connected in any way to the larger one. The wire
of the smaller circuit has a resistance of 1.0 @ m™! and
contains 25 loops. The larger circuit is a rectangle 2.0 m
by 4.0 m, while the smaller one has dimensions a = 10.0
cm and b = 20.0 cm. The distance ¢ is 5.0 cm (The figure
is not drawn to scale.) Both circuits are held stationary.
Assume that only the wire nearest to the smaller circuit
produces an appreciable magnetic field through it.

¥

28,

29,

The current (in A) in the larger circuit 200 ms after
closing S is

(a) 5/e (b) 2/e (c) 15/e (d) 10/e
The current (in wA) in the smaller circuit 200 us

after closing S is
(@) 54 (b) 10 (c) 15

Matrix Match Type

A long current carrying
wire and a loop made
of conducting wire are
placed in x-y plane,
such that the long wire
is parallel to y-axis.
Column [ is regarding A
some changes made in
the position of loop and Column II indicates the
resulting effects. Match the columns.

(d) 36

i

1D

it O

EEEE SRR DT TP I

Column I Column II

current is induced
in the loop in
anticlockwise

i. |Ifloopis moved away | p.
from the wire while
keeping in x-y plane,

direction.
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30.

ii. |If loop is moved|q. [current is induced

towards the wire in the loop in
while keeping in x-y clockwise direction.
plane

iii. |If loop is rotated|r. |noemfisinducedin

about x-axis, then the loop.
just after this
iv. |If loop is rotated|s. |the wire will attract
about y-axis, then or repel the loop.
just after this
(i) (i) (i) (iv)
(@ ps ns q r
(b) gr pq s ©s
(c) gs ps 1 1
(d)pr pq ps r
. N 100
In series RLC circuit, R = 100 Q, C=—-_nF,
100 T
and L=— mH are connected to an source as
b

shown in figure. The rms value of ac voltage is
220V and its frequency is 50 Hz. In column I, some
physical quantities are mentioned, while in column
II, information about quantities are provided.
Match the entries of column I with the entries of
column II.

AN — |
R L C
S
220V, 50 Hz

Column I Column II

i. |Average power dissipated |p. |zero
in the resistor is

ii. | Average power dissipated |q. |non-zero

in the inductor is

iii. | Average power dissipated |r. |163 SI units

in the capacitor is

iv. |The rms voltage across|s. |265.7 SI

the capacitor is units

(1) i) (i) (Gv)
(@) gs qr p q
b)gs p p qr
(c)r pq s s
dpqg q s p

e
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?ROBLENy \I

Set 63

SINGLE OPTION CORRECT TYPE

1.

In a vernier callipers 1 main scale division is 1 mm
and there are 10 divisions on vernier scale which
match with 9 divisions on main scale. When there
is no object between the jaws (when they are in
contact) the zero mark of the vernier scale is to the
left of zeroth mark of main scale and 8" division of
vernier scale coincided with one of the main scale
divisions. When a plate is kept between the jaws
zeroth mark of vernier scale crossed 12 mm mark
on the main scale and vernier coincidence is 3. The
correct thickness of the plate is

(a) 121.1 mm (b) 12.5 mm

(c) 13.1 mm (d) 11.5 mm

A block of mass 4 kg is
placed on an another

dkg|—> F

w=08
block of mass 6 kg which
is placed on a rough 6kg
horizontal surface as

n=0.1

shown in the figure.
What maximum force that could be applied
on 4 kg block in horizontal direction so that
there is no relative slipping between the blocks?
(g=10ms2)

(a) 466 N (b) 32N (c) 2N (d) 388N
The system of mass A and B Shown in figure is

released from rest from x = 0. Find maximum
displacement of block B.

4. A person is pulling a particle of mass m = 2 kg from

ground on a fixed rough hemispherical surface
upto the top of the hemisphere with the help of a
light inextensible string. Find the work done by the
person. [R=1,u=0.5and g= 10 ms™]

(a) 10] (b) 30] (c) 255] (d) 72]

An isosceles triangle is to

be cut from one edge of a

square lamina of uniform .

mass density (as shown in S E
the figure) such that the 5
remaining portion when suspended from the apex
P of the cut will remain in equilibrium in any

position. The value of h is

(@) @=V2) by B+B)

2
(©) (3—\5}5
2

A particle is projected at time ¢ = 0 from a point P
on the ground with a speed v, at an angle of 45° to
the horizontal. Find the magnitude and direction
of the angular momentum of the particle about P at
time t = v /g.

2
(d) 2++/2)1
2

3 3
my; V
(a) ——=2 (b)
2V2g 28
my, v?.
ey =2 (d —
(a) 82m (b) 4V2m (©) 16v2m (d) 8 m V2g 22g
By Akhil Tewari, Author Rank up Physics for JEE Main & Advanced, Professor, lITians PACE, Mumbai,
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7. 'The particles A and B each of A
mass ‘m’ are attached by a light
inextensible string of length 21. [
The whole system lies on a B
smooth horizontal table with B u
initially at a distance [ from A. B is given velocity ‘v’
as shown in figure. Then just after the jerk

w3 _wf3
4 4
u3

(c) component of v along AB is a

(d) component of v, perpendicular to AB = 2

(a) va= (b) vg

8. The uniform speed of a body is the same as seen
from any point in the body. A light cord is wrapped
around the rim of the disc of mass 2 kg and mass of
1 kg is tied to the free end. If it is released from rest,
(a) the tension in the cord is 5 N
(b) in the first 4 s the angular displacement of the
disc is 40 rad

(c) the work done by the torque on the disc in the
first 4 s is 200 J

(d) the increase in kinetic energy of the disc in the
first 4 5 is 200 J.

NUMERICAL VALUE TYPE

9. Consider surfaces as
frictionless  for  the
diagram drawn if velocity
of block A is 2 m s}
downward. Velocity of

nx2 1

ring is ms

towards left. Find n.
[String is ideal]

10. A projectile  projected
tangentially from the surface
of a planet of radius R from a
point A, follows the indicated
trajection during its motion.
If it is at a height of 3R at 4
the farthest point of its
trajectory, then the velocity of
projection at A, v, is given by \,@ Find value
of N.

®®
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]

(b) 409.8 m 5™
(d) 25 ms™!

1. In two systems of relations among velocity, (a) 300 m s
i (c) 1100 ms™

acceleration, and force are, respectively, v, = F Vi,

E 5. A carpet of mass M, made of inextensible, material
a; = 0fa;, and F, = —L  If ot and P are constants, is rolled along its length in the form of a cylinder
. of . of radius R and is kept on a rough floor. The carpet
‘then keI rd.atlon among mass, length, and time starts unrolling without sliding on the floor when
in two systems is a negligibly small push is given to it. Calculate the
@) T, =T, o (b) M, = M, horizontal velocity of the axis of the cylindrical part
ﬁz o’p? of the carpet when its radius reduces to R/2.
© Ly=L % (d) Both (a) and (b) @) ,@ (b) JoR
Shots are fired simultaneously (c) J.’rgiR (d) 5¢R
from the top and bottom of a _ . .
vertical cliff with the elevation ,? 6. A body is projected vertically upwards from the
o = 30° B = 60°, respectively bottom of a crater of moon of depth R/100 where
: ’ . { R is the radius of moon with a velocity equal to the
ﬁg.ure. The shiats: strike jan e escape velocity on the surface of moon. Calculate
object: simultaneausly at: the a=30{3m maximum height attained by the body from the
same point. If a= 30\6 m is surface of the moon.
the horizontal distance of the object form the cliff, (a) 150 R (b) 99 R (c) 50R (d) 199 R
then the height h of the cliff is 7. A drop of water of mass 0.2 g is placed between two
(@) 0m  (b)45m (c)60m (d)0m glass plates. The distance between them is 0.01 cm.
In the figure shown a plank of length / = 64 m, mass Find the force of attraction between the plates if
m, = 5 kg rests on a smooth surface. Upper surface surface tension of water = 0.07 N m™.
of block is rough with coefficient of kinetic friction (a) 28N (b)35N (c) 07N (d) 1.25N
My = 0.5 and u; = 0.6. A force F of magnitude 30Nis g A column of mercury of length 10 cm is contained
applied on block m,. What is displacement of plank in the middle of a horizontal tube of length 1 m
till the small block falls over from plank? which is closed at both the ends. The two equal
F Rough lengths contain air at standard atmospheric pressure
L g of 3.76 m of mercury. The tube is iow tij)rned to
J = ]:‘ Aeoh vertical position. By what distance will the column
- L > of mercury be displaced ?
() 06m (b)10m (c) 16m (d) 2.5m (a) 3.14 cm (b) 1.28 cm
A lead bullet just melts when stopped by an obstacle. (c) 2.95 cm (d) 4.83 cm
Assuming that 25 percent of the heat is absorbed by ~ 9+ A thermostated chamber at a height h above earth's

the obstacle, find the velocity of the bullet. Its initial
temperature is 27°C.

(Melting point of lead = 327°C, specific heat of
lead = 0.03 cal g™' °C™", latent heat of fusion of lead
=6cal g™ °C™', ] = 4.2 joule calorie™).

surface maintained at 30°C has a clock fitted with
uncompensated pendulum. The maker of the clock
for chamber mistakenly designed it to maintain
correct time at 20°C. It is found that when the
chamber is brought to earth’s surface the clock in it

73]
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clicked correct time. R, is the radius of Earth. The
linear coefficient of the material of pendulum is

Bl 5% @k
(a) R (b) 5K, (c) p (d) h

Two particles move parallel to x-axis about the
origin with same amplitude 'a’ and frequency w. Ata
certain instant they are found at a distance a/3 from
the origin on opposite sides but their velocities are
in the same direction. What is the phase difference

between the two?

17
(a) cos 15 (b) cos_lg
-1 4 =1 ].
B s d) cos " —
(c) co 3 (d) g

Two loudspeakers are emitting sound waves of
wavelength A with an initial phase difference of 7t/2.
At what minimum distance from O on line AB will
one hear a maxima? A

(a) 25A @

1004
3A i 0}

(b) ﬁ
25\ !
) — :

3
—— | )0}, ——>

(d) 501 B

A rod is arranged at an angle of 30° from the
horizontal. Attached to the rod with two strings
is the mass m, as shown. The rod is rotated,
maintaining its direction in space, so that m travels
in a circular path. The strings are of equal length,
and make angles of 60° with the rod as shown. Take
the length of the strings as 2.4 m. Calculate the
minimum value of the tangential speed (in ms™') of
the mass such that the string with tension T, does
not becomes slack when the mass directly above the

rod. o.._
(a) 6

(b) 0.2

(©) Ve

(d) 2.7 Side view

An electron of mass m,, initially at rest, moves
through a certain distance in a uniform electric field
in time #,. A proton of mass m,, also initially at rest,
takes time £, to move through an equal distance in
this uniform electric field. Neglecting the effect of
gravity, the ratio of t,/t, is nearly equal to

(a) 1 (b) (my/m,)"?

() (mymy)"? (d) 1836
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In the circuit shown in fig the heat produced in the
5 ohm resistor due to the current flowing through it
is 10 calorie per second. The heat generated in the
4 ohm resistor is

(a) 1 cal s (b) 2 cal s~

(c) 3cals™? (d) 4 cal s~

A potential difference of 500 V
is applied across the plates
of a parallel plate condenser.
The separation between the
plates is 3 mm. An electron
projected vertically, parallel to T
the plates, with a velocity of

3% 10° m s™' moves undeflected

between the plates.

Find the magnitude of the magnetic field in the
region between the condenser plates. (Neglect the
edge effects).

(Charge of the electron = - 1.6 x 107" coulomb)
(a) 0.055T (b) 0.83T (c) 1.49T (d) 3.58 T

A proton, a deuteron and an a-particle having
the same kinetic energy are moving in circular
trajectories in a constant magnetic field. If ry, ryand
r,, denote respectively the radii of the trajectories of
these particles, then

(@) rg=r,<ry b)) rg>r4>r1,

(€) rg=r4>ry d) rp=rg=rq4

A coil of inductance 8.4 mH and resistance 6 Q is
connected to a 12 V battery. The current in the coil
is 1.0 A at approximately the time

(a) 500s (b) 255 (¢) 35ms (d) 1 ms

A ray of light is incident at an angle of 60° on one
face of a prism which has an angle of 30°. The
ray emerging out of the prism makes an angle of
30° with the incident ray. The emergent ray is
perpendicular to the face through which it emerges
calculate the refractive index of the material of the

lens.
@V BB © V7 (@4

A telescope has an objective of focal length 50 cm
and an eyepiece of focal length 5 cm. The least
distance of distinct vision is 25 cm. The telescope
is focussed for distinct vision on a scale 200 cm
away from the objective. Calculate the separation
between the objective and the eyepiece

(a) 70.8 cm (b) 88 cm

(c) 95 cm (d) 109 cm

500 V

+ 4+ o+



20.

21.

22.

24.

b
wn

26.

t.me/TipTopStudy. www.tiptopstudy.com

An alpha particle of energy 5 MeV is scattered
through 180° by a fixed uranium nucleus. The
distance of closest approach is of the order of

(a) 1A (b) 107" cm

(c) 1072 cm (d) 107"° ¢cm

A triode has plate characteristics in the form
of parallel lines in the region of our interest.
At a grid voltage of -1 volt the anode current I
(in milli ampere) is given in terms of plate voltage V
(in volt) by the algebraic relation: I = 0.125V - 7.5
For grid voltage of -3 volt, the current at anode
voltage of 300 V is 5 mA. Determine the plate
resistance (rp) and the transconductance (g,,) for
the triode.

(a) 8x10°Q,225x 107 A V!

(b) 4% 10%Q,125x 10° A V!

(c) 8x10°Q, 125 x 1072 A V!

(d) None of these

A radioactive material decays by simultaneous
emission of two particles with respective half-lives
1620 and 810 year. The time, in year, after which
one-fourth of the material remains is

(a) 1080 (b) 2430  (c) 3240  (d) 4860

. The two rails of a railway track, insulated from

each other and the ground, are connected to
a millivolt meter. What is the reading of the
milli voltmeter when a train travels at a speed of
170 km h™" along the track, given that the horizontal
components of earth’s magnetic field is 0.2 x 107*
wb m™ and the rails are separated by 1 m ¢

(a) 2.5 mV (b) 3.56 mV

(c) .8 mV (d) 0.944 mV

A copper wire is stretched to make it 0.2 % longer.
What is the percentage change in its resistance ?
(a) 0.3 (b) 0.4 (c) 0.8 (d) 0.2

. In an experiment of simple pendulum time period

measured was 50 s for 25 vibrations when the length
of the simple pendulum was taken 100 cm. If the
least count of stop watch is 0.1 s and that of meter
scale is 0.1 cm. Calculate the maximum possible
error in the measurement of value of g.

(a) 1.5% (b) 0.75% (c) 2.5% (d) 0.5%

The following observations were taken for
determining surface tension of water by capillary
tube method. Diameter of capillary D=1.25x 10~ m
and rise of waterin capillary, i=1.45x 10> m. Taking
£=980m s and using the relation

7.

28.

29,

30.

T :(%J x 10° N m "l, what is the possible error

in measurement of surface tension T'?

(a) 24% (b) 15%  (c) 1.6% (d) 0.15%

A student performs an experiment to determine
the Young’s modulus of a wire, exactly 2 m long, by
Searle’s method. In a particular reading, the student
measures the extension in the length of the wire to
be 0.8 mm with an uncertainty of £ 0.05 mm at a
load of exactly 1.0 kg. The student also measures
the diameter of the wire to be 0.4 mm with an
uncertainty of + 0.01 mm. Take g=9.8 m VB (exact).
The Young’s modulus obtained from the reading is
(a) (20%03) x 10" Nm™

(b) (2.0 £0.2) x 10" N m™

(¢) (20£0.1) x 10" N m™?
(d) (2.0 +0.05) x 10" N m™.

In a screw gauge, the zero of main scale coincides

with fifth division of circular scale in figure (i). The

circular division of screw gauge are 50. It moves

0.5 mm on main scale in one rotation. The diameter

of the ball in figure (ii) is
1]

10

Figure (i) Figure (ii)
(a) 2.25 mm (b) 2.20 mm
(c) 1.20 mm (d) 1.25 mm

During an experiment with a metre bridge, the
galvanometer shows a null point when the jockey
is pressed at 40.0 cm using a standard resistance
of 90 Q, as shown in the figure. The least count
of the scale used in the metre bridge is 1 mm, The
unknown resistance is

(a) 60 £0.15Q | & wa |
(b) 135 £ 0.56 Q Ene

(c) 60 £0.25Q m J

(d) 135+0.23Q T

A student performed the experiment to measure the
speed of sound in air using resonance air-column
method, Two resonances in the air-column were
obtained by lowering the water level. The resonance
with the shorter air-column is the first resonance
and that with the longer air column is the second
resonance. Then,
(a) the intensity of the sound heard at the first
resonance was more than that at the second
resonance
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(b) the prongs of the tuning fork were kept in a
horizontal plane above the resonance tube

(c) the length of the air-column at the first
resonance was somewhat shorter than 1/4™ of
the wavelength of the sound in air

(d) Both (a) and (c)

SOLUTIONS

L

76

-1 A

B =D

(1)

2
(d): vy =, %
ay=a,0f = [L,T,7%] = [L, T, *]of

= leTz“l=[L1T1"]%

K . i 1
a—%::o[MszTz 2)=[M,L,T; 2]xm—I3 ...(iii)
Dividing eqn (iii) by eqn (ii), we get
M M
M, = o 1
2 (aP)op o2p?
Squaring eqn (i) and dividing by eqn (ii), we get
3
o
Dividing eqn (i) by eqn (ii), we get T, =T} jf%

I
Vz—'f’lF

and F, =

(c):uycosol=u,cosf
>V3
303 = =>3UJ_=H2J_

8 28
= u2=600 or u,=10v6

u% sin 2

_2uysin60° _ 210J6)V3/2

t, =18
2 g 10 R J_
l:mJEcosﬁo Y

cos 30°

—h=10\2 sin30°v’_3—~;—10(\/ﬁ)3
-h=30-90= h=60m
(c) : Block slips on plank

30N [mi] _10 [m]ToN

-2

=

a,=10ms>a,=2ms

arclzsmi'i_2

Time taken by m, to fall over plank
1

Srel =E'ﬂre]t2 = 64=5X8!2 ort=4s

1
Displacement of plank = 5 X2x4X4=16m
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4. (b): Kinetic energy of bullet is converted into heat.
25% of heat is absorbed by obstacle.
75% of heat is absorbed by lead. This heat raises
temperature of lead to 327° C and then melts it.

75%x[%Mv2]= ms AT +mL

2
G i AT
100" 2
_0.03cal  0.03x4.2]  0.03x4.2x1000]
gx°C (107 kg)x°C °C x kg
6x4.2
= Sal =  _6x4.2x10° Jkg™!
x 107" kg

2
- % X "? = 126 x (327 - 27) + 25200 = 37800 + 25200

or v'= g % 63000 v =168000 or v=409.8 ms™"

5. (a): Density of carpet =

or D = M/(nR>h)

PO

Mass of unrolled carpet = M’
Rth M M

R)
M'=R(~) hx density = =—
2 4 1

nR*h

Energy is conserved.

Loss in potential energy = MgR - Mg ]

_ MgR  7MgR
4x2 8
Gain in KE = Translational KE + Rotational KE
:l(ﬁ)v3+lfmz where = Ye
2\ 4 2 R/2
_qul[l{ﬁ)(ﬁﬂ v
8 ¢ 202V4 N2) |(r/2)?
Mv:  3My?
M v 20 ...(ii)
8 16 16
3Mv: 7MgR  , 7xgRx2 14gR
—_—=——==y = L
16 8 ¢ 3 3
or vf. =—143R or v, = _14Rg
3 3

6. (b): BC is the crater of moon. B denotes bottom
of crater.
Depth of crater = R/100
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Radius of moon = R o AU
Speed of particle at B = vy 3
Escape velocity on 100
surface of moon = v,
sz M Mass = M
) pc =" A
R
Moon

At highest point v, =0
Mechanical energy is conserved in the process.

Decrease in kinetic energy = % mvﬁ
Increasein PE=Uy - Up  ~

GM
(R+h)

V, = Potentialat A = —

2
V; = Potential at B = — .Gi':{ [LS R - n.s(R—-R--) ]

P 100
2 2
__GM 3R (1](%]
2 | 2 2 )\100
e GM b R [3 _Ulgglz_ﬂ b &
R 2 R 2
kst P — o B oy
R+h R

Equate KE and PE.
_ GMm i GMm = 1.01
(R+h) R

! +ﬂ]
R+h R

1.01
R

-
—my, =

2 B

= GM[_
or + —

or

or l00R=R+h or h=99R
(a): Let R be the radius of circular layer of water.
Then ‘.I'ERza'p =m

2T
Pressureat A = P, —r (meniscus is cylindrical in
shape)

Pressure between the plates is less than the

atmospheric pressure and so the plates are pressed

together.

F = Force of attraction = Ap x area

R = 2L, m _2Tm

d d.p dzp

2% 02x107 x0.07
0.01% x 107* x 1000

=2.8N

(c)

9. (b): Variation of acceleration due to gravity with

altitude

2h 2¢h
&h =g[1-—~); =250

R, Ag R,
Variation of [ with temperature = Al

Al
1(AB)

—1/2
T, =2n ! =2nJI(1—A—3] :T[HA—S]
\/g—&g g g 2g

Ty =2n ﬂ::r(u’”)
g

Linear expansivity =

21

Al_Ag
21 2g
Al _Ag 2h _h

101 10g 10R, SR,

The clock shows correct time if T), = Ty,

Linear expansivity =

National Talent Search Examination

The Schedule of NTSE-2018-19

Stage Area Tentative Dates

To be notified by the
respective State/UT. May
vary fram state to state.

Last Date for Submission of
Application Form

Examination in Mizoram, 03™ November, 2018

Stage-l Meghalaya, Nagaland and
(State) | Andaman and Nicobar Islands Eritar
Examination in All other| 04" November, 2018
States and Union Territories | (Sunday)
18" November, 2018
| West Bengal (Sunday)
Stage-1l | Examination in All States and

th
(National) Union Territories I Mg 214 saiickay)
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10. (a): Let x; = a sin of and x, = a sin(wt + &) be

11.

12.

13.

D
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two S.H.M.
a ; —-a :
3=asmmtand-5—=asm(mt+5)

sinmt:%and sin(wr+5)=_?l

Eliminating ¢, lcosﬁ+1,1—— sin§=—1
3 9 3

9 cos’d + 2cos 8 -7=0

oy

cosd =-1or % ie.,8=180°or cos ! (-;f)

Now v; = awcos ot and v, = a © cos (©f + §)
If we put & = 180°

We find that v, and v, are of opposite signs.
Hence § = 180° is not applicable.

L
s O=cos [9]
(c): Ap=2nm = -E-k%dsinezz:m
2—Edsin9=(2n—l)n
A 2
. YN L. & 1
M [ P . W =L
o (" 2)2;3 2 2% 12
T
Jaooa?: 12
100h  25A
144y% =(1001)% 3 y = ===
yo=( ) sy ™ 3

(a): r=cos30°=

23
2
mv*
T, cos 30° + T} cos30° + mg cos 30° = ——
T, sin 30° + mg sin 30° = T sin30° r
Justslack= T, =0°= T, = mg
2mg cos 30° x L c0s30° = mv*

2 =231%10
4

v2:%x10x2.4:36 = y=6ms"

(b): Acceleration of electron = a,
_ Force on electron  eE

a. = =
[
Mass of electron  m,

E
Similarly, acceleration of proton, a o= =
1 i
S=ut+—at
2

1 2 1 2
S=(}+Eaetl andS=ti}+Ea_c,.t‘2
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14.

15.

16.

17.

a,t} ==a,t;
1/2
sl ) =P BT My . B | s
t a, m, eE m, t, \m,
I:b)' VAB = Iz(‘l + 6) 4Q I, 6Q
Vflﬁ= 10 Iz A B
51,=101, 3
or Il =212 ...(i) 11
Heat generated
Let H=— =]~
second
H, Ijx4
Hs 112 x5
H 12 x4
Sao X2 g, S10XA L g0,
10 (21,)" x5 4x5

{a): Since the electron moves undeflected between
the plates of condenser, there should be equal and
opposite magnetic and electric forces upon it.
Electric force is to the left, due to positively charged
plate.

Magnetic force on electron should be towards right.
The magnetic field should therefore be directed
perpendicular to plane of paper inwards, according
to Fleming’s left hand rule.

Magnetic force = Electrical force

evB = eE ey

E (V)1 S8 ph
or B‘:—:[E)-— 3 T 3l
v v v § e :I_

500 1 ' '
=i )
3 x10 3 %10 L1

or B=0.055T z

(a): The magnetic force on the charged particles
provides necessary centripetal force for circular
motion of the particles.
2
mv
——=qvB or r
r qB

\J2mK
gB
VioV2 o4
1 1 2

mv

(i pz =2mK)

or rpitgifg=1: J2 i1 or Ta=Tp <1y

(d): I =1, (1 - &™) where Iﬂ=gand‘c=%



18.

19.

20.
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V = %
I= E[l —e ®'L] | when current grows in L-R
circuit.

12 = 3
or l=—[l—e 61/(8.4x10 )]

or t=097x102s=0.97ms or t=1ms.

(a) : Refer the figure (a). Given i = 60°, § = 30° and
A = 30°.

We have

d=i+e-A (1)
From equation (i), we get 30° = 60° + e - 30° or
e = 0, i.e. the emergent ray is perpendicular to the
face AC through which it emerges. This is shown in
figure (b). Here also i = 60° and § = 30°

Therefore, r; =i - 8 = 60° - 30° = 30°. Hence

sin i sm 60° IJZ J_
" sin n Csin30°  1/2
(a): Given u = =200 cm, f, = 50 cm. The distance

of the image I formed by the objective is given by
1 1 1 1 1 1 1 1

1"""'fl[}"’.}‘:Ji"'!

200
which gives v = T cm. Therefore,

=1.732

50 200

The image I serves as the object for the eye-piece.
Thus v = =25 cm, f, = 5 cm. The object distance
u’ is given by

1 1 1 1 1

which gives u" = -"%5 cm.

Separation between objective and eye-piece
i 200 25 _ 425

=™
(c) : Energy is conserved.
Loss in kinetic energy = Gain in potential energy

1 (29Qe) _5. 1.6x1071%)]
4nE)  in

—=70.8cm

1 27¢*
4me, 5%1.6x107"

Tmin =

21,

22.

23,

24.

_(9%107)(2)(92)(1.6x107'%)?

e 5x1.6x107™°
OF Tmin=23% 10 m or Fmin = 2.3 X 1072 em
The distance of closest approach is of the order of
10" ¢m

(c): At Vy= -1V, Ip=(0.125 Vp - 7.5) x 107> A

dI LA
—P —0.125x107% =
dv, v
_‘dVP 1 v
or fP = i
dl, 0.125x107 A
or rp=8x 10°Q (1)
Again, Ip = (0.125 Vp - 7.5)mA

Ip=(0.125 x 300 - 7.5) at V=300 V, V= -1 V.
or Ip=(375-75)mA or Ip=30 mA
In second case, Ve==3V,V=300V,I=5mA

Alp
=—— at Vp constant
gm AV P

g
or o —30=9x107
o =)
-3
or gn=00 _125x10PAVT L)
@: v =™

0
There is a simultaneous emission of two particles.

T

N, 4N,

—(ll+l3)tloge

0693 0693
nd A, =

1620 0 27810

2.303[2 x 0. 3]—0693[_ + L}

1620 810
. t=2.303x(}.6x1620 or t=1080 year
0.693x3

(d): EMF developed due to motion = €
_ 1701000
60 % 60
£=472x(02%x10%) =944 x 107 =0.944 mV

—(Ay + A )t
=e{' 2)

= vBl where y =47.2ms

(b): The mass of a wire length /, cross-sectional
area A and density d is given by

m=Ald or A=—
Id
The resistance of wire of resistivity p is

2
R Pl _pdl

= kI? (1)

[79)
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25,

26.

27,

@
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pd
m
logarithm of both sides of (i) we have
log R = logk + 2 logl

Differentiating

dR 261 261

+
R [ l

where k= is a constant of the wire. Taking

. ol
Given T =0.2%.

&R
Therefore, T=2 x0.2% = 0.4 %.

Thus, the resistance of the increases by 0.2 %.

(d): The time period of simple pendulum is given
by

’1"=2:n:\(I
g

2 2
o T2:41'Ef i :4:12!
8 T
As 4 and 7 are constants, maximum permissible
Ag _ Al 2AT

I T

Here AL=0.1cm, L =1 m = 100 cm,
AT =015 T=50s

| ’3_3:£+2(E]:£+[ﬂ]
g 100 \50) 100 \25

A
—§x100=[ﬁ+ﬂ
100" 25

g
=0.1+04=0.5%

error in g is given by ?

or ]x 100

(c) : Percentage error in T,

AT, _Arg  Afq Ahy
T r g h

-wx100+%x100+wx100

T 1.25 9.80 1.45
=08+0.1+407=16

stress

(b): Young's modulus = —
strain

4R 4x(1x9.8) %2
Cnd*Al (0.4x107°)? x(0.8x107%)
=2x10""Nm™>

AY _2Ad AAD

Y d Al

or Y

Now,
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28.

29.

30.

2%0.01 0.05 .
a +—)x2xl(}“Nm 2
04 08

=02x10" Nm™
Hence the Young's modulus obtained from the
reading is (2.0 £0.2) x 10" Nm™.

Pitch

or AY=(

(c) : Least count of screw gauge =

0.5
= —=0.0l mm
50

Diameter of ball
(2x0.5mm)+ (25-5) x 0.01 mm
=1+(0.01 x 20) = 1.2 mm.

| & ' sa_|

(c): SV —
[ 7~
40.0 em

When a metre bridge is balanced, then

- (i)
x  (100-x)
From figure,
R,=R,R,=90Q,x=40cm
Theti, om0 0
40 (100-40) 60
= R=60Q

Now, for AR taking natural log on both sides of eqn. (i),
InR; =InR, + Inx -In(100 - x)

or InR=Inx-In(100 - x) + In(90)

On differentiating,

AR Ax A(100 - x) - AR  Ax Ax

R X (100 —x) R x  (100-x)

= M=(£+E]x60=ﬁx6{)={).259
40 60 120

Required value of R = (60 £ 0.25) Q

(d) : (a) Intensity of the fundamental is more than
that of the overtones. Therefore the 1% resonance
was having more intensity.
(b) The prongs should not be in the .4 te
horizontal position but vertical over
the resonance tube.
(c) The antinodes are formed always
a little above the open end of the
tube.
This is called end correction.
This effect will be there for overtones also.
Length of the air column is less than 1/4.

® @
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Exploring the Solar System?
YouMay Needto PackanUmbrella

earing up for its first flight test, NASA’s Adaptable Deployable Entry Placement

Technology, or ADEPT, is no ordinary umbrella. ADEPT is a foldable device that
opens to make a round, rigid heat shield, called an aeroshell. This game-changing
technology could squeeze a heat shield into a rocket with a diameter larger than the rocket itself. The design may someday
deliver much larger payloads to planetary surfaces than is currently possible.

Spacecraft typically approach planets at speeds tens of

thousands of miles per hour —screaming fast. Entering
a planet's atmosphere at those speeds compresses
atmospheric gas, creating pressure shock and generating
intense heat right in front of the spacecraft.

Aeroshells slow spacecraft during entry and shield them
from heat. ADEPT could be key to future NASA missions
that require extra-large aeroshells to protect spacecraft
destined to land on the surface of other planets, all
without requiring larger rockets.

ADEPT's first flight test is scheduled for Sept. 12 from
Spaceport America in New Mexico aboard an UP

Aerospace suborbital Spaceloft rocket. ADEPT will
launch in a stowed configuration, resembling a folded umbrella, and then separate from the rocket in space and unfold 60 miles
above Earth.

The test will last about 15 minutes from launch to Earth return. The peak speed during the test is expected to be three times the
speed of sound, about 2,300 miles per hour. That is not fast enough to generate significant heat during descent, but the purpose
of the test is to observe the initial sequence of ADEPT's deployment and assess aerodynamic stability while the heat shield enters
Earth's atmosphere and falls to the recovery site.

"Foradeployable like ADEPT, you can do ground-based testing, but ultimately, a flight test demonstrates end-to-end functionality
- surviving launch environments, deploying in zero gravity and the vacuum of space, holding that rigid shape and then entering,
in our case, Earth’s atmosphere,” said Paul Wercinski, ADEPT project manager at NASA’s Ames Research Center in California’s
Silicon Valley.

This umbrella-like mechanical aeroshell design uses flexible 3D woven carbon fabric skin stretched over deployable ribs and

struts, which become rigid when fully flexed. The carbon fabric skin covers its structural surface, and serves as the primary
component of the entry, descent and landing thermal protection system.

"Carbon fabric has been the major recent breakthrough enabling this technology, as it utilizes pure carbon yarns that are woven
three-dimensionally to give you a very durable surface,” said Wercinski. “Carbon is a wonderful material for high temperature
applications.”

The next steps for ADEPT are to develop and conduct a test for an Earth entry at higher “orbital” speeds, roughly 17,000 miles

per hour, to support maturing the technology with an eye towards Venus, Mars or Titan, and also returning lunar samples back
to Earth.

The ADEPT aeroshell heat shield technology was developed at Ames. The center leads the agency in the development and
innovation of thermal protection system technologies.

Through such programs, NASA supports promising technologies from government, industry and academia for development
and/or testing. UP Aerospace, based in Highlands Ranch, Colorado, is the flight provider.

(Source : NASA website)
a0
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L 1 TMUSING

SOLUTION SET-62
(¢): According to question
Mg sin® - f= ma ..(i)
Now, Torque acting about centre of mass is due to
friction force

1:=fR=I%
= f=§MR2§=§Ma (i)
From eqn (i) and (ii) ay/ !
a=MgsinEll=5gsinB ;,-6‘%

%M 7 .@&.- / Mg Mg cos O

If slides without friction. Let the acceleration be a’
. . 7
= ==
a’ = gsin = a
(a) : The perpendicular distance of the weight

acting through P from OR = it:t:rsﬁ.

Again the perpendicular distance of the weight
acting through Q from O is,

0Q =BQ-BO = %—Icose

At equilibrium of two weights

mgx%cosﬂzmg x(%—!cosﬂ)

A
3 1 FITTITE
= =cosB=-—
2 2
= c-as@:l v
3 mg
& )
= 0=cos l(l) F=R—0 f C
3 e

(b) : Conserving angular momentum
¥

m.(vl c0560°].4R =m.vR; —2=2
Yy

Conserving energy of the system
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5.

(b) : Let mass of the ball is ‘i’

%mvz =m(Vy —V3)

Velocity of ball just after collision,

" 1 {GM
vV=er=—,—
5V R

Let r be the distance from the centre upto where
the ball reaches after collision. Then,

1 2
Emv" =m[V(r)-V,

(centre ]]

1 GMm _ g@_@{sﬂl r1]
50 R

55 5
(¢): F = mg sinB = mgtan 0,
x* = 40y

—40(?2
2x—40[dx)

4 _2x
dx 40

(.- O is small)

d 2x x
F=1»'rr1‘g£=—:'1ﬂg><E=>a=_E
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&
sin©
2kx, sin® = mg ki)
If ring is displaced y
mg - 2k(x, + y sin 0)sin 6 = ma
_ 2ksin®@
m

On comparing with the
standard equation
a=-o'y

e
e 2ksin” 0

m

T=2n ]Lz
2ksin” 6

(d) : Velocity of a particle in S.H.M. is given by

v =c0\fA2 -x*

Taking square on both the sides

(d) : For small displacement, ¥ =

a=

AN T —omand 3 S -1

2= w3A2 - x2) = 3022 = o= =lrads
Ba

x = 2a sin(wt + ¢)on differentiation with respect to ¢

v = = 2aw cos(wt + ¢)

L]
dt

-;—=s'm¢ = o=nn+(-1)"a=nm+(-1)" %

vat¢=£=+veand val¢=5—n=—ve

6 6

b
So, o=~

¢ 6

x = 2a sin{fwt + ¢) = 2a[sin wt cos ¢ + cos wt sin O]
=2a|:3inmt%+%cosmt:| (w=1rads™)
x= a(\E sinf +cost)
(9: go =5¢. 20+
Therefore pressure at centre Ge™ | —2¢
=By +5pRg

(c): When a spherical object of radius r moving at
velocity v through a fluid of viscosity coefficient 1
will experience a viscous force F given by

F = 6emnrv

ma = 6mnrv

dv_
m(—z)—6m‘]w

—m(@-]= 6mnr.di

v

Taking integration on both the sides
0.5
dv

v
2

0.5 t
- Ean(Lder
v 187
2 0

{Inv)y° = 2 21y (E ]z%

Gmlrjdr
0

3 2
lni=£ = t=3In4ds
05 3
10. (b) : v = velocity of rod, e = Blv
g=CxV

Now, g = C x Bly
(Where g is the amount of charged stored in a
capacitor)
il (@= )
i Frem (BIVC) it a
= CBla
mg - ilB = ma
mg

mg — (CBla)IB = ma ; sy
m+CB?|

*®

CBSE board question paper pattern to change from 2020

A-:cc-rding to media reports, CBSE is planning to make some changes
in the examination pattern of class 10 and class 12 from 2020 as
part of a revamp that would include changes in the examination schedule
for vocational subjects as well as for the main subjects - among other
changes. Citing MHRD sources, it is reported that the initiative of this
pattern change is being taken to discourage students from rote learning.
The new pattern would test students on their analytical skills and
reasoning abilities instead of blind copy pasting of textbook text. The
board has also claimed that this step will produce a better result and the
academic quality of institutions will be renewed
Following are some of the major changes expected to be introduced in the
new CBSE exam pattern 2020
#  Question papers to be designed to check the problem-solving and
analytical thinking of students
»  Paper pattern to be revamped to include more short answer-type
questions like those ranging from 1 to 5 marks
»  Vocational course exams to be held in February, and the final board
exams to conclude by March in around 15 days.
»  Following the early wrapping up of boards, the results are likely to be
declared earlier than the schedule followed in the current structure,
This will give evaluators more time to check papers, Results, too, will
likely be declared earlier.
Under the new plan, there is a vision for putting more emphasis on
improved quality of academics in institutions such as teachers, learning
outcomes and pedagogy. Respective state governments would be
responsible for evaluating their schools’ working criteria, infrastructure,
and facilities, and their report will be the guide for CBSE to arrive at a
decision. CBSE's renewed paper pattern also aims to simplify and shorten
the rules of affiliation and renewal for schools.
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MIND BLOWING
FACTS

1 . It can take a photon 40,000 years to travel from the core
of the sun to its surface, but only 8 minutes to travel the

rest of the way to earth.
The sunlight goes to the surface of the earth in the speed of light, while phatons have to travel through .
many masses of gases and vacuum spaces to reach the earth. Sunlight takes around 8 minutes to reach oy
the earth because Earth orbit the Sun at a gap of roughly 150 million km. The light travels at a speed of

300,000 km/s. The answer by dividing the digits comes to 500 seconds which is 8 minutes and 20 seconds. The photons are the
large particles of electromagnetic emission that define the atom properties of an electromagnetic movement. A photon is formed by
synthesis responses inside the Sun's center part. Sun's center is very dense, so the photons have to travel through huge hydrogen masses
and other particles. When a photon runs into the fragments like hydrogen it gets enthralled, the electrons in the atom get agitated, and then

it gets fired back out. As soon as these photons are away from sun's atmosphere, they travel at a great speed to reach the earth.

2. Polar bears can't be detected by 3 Superfluid Helium

infrared cameras. Can Climb Walls
Polar bears are heated - Researchers have known for decades
perfectly due to a thick layer that if you cool liguid helium few
of blubber under their skin degrees below its boiling peint of
and a dense fur coat covering . - 452 degrees Fahrenheit (- 269
their body. But their outer layer ; degrees Celsius) it will suddenly be able to do things that

stays the same temperature as the snow around them,  other fluids can't, like dribble through molecule-thin
that's why they are invisible in infrared cameras that are  cracks, climb up and over the sides of a dish, and remain
aimed to detect the heat lost by a living subject. mationless when its container is spun.

4. It can rain diamonds on other planets.
Extra-terrestrial diamonds are very common. Microscopic diamonds not much larger
than molecules are abundant in meteorites and some of them retain a record of their -
formation in stars before the Solar System existed. High pressure experiments suggest ‘\ i
large quantities of diamonds are formed from methane on the ice giant planets Uranus é‘L s .
and Neptune, while some extrasolar planets may be composed almost entirely of ~— SRS RESENS
diamond. Diamonds are also found in stars and may have been the first mineral
ever to have formed. The atmospheres of some planets have such high pressure
that they can crystalize carbon atoms and turn them into diamonds.

5 . The largest asteroid ever
recorded is a mammoth piece

of space rock named Ceres.

The asteroid is almost 600 miles in diameter. It's by
far the largest in the asteroid belt and accounts for
awhole third of the belt's mass. The surface area is approximately equal to the
land area of India. There is actually some debate over whether to refertoitasa
dwarf planet instead of an asteroid, even if it has mostly asteroid-like qualities.




t.me/TipTopStudy. www:.tiptopstudy.com

CROSS WORD
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Laws of Motion, Work, Energy and Power

Readers can send solutions at editor@mtg.in or post us with their complete address by 10" of
every month to get their names published in next issue.

i ) il
ol O O

ACROSS DOWN
2. The law of motion that gives the definition of force (;i) 1. Anexample of a non-conservative force (8)
5. The law of motion that represents a certain symmetry in nature (5) 3. The number of different types of inertia (5)
7. The work done by centripetal force (4) ; ) i
; ; 4. The natural tendency of an object to resist a change in its state of
8. The law of motion that gives the measure of force (6) :
11. The type of collision in which kinetic energy is not conserved (9, 9) mtion of Of.m“ )
12. The CGS unit of work (3) 6. The change in momentum (7)
13. The sign of work done by friction on a body sliding down an ~ 9- The physical quantity which is conserved in all collisions (8)
inclined plane (8) 10. The physical quantity which is expressed as force times velocity (5)
14. The commercial unit of energy (8, 4) 15. The physical quantity whose dimensional formula in [ML?T2] (4)
16. The measure of inertia of an object (4) & ®
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Study right. Dig deep.
Build a solid foundation for success
in JEE Main

Are you a do-it-yourself type of a student? Then for success in JEE Main, choose MTG's
JEE Main combo, comprising coursebooks for Physics, Chemistry & Mathematics. This
combo is all class 11 and 12 students need for a solid and deep understanding of
concepts in these three key subjects.

FEATURES
« Based on latest pattern of JEE Main

» Covers the entire syllabus

« Full of graphic illustrations for deep understanding of concepts
« Levelwise MCQs with detailed solutions

« NCERT Drill MCQs framed from NCERT Books

Previous 10 Years’ MCQs (2018-2009) of JEE Main / AIEEE

Note: Coursebooks are also available separately.

Available at all leading book shops throughout India. To buy online visit www.mtg.in.
For more information or for help in placing your order, call 0124-6601200 or e-mail: info@mtg.in

Scan now with your

smartphone or tablet

Application to read
QR codes required
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CBSE CHAMPION Chapterwise -Topicwise Solved Papers Series contains topicwise questions and solutions asked over last
decade in CBSE-Board examination.

Questions are supported with topicwise graphical analysis of previous years CBSE Board questions as well as comprehensive
and lucid theory. The questions in each topic have been arranged in descending order as per the marks category. Questions from
Delhi, All India, Foreign and Compartment papers are included. This ensures that all types of questions that are necessary for
Board exam preparation have been covered.

Important feature of these bocks is that the solutions to all the questions have been given according to CBSE marking scheme,
CBSE sample paper and practice papers are also supplemented

Examination papers for Class- 10 and 12 Boards are based on a certain pattern. To excel, studying right Visit

is therefore more important than studying hard, which is why we created this series. 4 .
www.mtg.in

for latest offers

m‘% Available at all leading book shops throughout India. and m buy
Soce | Formore information or for help in placing your order: online!
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Call 0124-6601200 or email info@mtg.in
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To be a NEET
champion,
you heed
help from a

CHAMPION

Skill. Passion. Hard work and determination.
As a student sitting for the highly competitive
NEET, you need all that. However, only a few will

win, very likely with the help of a champion MECET
coach., NEE;.I.
CHAMPFON

MTG's NEET Champion Series is just the coach you PHYSICS CHEMISTRY BIOLOGY
need. It will guide you in identifying what's =7 . . : :
important for success and whats not

And then help you check vyour readiness

with its most comprehensive question bank.

»

So you know your strengths and weaknesses right from the word go and course-correct accordingly. Put simply,
MTG's NEET Champion Series will help you manage your preparation effort for NEET for maximum outcome. The best
part is you study at a pace you're comfortable with. Because it's all chapterwise, topicwise.

Attempt all guestions from this book on the Web + Mabile for free
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NCERT-based » Chapterwise « Topicwise « 11 years' - :
solved previous test papers (all major medical s Sl
St . ; Ll AL RyuEe wes Or visit a leading bookseller near you.
entrance exams) « Concise summary at the start of For more information, call 1800 300 23355
each chapter for quick revision of key concepts (toll-free) or 0124-6601200 today.
« Analysis of importance of topics basis historical Email info@mtg.in
examination pattern « Test papers for self-assessment
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The most comprehensive question bank books
that you cannot afford to ignore
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31 Years' NEETs AIPMT Physics, Chemistry & Biology contain not only
chapterwise questions that have appeared over the last 31 years in NEET/AIPMT,
but also full solutions, that too by experts. Needless to say, these question banks
are essential for any student to compete successfully in NEET.

HIGHLIGHTS:
- Chapterwise questions of last 31 years’ (2018-1988) of NEET/AIPMT

» Chapterwise segregation of questions to help you assess the level of effort
required to succeed

= Anunmatched question bank series with close to 1,000 pages having
detailed solutions by experts

-« Fully solved questions of NEET 2018 included ﬂic;::prggewghggﬂ;

Visit

mte— Available at all leading book shops throughout India. www.mtg.in
. ::: For more information or for help in placing your order: for latest offers
2000 Call 0124-6601200 or email info@mtg.in and to buy

online!
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Trust MTG .

for getting it right,

year after year

Over the last 4 years, MTG has averaged a hit rate of 67.5% when it comes to curating the right content for your NEET
preparation. Which means 2 out of 3 questions in NEET were either exactly the same as, or similar to, questions in
MTG's NEET books. The credit for this mind-blowing feat goes to MTG's skilled and experienced editorial team which
painstakingly goes through volumes of NCERT subject matter that forms the basis for NEET, to create superior and
relevant study material that has a high chance of success for its users. Proof lies in the pudding, right!
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To find out which MTG NEET book is best-suited to your needs,
call our NEET helpline toll-free at 1800-300-23355 today.
Or email info@mtg.in now. Visit bit.ly/mtg-neet to buy online.
To buy on Amazon, visit bit.ly/neet-mtg-amazon now.

Scan to buy on mtg.in Scan to buy on Amazon.in
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