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SOLVED PAPER 2021

We are happy to inform our readers that out of the 50 questions asked in NEET 2021,
more than 90% questions were either exactly same or of similar type from the MTG Books.

Here, the references of few are given :

Exam Q. MTG Book Q. No. P. No. Exam Q. MTG Book Q. No. P.
No. No. No.
NEET Champion (XI) 78 305 27 NEET Champion (XII) 153 242
3 NEET Champion (XII) 60, 61 37 28 NEET Champion (XII) 2 212
NCERT Fingertips (XII) 42 54 30 NEET Champion (XII) 219 85
6 NEET Champion (XII) 12 120 33 NEET Guide (XI) 185 270
12 NCERT Fingertips (XII) 63 301 e NEET Guide (XI) 57 141
15 NEET Champion (XI) 12 7 38 NCERT Fingertips (XI) 58 240
17 NEET Guide (XI) 107 144 40 NEET Champion (XII) 74 176
19 NEET Champion (XII) 43 344 41 NCERT Fingertips (XII) 67 471
22 NEET Guide (XII) o9 oLl 42 NEET Guide (XI) 56 132
25 NEET Champion (XII) 97 128 45 NEET Champion (XII) 98 198
and more such questions ......
. SECTION-A Do 2
(C) Relaxation Period (R) —1
1. A body is executing simple harmonic motion with m
frequency ‘n, the frequency of its potential energy is D) C - E
’ urrent Densi S) =
@d4n (B n ()2 (d)3n - Y S
2. Polar molecular are the molecules (a) (A)-(R), (B)-(Q), (C)-(S), (D)-(P)
(a) having a permanent electric dipole moment (b) (A)-(R), (B)-(S), (C)-(P), (D)-(Q)
(b) having zero dipole moment
A)-(R), (B)-(S), -(Q), (D)-(P
(c) acquire a dipole moment only in the presence (©) (A)-(R), (B)-(5), (C)-(Q), (D)-(P)
of electric field due to displacement of charges (d) (A)-(R), (B)-(P), (C)-(5), (D)-(Q)
(d) vam_l‘e a dipole moment only when magnetic Two charged spherical conductors of radius R, and
tield is absent. R, are connected by a wire. Then the ratio of surface
3. Column-I gives certain physical terms associated

6

with flow of current through a metallic conductor.
Column-II gives some mathematical relations
involving electrical quantities. Match column-I and
column-II with appropriate relations.

Column-I Column-II

(A) Drift velocity (p) "
nezp

(B) Electrical Resistivity (Q) nev,
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charge densities of the spheres (G,/0,) is
2
@ L )&

i d (ﬁ)
e 2 © % @ (7,

A parallel plate capacitor has a uniform electric

field ‘£’ in the space between the plates. If the
distance between the plates is ‘d’ and the area of
each plate “A; the energy stored in the capacitor is
(€, = permittivity of free space)



10.

O

2
(a) E’Ad (0) ek
€0
(¢) &EAd (d) —;—SOE2Ad
An inﬁnit*ElY long Electron v=10"m s™
straight conductor A -

carries a current of 5 A

as shown. An electron 20 cm
is moving with a speed Yy, .
of 100 m s parallel P 5A Q

to the conductor. The

perpendicular distance between the electron and
the conductor is 20 cm at an instant. Calculate the
magnitude of the force experienced by the electron
at that instant.

(a) 8 x 107N (b) 4 x 10N

(c) 8m x 1073° N (d) 41 x 1002 N

If Eand G respectively denote energy and gravitational

constant, then E/G has the dimensions of

(a) [M?][L][T] (b) [M?][L][T"]

() [M][L][T] (d) [M][L][T"]

A lens of large focal length and large aperture is best

suited as an objective of an astronomical telescope

since

(a) a large aperture contributes to the quality and
visibility of the images

(b) alarge area of the objective ensures better light
gathering power

(c) alarge aperture provides a better resolution

(d) all of the above.

Match Column-I and Column-II and choose the
correct match from the given choices.

Column-I Column-II
(A) Root mean square (P) lnm 2
speed of gas molecules 3
(B) Pressure exerted by (Q) \/M;T
ideal gas M
(C) Average kinetic energy (R) 5/2 RT
of a molecule
(D) Total internal energy (S) 3/2K,T

of 1 mole of a diatomic gas

(a) (A)-(R), (B)-(Q), (C)-(P), (D)-(S)

(b) (A)-(R), (B)-(P), (C)-(S), (D)-(Q)

(c) (A)-(Q), (B)-(R), (C)-(S), (D)-(P)

(d) (A)-(Q), (B)-(P), (C)-(S), (D)-(R)

Consider the following statements (A) and (B) and
identify the correct answer.

(A) A zener diode is connected in reverse bias, when

used as a voltage regulator.

PHYSICS FOR YOU | OCTOBER ‘21

11.

12.

13.

14.

15.

16.

(B) The potential barrier of p-n junction lies between
0.1 Vto03V.

(a) (A) is incorrect but (B) is correct.

(b) (A) and (B) both are correct.

(c) (A) and (B) both are incorrect.
(d) (A) is correct and (B) is incorrect.

A dipole is placed in an v
electric field as shown. In
which direction will it move? . ’ %
(a) Towards the right as its - e b---*E
potential energy will e
Increase. Sk

(b) Towards the left as its
potential energy will increase.

(c) Towards the right as its potential energy will
decrease.

(d) Towards the left as its potential energy will
decrease.

A convex lens ‘A’ of focal length 20 cm and a
concave lens ‘B’ of focal length 5 cm are kept along
the same axis with a distance ‘d’ between them. If
a parallel beam of light falling on "A’ leaves ‘B’ as a
parallel beam, then the distance ‘d’ in cm will be

(@) 30 (b) 25 (c) 15 (d) 50

The escape velocity from the Earths surface is v.
The escape velocity from the surface of another
planet having a radius, four times that of Earth and
same mass density is

(a) 4v (b) v (c) 2v (d) 3v

A radioactive nucleus #X undergoes spontaneous
decay in the sequence 4X — , \B — , ,C — ,,D,
where Z is the atomic number of element X. The
possible decay particles in the sequence are

(a) B o, P (b) o, 7, P

(c) a, B*, P (d) B, o, B

A screw gauge gives the following readings when
used to measure the diameter of a wire

Main scale reading : 0 mm

Circular scale reading : 52 divisions

Given that 1 mm on main scale corresponds to 100
divisions on the circular scale. The diameter of the

wire from the above data is
(a) 0.052 cm (b) 0.52 cm

(c) 0.026 cm (d) 0.26 cm

An inductor of inductance L, a capacitor of
capacitance C and a resistor of resistance ‘R’ are
connected in series to an ac source of potential
difference "V’ volts as shown in figure.

Potential difference across L, C and R is 40 V, 10
V and 40 V, respectively. The amplitude of current



17,

18.

19.

20.

21,

+47 8

flowing through LCR series circuit is 10+/2 A. The
impedance of the circuit is

(a) 50 — T — A
(b) 4\/5 9 €— 40 V—><— 1) V> <40 V>
(c) 5//2Q =)
(d) 4 Q \Y

A particle is released from height S from the surface
of the Earth. At a certain height its kinetic energy
is three times its potential energy. The height from
the surface of earth and the speed of the particle at
that instant are respectively

S [3gS 5 3g5
(a) E: 2 (b) 4 ’ 2
S [f3gS S [3gS
d
(c) g (d) 55" g
A small block slides down on a smooth inclined

plane, starting from rest at time ¢ = 0. Let S, be

the distance travelled by the block in the interval
S

t=n-1tot=n. Then, the ratio —*— is
Sﬁ'+1
2n — = | 2n+1
() b) 2=l (o 2=l (@)
2n =1 2n 2n+ 2n —
The half-life of a radioactive nuclide is 100 hours.

The fraction of original activity that will remain
after 150 hours would be

a) 2 (b) 1/2

| 2
" \/5 (¢) m (d) 5

The equivalent capacitance of the combination
shown in the figure is

C

1

— —— P—
1

C
(a) 3C/2 (b) 3C (c) 2C (d) C/2
The effective resistance of a parallel connection that

consists of four wires of equal length, equal area of
cross-section and same material is 0.25 Q. What
will be the effective resistance if they are connected
in series?

(a) 4 Q (b) 0.25Q (c) 0.5Q2 (d) 1€

A nucleus with mass number 240 breaks into
two fragments each of mass number 120, the
binding energy per nucleon of unfragmented
nuclei is 7.6 MeV while that of fragments is
8.5 MeV. The total gain in the binding energy in the
process is

(a) 216 MeV
(c) 9.4 MeV

(b) 0.9 MeV
(d) 804 MeV

23

24.

22,

26.

g7 8

28.

The electron concentration in an n-type
semiconductor is the same as hole concentration in
a p-type semiconductor. An external field (electric)
is applied across each of them. Compare the
currents in them.

(a) No current will flow in p-type, current will only
flow in n-type.

(b) Current in n-type = current in p-type.

(c) Current in p-type > current in n-type.

(d) Current in n-type > current in p-type.

The number of photons per second on an average
emitted by the source of monochromatic light of
wavelength 600 nm, when it delivers the power of

3.3 x 107 watt will be (h = 6.6 x 107*] s)
(a) 10" (b) 10'® (c) 10" (d) 10'®
A thick current carrying cable of radius ‘R’ carries

current ‘I’ uniformly distributed across its cross-
section. The variation of magnetic field B(r) due to

the cable with the distance ‘¥ from the axis of the
cable is represented by

(a) l / (b) ;

r — r—>
(c) g/ (d) IT% A
r=—» :r—b-

The velocity of a small ball of mass M and density
d, when dropped in a container filled with glycerine
becomes constant after some time. If the density of

glycerine is i then the viscous force acting on the
ball will be 2

@2Mg O E @M (@ M
Find the value of the angle of

emergence from the prism.

Refractive index of the glass is

V3.

(@) 90° (b) 60° u 60°
(c) 30° (d) 45°

A capacitor of capacitance ‘C, is connected across
an ac source of voltage V, given by

V = V,sinmt

The displacement current between the plates of the
capacitor, would then be given by

(a) I; = V,oCsinwt (b) I; = V,mCcoswt

d

d) 7,=—Lsinwt
nC (d) . oC
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29,

30.

31.

32,

i 5 B

34.

35.

If force [F], acceleration [A] and time [T] are
chosen as the fundamental physical quantities. Find
the dimensions of energy.

(a) [F][AT][T] (b) [FI[A][T]
(c) [FI[A][T?] (d) [FI[A][T]

In a potentiometer circuit a cell of EMF 1.5 V gives
balance point at 36 cm length of wire. If another
cell of EMF 2.5 V replaces the first cell, then at what
length of the wire, the balance point occurs?

(a) 62cm (b) 60cm (c¢) 21.6 cm (d) 64 cm

A spring is stretched by 5 cm by a force 10 N. The
time period of the oscillations when a mass of 2 kg

is suspended by it is
(a) 0.628 s (b) 0.0628 s
(c) 6.28 s (d) 3.14 s

For a plane electromagnetic wave propagating in
x-direction, which one of the following combination
gives the correct possible directions for electric field
(E) and magnetic field (B) respectively?

@) —j+h -} b) j+h j+k
(C) _f__ka_f

k
—k

(d) j+k—j—k
A cup of coffee cools from 90°C to 80°C in ¢
minutes, when the room temperature is 20°C. The

time taken by a similar cup of coffee to cool from
80°C to 60°C at a room temperature same at 20°C is

@ 3, ® = © 3 @
5 13

13 0
An electromagnetic wave of wavelength ‘A’ is

incident on a photosensitive surface of negligible
work function. If ‘m’ mass is of photoelectron
emitted from the surface has de-Broglie wavelength
A4, then

(a) A= (& )xf,

(b) x:(zﬂ)xg
hc
(c) xz(z’;”' )9& (d) x:(z’:"”)xg
Water falls from a height of 60 m at the rate of
15 kg s' to operate a turbine. The losses due

to frictional force are 10% of the input energy.
How much power is generated by the turbine?

mc

(g=10m s™?)
(a) 7.0 kW (b) 10.2 kW
(c) 8.1 kW (d) 12.3 kW

SECTION-B

36.

10,

Twenty seven drops of same size are charged at
220 V each. They combine to form a bigger drop.
Calculate the potential of the bigger drop.

PHYSICS FOR YOU | OCTOBER ‘21

37.

38.

(a) 1980V (b) 660 V
(c) 1320V (d) 1520 V
A point object is placed

at a distance of 60 cm

from a convex lens of

focal length 30 cm. If

a plane mirror were

put perpendicular to <——

the principal axis of the

lens and at a distance of 40 cm from it, the final

image would be formed at a distance of

(a) 20 cm from the plane mirror, it would be a
virtual image

(b) 20 cm from the lens, it would be a real image

(c) 30 cm from the lens, it would be a real image

(d) 30 cm from the plane mirror, it would be a
virtual image.

>

40 cm

A particle of mass ‘m’ is projected with a velocity
v=kV (k < 1) from the surface of the earth.
(V. = escape velocity)

The maximum height above the surface reached by the

39.

40.

41.

particle is

RK? kY
b) R|—
@ (b) (l_k)
: >
(©) R(i) (d) Rk
[+ k& 1+ k
In the product

F=q(#xB) =qV X (Bi+Bj+Byk)
Forg=1and v=2i+4;+ 6k and
F=4i-20j+12k
What will be the complete expression for 52
(a) 6i+6/—8k (b) —8i—8j—6k
(c) —6i—6)—8k (d) 8i+8j—6k
Two conducting circular loops of radii R, and R,
are placed in the same plane with their centres
coinciding. If R, > > R,, the mutual inductance M
between them will be directly proportional to
@R O ok @&

R R, R, R,
For the given circuit, the input digital signals are

applied at the terminals A, B and C. What would be
the output at the terminal y?

N\

Ao
Bo | >: > oy
C©O },‘Vz




42,

43.

44,

45.

B 0 ; . i E .
5 ‘ : | i : E__ E
C s L
L Lt Ly Ls s
@ ’— I I
5V
(b) — VA%
(c) 5V
(d)

\_ 5V
0V
From a circular of mass ‘M’ and radius ‘R’ an arc
corresponding to a 90° sector is removed. The
moment of inertia of the remaining part of the ring
about an axis passing through the centre of the ring

and perpendicular to the plane of the ring is 'K
times ‘MR?. Then the value of ‘K’ is

I 3 7 |
L= (b)li () < (d) 7

Three resistors having resistances r;, r, and r; are
connected as shown in the given circuit. The ratio

] . : .
3 of currents in terms of resistances used in the
I

circuit 1s
I, I
?"1
AT B
I3 Is
(@ 2 (b)) 21— () 2 (@
no+ T  + 1y n+tn

A car starts from rest and accelerates at 5 m s>
At t = 4 s, a ball is dropped out of a window by a
person sitting in the car. What is the velocity and
acceleration of the ball at t = 6 s? (Take g= 10 m s7%)

(a) 20+/2 m s1. 10ms 2
(b) 20 m s}, 5 m s
(c) 20m s, 0 (d) 20v2ms™E, 0

A step down transformer connected to an ac mains
supply of 220 V is made to operate at 11 V, 44 W
lamp. Ignoring power losses in the transformer,
what is the current in the primary circuit?

(a) 4 A (b) 0.2A (c) 04A (d)2A

46.

47.

48.

49.

50.

A ball of mass 0.15 kg is dropped from a height
10 m, strikes the ground and rebounds to the same
height. The magnitude of impulse imparted to the
ball is (¢ = 10 m s7*) nearly

(a) 1.4 kg m s (b) 0 kg m s°*

(c) 4.2 kg m s (d) 2.1 kgm s™*

A series LCR circuit containing 5.0 H inductor
8 UF capacitor and 40 Q resistor is connected to
230 V variable frequency ac source. The angular
frequencies of the source at which power transferred
to the circuit half the power at the resonant angular
frequency are likely to be

(a) 42 rad s! and 58 rad s!

(b) 25 rad s7! and 75 rad s

(c) 50 rad s7! and 25 rad s

(d) 46 rad s7! and 54 rad s!

A uniform rod of length 200 cm and mass 500 g
is balanced on a wedge placed at 40 cm mark. A
mass of 2 kg is suspended from the rod at 20 cm and
another unknown mass ‘m’ is suspended from the
rod at 160 cm mark as shown in the figure. Find the
value of ‘m’ such that the rod is in equilibrium.

(g =10 m s72)
20cm 40 cm 160 cm
I \
2 kg ﬂl
@ Lke ® Lkg (© lke (@) ik
12 7 3 6

A particle moving in a circle of radius R with a
uniform speed taken a time T to complete one
revolution.

if this particle were projected with the same speed at
an angle ‘0’ to the horizontal, the maximum height
attained by it equal 4R. The angle of projection 0, is

then given by
1/2

2 \/2 2)
il 2eT? 1| eT

(a) 6 =sin 1( g2 (b) 6=cos l(gT

TR J T R )
) \/2 (D \lfz

1| TR . 1| TR

(c) ©=cos ](—2 (d) 6=sin"! —
21" gL

A uniform conducting wire of length 124 and

resistance 'R’ is wound up as a current carrying coil
in the shape of

(i) an equilateral triangle of side ‘a:

(ii) a square of side ‘a.

The magnetic dipole moment of the coil in each
case respectively are

(a) 4la* and 31a”
(c) 3Ia* and Ia?

(b) /31a” and 31a°
(d) 3Ia’? and 41a’

PHYSICS FOR YOU ‘ OCTOBER 21
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SOLUTIONS

1. (c) : The equation for the SHM is

y = Asinwt = Asin (27tnt) ikl)
where, A is amplitude, ® is angular frequency and y is
displacement at time .

The formula of potential energy is

1
U =—k A” sin” of

2
U:lkAz(l_mszm):lkAz 1—0032%(2}1)1 )
2 2 2 . 2
e qin2p = 1—0;)829)

From eqn. (i) and (ii), we get
Frequency of potential energy = 2n

2. (a) : The polar molecules are the molecules have
one end slightly positive and other end is slightly
negatively charged separated by some distance.

So, they have permanent electric dipole moment.

B
3. (b): The formula of drift velocity is, vy = Z—?’c

Current density, J = L ey e y
A A
Resistivity i 0 m i o m
esistivity is, P = =
J H€2T H€2p
Resist . p_V [ _El EA FE
esistanceis, R=— ; p—=— =——=—
/ ¥ A Jd F A |

where, E = electric field, A = area of cross section
e = electronic charge, n = number of density of electrons,

T = relaxation time.
4. (c) : When the two spheres R, R,
are connected by conducting wire, @ @
the potential of both the spheres
k k :

I/lez :}ﬂ:ﬂ;ﬁ:ﬁ ...(1)
Ry Ry g Ry
Ratio of surface charge densities

becomes same.

O
S p2 2
R R R
i . 2% - :(—2) x —- (From (i))
) Q Rl 4> Rl RQ
ATR;
Lok
Gy R
5. (d): The capacitance of a parallel plate capacitor of
: _ A
plate area A and separation d is given by C = 807
The potential is given by V = Ed
where E is electric field.
1
Energy, [/ = lCVZ 1 % €4 < E2g% 3 U = —EOEzAd
2 2 d -
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6. (a):The magnetic field e

due to a straight wire at the T b= 10° 1: -
location of electron is
20 cm
4t r - > E)
i I x5 A 5 A
B=10"" x =50x10"" T (k)

0.2
The direction is given by right hand thumb rule.

The force on charged particle moving in magnetic
field is, F = ¢(V x B)

F=-16x10""x(10%x50x107k) ; F=8x1020 N}

7. (b) : Dimensions of energy [E] = [ML*T 2]
Dimensions of gravitational constant [G] = [M™'L° T 2]

e —

5 .,
So, the dimensions of £ — IML'T 7] _
__G_. [M—ILBT—Z]
= [M?][L1][T°]

8. (d): As the focal length is large so, it enhances the
magnifying power of telescope. The large aperture or
diameter of lens helps in collecting large amount of
light from the object so that the image formed is bright.
D

.22\
where, D is diameter or aperture of lens and A is
wavelength of light used.

So, all options are correct.

[M2L1 T

The resolving power of telescope is, R.P.=

3RT

M
where, R is a gas constant, M = molecular mass,

T = absolute temperature. So, A> Q

.. T
Pressure exerted by ideal gas is gmnvz,,

9. (d):The rms velocity is, v . =

where m 1is

mass of each molecule, n = number of molecules,

v* =rms speed. So, B> P.

Average kinetic energy of a molecule 3 kT

2
where, k;z = Boltzmanns constant, T =

temperature. So, C > S.

Total internal energy of 1 mole of a diatomic gas,

U=>RT.So.D = R

2

absolute

10. (d) : Yes, zener diode is connected in reverse bias as
it is used as voltage regulator.
The potential barrier of p-n junction

ForGe; V,=03V;S;;V,=0.7V

11. (c) : Electric field is always direct from high
potential to low potential. For the given situation
the electric potential is decreasing from left to right
therefore, potential energy of the dipole will also
decrease. Thus dipole will move from towards the right.



12. (c) : Given: f, =20cm, f, =-5cm
Equivalent focal length, f = oo
(As the rays are parallel)

By using Newton's displacement formula
11 I d

S N2

VA
1 1 1 d
o 20 5 20(=5)
5-20+d
0=2"2""9 — 4=15cm
20X 5
. 2GM
13. (a) : The formula of escape velocity is v = \/ 3
where, G = gravitational constant, M = mass
and R = radius.
Mass, M = gTERBP where, p is density of planet
2xXG 4
V= \/ X — RR3p
R 3
3GT )
V= \/ TR p ..(Q)
Let the escape velocity on planet is v
For planet, R"=4R, p" =p
4 SGTE ! 4 .
Vo= TR 29 .. (i)
Divide eqn. (i) by (ii), we get
4 32 4 ’ 2
16R D
SO:V—: X Xp— — ~ = 2 X —=4
v VR p v VR® p
V' =4y
14. (d): A radioactive nucleus ?X undergoes
spontaneous decay as shown here,
ZXA : > Z—IB . > Z—3C — >Z—2D

[ step : atomic number decreased by 1 unit, so it is B*
decay.

[T step : atomic number decreased by 2 units, so it is o
decay ().

[1I step : atomic number increased by 1 unit, so it is 3-
decay.

15. (a) : Given : Pitch = 1 mm, Number of division on

circular scale, N = 100

Least count, L.C. = ket = L =0.01 mm
N 100

So, diameter, d = main scale reading + (circular scale
reading X least count)

d=0+52x0.01;d=0.52mm;d=0.052cm
16. (a) : Given, V; =40V, V.=10V, V=40 V

Vs = \/V}% + (Vo — VC)2

m PHYSICS FOR YOU | OCTOBER ‘21

/. =40% + (40— 10)*=50 V
<« 40V —><— |0 V<40 V—>»

Iy =10v2 A | A A
I = % =10 A
Impedance,
7 Vs _50_sg "
lae, 10
17. (a) : Let the point is P where K.E. is three times of
P.E.

Let the height fall is x and speed at P is v.
KE, =3 PE, = 3mg (S - x) (L) 1 ]
Use conservation of energy ¢ X
PEattop=PEatP + KE at P tP
mgS = mg(S - x) + KE,

KE, = mgS - mg(S - x)

From (i) and (ii)

3mg(S — x) = mgS — mg(S - x)
4mg (S — x) = mgS

s 11)

35
45 - 4x=8§ = IZT

So, S—JC=S—£=£
4 4

Now, KE , = %mvz =3mg(S — x)

) >

V 35 V S5

Y o3g|s-2 | o YogexS o ye
2 g( 4) T T8Ny T VI,

18. (c) : The acceleration is a = gsin0
Initial velocity, u = 0

Distance travelled in n'® second, S w=u+ %a(zn —1)
1 |
Sﬁth = Ea(lzn —1) ..(i)
S(H-l-l)th = Ea[2(n +1) —1] .. (i1)
On dividing eqn (i) by (ii), we get
Sﬂrh - (2n = 1)
(2n+1)

S

(”+1)ff?

19. (¢) : Half-life, T, = 150 hr
Time, T = 100 hr

By the formula of radioactivity,

=3
N, \2
where, n = number of half lives = 150 — 3

100 2

N ( 1 )3” >

So, —=|=| =——
N, \2 242

where, Nj is initial activity and N is remaining activity.



O

A

20. (¢) : m—

|
I
C

Here, AB arm is short, so the two capacitors C and C in
parallel, Cy=C+C=2C

21. (a) : Given that, four wires of same material, equal
area of cross-section and equal length.

Resistance of each wire is ‘R.

For parallel combination, R,, = 0.25 £2

When wires are connected in parallel,
] 1 1 l 1. 1 I 1 1 1

l | I
b - | I |

R, RR R, R, R, R, R R R R

B

eq eq
L:i:> R=1Q
0.25 R

So, resistance of each wire is 1 Q.

Now, wires are connected in series. Then, equivalent
resistance is

R,=R+R,+R;+Ry;R,, =1Q+1Q+1Q+1Q=4Q
Hence, the equivalent resistance in series will be 4 ohm.

22. (a) : Let the parent nucleus be X which breaks into
two fragments Y.
24{]X _>2120Y
Binding energy X, B.E.x =240 x 7.6 = 1824 MeV
Binding energy of Y, B.E.y = 120 x 8.5 = 1020 MeV
Energy released, E = 2(BE)y - (BE)x

=2 x (1020) — 1824 = 216 MeV

23. (d) : As electrons are majority charge carriers in
n-type semiconductor. So when we apply electric field,
current will be more in n-type semiconductor compare
to p-type semiconductor.

24. (d) : Given, Power = 3.3 x 10~ Watt
Wavelength, A = 600 nm = 600 x 10~ m
Number of photons emitted per second is

_PL_33x107°x600x107
Che 6.6x107* x3x108

n= 10"
25. (d) : By Amperes circuital law,

§f>§ dl = Ly X current enlosed by path

H

]P‘Z Hoff"

= B2mr=pyx— = B=—7 (lorr<a)
a 2nd
_ Lol
At surfaceof r=a,so B="-
2Ta ¢
B = Mol (for r > a) B ,
2Tr :
The variation of magnetic field with :
distance ‘r’ from the axis is given by r—»

26. (b) : Given, Mass of ball = M

Density of ball = d

Density of glycerine = &

2
Viscous force = weight — buoyant force = vdg — v(g )g

:vdg(l_l):@ ()
2 2

Also mass, M = vd
So, from equation (i),
Mg
2
27. (b) : Let ZLe is angle of emergence and i is angle of
incidence.
Form Snell’s law at point P
sini. W,
sinr U,
£i =30°
sin30° W,

Viscous force =

So,

sine. U,

. 3 1
Slné):%XE or e =60°

28. (b) : The instantaneous voltage, V = V| sinwt
Displacement current is given by

7 o4
4T
Cd .
[ ;, =— (V,s1in f
d=— (Vo ]

= I,=CV,m coswt

29. (c) : Let for energy, [E] = F*APTY

or [M!L?T-?] = [MLT3]%[LT2]P[T]"

MU 2T2 = MO & + B T-20. - 2B +v

Comparing from both sides, o = 1

a+P=2 = P=1

200-2+y=-2 = y=2
Energy = [F][A][T?]

30. (b) : Given, Balancing point /; = 36 cm when voltage
applied is 1.5 V.
V=25V, lsg=1

' 1.5

Potential gradient, & = FaarT V/cm

If , be the balancing length in second case, then
|

—XZ2:2.5 or 12:6001‘11
36
31. (a) : Force constant of spring, k = £
Here, F=10 N, x=5cm %
= i =200 N/m

0.05

[f the mass of 2 kg is suspended by the spring, then
period of oscillation is
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T:211:\/E

k
2

T:211:1/~—=2'n:><0.1 T =0.628 s
200

32. (¢) : As E and B are perpendicular to each other,
their dot product must be zero.

—

E-B=0
Also, the wave is propagating along x-axis i.e. cross
product of £ x B is along 7.
Out of given options, only (- + k), (- j — k) follow the
above conditions.

33. (c) : Initial temperature (7;) = 90°C
Final temperature (Ty) = 80°C

Room temperature (7,) = 20°C

Let time taken be t minutes.

According to Newton's law of cooling,

Rate of cooling ar _ . di+1y) T |
dt " 2 )
. _ )
(77 ;):K (90 + 80) -
[ 1 2 :
90 — 80 10
_ = K=—
r K[65] =
In 2™ condition,
[nitial temperature, T; = 80°C
Final temperature, Ty= 60°C
Let time taken be " minutes.
80—60) 10 | (80 + 60 )
Then, ( ) = Lallda) 20
t’ 65¢ | 2 ,
20 10 13
= (50 12
> g r( ) = ¢ g t

34. (d): As work function is negligible, therefore
kinetic energy of emitted electron = Energy of incident

photon
S . p>  he 2mhc
e, —mv =h —= —=_— -
Z om n P \/ A
de-broglie wavelength of emitted electrons is
h h
A‘d e
p \/ 2mhc
A
2 ,
= kd:\/hk k:( mﬂ)kff
2mc h

35. (¢) : Given, h = 60 m
Now, water falls at the rate of 15 kg s

e ? =15 kg s7!

g=10ms™

As loss due to friction is 10%, therefore only 90% of

input energy is used to generate power.
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F’:g}zﬂx2

t 100

90
P:1_O><60><15><@=8100W = P=8.1 kW

36. (a) : Here: n =27
Potential, V=220V
Potential at the surface of a solid charged sphere

v l ¢

47580 r
4 .
~ X = im”?’ or 1’ =" (1)
3 3
Potential of bigger drop,

1 ng I ng -y
V = . = V., = (using (1))
1 4]'580 Fr L 41-[80 rnlff3
Vo= V*° ...(ii)

Putting the values of n and V in equation (ii), we get
V,=220x% (27)%® or V,=1980V

37. (a) : Distance of object, u = - 60 cm
Focal length, f =30 cm
Let the image formed by lens is at a distance v.

Using lens equation

SR S U S B -
v u f v 60 30 _y 60 UM

So, image formed behind the mirror at a distance
(60 —40) = 20 cm.

S
O — __-::::'_::-
IE _p— -=T Il
-l
20 cm
-« >
40 cm
S i S EEEEE—
60 cm 60 cm

For second refraction from convex lens
u=-20cm,v=2¢ f=30cm
1 1 1 1 | |

- = | -
v u f v 20 30
= v=-60cm

Thus final image is virtual and at a distance

60 — 40 = 20 cm from plane mirror.

lll
v 30 20

—

38. (a) : The particle is fired vertically upwards from
the Earth’s surface with a velocity v and reaches a height

h

Energy of the particle at the surface of the Earth is

] GM
E; =—mv2 ET
2 Ry

Energy of the particlé at a height h




GMgpm
Ry +h

(.- At height h, velocity of the particle is zero.)
According to law of conservation of energy,

E}( —

Ei — Ef
1
—mvz GMEm _ GMEF??
2 Ry Rp+h
1 1 1| GMgmh
— v = GMgm = e
2 R Rp+h| (Rp)Rg+h)
lmvz = mghly (1) v 85 o
: R +h R
As per question,
v=hv,=k\2gRg  ..(ii) (v ve =V, =\2gRg)

Using (i) and (ii), we get

_ REkz
| —k?
RE?

39. (c) : Given: v =27 +47+6k and g =1;
B=Bi+B]+Byk

—

F=47-20j+12k

/
4

AN F>

[
Now, v x B =|2
B B B,
— ?(430 — 6B) — }'(230 - 6B) + !?(2_8 — 4B)

Force F =¢ (v x B)
4i-20j+12k=1 [(4B,—6B)i— (2B, —6B) ] —2Bk]

By comparison
4B, - 6B =4 (1)
-2B =12

— B=-6 ...(1i)

From eqn. (i) and (ii), 4B, - 6(-6) =4
— 4B0+36=4 — 4BU=_32:>BU:_8

So, B=—6i—67—8k

40. (a) : Leta current I, flows through the outer circular
coil of radius R;.

The magnetic field at the centre of the outer loop is
B Mol

TR,
As the inner loop of radius R, placed coaxially therefore,
B, may be taken constant over its cross sectional area.
Hence flux associated with inner loop is

/
— BR? = E0L pR2
0) = BiR) T
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as Mot MotRe g R
I, 2R R

41, (c) : B '\ »,
B ;__/ @_Qy
C _}yz

Output of combination of logic gates is given as

y=AB+BC
A B C y y | V= AB+ BC
0 0 0 0 1 1
1 0 0 0 1 1
0 1 0 0 1 1
0 0 1 0 1 1
1 1 0 0 1 1
I A | 1
1 1 1 1 0 1
i hooih L ity il i
5V 1

The output (y) can be represented as above.

42. (b) : Here : M is the mass and R is the radius of the
ring.

Moment of inertia of a ring, I = MR*

If 90° sector is removed, the moment of inertia of the
remaining part of the ring is

r= R - MR kR =3
4 4
Here K = >
4
b I3
"
43. (¢) : y I:-l- B
i3 13
By KCL
i=i,+ i ()
Voltage is same in r, and r; as they are in parallel
bty = 1313
j =22 ..(ii)
"2

From eqn. (i) and (ii), i, = - I3

_ _f3f"3+f3}"2 & Fz‘l‘f’é ] 7
or 1= —33( , 3 z
§,



44. (a) : Given:u,=0,a, =5m s>

At t = 4s ball is dropped

a,=g=10ms™

Let v, is the velocity of ball at the time t =4 s.
v,=u,+at=0+5%x4=20ms"’

v, is the velocity of ball after leaving at t = 6 s
v,=u,+at =0+gx2=20ms"

Resultant velocity of ballat t =6 s

v= 2 +v2 =207 4202
= 20\/5 ms

Acceleration of the ball will be due to gravity i.e.,
a=10m s

45. (b): Here P=44W, V,=220V, V=11V
Power, P =V I,

44=] = [.=4 A

Now, VI, =V

220x I,=11 x4

:11x4:i:0-2A

220 20

46. (c) : Mass, m =0.15 kg

hy=10m, h,=10m, g= 10 m s

The velocity at the time of strike while going downwards
V= —\/2gh1

and when move up
v = \J2gh

Impulse = change in momentum
mv' — mv =2mv (As h, = h,)
=2x0.15x2x10x10=42kgms™

I l

JLC J5x80x10ﬁ

Power transferred = half of power at resonance
So, frequencies at which power transferred is half
=, * A
R 40
AL 2B
So, range is ®, £ A®w =50 £ 4 =54 rad s and 46 rad s™*

48. (a) : Here, AD =20 cm

Ip

47 id): o= =50rads”

A® =4 rad/s

AE =160 cm
g=10m s™
Take moments about C

A D C C E B

| | ) i )

| 40|cm | 60

¥ 100 cm
500 g
2 kg \

Clockwise moment = Anticlockwise moment

2xgxDC=0.50xgx CC;+mxgx CE
or 2x(40-20)=0.500 (100 -40) + m x (60 + 60)

or 40-30=120m

l

m=—Xk
or 0 g

49. (a) : We know, T =

2TtR
= U=—

T
Here: H .. = 4R

D iz 2
u-sm-0 ,,
H..= ..(1)

28
Putting the value of u and H,,, in equation (i), we get
_— 2 o " (2 T2 \1/2
4R:(L) 3 S — @=sin" g2

T 2g \ T°R

50. (b) : For an equilateral triangle of side a :

As total length of the wire = 12a
12a

2TR

U

So, number of turns, » = s 4
d
Magnetic moment of coil, m = nlA ...(1)
V3 5

Area of triangle, 4= i

From equation (i),

m = 4[@(12 .. m=+/31a°
For a square of side a :
Area, A = a’
Number of turns, 5 = lj_a e
(l

Magnetic moment, m = nlA
=31(a*) = 31ag*

NEE]
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D

SOLVED PAPER

SECTION-A (MULTIPLE CHOICE QUESTIONS)

The rms speeds of the molecules of Hydrogen,
Oxygen and Carbondioxide at the same temperature
are vy, Vo and v respecetively then

(@) ve>vo > vy (b) vg=vo > v

(€) vu>vo> Ve (d) vu=vo="c

The initial mass of a rocket is 1000 kg. Calculate at
what rate the fuel should be burnt so that the rocket
is given an acceleration of 20 m s~*. The gases come
out at a relative speed of 500 m s with respect to
the rocket. [Use ¢ =10 m &

(a) 10kgs™* (b) 60 kgs™

(c) 500 kgs™* (d) 6.0 x 10" kg s™

A particular hydrogen like ion emits radiation of
frequency 2.92 x 10"> Hz when it makes transition
from n =3 to n = 1. The frequency in Hz of radiation
emitted in transition from n =2 to n = 1 will be

(a) 6.57 x 10" (b) 2.46 x 10"

(c) 0.44 x 10%° (d) 4.38 x 10"

Inside a uniform spherical shell

(A) the gravitational field is zero.

(B) the gravitational potential is zero.

(C) the gravitational field is same everywhere.

(D) the gravitational potentail is same everywhere.
(E) all of the above

(a) (A), (C) and (D) only

(b) (A), (B) and (C) only

(c) (B), (C)and (D) only

(d) (E) only

Car B overtakes another car A at a relative speed of
40 m s~'. How fast will the image of car B appear to
move in the mirror of focal length 10 cm fitted in
car A, when the car B is 1.9 m away from the car A?
(a) 0.1m s (b) 0.2 ms™!

(c) 40m s~ (d) 4ms™
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10.

Held on
26" August, Morning
Shift

It E, L, M and G denote the quantities as energy,
angular momentum, mass and constant of
gravitation respectively, then the dimensions of P
in the formula P = EL°M G * are

(a) [M' L' T (b) [M° L' TY]

(c) ML T? (d) [M° L0 T

An electric appliance supplies 6000 ] per min heat
to the system. If the system delivers a power of
90 W, how long it would take to increase the internal
energy by 2.5 x 10° J ?
(a) 2.5% 10" s

(c) 2.4 x 10° s

(b) 2.5 x 10°% s
(d) 4.1 x 10's

A series LCR circuit driven by 300 V at a frequency
of 50 Hz contains a resistance R = 3 k€2, an inductor
of inductive reactance X; = 2501 2 and an unknown
capacitor. The value of capacitance to maximize the
average power should be (Take 7 = 10)

(a) 400 uF (b) 4 uF

(c) 40 uF (d) 25 uF

In the given figure, the emf of the cell is 2.2 V and
if internal resistance is 0.6 2. Calculate the power

dissipated in the whole circuit.
4 €

22V, r=0689
(a) 1.32 W (b) 4.4 W
(c) 0.65W (d) 2.2 W

In a photoelectric experiment, ultraviolet light of
wavelength 280 nm is used with lithium cathode
having work function ¢ = 2.5 eV. If the wavelength



of incident light is switched to 400 nm, find out the 16. The magnitude of vectors OA,OB and OC

change in the stopping potential. in the given figure are equal. The direction of

(h=6.63x107*]s,c=3x10°ms™") g P A s vl s
(a) 1.1V (b) 0.6V OA+OB — OC with x-axis will be

4
(c) 1.3V (d) 19V c i

11. Idenify the logic operation carried out by the given A
circuit.

A e [ )c X—~ e N 5
> Z
Y

(a) OR (b) AND .
(c) NAND (d) NOR g BB —14+/2) 1 (1—+/3—+/2)
(a) tan (b) tan

12. What equal length of an iron wire and a copper (1++/3 —+/2) (1++/3 ++/2)
-nickel alloy xixrire, each O.f 2 mm diar.neter connected . G —1442) L (1+3-2)
parallel to give an equivalent resistance of 3 Q? (¢) tan (d) tan 51
(Given : resistivities of iron and copper-nickel alloy (1-3+12) L—-Na—e3)
wire are 12 p€2 cm and 51 p€2 cm respectively) 17. The material filled between the plates of a parallel
(a) 97 m (b) 110 m plate capacitor has resistivity 200 £ m. The value
(c) 90 m (d) 82 m of capacitance of the capacitor is 2 pE If a potential

difference of 40 V is applied across the plates of the
capacitor, then the value of leakage current flowing
out of the capacitor is (Given the value of relative
permitivity of material is 50)

13. An inductor coil stores 64 ] of magnetic field energy
and dissipates energy at the rate of 640 W when a
current of 8 A is passed through it. If this coil is

joined across an ideal battery, find the time constant (a) 0.9 mA (b) 9.0 mA

of the circuit in seconds. (c) 9.0 uA (d) 0.9 uA

(a) 0.4 (b) 0.2 _ » _

() 0.125 (d) 0.8 18. St.atement-l : By doplr.lg silicon semlconduc‘ﬁor
with pentavalent material, the electrons density

14. In a screw gauge, fifth division of the circular scale increases.

coincides with the reference line when the ratchet is Statement-II : The n-type semiconductor has net

closed. There are 50 divisions on the circular scale, negative charge.

and the main scale moves by 0.5 mm on a complete In the light of the above statements, choose the

rotation. For a particular observation the reading most appropriate answer for the statements from

on the main scale is 5 mm and the 20" division the options given below.

of the circular scale coincides with reference line. (a) Both statement I and statement II are false.

Calculate the true reading. (b) Statement I is true but statement II is false.

(a) 5.20 mm (b) 5.00 mm (c) Statement [ is false but statement II is true.

(c) 5.15 mm (d) 5.25 mm (d) Both statement I and statement II are true.

19. The fractional change in the magnetic field intensity
at a distance 'r' from centre on the axis of current
carrying coil of radius 'a’ to the magnetic field
intensity at the centre of the same coil is (Take r < a).

15. Two narrow bores of diameter 5.0 mm and 8.0 mm
are joined together to form a U-shaped tube open
at both ends. If this U-tube contains water, what is
the difference in the level of two limbs of the tube.

2 2
| Take surface tension of water T'=7.3 X 10> N m™, (a) 24 (b) 3a
angle of contact = 0, ¢ = 10 m s * and density of 3 ¢ 2 r*
water = 1.0 x 10° kg m™]. )

3 7 2T
(a) 5.34 mm (b) 3.62 mm (c) - (d) 5
(c) 2.19 mm (d) 4.97 mm 2q 3a
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20. A solid metal sphere of radius R having charge g
is enclosed inside the concentric spherical shell of
inner radius a and outer radius b as shown in the

figure. The approximate variation electric field E
as a function of distance r from centre O is given by

(d) g

SECTION-B (NUMERICAL VALUE TYPE)
Attempt any 5 questions out of 10.

21. An amplitude modulated wave is represented by
C,(f) = 10(1 + 0.2 cos12560¢) sin (111 x 10%t) volts.
The modulating frequency in kHz will be

22. White light is passed through a double slit and
interference is observed on a screen 1.5 m away.
The separation between the slits is 0.3 mm. The
first violet and red fringes are formed 2.0 mm and
3.5 mm away from the central white fringes. The
difference in wavelengths of red and violet light is

nm.

23.

24.

29,

26.

27

28.

29.

Two travelling waves produces a standing wave
represented by equation.

y = 1.0 mm cos(1.57 cm )x sin(78.5 st

The node closest to the origin in the region x > 0
will be at x = cm.

A uniform chain of length 3 meter and mass 3 kg
overhangs a smooth table with 2 meter laying on
the table. If k is the kinetic energy of the chain in
joules as it completely slips off the table, then the
value of k is . (Take g=10m s™%)

Two short magnetic dipoles

m; and m, each having . TS
magnetic moment of 1 A m’ 0 P

are placed at point O and P

respectively. The distance between OP is 1 meter.
The torque experienced by the magnetic dipole m,
due to the presence of m, is x 107 N m.

A soap bubble of radius 3 cm is formed inside the
another soap bubble of radius 6 cm. The radius
of an equivalent soap bubble which has the same
excess pressure as inside the smaller bubble with
respect to the atmospheric pressure is cm.

A source and a detector move away from each
other in absence of wind with a speed of 20 m s~
with respect to the ground. If the detector detects
a frequency of 1800 Hz of the sound coming from
the source, then the original frequency of source

considering speed of sound in air 340 m s~ will be
.

The electric field in a plane electromagnetic wave is
given by

y

3
- 0.5X10 d \%
E =200cos )x—(lﬁxlollgxt] —;
. m S m

— —

If this wave falls normally on a perfectly reflecting
surface having an area of 100 cm®. If the radiation
pressure exerted by the electromagnetic wave on the
x N

surface during a 10 minute exposure is 5"
10 m

Find the value of x.

two spherical balls having equal masses with radius
5 cm each are thrown upwards along the same
vertical direction at an interval of 3 s with the same
initial velocity of 35 m s, then these balls collide at
a height of m. (take g= 10 m s™°)
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30.

Consider a badminton racket with length scales as
shown in the figure.

(.j.--

=

=
=

i

2r

|

o)
"Ii

If the mass of the linear and circular portions of the
badminton racket are same (M) and the mass of the
threads are negligible, the moment of inertia of the
racket about an axis perpendicular to the handle

and in the plane of the ring at, ~ distance from the
2

end A of the handle will be Mr”.

SOLUTIONS

1.

D

(c) : The root mean square speed of molecules is
given by

|

o [3RT
rms \ M

where, R is gas constant, T is absolute temperature
and M is molecular mass.

1

VM

Molecular mass of hydrogen < oxygen < CO,
SO, VH > VO > VC

(b): Initial mass of rocket, M = 100 kg
Acceleration, a=20m s’

Relative speed of gases, u =500 m s~
g==10m 5!

As the temperature is same, so v o<

1

Thl'llSt, F=y.—

dt
dm .
is rate of mass burnt

dt Mg
By Newton's second law, F — mg = ma

dm dm
u-—=m(g+a); 500— =1000(10+20)
dt dt

d
=60 kg sec”
dt
(b): Frequency, f=2.92 x 10"> Hz
n=3ton=1
Let the frequency is ffromn=2ton =1
1 1 1
AISO, XzRH{ ; 2)

n,

dm | }f\ AN
T

where,
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1
S0, f oc —
/ A
1 1 8 .
SO, Kf =R ( ):R Y — ..(1)
f H 12 32 H 9
, 1 1 3 .
and Kf'=R,, (12 - ):RH < . L)
" 3x9 27
L L9
f  4x8 32
, 15 27 15
= ['=292x10 ><-3—2=2.46>< 10 Hz
(a): Inside a wuniform spherical shell, the

gravitational field is zero. So, gravitational potential
is same everywhere.

(a) : Focal length, f= 10 cm; Distance of car B from
carA,u=19m=u=-190cm

o = o >
B A

The mirror is convex in nature, as it is rear view
mirror.
=] . : :

Veia =40 m s =V, = velocity of object with
respect to mirror.
Velocity of image with respect to mirror is

2 .
Vim=-m" Vo ..(1)
The magnification of mirror is

f 10

_ o2
f—u 104190

200 20

1l =

|V

Vi, = ( ) X 40=0.1m s
20

(d): Dimension of E = [ML* T %]

Dimension of L = [ML2 T4

Dimension of M = [M]

Dimension of G = [M ™ 1L°T ]

o EC _ [MPT?|[MET T
Dimension of P = = = T30
M]’[M LT “]

MG*
= [M°LOT?]

(b): Heat/min, AQ/t = 600 J per min
Work, W/s=907] s

Change in internal energy, AU = 2.5 x 10
Let the time is .

Using second law of thermodynamics

3
iy 2K
gZAUizLW _y 6000225 10 90
At t t’ 60 t
[=250%



8.

10.

(b): V=300V, f=50 Hz

R=3KQ, X; =250 Q, * = 10

For maximum average power, the condition is for
resonance.

Let capacitance is C.

1
2X T X50xC

XLzXC — Z'ﬂ:ﬂ,—
C=4x10°F=4pF

(d): Here, R, and R in series

R =R, +R;=4+8=12Q and R, and R; in series
R"=R4+R3=2+4=6L

So, the circuit is given here.

Ry
Ry (4 Rs
Rg

Ry, R, R{” and R are in parallel.
1 1 1 1 1

=—+—4+ —+ —

Reg 4 8 12 6

EEEm———--—-

A

MW
RSH'
VWWW\
WWA
Re
1 6+3+2+4 15
Req 24 24
24
Reg=—=1.6 2
15
Now, R=Req+r=1.6+0.6 =2.2 L
Vi 22x22
P=—0= =22 W
R Lt

(d): Incident wavelength, A = 280 nm

Work function, ¢ = 2.5 eV

New incident wavelength, A" = 400 nm
h=663x10""]s,c=3x10°ms""

Let the initial stopping potential is V;; and the new
is V'

By the equation of photo electric effect

KE, .« = E — ¢ where E is incident energy,

hc

= 7_(1):6‘/0

11.

12.

13.

1240

eV, = 2.5=1.93eV
280

VU —_ 193 V

For second case

, 1240

eV, = 2.5=0.6 eV
400

V=06V

So, AV=V,-V,=193-0.6=133V

X
A e |: }c N\
(d): v
B e {_I_} j “
Y
A B X Y |Z
0O 0 1 1/1
O 1 1 0710
1 0 O 1160
1 1 0 010

It is the truth table of NOR gate.

(a) : Diameter, d = 2mm

Radius, r =1 mm; R,, = 3 €2

Resistivity of iron, Pyo, = 12 X 10°Q m

Resistivity of copper-nickel allay, p, = 51 x 107°Q m
Let [ is the length of each of wire.

[ [
R1=pr; RZ:pcu_

] Acu
Rey=3
R. R
According to question, ——%—=3
RI—I-R2
12%107° x1 51%x107° x 1
X
TxX1x10° mx1x10°
=% 3 : =3
12%10 %] BH1X10"° X1I
nx1x10® mx1x107°
So,/ =97 m

(b): Energy stored in inductor, U= 64]
Current, [ =8 A

Power, P =640 W
Let the inductance is L and resistance is R.

So, U:l‘u2 ;64=l><L><8><8
2 2
L=2H
Also P = IR
8X8XR=640;R=10Q
Time constant is given by, T = T =0.2s
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14. (¢): 5t division coincide with reference line, so, it

—_— A A ]~ 3 A
1S Zero error. OB = K[cos 601 — sin60j:|:K( ] V3 j)
Number of divisions on circular scale, N = 50 . .
Pitch = 0.5 mm &fzK[—coséng + Sin45}']=K( : i : 3)
Main scale reading, MSR = 5 mm 2 2
: : _ Anth 1. I
Circular scale reading, CSR = 20" div. 04 + OB — OC
Pitch 0.5 - - -
Least count, L.C. = =22 20,01 mm J3 1 0l 1 3 1 |~
N 50 = | =+ =+ —|i KA iK
L2 2 V2] 2 2 2]

Reading = MSR + CSR x LC - Zero error x L.C. The direction is o b
— 5 4+ 0.01 % 20 — 0.5 % 0.01 = 5.15 mm © QUTECLION IS given by
1 3 1

15. (c) : Diameter, d; = 5 mm, d, = 8 mm
L—nf3 —n].2
Surface tension, tan @ = 22 2 _ V3 -\2

T=73%102Nm> Ldl/l L% | V3 11 1443 +42
Ah

Angle of contact,0=0° | |20 _______ 2 2 J2

2

g=10ms "
4 \U=V3—+2
Density of water, ks . 0 = tan ( \/_ I)
p=10"mgm™ (1+/3++/2)
The pressure at same horizontal level is same, so 17. (a): Resistivity, p = 200 £2 m
P, =P, Capacitance, C = 2 pF; Voltage, V=40V
T T Relative permittivity, €, = 50
B ——folnt N =P - PQX The leakage current is given by
r r
1 | | | 2 | qge—t/eareﬂ N C X Ve—r/earﬁg
where, r; and r, is radius of limbs, = T E -
x is the level of Py and Ah is difference in level of PEyEp PE-E0
two limbs. For maximum current.
1 1 Vv 2 X 107 X 40
Pg Al = 2T ( ) fmax —. C o —
h B PE.E, 200 x 50 x 8.85 x 10

— =

2 2
5% 107 8x107 |

10°x 10 x Ah=2x7.3x107" i = 09%x10°>A=09mA

{ 1] 18. (a): In the pentavalent material, the electron
10 Ah=2x73x102%x10°x 2 [5 ] density increases, but overall semiconductor is
: neutral.

Ah=219%10" m=2.19 mm

16. (b): Let the magnitude of each vector is K. 19. (¢) : The magnetic field on the axis of current

- ; . L U iR°
OA = K[cos 307 + sin 30 j] carrying coil is given by, B, .. = :
& . 2(R? + 22’
OA =K [71 | - j where, i = current, R = Radius of coil, x is distance

from centre of coil.

2 The magnetic field at the centre of coil is
: _ b2
i Ho? __ Mo
E B Center — 2_ > B axis — 3
---------------- S 2 2 12
: 2 (a + r )
i B.—-B,.
: B Fractional change = ——
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20.

21.

p iy 2

23.

D

LL, 1 W, ia
2a 2
B 2(a* +1*)2 | 1
WL, i 3
2

S

i 2|2 3 1
=l—|l#—] =1-—1+ - (Using binomial)
. a 2 a
3 -
2 42

(c) : Assume that the outer spherical shell is non
conducting.

The electric field inside a metal sphere is zero.
So,r<R = E=0

K 1
Anda>r 2R = EZ—ZQ m— Er:::-c:—2
r r
a <r<b=E=0
r 2b ::*E:K—z = Ecxiz
r I

(2): C,()=10(1+0.2 cos 12560 £) sin (111 x 10*) V
Frequency of modulating signal is, ®,, = 12560
2mf=12560 = f=2000 Hz = 2 KHz

(300) : Distance of screen, D =1.5m
Separation between slits, d = 0.3 mm
y, (red) = 3.5 mm, Y. (violet) = 2 mm

Ler A, and A, be the respective wavelength of red

and violet.
The position of bright fringe is, y = ”2)‘
DA,
For red fringes, Y, = y =3.5 ..(1)
DA,
For violet fringes, V, = 7 = 2 ..(11)
4. 03x107
So, A, —A,=(1.5%X10")X =300 nm

1.5
(1): y=1mm cos (1.57 cm x sin (78.5 s M)t
For nodes, amplitude is zero.
8o cos(1.57) % = 0=¢os T/2
T
i

= =1 CM
2 X 1.57
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24.

25.

26.

(40) : Mass of chain, M = 3 kg

Length of chain, L =3 m 2 kg, 2 m

Mass of hanging portion, £
m=1kg I
Length of hanging portion, b
[=1m
Use conservation of energy,

1 3
0+ (-1x10x — )=kf+(—3 X 10 X —)

2 2
-5 = kf— 45; kf = 40 ]
(1):M1:1Am2:M2 o > M>
OF=1m N J

. . M
T‘orqlie is given by 1 \
t= M, x B, 0 By
B, is the magnetic field at P due to M;.
_ . o __ "l[] Ml
T=M,B;sin90° =1 X — X 1
4T (1)
T=10"Nm
(2): r, =3 cm = radius of inside
bubble
r; = 6 cm = radius of outside &
bubble ‘
Let R is the radius of equivalent
soap bubble.
Excess pressure inside the smaller soap bubble is
e B
Excess pressure inside the equivalent soap bubble is
48
AP =— ..(11
= (ii)

where, S is surface tension of soap
From equation (i) and (ii)

45 4§ A4S
R 1 | 7,
1 1. 1 1 1 _2+1 1
R 1 3 6 6 2
R=2cm
27. (2025) : Let v is the speed of sound, v=340m s’

By the formula of Doppler's effect frequency,
f"=1800 Hz (heard)

¢ $ 9 >

ys=20ms™ vy=20ms""

Let true frequency is .
’ V=" 340 — 20
= » 1800 =
/ f(vﬂg) f(340+2o)
f=2025Hz



28. (354) . 1 U U

. [o.5><103 1.5><10”><t]vﬁ g RIRG O O

E = 200 cos X 7 a fi=3is i
m S m 0=150-30t = t=5s.
_ 2 1
Area, A =100 cm So, height, h =35x5 — = x 10X 5% 5; h=50m
Time, t = 10 min 2
The amplitude of electric field, E, = 200 30. (52) : Mass of linear and circular portion = M
AU 1 2 Let I be the MI.
ntensity is [ =— & T . .
SR METH

The radiation pressure is L i P

2 2 1 o — S
P=—=—X—-X¢g, E;C 5w : e

e coa T LR
P=e B M, I I 2
P=8.85x%x10"12%x200 x 200=8.85x 10"°x 4 < 3 5

>

= A L,

10 4

29. (50) : Mass of each ball is m1; radius, r = 5 cm I is about the centre of rod,

Initial velocity, 4 = 35 m s™! I, is about centre of circular part.

Let both ball collides after time 't and at height A. By using parallel axis theorem.

2 2
i in ti = di 5 13
Distance covered by A in time ¢ = distance covered 1=|1,+ M (—r) ] " [ I+ M( r ) ]

by B in time (f - 3) L 2 2

1 > 1 > I 2 > > >
35t —— X 10t =35(t—3)——%x10 (¢t -3 36 25 M 169M

> (£=3)=> x10(t=3) I=| M x 1*'+M(r)]+[r+ r]

1 . 1 ;1 L 12 4 2 4
35t—— X 10" =35 F—=105—— X 10 t"—— X 10X 9 _

2 2 5 I=52Mr° sose
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1.

30,

Single Option Correct Type

A particle of mass m is located in a unidimensional
potential field where the potential energy of
the particle depends on the coordinates as
U(x) = Uy(1 - cos ax), where U, and a are constants.
Find the period of small oscillations that the particle
performs about the equilibrium position.

2 o [m
(a) T= L m (b) = Rl
\ a U, a \UO
2.2

4 2
© T=—%2 () T="5-"
2a UO ( UU

An enemy fighter jet is flying at a constant height
of 250 m with a velocity of 500 m s™'. The fighter
jet passes over an anti-aircraft gun that can fire
at any time and in any direction with a speed of
100 m s~'. Determine the time interval in second
during which the fighter jet is in danger of being hit

by the gun bullets.
(@ 53 (b) 42 (o) 2 (d V2

A small ball of mass 2 x 10~ kg having a charge of
1 uC is suspended by a string of length 0.8 m.
Another identical ball having the same charge
is kept at the point of suspension. Determine
the minimum horizontal velocity which should
be imparted to the lower ball so that it can make
complete revolution.

(a) 58ms (b) 62m s

(c) 48 ms ! (d) 35m s

A point charge Q; = -125 pC is fixed at the centre
of an insulated disc of mass 1 kg. The disc rests

on a rough horizontal plane. Another charge

PHYSICS FOR YOU | OCTOBER ‘21

) J e e .
.r d
W
gy "y AN,
. . :
'i-" . %

Q, = 125 uC is fixed vertically above the centre of
the disc at a height # = 1 m. Q

After the disc is displaced oA
slightly in the horizontal ;
direction, find the time period Y-
of oscillation of disc.

(a) 2.5sec (b) 0.6 sec (c) 4.8sec (d) 1.8 sec

Figure shows that two blocks in contact are sliding
down an inclined surface of inclination 6 = 30°.
The friction coefficient between the block of mass
m = 2 kg and the incline is u; = 0.20 and that
between the block of

mass M = 4 kg and ¢¢

the incline is W,
= 0.30. Find the

acceleration of 2 kg o\

block.

(a) 7.2 m s (b) 4.5 m 5 *

(c) 32 ms? (d) 2.7 m s2
Integer Value Type

Image of an object approaching a convex mirror

of radius of curvature 20 m along its optical

20 50

axis is observed to move from ? m to 7 m

in 30 seconds. What is the speed of the object in
km per hour ¢

To determine the half life of a radioactive element,

a student plots a graph of In dl:;:t)
dN(t) .

Here is the rate of radioactive decay at time t.

dt

If the number of radioactive nuclei of this element
decreases by a factor of p after 4.16 years, the value

versus f.




8.

10.

of p is

dN(t)
dt

In

A solid copper cube and sphere, both of same
mass and emissivity are heated to same initial
temperature and kept under identical conditions.
The ratio of their initial rate of the fall of temperature

1/3
is (3) . Find the value of p.
T

A massless rod of length 7 c
L is suspended by two
identical strings AB and
CD of equal lengths. B|
A block of mass m is
suspended from point O
such that BO is equal to

L

-
harmonic in AB is equal to 2" harmonic frequency

in CD. Find the value of n.

Figure shows a potentiometer circuit for determining
the internal resistance of a cell. When switch
S is open, the balance point is found to be at 76.3
cm of the wire. When switch S is closed and
the value of R is 4.0 Q, the balance point shift to
60.0 cm. Find the internal resistance (in ohm) of

cell C.

Further it is observed that the frequency of 1%

o
||
L
J]

A X B
@ G:
@

—\WN—( -
R S

One or More Than One Option(s) Correct Type

11.

In a photoelectric effect experiment, if v is the
frequency of radiations incident on the metal
surface and I is the intensity of the incident
radiations, then mark the correct statement(s).

(a) If v is increased keeping I and work function

12.

13.

14.

constant, then stopping potential and maximum
kinetic energy of photoelectron increases.

(b) Ifdistance between cathode and anode is changed,
then stopping potential remains same.

(c) If I is increased keeping v and work function
constant then stopping potential remains same and
saturation current increases.

(d) Work function is decreased keeping v and I constant
then stopping potential increases and maximum kinetic
energy of photoelectron increases.

Two balls are thrown from an inclined plane at angle
of projection o with the plane, one up the incline
and other down the incline as shown in figure.
(Here, T star}}ds for total time of flight).

0 V

Which of the following is/are corrects?
2 Z

Vo SINT O
h, =h, =2
(@) My ‘ 2gcos0
2V SIN 0L
L= a—2
(b) 4 . gcosO
(c) R, - R, = g(sinB) T,
(d) Vi, =V,

Water is flowing smoothly through a closed pipe
system. At one point A, the speed of the water is
3.0 m s~ while at another point B, 1.0 m higher, the
speed is 4.0 m s~'. The pressure at A is 20 kPa when
the water is flowing and 18 kPa when the water flow
stops. Then

(a) the pressure at B when water is flowing is
6.7 kPa.

(b) the pressure at B when water is flowing is
8.2 kPa.

(c) the pressure at B when water stops flowing is
10.2 kPa.

(d) the pressure at B when water stops flowing is
8.2 kPa.

Figure shows a part of
complete circuit. At £ =0,
charge on capacitor as a

function of time is given
20V

by g=3(1-¢") coulomb.
At t = 0, mark the correct “ =
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15.

1.

2.

32

statement(s).

(@) Current through branch containing capacitor is 3 A.
(b) Current through R is 7 A.

(c) The potential at P is 14 V.

(d) The value of R is 2 Q.

A circular conducting loop of radius r, and having
resistance per unit length A as shown in the figure is
placed in a magnetic field B which is constant in
space and time. The ends of the loop are crossed

and pulled in opposite directions with
a velocity v such that the loop always e
remains circular and the radius of the , L

loop goes on decreasing, then

(a) radius of the loop changes with ¢ as 1, — 14l

T
(b) emf induced in the loop as a function of time

t
18 ZBV[T‘U — V—]
T

(c) current induced in the loop is ﬂ
2TTA

(d) current induced in the loop is by

o

(b): U= Upy(1 - cosax)
This is zero when cosax=1orax=0orx=0
x = 0 is mean position of system.
At extreme end, potential energy becomes
maximum, i.e., 2U,
2U,y = Uy(1 - cos Aa) where A is amplitude.
2=1-cos Aa

2
Since A is small, cosaA = 1 (Aa)
2
2
" 1—(1 (A;) Jzz or A=2/a

As maximum Kinetic energy = 2U,,
1 1 4
2U = ~mw’A® == mon® —
2 2 a’

. B
U U 2TC
or (1)22 0 or(x)za—o — T = i
\ m a U,
(c) : The equation of trajectory of bullet is
1
Tl
y=xtan® >
U
1
= xtan — 2 3
U

m

sec” 0

(1+ tan” 0) (i)
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For a given value of x, maximum y can be

determined from
L gxz 2
ay —x— 2 (2tan0)=0 or tan 0 = —
d(tan 9) uz &X (ii)
(i

Putting (ii) in (i), we get,
1 5 Yo
_ut &

yma:{_zg uz

The bullet can hit an

area defined by

.
2 Sx
23

2

u
y <
2 g 1
On substituting given values, we get
2
X

<250 or —500v2 < x<+500v2

2000

The fighter jet can travel 1000v2 m  while it can
be hit. So the plane is in danger for a period of

1000\/5:2\/55

500

(a): If the ball has to just complete the circle then
the tension must vanish at the topmost point, i.e.

T2 — 0 F
From Newton’s 2™ law y
g 2
my
dme lc |
As T,=0,then
2 2 9 .
g q  _my ) mg
41’58012 I ...(11) F

Using conservation of energy
Energy at topmost point = Energy at lowest point

- mv® + mg(2l) = Ll mu’

2 2

Ve = u? - 4gl

Put (iii) in (ii), we get
| 2
u=,|5gl 1

\J 47e ml

...(iii)

Put the given values, we get u =58 ms™

(b)

(d): From free body diagram of mass m,

N, = mgcos0 il1)
ma = mgsin® — W N; - N s+oldl)



From free body diagram of mass M,

N, = MgcosO ...(1ii)
Ma = MgsinO + N - W,N, ..(iv)
ﬂ/ ﬂ/ N

N U N
N Ny G
;g Nl Mg N2

Putting values of N; and N, and adding equations
(ii) and (iv), we get
(M + m)a = (M + m)g sin® — (W;m + W,M)gcosO

B (M +m)gsin0—(uwm+u,M)g cos6

N M+m

Here, M = 4 kg, m = 2 kg, 0 = 30° u; = 0.20,
U, =0.30,g=10ms"

. a=27ms "

= d

(3): Focal length of a convex mirror,

R 20
f=—=—m=10m
Z 24

20
For first object v, =+—m, f=+10m

s

| I |
Using mirror formula — +—=

1
v u f
1 1 3
— = s up =—-50m
u; 10 25

50
For second object v, =+—m, f=+10m

7/
1 1 1
! =—;u2=—25m
kg

29
Speed of the object = ag ™ sl =3kmh™
(8): According to radioactive decay

dN Y
NzNge’”;E:_lNoe |
dN dN

dt dt

Taking natural logarithms of both sides of above
equation, we get

In -i;—lj =—At+In(AN,)

Comparing the above equation with equation of a

straight line i.e. y = mx + ¢, we get

3—4 1
From graph, slope=— A= = —year
grap p c_2a ZY

—| kNUe_MI =3

— ?LNUE_M

1

0.693

Half lite T}, = =2X0.693 years =1.386 years

4.16 years is approximately 3 half lives
Nuclei will decay by a factor of 2° = 8

p=3
dT A
(6): — = ¢ (T4 —T04) . Here e is same, m is
dt ms

same, both are of copper and both are heated upto
same temperature and kept under same conditions,

so (T* - Ty) is same initially. But (T* - T¢) will
not remain same for both every time.

%)
dt cube Acube

(dT ) Asphere
dt sphere

1/3
-+ 3M
For sphere, pXx—mR> =M; R=|— | ,
3 41TP

A

2/3
3M
sphere

= 4TR2 = 4T (—
4P

1/3
M
For cube, pL3 =M L= (—) ,

P
213
M
Az =6lf =8 (?)

(dT ) MY
dt cube Acube . P

) (E )1/3
dT A - 213\ n
h
( ) sphere 41’[(3M)
sphere

dt 4TTp
p=06
(5): Frequency of first harmonic in AB
= Frequency of second harmonic in CD

1 ;1 |1,
2\ I\

or T,=4T, ..(1)

For translational equilibrium,

T+ T,=mg ..(ii)

From (i) and (ii), we get

4mg

T = :.:deZZg
| 5 5

For rotational equilibrium about O,
Torque due to T about O = Torque due to T, about O
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g 4
4
. mg_@[l_l)
oM 0 n
4 1 5
or —=1—— or —=1 or n =5
n n n
10. (1): IC
II
il
A B
A
—ANW— -
R S

Let € be the emf of the cell C" and r its internal
resistance. Let [ = AJ be the balance length when
switch S is open. When a resistance R is introduced
by closing the switch a current begins of flow
through the cell C” and resistance R. The potential
difference between the terminals of the cells
falls and the balance length decreases to I’ = AJ".
The terminal resistance of the cell is given by
=V

o

where V is the terminal voltage of C" and I is
the current in the circuit involving C’ and R.

v

Also I=K. rz(E—I)R
R V
But = g i
v I
rzR(l_l ) =4.0><(76'3‘60'0):1 Q
’ 60.0
11. (a, b, ¢, d)
12. (a, b, ¢) : Maximum height of projectile on an
T
inclined plane, h; .. = Wgsno) hy o
2gcos0

= (a) is correct

Time of flight
2V SIn O
I = =T, = (b) is correct
gcoso

where o0 = angle of projection from inclined plane

0 = angle of inclination of surface.

R, = (vycosat)T; — %gsinBle
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(Range upward the inclined plane)

R, = (vycosa) T, + %g sin6T22
(Range downward the inclined plane)
= (R, —R;)=gsin0 le = (c) is correct
Vi, and v, , are the velocities of the particles at their
maximum height. Let the particles reach their
maximum heights at time #; and f, respectively.
Hence, 0 = (v, sin &) — (g cos 0) t,

Vo SIN O

= 1 =
gcost

Vg SIN O
Similarly, ¢, = L

gcosO
Hence, t, = t;
Hence, v; = v, cos o - (¢gsin O)
Vi, = Vo COS O + (¢gsin O) t,
= W, EY
S

13. (a,d) : Let Py, hy, and vy and P,, h, and v, represent
the pressures, heights and velocities of flow at the
two points respectively. According to the Bernoulli’s

theorem |

1
By + pghy +op =By pgy o pV3 .(Q)
PUtt]llg Vi = 3.0 m 5_1, Vy = 40 m 5_1, (h2 — hl) = 1.1M,
Pl — 20 kPa
we get,
103

2
=20-9.8-3.5=6.7 kPa
Also when the flow stops, v; = v, = 0 and then from (i),
P2= 18—9.8=8.2kPa
14. (a, b, ¢, d)

15. (a, b, d): Perimeter is decreasing at a rate of 2v

B, =20+ [103 X 9.8 (—1)A [9 — 16]] X107

d
S, —(21r) =2
dt( r)=2vy
dr v V
- —=— . r=(r——1
dt T (0 ﬂ:)
= Ez_—‘dq):B-JZn-rﬂ 1] (I)ZB'?U‘Z)
dt dt
£=2Bﬂ:(r0—£t]1=25v(1‘0—1t]
TU it TU
I—E— 2Bvr _&
R A2mr TA
OR
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= Newton’s First Law of Motion

e A body continues to be in its state of rest or uniform
motion along a straight line, unless it is acted upon
by some external force to change the state.

—>V

State of rest
(Special case of uniform motion
with zero speed)

State of uniform motion

e Inertia is the property of the body to which body

opposes the change of its state.
e Quantitatively, inertia of a body o< mass of the body.

o Different types of inertia

Inertia of rest Inertia of Inertia of
motion direction
[t is the inability | It is the inability |It is the inability
of a body to of a body to of a body to
change its state | change its state of |change its
of rest. uniform motion. |direction of
motion.
When we shake | When a bus Rotating wheels
a branch of a or train stops of the vehicle
mango tree, the |suddenly, throw out mud,
mangoes fall passengers sitting | mudguards over
down. inside it tends to |the wheels stop
fall forward. this mud.

" Laws of Motion | Work, Energy and Power .~

= Newton’s Second Law of Motion

e The rate of change of linear momentum of a body is
directly proportional to the applied force and takes
place in the direction in which the force acts.

dp

dt

e Itcanbe shown experimentally that the acceleration

e Mathematically, F =

of an object is

~ proportional to the net force Fnet on the object
and

» inversely proportional to the mass m of the object.

|

aoc F . and g o< —.

E. " kE
Thus, g o net _, ,_ " net }

m m
The value of constant k is 1 in SI unit.
F
e = nel !Fnetz nma
m

‘ Forces are Balanced '

;7 a=0ms* —¢

Object at rest Object in Motion
(1/: Oms_l) (V?—EOUI'H S_l)
v Stays in Motion
Stays at rest (Same speed and direction)
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[ Borcessreinbalaticad ' = Apparent Weight of a Body in Moving Lift
Vertically Vertically Vertically

vr There is an acceleration. _l upward or upward with downward
downward uniform with uinform
The acceleration depends The acceleration depends with uniform | accelerationa | acceleration a
directly upon the net force. inversely upon the mass velocity (a = 0)
of the object. ?; T 7 7
e More fundamental relationship M a=0 MI Ta M !
i _d(mv)_mdv+vdm i F
net external — B TReT
dt dt  dt M My Mg
= Newton’s Third Law of Motion N=Mg=Actual | N'=M(g+a) |N’=M(g- a)
o It states that to every action, there is an equal |weightofbody |= N'>N = N'<N

in magnitude) and opposite (in direction) reaction. o
( b ) PPos ( ) = Equilibrium of Forces
o Ifabody A exertsaforce F on another body B then

. » Concurrent coplanar forces : If z
iy 2
B exerts a force - F on A. The two forces act along all forces are in equilibrium, or F
> 3
the same line. F+E +E+E =0, then we > F,
e Action and reaction never cancel each other i.e, can write, .
F
they cannot balance each other as they act on >F, = 0 and SF,=0 -
ditferent bodies. where x and y are any two mutually perpendicular
e This law is applicable whether the bodies are at rest directions.
or in motion. e Lami’s Theorem : If a body F
) . ‘ ‘ *11. ‘ h 15’
= Free Body Diagrams is in equilibrium under three A

concurrent forces as shown in
figure. Then we can write,

a dot and each external i O !f > 3 .
L
force is represented by f 1 _ "2 __°3
N,

e Body is represented by N N

a vector with its tails on sinot sinf3  siny
the dot.
» Consider a system of a

w w < Key Point
boy load

o The forces of action and reaction may appear

boy and a heavy load. due to actual physical contact of the two bodies
The boy stands on the floor balancing a heavy load Or even from a3 distance.
on his head.

» Single isolated force is not possible, force is

» List of forces on boy and load always possible in action reaction pair form.

System | Force | Magni- | Direction | Nature of the e Non concurrent coplanar forces : If a body is
exerted| tude of of force in equilibrium under non F;
by [the force| the force concurrent coplanar forces z
1

we can write, 2F, = 0, 2F, F,
= 0 and X(moment about »
any point) = 0 Fy

Earth W |Downward |Gravitational
Boy | Floor N |Upward |Electromagnetic
Load N; |Downward |Electromagnetic

— = Friction
Load Earth W"  |Downward |Gravitational e [t is a tangential component of net contact force

Boy N; |Upward |Electromagnetic

between two bodies in contact.

@ PHYSICS FOR YOU | OCTOBER ‘21



|""_.:\.\_'::h._'
¥ =

Types of friction

v
, .

External friction Internal friction
(It develops between contact (It develops between contact
surfaces of the bodies)

layers of liquid also known as
l viscous force)

; ! v

Static friction Limiting friction  Sliding friction
() (f1) or Kinetic friction (f;)
Ju=WN f k= MeN

Variation of friction force with applied force

&

Limiting
friction

Friction

. Kinetic
+ friction

Static —p

F (applied force)

Circular Turnings and Banking of Roads

Angle of Friction (0) : The
angle which the resultant of
the force of limiting friction f
and normal reaction N makes f q
with the direction of normal

reaction N. mg

tan(l)=£=u o7, (|)=tan_1u,

Angle of Repose : It is
defined as the maximum
angle of inclination of a
plane with the horizontal
at which a body placed on
it 1s at rest.

f=mgsin® and N = mgcosO

_ J _ mgsin®
>0, I N mgcos6

—tan® = 0=tan" 19

» This fact is used for finding the coefficient of
static friction in the laboratory:.

» Angle of repose (0) = Angle of friction (¢)

Bending of cyclist on circular
turning for safe going

Motion of a car on a level road

Motion of a car on a banked
circular road

Vertical
' NcosO N

Component of normal reaction | e

N sin O provides centripetal force. tyres

Maximum speed of cyclist,

V= \/rgtane

Friction force (WN) between | e
and road provides a
suitable centripetal force.

e Maximum speed of car for safe

turning v =\/Urg

Component of friction force
(f cos B) and component of
normal reaction (N sin O)
provide required centripetal
force for safe turning.

e 'The maximum permissible
speed to avoid slipping

- rg(p+tan6)—1/2
1 1-ptan®

e

e If road is smooth then u = 0
and v, . = \/ rg tan©

PHYSICS FOR YOU | OCTOBER 21 &)




p " Work l

refers to an activity involving
a force and movement in the
direction of the force. A force of
20 N pushing an object 5 m in the
direction of the force does 100 ]

(- Energy

is the capacity for doing work. You
must have energy to accomplish
work. It is like the currency
for performing work. To do
100 ] of work, you must expend

" Power ' .

is the rate of doing work or the
rate of using energy, which are
numerically the same. If you
do 100 J of work in 1 s (using
100 ] of energy), the power is

;1
T

\of work. 100 ] of energy. 100 W. V.
- Work |
» Work is said to be done on a body only if a force W JEUUBLOOY i |
acts on the body and the point of application of the (1) 1000001 :| - N
S e :

force moves in the direction of the force.

Work Done
» By a constant force

—_ —_—

W:F-E:F-(Ff—ﬁ)stcosEl

= Force x displacement in the direction of force.

» By avariable force

W:J‘x.f F-dx, where F = f(x)

» By area under F-x graph : If force is a function
of x, we can find work done by area under F-x

(iii)

(i) Spring is
(ii) Spring is

in its natural length.
elongated by an amount x.

(iii) Spring is compressed by an amount x.

e All central

Conservative and Non-conservative Forces

forces are conservative but all

conservative forces are not central forces.
e Forces acting along the line joining the centres of

two bodies are called central forces. Gravitational
and electrostatic forces are central forces.

graph with projection along x-axis. Work done o Forces acting along the line joining the centres of

can be obtained by area under F-x graph, but
sign of work done should be decided by you.

[t force and displacement both are positive or &«  The concept

negative, work done will be positive. If one is
positive and other is negative then work done

two bodies are called central forces. Gravitational
and electrostatic forces are central forces.

of potential energy exists only in the

case of conservative force.

1h " Conservative force Non-conservative force
will be negative.
Work d bg - e Work done does not|e Work done depends
’ orx donc by sprlng—l oree | depend on the path. on the path.
X
> W=|"—kxdx== kxlz —— kx% e Work done in a round|e Workdoneinaround
1 2 2 trip 1s zero. trip 1s not zero.
Initial state of | Final stateof | x; | «x, w * When only a|e Work done against
the spring the spring conservative force acts a non-conservative
1 within a system, the force. may  Dbe
Natural Compressed | 0 | —-x | —=kx* kinetic energy and dissipated as heat
- potential energy can energy. Hence, the
1, 5 change. However their mechanical energy of
Natural Elongated | 0 | x | - 5 kx sum, the mechanical|  the system changes.
1 energy of the system
Elongated Natural b 0 > kx? does not change.
 Work done is|e Work done is not
Compressed Natural x| 0 %k}} completely recoverable. completely recoverable.
Elongated | Compressed | x | -x 0 RInRLiE Enmrgy
e Kinetic energy (KE) is the capacity of a body to do
Compressed | Elongated | —x | x 0 work by virtue of its motion.
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If a body of mass m has a velocity v its kinetic
energy is equivalent to the work which an external
force would have to do to bring the body from rest
upto its velocity v.

KE = ~ my?
.

Work done by the constant force = Fs

2
1
W = (ma)(—v )z—mvz
2a 2

Since, both m and v* are always positive. KE
is always positive and does not depend on the
direction of motion of the body.

Potential Energy

Potential energy is defined only for conservative
forces.

In a conservative force field, difference in potential
energy between two points is the negative of work
done by conservative forces in displacing the body
(or system) from some initial position to final
position. Hence,

AU=-W or Ug-Uy=-W,_,5

Absolute potential energy at a point can be defined
with respect to a reference point where potential
energy is assumed to be zero. Reference point
corresponding to gravitational potential energy and
electrostatic potential energy is assumed at infinity.
Reference point corresponding to spring potential
energy is taken at a point at natural length of spring.

Now, negative of work done in displacement of body
from reference point (say O) to the point under
consideration (say P) is called absolute potential
energy at P. Thus,

Up=-Wo_p
Potential energy in different conservative fields

» Gravitation potential energy of a body at
height h from earth's surface, U, = - W, = mgh

~ Electrostatic potential energy between two
point charges g, and g, is

1
U, = N4> ;
e, r
r = separation between charge particles.

» Elastic potential energy : Reference point is
taken at natural length of the spring.
If x is expansion / compression in spring then
potential enerrgy of spring (Energy stored in

1
spring) is U = kaz and spring force F = — kx

(directed towards natural length).

~ Key Point

* Kinetic energy depends on the frame of
reference. For example, the kinetic energy of
a person of mass m sitting in a train moving
with speed v is zero in the frame of train but

1
E mv” in the frame of earth.

 Relation between potential energy and
conservative force
o If Uis function of only one variable, then

dU

dr

o If Uisafunction of th{ee coordinate Varia‘tzles
dU~ U~ 09U =
ik

dx dy” dz

=

=— slope of U-r graph.

x, y and z, then F=

Work-Energy Theorem

It states that work done by all forces acting on a
body is equal to the change in the kinetic energy

of the body.

This theorem is valid for a system in presence of all
types of forces (external or internal, conservative or
non-conservative).

This theorem can be applied to non-inertial frame
also.

Motion in Vertical Circle H

When a small body of

mass m is attached to an
inextensible light string of
length r and whirling in a *
vertical circle about a fixed el

“M.-_-"':' e is
point O to which the other ng‘;‘mev mgf;DSEUL
end of the string is attached mg

as shown in figure, then

Tension at any position of angular displacement, (0)

2
nmy

alongavertical circleisgivenby T = -mg cos©
r

Thus, tension at the lowest point (0 = 0) is given by

2
T_J’HVL
;=

+mg
r
and tension at the highest point (0 = 180°) is given by
2
MV -
.
Minimum velocity at the highest point, v;; =/ gr

Minimum velocity at the lowest point for looping

the loop, v; =/5gr.
When the string is horizontal, 0 = 90°, minimum

velocity, v=/3gr.
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AlbertEinstein (1879-1955)
One ofthe greatest physicists of all time, was born in UIm, Germany. In 1905, he published three

path breaking papers. In the first paper, he introduced the notion of light quanta (now called
photons) and used it to explain the features of photoelectric effect. In the second paper, he
developed a theory of Brownian motion, confirmed experimentally a few years later and
provided a convincing evidence of the atomic picture of matter. The third paper gave birth to
the special theory of relativity. In 1921, he was awarded the Nobel Prize in physics for his
contribution to theoretical physics and the photoelectric effect.

---------------------------------------------------------------------------------------------

_, hadiant Electron Microscope

RadicnZencray _,.-r""'-' M ed Emitted
[~ __.energy . :
e Electron microscope is a

vl - electrons

---'

|

L ]

Lﬂ— Electron source

device designed to study

very minute objects like

viruses, microbes and

| MEE:'I_J_ Metal surface A "'IEE
B : Photoelectric Cell the crystal structure of _JiE= s Condenser Jens
: : . : ; e
T : e An electrical device which solids. —*'J%: Objective lens
ST : converts light energy into e Itisbased on principle of —«[ i . Specimen
- : electrical energy, is called as de Broglie wave and the 'E Diffiacticn bai
vﬂ%'"!f'- el itor : photocell or photoelectric fast moving electrons S|
SOU L.~ : L ¥
: cell. can be focussedby EorB - .
+ e It works on the principle of field in a same way as Sl Rluorescent screen

photoelectric emission of beam of light is focussed
electrons. by glasslenses.

- L] - L - - - == = = % e - - - L] ‘- L - - - - - - - - - - L] = - - - - - - - - - = - ‘- ‘= - - - - - - - - - —L - - bl i - - - - - - - L} -
.............

DUAL NATURE OF
RADIATION AND MATTER

Nature's Love with symmetry arises the matter-wave duality

Wave Nature
of Matter

Particle Nature
of Radiation

Photoelectric Effect Davisson-Germer Experiment
Photoelectric Effect Electrons de Broglie Hypothesis
e Thephenomena of emission of electrons from Light e ha e Due to symmetry in nature, as radiation

a metal surface when an electromagnetic Showed o dlean Surj?ce“/ behaves like a particle, the material particle in
wave of suitable frequency is incident on it is E?ﬂrg‘;ﬁies 5‘3?;’;‘ y. ! /'/ motion also possesess wave-like properties.
called photoelectric effect. of light s And the waves are called matter waves.

Sodium metal

Photoelectric Equation
e E=K__ .+ &0 ; where ¢, = work function,

de Broglie Wavelength

e From quantum theory of radiation, E = hv and from Einstein-

E = energy of incident light, :
> . : gh P SR L ) Bragg : energy of relativistic particles, E = pc
K .. = maximum kinetic energy of electrons T | | I condition : I r
| ¢ ey R|] g e o olianiuii il Combiningboth, we have de Broglie wavelength, & = =
= = _ﬂ"'imz - hu“ : ls‘a:éf: M a:l;:? ’ n\ = 2dsin © : _ | [IR 1ot
2 ' : FarEnd : e de Broglie wavelength in terms of K.E. of electrons,
| A : Accelerated :
= —mv .. = hi— Ug ) : electrons : = : “ , her o= K
. : - £, ~ 2R
e : A / e de Broglie wavelength of a charged particle having charge g
b ™ ' a > &
 Photocathode s\ : > } Seattered elections f and accelerated by potential V is
ﬁ‘./.. Ele-:trn:"ls ... o \ _ E : E p -. E q - H nd
nght * —b . —> s —> I J : E - \‘M_/\ _-II : .,\;E_rf_[ﬂ 1.-'-
i Evacuated quartztube : ] momentum of charged particle, = +f 2gm ¥
L . 0 5 10 15 20 25
l ; . ] Accelerating voltage
“Ww—||| .
JP AT RS IICE S e dls 3 Experimental Study and Conclusion of Davisson Germer Experiment
X IL>1>1, ; Photoelectric Effect e Davisson Germer Experiment: Study of wave nature of particle.
- W — 7 e Photo-current is directly proportional to the e At a suitable potential V, the fine beam of electrons from electron
L = constan 3 :
: intensity ofincidentlighti.e., i, o< I. gun is allowed to strike on the nickel crystal. The electrons are
il Lo (At constant frequency v and potential V') scattered in all directions and following assumptions were made:
- = e Atconstant frequency and intensity, the minimum » Intensity of scattered electrons depends over scattering angle ¢.
1 I
: negative potential at which the photocurrent » Always a kink occurs in curve at ¢ = 50°.
- C
Vo Vv becomes zero is called stopping potential (V). » The peak is maximum at accelerating voltage 54 V. After this
x . . ® Atstopping potential V, K., of e” = eV, voltage, peak starts decreasing.
: e For a given frequency of the incident radiation,
= _A : &1 . - .Y_ _ _ » Here, & — l{nf;uc—:p]
5 : the stopping potential is independent of its 2
: sty = 0=65°at ¢ = 50°
£ . e The stopping potential varies linearly with the From Bragg’s law (particle nature), A = 2d sin® = A =1.65 A.
= : frequency of incident radiation but saturation )
v ~ _ _ _ Also, from wave natureat V=54 volt, 4 = -~ =° - 1.65 A
v current value remains constant for fixed intensity. J54

-------------------------------
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e Height through which a body should fall
for looping the vertical loop or radius r is,
h = 5r/2.

= Power

Power of a body is defined as the rate at which the body
can do the work.

AW W
Average power (P,, ) = ——=—
ge p (Pye) Feaa
dwW F-ds
Instantaneous power (P;.., ) = — =
F (Pint) dt  dt
. [As dW = F-d5]

Pinst= F-v
i.e., power is equal to the scalar product of force with
velocity.

o Theslopeof work time curve gives the instantaneous
power. As P=dW/dt =tan 0

e Area under power-time curve gives the work done

dW
asP= —

dt
g W= IP dt .. W= Area under P-tf curve

CoLLision

 In physics a collision will take place if either of
the two bodies come in physical contact with each
other or even when path of one body is affected by
the force exerted due to the other.

Collisions are broadly classified into two types :
»  Elastic collision
» Inelastic collision

Elastic Collision

e A collision in which both the momentum and
kinetic energy of the body remains conserved. e.g.
the collision between two glass balls. The basic
characteristics of an elastic collision are :

» The momentum is conserved.

~ Total energy is conserved.

» Kinetic energy is conserved.

» Forces involved in the interaction are of
conservative nature.

» Kinetic energy is not transformed into any
other form of energy.

Inelastic Collision

e A collision in which only the momentum of the
system is conserved but kinetic energy is not
conserved. Most of the collisions in our day to
day life are inelastic collisions. e.g. mud thrown on
the wall. The basic characteristics of an inelastic
collision are :

42
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» Momentum is conserved.
» Total energy is conserved.

» Kinetic energy is not conserved.
» Some or all of the forces
non-conservative in nature.

» A part of the kinetic energy is transformed into

other forms of energy.

involved are

Elastic Collision in One Dimension

e Consider two bodies A and B of masses m; and
m, moving along the same straight line with
velocities u; and u, respectively. Assume that
u, > u, so that two bodies collide. Let v; and v, be
the final velocities of the bodies after collision. The
two bodies suffer head on collision and continue
moving along the straight line in the same direction
as shown in the figure.

ml 3"?’12 jl{M] ?’}‘12
(D)= = ()= ()

Before collision After collision

According to the law of conservation of momentum
miuy + My, = Myvy + myv,

Since kinetic energy is conserved in elastic

collision, we get

l 5.1 5 1 5 1 3

2 2 2 2
_(my—my)uy - 2myu, (Q)
= | (i
(m, +m,)  m +m,
2m,u (m, —m, ) -
Vi = s W P 1 U, ..(i1)
m,+m, m;+m,

Perfectly Inelastic Collisionin One Dimension

e Consider two bodies A and B of masses m; and
m, moving with velocities u; and u, (4, < u)
respectively along the same line collide head on and
after collision they have same common velocity v.

1
: my

Before collision After collision

According to conservation of linear momentum,
miuy + Moy, = MV + myVv

_ iy +myu,

(1)

or V=
(m, +m,)

Loss in kinetic energy during collision,

1 mym,

AK = 2

2 (m, +m2)(u1 ~ih)



Elastic Collision

in Two Dimensions or

Oblique Collision

Let us consider two bodies A and B of masses m,
and m, moving along X-axis with velocities u,
and u, respectively. When u; > u,, the two bodies
collide. After collision, body A moves with velocity
v; at an angle 0; with X-axis and body B move with
a velocity v, at an angle 0, with X-axis as shown in

the figure.

>~

Since the collision is elastic, kinetic energy is
conserved.

1 5.1 5 1 5.1 3 |
—m U, +—m U, =—mvy +—m,v ...(1)
5 Tt TSR =S TSR

Also momentum along X-axis before collision

= momentum after collision along X-axis

= myuy + m,u, =m,v,cos0, +m,v,cos0,  ..(ii)
Similarly along Y-axis
0=m,v,sin®, —m,v, sinb, ..(iii)

There are four forces acting
at a point P produced by
strings as shown in figure,

which is at rest. The forces
F;and F, are

1 3
@ Fh e
b N LN
2 2
3 3
(¢) LN,.LN (d) =N,—=N

Thus from these three equation (i), (ii) and (iii) we
can find the required quantities.

Coefficient of Restitution

It is defined as the ratio of relative velocity of
separation after collision to the relative velocity of
approach before collision. It is represented by e.

~ relative velocity of separation (after collision)

€= 4
relative velocity of collision (before collision)
VY —V

g 2 "1
W~

where u;, u, are velocities of two bodies before
collision, and vy, v, are their respective velocities
after collision.

= Key Point

When masses of two bodies are equal,
l.e. My = m, = m.

‘ _ 2mu,
From equation (i), we get v; = ——
m
. 2mu,
From equation (ii), we get v, = S U
m

When the body B is initially at rest i.e., u, = 0.
From equation (i) and (ii), we get

& WRAP it vp!

p =TT 2 Gy
T+ m, * m+m,

For perfectly elastic collision, e = 1.

For perfectly inelastic collision, e = 0.

2. A body of mass 6 kg is hanging from
another of mass 10 kg as shown in figure. 1 "l
This combination is being pulled up by a | 10kg
string with an acceleration of 2 m s™*. The A
tension T} is (g = 10 m s~°) -
(a) 240N (b) 150 N il
(c) 220N (d) 192N

A man sits on a chair supported by a rope passing
over a frictionless fixed pulley. The man who
weighs 1000 N exerts a force of 450 N on the chair
downwards, while pulling on the rope. If the chair
weighs 250 N and gis 10 m s~%, then the acceleration
of the chair is

(a) 0.45m 52
(¢) 9/25m s>

(b) zero
(d) 2ms™*
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A 5 kg shell kept at rest suddenly splits up into three
parts. If two parts of mass 2 kg each are found flying
due north and east with a velocity of 5 m s™' each,
what is the velocity of the third part after explosion?
(a) 10ms ' due north-east

(b) 10/~/2 m s~ due south-east
() 10+/2 ms~! due south-west

(d) 102 ms~! due south-east

A force F acting A
on an object varies 100
with distance x g 757
as shown in the w3507
figure. The work 27
done by the force .
in moving the
object from x =0 to x =20 m is

(a) 500] (b) 1000]J (c) 1500] (d) 2000]

A particle is acted upon by a force F which varies
with position x as shown in figure. If the particle
at x = 0 has kinetic energy of 25 J, then the kinetic
energy of the particle at x = 16 m is

! 4
1012 (14 {16 x(m)—>
-10t
(a) 45] (b) 30] (c) 70] (d) 20]

A stone is dropped from a height h. It hits the
ground with a certain momentum P. If the same
stone is dropped from a height 100% more than the
previous height, the momentum when it hits the
ground will change by

(a) 68%  (b) 41% (c) 200% (d) 100%

A monkey is descending from the branch of a tree
with constant acceleration. If the breaking strength
of the branch is 75% of the weight of the monkey;,
then the minimum acceleration with which the
monkey can slide down without breaking the
branch is

(a) ¢ (b) ¢/2 (c) g/4
Three blocks A, B and C each of mass
m are attached to a string, passing
over a smooth pulley. What is the
tension in the string connecting A
and B? “
(a) 2/3mg (b) mg

(c) 4/3mg (d) 5/3mg

(d) 3g/4

=

O—w™

PHYSICS FOR YOU | OCTOBER ‘21

10.

11.

12

13.

14.

15.

A block of mass ‘m’ is kept on a smooth inclined
plane of inclination 0. The whole system is given a
horizontal acceleration ‘a’ so that the block remains
stationary on the inclined plane. What is the force
exerted by the inclined plane on the block?

(a) mg (b) mgcos®
(c) mgsin0O (d) me
cos©

A sphere of mass m moving with a constant velocity
u hits another stationary sphere of the same mass
and of coefficient of restitution (e). The ratio of
velocities of the two spheres, after collision, will be

e (1—e) 1 (e +1)
(a) e D) (b) 1+e) () - (d) —

A ball moving with a velocity of 6 ms™" strikes
an identical stationary ball. After collision each
ball moves at angle of 30° with the original line of
motion. Assuming that the collision is elastic, what

are the speeds of the balls after the collision?

(a) V3

—m s_l, 2\/5 ms |
(D)

2

3ms !, 2v3ms™!
() 2vV3ms1,24/3ms™!
(d) V3ms,V3ms™
A block of mass 10 kg is moving in x-direction with
a constant speed of 10 m s'. It is subjected to a
retarding force F, = — 0.1x ] m™~ during its travel
from x = 20 m to x = 30 m. Its final kinetic energy

will be
(@) 250] (b) 275] (c) 450] (d) 475]

A box of mass 50 kg is pulled up on an incline 12 m
long and 2 m high by a constant force of 100 N from
rest. it acquires a velocity of 2 m s™' on reaching the
top. Work done against friction is
(Take g=10m s )

(a) 50] (b) 100] (c) 150]

If Wy and W,z denote
the work done by gravity
in taking a body on mass
m from A to C in the
gravitational field via the
paths ACand A - B— C,
along a smooth inclined plane, then
(2) Wy < Wype

(b) Wac= Wypc

(€) Wac < Wapc

(d) Wy =(2—h2)W,p

(d) 200]

A




16. In an NCC training camp, a cadet fired a bullet of
mass 50 gram with a speed of 200 m s, on a soft
plywood board of thickness 20 mm. It was found
that the kinetic energy of the emerging bullet was
only 25% of its initial K.E. What is the percentage
decrease in the speed of the bullet?

(@) 25% (b) 50% (c) 60% (d) 75%

17. A particle of mass m moving with a speed v
towards east strikes another particle of the same
mass moving with same speed v towards north.
After striking the two particles stick together and
move in north east direction. With what speed this
new particle of mass 2 m will move in north-east

direction?
(a) v b) vi2 () vN2 () w2

18. A man of mass 50 kg is standing in a gravity free
space at a height of 10 m above the floor. He throws
a stone of 0.5 kg mass downwards with a speed
2 m s . What is the distance of the man above the

floor when the stone reaches the floor?
(a) I0m (b) 10.I1m (¢) 99m (d) 20m

19. Particle A makes a perfectly elastic collision with
another particle B at rest. They fly apart in opposite
directions with equal speeds. What is the ratio of
their masses m 4/mp?

@ 172 (b)) 1/3 () 1/4 (d) 143

20. Water is flowing in a river at 2.0 m s™". The river is
50 m wide and has an average depth of 5.0. What
is the power available from the flow of water in the
river? (Density of water = 1000 kg m ™)

(a) 0.5 MW (b) 1.0 MW
(c) 1.5 MW (d) 2.0 MW
SOLUTIONS
1. (a): N 4 2 cos45] 1IN VA

4'1 cos#H°

-------------- . Oe X
9()° F1 1 sin45°

Y5,

Applying equilibrium conditions, 2F, = 0

— F; + 1sin45° — 2sin45° = 0

or F;=2sin45° - 1sin45°

2 1 2-1 1
V2 N2 N2 42

and 2F, = 0 = 1c0s45° + 2sin45° - F, = 0

1 2+1 3
—=¢ N

2
L2 2 -

N

o)

2. (d)

3. (d): Let a be the acceleration of the man and the
chair and T be the tension in the rope.
For upward motion of the man,

1000
T+450—1000=( )a

10
or 7=550+ 100a ..(1)
For upward motion of the chair,
I' — 450 — 250 = [@)a
10
or I'=25a+ 700 ..(11)

Equating (i) and (ii), we get
550 + 100a = 25a + 700 ;a =2 m s

4. (c)

5. (¢l A
e
5

5

Work done = Area under F-x graph
W = Area of rectangle ABCD + Area of ACDE

= 100x10+—x10x100 = 1000 + 500 = 1500 ]

Work done W = Area under F-x graph with proper sign

W = Area of triangle ABC + Area of rectangle CDEF +
Area of rectangle FGHI + Area of rectangle IJKL

W = %><6><10]+[4><(—5)]+[4><(5)]+[2><(—5)]
~30-204+20-10=20] .. ()
According to work energy theorem
Kf— Kf — W
Or (Kf )x:16m o (Ki )x:l] m 44

(Kf)x —16 m — (Ki)JC:GIIl + W: 25 ] + 20 ] =45 I
7. (b): When a stone is dropped from a height 4 hits
the ground, it velocity v, =/2gh - vV = u” + 2gh

Its momentum P, = mv; = m,/2gh ..(1)

and then it is dropped from a height 24 (100% more
than the previous height) and when it hits the ground,

its velocity v, = \/ 2g-2h
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and its momentum P, = mv, = m\/ 2-(2gh) = \/EPI
Percentage change in momentum

— X 100% = xX100% =41%
Pl Pl

8. (c): The breaking strength of the branch of the tree

= 75% (weight of the monkey) = & mg J\
4 1

When the monkey descends from the
branch of the tree, with an acceleration (a) J/a
mg — T =ma

P e i . mg
mg—gmg—mxa,a—g/ﬁl T

9. (a)

10. (b): Here, the force exerted
by the plane on the block is the
normal force N of the block So,
from free body diagram,

N =mg cos 0
11. (b) 12 ic) 13. (d)
_ 2 1
14. (b): For the inclined plane, sin0= g
When the box reaches its highest
point A, its total energy A
1
=PE.+ KE. = —mv? 12
2 L )
1
=50X10X2+—=X50%x2X%2 0
2 B C

= 1000 + 100 =1100] ..(1)

The upward motion of the block is opposed by the force
of friction.
Resultant work = Work down by the applied force (W)
— Work done against friction (W,)
=FxL-W,=100x 12 - W,
From (i) and (ii), 1100 J = 1200 - W,
W, = 1200 - 1100 = 100 ]

..(1ii)

The work done in taking the body form A to C along

the path AC
( sin 0 = ﬁ )
L

For the path AB, W5 =F cos 90° x AB=0
For the path BC, Wy = mgh
. Wap+ Wpe=Wyc

Wic=Fx L=mgsin 0 x L = mgh
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i.e. in a conservative field, the work done does not
depend upon the path. It depends only upon the initial
and final positions.

16. (b) : The initial K.E. of the bullet

] ]
——mv2==-%x50%x10"3 x200 %200
) 2
K. =1000]

25
Final K.E. (Kf) = X 1000 =250 ]
100

1 _
=3 —mvf:zZSOz}»vf:lOOms !
2

Decrease in speed = (200 — 100) = 100 m s~

Percentage decrease in speed = 00 x100=50%
17, {c)
18. (b): The time taken by the stone to reach the floor
, s 10
1S f=—=—=38
u 2

The acceleration due to gravity is not to be considered
in the gravity free space.
Similar to bullet-rifle problem, we will apply the
conservation of linear momentum.
Momentum of the stone + momentum of the man = 0
or myuy; + myu, =0

1 1

0.5%x2=-50 X u,; uzz—gms_

The -ve sign shown the upward velocity of the man.
In 5s, the man will move upwards through a

distance of — X5=0.1m

Thus, distance of man above the floor 1=10+ 0.1 =10.1 m

19. (b)
Work K.E.

Time Time

20. (b): Power =

Thus, Power = K.E. of the water flowing per second

_1:@11«'2

2 t

But velocity = Distance travelled/s =2 m s~

mass volume
and =

t t

1

X density =L xbXxhXxd

m

t
[L = 2 m = distance travelled in one second]

=2x50x5%x10°=5x10°kgs™

21 1 2

1 mvz\ 1
p== — 2 x5%10° X2X2=1MW
]

@



2.
3.

AR OBJECTIVETYPE QUESTIONS*

Gravitation

GENERAL INSTRUCTIONS

The Question Paper contains three sections.
Section A has 25 questions. Attempt any 20 questions.
Section B has 24 questions. Attempt any 20 questions.

Time allowed : 90 minutes

SECTION-A

This section consists of 25 multiple choice questions
with overall choice to attempt any 20 questions. In
case more than desirable number of questions are

attempted, ONLY first 20 will be considered for
evaluation.

1,

*Chapterwise practice questions for CBSE Exam Term- | as per the pattern issued by CBSE.

A satellite is launched into a circular orbit of radius
R around the earth. A second satellite is launched
into an orbit of radius 1.01 R. The period of the
second satellite is longer than that of the first by

approximately
(a) 1.5% (b) 3.0%
(c) 1.0% (d) 0.5%

A particle of mass 10 g is kept on the surface of a
uniform sphere of mass 100 kg and radius 10 cm.
Find the work to be done against the gravitational
force between them to take the particle far away
from the sphere. You may

(Take G = 6.67 x 1071 N m? kg~2)

(a) 13.34x 10717 (b) 3.33 x10719]

(c) 6.67 x1077] (d) 6.67 x 107107

The escape velocity from a spherical satellite is V..
The escape velocity from another satellite of double
the radius and half the mean density will be

Section C has 6 questions. Attempt any 5 questions.
All questions carry equal marks.
There is no negative marking.

Maximum marks : 35

Ye
(a) = (b) 2V,
y
(©) 2, (d)

In planetary motion, the angular momentum
conservation leads to the law of

(a) orbits

(b) areas

(c) periods

(d) conservation of kinetic energy

The earth rotates around _ Barth

. B
the sun (see figure) in an ” \ "
elliptical orbit. At which D /

point will velocity be

maximum?
(a) AtA (b) AtB
(c) At C (d) At D

The figure shows elliptical
orbit of a planet m about
the sun S. The shaded area
SCD is twice the shaded
area SAB. If t, is the time
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10.

11.

12.

48

for the planet to move from Cto D and ¢, is the time
to move from A to B then
(a) t; =4t,

(€) =1

Which of the following statements is correct

regarding a geostationary satellite?

(a) A geostationary satellite goes around the earth
in east-west direction.

(b) A geostationary satellite goes around the earth
in west-east direction.

(c) The time-period of a geostationary satellite is
48 hours.

(d) The angle between the equatorial plane and the
orbital plane of geostationary satellite is 90°.

(b) t, =2t
(d) t >t

If both mass and the radius of the earth decrease by
1%, then the value of the acceleration due to gravity will
(a) decrease by 1% (b) increase by 1%

(c) increase by 2% (d) remain unchanged.

A high jumper can jump 2.0 m on the earth. With
the same effort how high will he be able to jump
on a planet whose density is one-third and radius
one-fourth those of the earth?

(a) 4 m (b) 8 m

(c) 12 m (d) 24 m

Let A be the area swept out by the line joining
the earth and the sun during February 1991. The
area swept out by the line during a typical week in
February 1991 is

(a) A (b) 2A (c) 4A (d) %

Which of the following graphs between the square
of the time period and cube of the distance of the
planet from the sun is correct?

T4 TzA/
(a) (b)
>r3 Pr3
T’A T’A
() (d)
P> P13

A comet of mass m moves in a highly elliptical orbit
around the sun of mass M. The maximum and
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13.

14.

15.

16.

L7

18.

minimum distances of the comet from the centre
of the sun are r; and r,, respectively. The magnitude
of angular momentum of the comet with respect to
the centre of sun is

() i GMr, 172 (b) GMH’IT'I—NZ
a
(1 +7y) | (h +1y)
1/2
;. .
2Gm nr 2GMm?r,r 2
(c) (d) L
(n+1) (n+n) |

The period of revolution of an earth's satellite close
to surface of earth is 90 min. The time period of
another satellite in an orbit at a distance of four
times the radius of earth from its surface will be

(a) 90+/9 min (b) 270 min

(c) 720 min (d) 360 min

A satellite in a circular orbit of radius R has a period
of 4 h. Another satellite with orbital radius 3R
around the same planet will have a period (in h)

(a) 16 (b) 4 (c) 4v27 (d) 448

The universal law of gravitation is the force law also
known as the

(a) triangular law

(c) inverse square law

(b) square law
(d) parallelogram law

Two identical spheres of radius R made of the
same material are kept at a distance d apart.
Then the gravitational attraction between them is
proportional to

(a) d* (b) d* (c) d* (d) d

The magnitudes of the gravitational field at
distances r; and r, from the centre of a uniform
sphere of radius R and mass M are F, and F,
respectively. Then

i1 if » <Randr, <R
—=—_1ifr,<Randr, <
(a) E, 1 1 )
E r
(b) - Y if n <Randr, <R
E,n
K T'13 -
(c) —=—, 1fr1>Randr2>R
3
F2 rs
Iy "12 -
(d) —=—, ify>Randr, >R
F, ""22

The acceleration due to gravity decreases by Ag,
when a body is taken to a small height h << R. The
acceleration due to gravity decreases by Ag, when



19.

20.

&1

iy 3

23.

24.

25

the body is taken to a depth h from the surface of
the earth, then (R = Radius of the earth)

(a) Ag=Ag, (b) Ag, = 2Ag,
(c) Ag, =2Ag, (d) Ag, =4Ag,

Assuming that the earth is a sphere of uniform
mass density, what is the percentage decrease in
the weight of a body when taken to the end of the
tunnel 32 km below the surface of the earth?
(Radius of earth = 6400 km)

(@) 0.25% (b) 0.5% (c) 0.7% (d) 1%

The height of the point vertically above the earth’s
surface at which the acceleration due to gravity
becomes 1% of its value at the surface is (R is the
radius of the earth)

(a) 8R (b) 9R (c) 10R (d) 20R

A uniform solid sphere of radius R produces a
gravitational acceleration a, on its surface. At what
two distances from the centre of the sphere the
acceleration due to gravity is a,/4 ?

(a) 4R, 0.50R (b) 2R, 0.25R

(¢] BR,0.33R (d) 2R, 0.50R
Atwhatheighthabove the earth’s surface, the value of
g becomes g/2?

(where R is the radius of the earth)

(a) (vV2-1R (b) 2R

(c) (V2+DR (d) Rv2

Let g, and gi be the accelerations due to gravity at
the poles and the equator respectively. Assuming
that the earth is a sphere of radius R, rotating about
its axis with angular velocity o, then g, - g is equal to

02
(a) ? (b) Rw?
The earth is assumed to be a sphere of radius (R)
rotating about its axis with an angular speed o.
If the effective acceleration due to gravity at a

3
certain latitude (A) is g, —Z(ozR, where g, is the

acceleration due to gravity at the poles, then the

(¢) R*w?

value of A is
(a) 45° (b) 30° (c) 90° (d) 90°

It distance between earth and sun become four
times, then time period becomes

(a) 4 times (b) 8 times

(c) 1/4 times (d) 1/8 times

SECTION-B

This section consists of 24 multiple choice questions
with overall choice to attempt any 20 questions. In

case more than desirable number of questions are
attempted, ONLY first 20 will be considered for
evaluation.

26.

27.

28.

o,

30.

31.

The depth at which the value of acceleration due to

1 . :
gravity becomes — times the value at the surface is

n
(R be the radius of the earth).

@ = (b) —
I{/ n
R(n—1) Rn
© == @

The radii of two planets are respectively R, and R,
and their densities are respectively p, and p,. The
ratio of the accelerations due to gravity (g,/g,) at
their surfaces is

R R2 R, R
(2) Rp, (b) 1P1 Py 22 192
R,p, RyP; PR P1P2

A body weighs 72 N on the surface of earth. What
is the gravitational force on it due to earth at a
height equal to half the radius of the earth from the
surface?

(a) 72N

(c) (d)

(b) 286N (c) 16 N (d) 32N

The height at which the acceleration due to gravity
decreases by 36% of its value on the surface of the
earth is (The radius of the earth is R.)

R R R 2

(a) : (b) 5 (©) 3 (d) —

Which of the following statements is correct

regarding the universal gravitational constant G?

(a) G has same value in all systems of units.

(b) The value of G is same everywhere in the
universe.

(c) The value of G was first experimentally
determined by Johannes Kepler.

(d) Gisavector quantity.

Both earth and moon are subjected to the

gravitational force of the sun. As observed from the

sun, the orbit of the moon

(a) will be elliptical.

(b) will not be strictly elliptical because the total
gravitational force on it is not central.

(c) is not elliptical but will necessarily be a closed
curve.

(d) deviates considerably from being elliptical due
to influence of planets other than earth.

PHYSICS FOR YOU ‘ OCTOBER 21

49



32

33.

34.

35.

36.

37,

38.

39.

D

The mass of the earth is 6.0 x 10** kg. The potential
energy of a body of mass 50 kg at a distance of
6.3 x 10° m from the centre of the earth is
(a) -3.23 x 10°] (b) -3.19 x 10°]
(c) -2.5%10°] (d) -4.0 x 10'']

Two spheres of masses m and M are situated in air
and the gravitational force between them is F. The
space around the masses is now filled with a liquid
of specific gravity 3. The gravitational force will
now be

(a) 3F (b) F (c) F/3  (d) F/9

Work done in taking a mass from one point to
another in a gravitational field depends on
(a) the end points only

(b) the path followed

(c) the velocity of the mass
(d) both length of the path and the end points

The escape velocity for a body projected vertically
upwards from the surface of earth is 11 km sec™'.
If the body is projected at an angle of 45° with the
vertical, the escape velocity will be

(a) 11/+/2 km sec™1 (b) 112 km sec™!
(c) 2 km sec™ (d) 11 km sec™!

The escape velocity corresponding to a planet of
mass M and radius R is 50 km sec™. If the planet’s
mass and radius were 4M and R respectively, then
the corresponding escape velocity would be

(a) 100 km sec™! (b) 50 km sec™*
(c) 200 km sec™! (d) 25 km sec™!

For a satellite moving in an orbit around the earth,
the ratio of its potential energy to kinetic energy is

(a) 1 (b) -1 (c) 2 (d) -2

An astronaut experiences weightlessness in a space
satellite. It is because

(a) the gravitational force is small at that location
1n space.

(b) the gravitational force is large at that location in
space.

(c) the astronaut experiences no gravity.

(d) the gravitational force is infinitely large at that
location in space.

The escape velocity from the earth is 11 km s7'.
The escape velocity from a planet having twice
the radius and the same mean density as the earth
would be

(a) 5.5km s}
(c) 15.5km s}

(b) 11 km s
(d) 22 km s7*
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40.

41.

42,

43.

St

45.

46.

There is no atmosphere on moon as

(a) it is closer to earth.

(b) it revolves around the earth.

(c) it gets light from the sun.

(d) The rms speed of gas molecules is greater than
the escape speed.

Two satellites of masses M and 4M are orbiting
the earth in a circular orbit of radius r. Their
frequencies of revolution are in the ratio of

(a) 1:4 (b) 4:1 (c) 1:2 () 121

The radius in kilometres, to which the present
radius of the earth (R = 6400 km) to be compressed
so that the escape velocity is increased 10 times, is
(a) 6.4 (b) 64 (c) 640 (d) 4800

The time period of an earth satellite in circular orbit

is independent of

(a) the mass of the satellite

(b) radius of its orbit

(c) both the mass of satellite and radius of the orbit

(d) neither the mass of satellite nor the radius of its
orbit

A satellite is launched into a circular orbit of radius
R around earth while a second satellite is launched
into an orbit of radius 1.02R. The percentage

difference in the time period is
(@) 0.7% (b) 1.0% (c) 1.5% (d) 3.0%

Given below are two statements labelled as

Assertion (A) and Reason (R)

Assertion (A) : A body becomes weightless at the

centre of earth.

Reason (R) : As the distance from centre of earth

decreases, acceleration due to gravity increases.

Select the most appropriate answer from the options

given below:

(a) Both A and R are true and R is the correct
explanation of A.

(b) Both A and R are true but R is not the correct
explanation of A.

(c) A istrue but R is false.

(d) A is false and R is also false.

Given below are two statements labelled as

Assertion (A) and Reason (R)

Assertion (A) : Gravitational field intensity is zero

both at centre and infinity.

Reason (R) : The dimensions of gravitational field

intensity is [LT4].

Select the most appropriate answer from the options

given below:

(a) Both A and R are true and R is the correct
explanation of A.



47,

48.

49.

(b) Both A and R are true but R is not the correct
explanation of A.

(c) Aistrue but R is false.

(d) A is false and R is also false.

Given below are two statements labelled as

Assertion (A) and Reason (R)

Assertion (A) : Smaller the orbit of the planet

around the sun, shorter is the time it takes to

complete one revolution.

Reason (R) : According to Keplers third law

of planetary motion, square of time period is

proportional to cube of mean distance from sun.

Select the most appropriate answer from the options

given below:

(a) Both A and R are true and R is the correct
explanation of A.

(b) Both A and R are true but R is not the correct
explanation of A.

(c) A istrue but R is false.

(d) A isfalse and R is also false.

Given below are two statements labelled as

Assertion (A) and Reason (R)

Assertion (A) : If earth suddenly stops rotating

about its axis, then the value of acceleration due to

gravity will become same at all the places.

Reason (R) : The value of acceleration due to

gravity is independent of rotation of earth.

Select the most appropriate answer from the options

given below:

(a) Both A and R are true and R is the correct
explanation of A.

(b) Both A and R are true but R is not the correct
explanation of A.

(c) Ais true but R is false.

(d) A isfalse and R is also false.

Given below are two statements labelled as

Assertion (A) and Reason (R)

Assertion (A) : There is no effect of rotation of

earth on acceleration due to gravity at poles.

Reason (R) : Rotation of earth is about polar axis.

Select the most appropriate answer from the options

given below:

(a) Both A and R are true and R is the correct
explanation of A.

(b) Both A and R are true but R is not the correct
explanation of A.

(c) A istrue but R is false.

(d) A is false and R is also false.

SECTION-C

This section consists of 6 multiple choice questions
with an overall choice to attempt any 5. In case more
than desirable number of questions are attempted,
ONLY first 5 will be considered for evaluation.

50. Infinite number of bodies, each of mass 2 kg are
situated on x-axis at distances 1 m, 2 m, 4 m, 8 m,
..., respectively, from the origin. The resulting
gravitational potential due to this system at the
origin will be
(a) -4/3G (b) -4G (c) -G (d) -8/3G

51. Gravitational potential of a body of mass m at
a height h from the surface of earth of radius R
is (Take g = acceleration due to gravity at earthss

surface)
(a) —g(R+h) (b) -g(R-h)
(c) g(R+h) (d) g(R-h)

Case Study : Read the following paragraph and
answer the questions :

Escape Speed

The escape speed on the earth (or any planet) is
defined as the minimum speed with which a body has
to be projected vertically upwards from the surface of
earth (or any other planet) so that it just crosses the
gravitational field of earth (or of that planet) and never
returns on its own. Escape speed v, is given by

2GM
V, = 2

where, M = Mass of the earth/planet
R = Radius of the earth/planet

r f

2G 4 8P GR?

or v. =, /— X—TtR3p =

e "\R 3T PTNT 3

For earth, v,=11.2 km s™

If a body is projected from a planet with a speed v which
is smaller than the escape speed v, (i.e. v < v,), then the
body will reach a certain height may either move in an
orbit around the planet or may fall back to the planet.

If speed of projection (v) of the body from the surface
of a planet is greater than the escape speed (v,) of that
planet, the body will escape out from the gravitational
field of that planet and will move in the interstellar

2 _ .2
VE

space with speed v" and v is given by v" = \/ V

52. On any planet, the presence of atmosphere implies
that [C,, . = root mean square velocity of molecules

and V, = escape velocity]
(a) CfIIlS < ‘/E’
(C) CfIIlS = VE

() Crms > Ve
(d) Cpps=0
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53. The mass of a planet is six times that of the earth.
The radius of the planet is twice that of the earth.
If the escape velocity from the earth is ve, then the
escape velocity from the planet is

(@ V3, () V2i, (@ v, (@ Vs

54. Two planets A and B have the same material density.
If the radius of A is twice the radius of B, then the
ratio of their escape velocities (V,/V}p) is

@) 172 () 2:1 () J2:1 @ 1:42

55. A body falls from infinity to the surface of the earth.
What will be its velocity when it reaches the earth?

(@) JeR (b) y2¢R (c) 2¢R  (d) gR

SOLUTIONS

1. (a) : According to Kepler's law, T? o< R* or T> = kR’
where k is a constant.

Taking logarithms on both sides,
2log T=logk+3logR

Differentiating, we get 2 (S?T ) =0+3 (E%R )

B_T_E(S_R) 3(1.01R—R

I 2\ R 2 R
2. (c) : Here, M=100kg, m=10g=10""kg
R=10cm =0.01 m
Initial P.E. of the two bodies,

GMm

R
When the particle is far away from the sphere, the P.E.

of the system will be zero, Uy= 0
. W=U;-U;=+6.67 x 107 ]

)xlOO =1.5%

U, = ~6.67x1077 ]

4
2GM, 2G><§:me’><p1
3. (¢):V, = =
L\ R R
2\2R 24/2 X2R o
vV, =——L/nGp, ; V, = Lx,[nG=
€ \/g \/ pl €y \/g \J ;)
V

2 _,PL_2_p5 . V. =2V,
2 1

Ve \ 2p, Jo

4. (b) : In planetary motion, the angular momentum
conservation leads to the law of areas.

5. (a) : From Kepler's second law of planetary motion,
the velocity of a planet is maximum when its distance
from the sun is least.

6. (b) : Equal areas are swept in equal time.
Here t, is the time taken to move from C to D and ¢, is
the time taken to move from A to B.

. t, =2t
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7. (b) : A geostationary satellite goes around the earth
in west-east direction.

The time period of a geostationary satellite is 24 hours.

The angle between the equatorial plane and the orbital
plane of geostationary satellite is 0°.

GM
3. (b) : ng—Z

If both M and R decrease by 1%, their values become
0.99 M and 0.99 R respectively.

GX0.99M
g": :101G—M:101g
(0.99R)? R?
9. (d): PE.,=PE,,
mg,h,=mg,h,
g
h ==%xh .
p g, e ..(1)
GM, G 4T 4 41T g
g = R _R—gx(?RepE) —?GREpE ol 1)
4T
' gp = ?GRP ... (1i1)
From equation (ii) and (iii), we get.
R
£ _ P _4x3-12
& RpPp

From equation (i), we have, hp =12 X 2=24m

10. (d) : Since radius vector sweeps equal areas in
equal interval of time, area swept in one week
= 1/4 x area swept in one month = A/4

11. (¢) : According to Kepler's third law, T o< r°, at

r =0, T = 0. It shows that the graph between T and r° is
a straight line passing through origin.

12. (d) : Using law of conservation of angular
momentum, at locations A and B, we get,

[—7,— i< 4 =

1
A
m

Vi -

r
2

Using the principle of conservation of total energy at A

and B,

1 GMm 1 GM

—mVl2 i —szz e

2 1 2 r,
i 4]

or Vi-V#=2GM ..(ii)
Iy, It




Putting the values from Eq. (i) in Eq. (ii) and solving,

11/2

2GMr,
we get, V, =

n(n +1y) |

/2 r 11/2
2
g T Vo == 2GMrr, | 2GMm*r,1
=V = —
(n+n) | nt+r, ]

13. (c) : From Kepler's law, T? < R® = T o< R*?

’ 1 \3/2 ’ 3/2
= T_= R_ . T _ ﬁ =(4)3/2=(22)3/2=23=8
T R T R

T"=8T=8x%90=720 min
14. (c¢) : According to Kepler's third law,

\3/2
L Ry
ik IR 3/2
= = (—) =27 .. T,=+27T; =427 h
T R
15. (c¢) : According to universal law of gravitation,
Gm,m 1
H= L2 or Foc—
52 52

Hence, it is also known as inverse square law.

16. (a) : According to Newton’s law of gravitation
1

Foc— or Focd™2

dz
GM

17. (a) : For r <R, F=-R—3r or Focr
kn
—=—1fr1<Randr2<R
Ey,

and for r = R, F=% or ch:—l-

w. .

Fy "22 :
——=— 1fr1>Randr2>R
Ey,

2h)
R

2hg h
apy =g—5 :?;gd :g(l—ﬁ)

18. (b) : &, =g(l

h
Ag,=8— & =‘% 5. Agp =2Ag,

19. (b) : Acceleration due to gravity at depth d is

, d 32 ) 199¢
5 ‘g( R) g( 6400) 200

Therefore, decrease in weight is

199¢ | mg
200 200

mg—mg’=m(g

/200
Percentage decrease = i x100=0.5%
mg
gR* . g
: — Given: ¢, =——
20. (b) : & (R+h)? 8h 100
R2
8 - % or R+h=10R or h=9R

(R+h)* 100

21. (b) : At a height h above the surface,

()
5h =8 R+h

a

Here, £5 = Ig and g = a,
a, "R T R 1
—= =g or =—
4 S| R+h R+h 2

or R+h=2R or h=R
Distance from the centre=R+ h=R+ R=2R

d
At a depth d below the surface, g; = ¢ (1 . E)
a

Here, g, :I‘g :;u:u;l;,_;;:a{g

a d d 1 3
< =q [1-=| or 1- or d =—R
4 d R R 4 4

3
. Distance from the centre =R -d = R— ZR =(.25R
Hence the required answer is (2R, 0.25R).

R

2
22. (a) :gh:g(R+h) Given:gh=§

o) o 3 (5
—:g or — =
2 R+ h 2 R+ h

or R\/E=(R—I—h) or th(\/E—I)

Rm?

g

cos2 A

23. (b) : g":g[l

At the equator, A =0

—d

—

2
g&r = 4|1 - .zg,_;;—R(t)2
L & _
At the poles, A = 90°
8p=8

g, ~ & = § - § - (-Rw’) = Rwy’
24. (b) : The effective acceleration due to gravity at a
certain latitude (A) is given by
g =g,- 0’R cos’A ..(1)
3

In this problem, & = & ~ n ®*R ..(i1)
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Comparing (i) and (ii), we get

3 J3

COs?A=— = cosA=— = A=30°
4 2

25. (b) : According to Kepler's third law (law of periods),
T o< R°
where, T is time taken by the planet to go once around
the sun R is semi-major axis (distance) of the elliptical
orbit.
T* = kR’ ..(1)
(where, k is constant of proportionality)
When R becomes 4 times, let time period be T". Then,
T = k(AR) (1)

= 1 T 1
=— or —=—or 1 =8T
T2 64 T° 8

So, time period becomes 8 times of previous value.

26. (c) : The acceleration due to gravity at a depth d
from the surface of the earth is given by

-
E4= 8 R

. g d)
Given: == and =g|]l——
&d n & g( R
gzg(l_i) or ii—=1—~£=n—_lﬂ or dzR(n_l)
n R R n n N
Rip
GM G 4 4 81 _ MiP1
: g pe—— = R3p=—ntGRp .. N
W e 2 Rrr3 T PTITEPSg Ryp,
28. (d) : Given, mg =72 = 2™
R2
, , GMm GMm
F =mg’ = - 2: = 3
(&3] (5)
2 2
or po2OMm 2 N
9 R?2 9

29. (b) : The value of acceleration due to gravity at a

64

height h = ;

- 100°
64 gR? 8 R R
— g = of — = of h=—
100° (R+h)? 10 R+h 4

30. (b) : G has different value in different system of
units.

In SI system the value of G is 6.67 x 107! N m* kg™
whereas in CGS its value is 6.67 x 10~° dyne cm* g™~
The value of G is same throughout the universe.

The value of G was first experimentally determined by
English scientist Henry Cavendish.

G is a scalar quantity.

D
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31. (b) : Moon revolves around the earth in a
nearly circular orbit. Sun exerts gravitational force
on both, earth and moon. When observed from
the sun, the orbit of the moon will not be strictly
elliptical because the total gravitational force on it
(i.e. force due to earth on moon and force due to sun on
moon) is not central.

32. (b) : Here, mass of the earth (M) = 6.0 x 10** kg,
Mass of the body (m) = 50 kg and distance
(r) =6.3x 10’ m

Potential energy,
[ GMm _ (6.7x10711)x(6.0x10%%) x 50
r 6.3 X107
=—-3.19x 10°]

33. (b) : It will remain the same as the gravitational
force is independent of the medium separating the
masses.

34. (a) : Gravitational force is a conservative force.
Hence, work done in taking a mass from one point
to another in a gravitational field depends on the end
points only.

35. (d) : v, =\/2(};{M

Since the escape velocity is independent of direction
of projection, therefore escape velocity of the body,
projected at an angle of 45° with the vertical will be
same, i.e., 11 km sec™.

36. (a) : In first case, v, = Asd =50

\ R

2G(4M)]”2_ , [26M
N

In second case, v, :[

R R
=2 x 50 = 100 km sec™*
GMpm
37. (d) : Kinetic energy of the satellite, KX = ;
.
GM,m

Potential energy of the satellite, U =

U
Their corresponding ratio is 8 —2

r

38. (¢) : An astronaut experiences weightlessness in a
space satellite. It is because the astronaut experiences no
gravity.

39. (d) : Escape velocity from the earth is

2GM _ [2G 4 8m

eTNTR TV R3OPTHGZP

As the planet has same density as that of earth,

¥ 2R
o L=2"=2 or v
% R P

e

:21/&,=;2><11:22kms_1



40. (d) : Moon has no atmosphere because the rms
speed of gas molecules is greater than the escape speed

(i.e., v, > ve).

41. (d) : T=2nVR3/GM
The period and frequency of revolution are independent
of the masses.

The ratiois 1: 1.

2GM 1

l.e. V o< ——
R ¢ JRr
where M and R are the mass and the radius of the earth.

42. (b) : Escape velocity, v, =\

¥ R ] R 1 R
Vez NRI 10 \Rl 100 R1
R, 6400
or R,=—-=——=64km
100 100

43. (a) : As T* o r° and proportionality constant does
not depend on the mass of orbiting body. So, option (a)
1S correct.

44. (d) : According to Kepler's third law
T>o< R° or Te< R?

3/2
1. 1.02R
, 2= =1.03 or T,=1.03T,
., | R
- I, -1
% difference = - x100% = 3%
1

45. (c) : Variation of ¢ with depth from surface of earth

R)_O
R
46. (b) : Gravitational field intensity at a point distance

GM
r from centre of earth is E = —5 When r =, E = 0.

r
When point is inside the earth, then

Ezgxiﬂ:rg’p: 4?’EGp?‘ whenr=0, E=0.

re 3 3
47. (a) : According to Kepler's third law of motion, the
square of the time period of a planet about the sun is
proportional to the cube of the semi major axis of the
ellipse or mean distance of the planet from the sun. i.e.

T# =< a°, when a is smaller, shorter is the time period.

is given by g’ = g(l—-%).

At the centre of earth, d = R, g'=g (1
Apparent weight of body = mg’ =0

48. (c) : The value of g at any place is given by the
relation, ¢’ = ¢ — w* Re cos*A

When A is angle of latitude and w is the angular velocity
of earth. If ® =0,

¢ = g, if there is no rotation.

49. (a) : At poles, radius of horizontal circle is zero.
Centripetal force F = mrw* = 0. Hence g at poles is
not affected by rotation of earth.

50. (b) : The resulting gravitational potential at the
origin O due to each of mass 2 kg located at positions as
shown in figure is

O 2kg 2kg 2 kg 2 kg
x=0 1 2 4 8
V- GX2 GXx2 GX2 GX2
1 2 1 8§
1 1 1 1
=-2G|1+—+—+—+...... s
[ 243 ] 211
2
2
:—ZG[T]:—ZIG

51. (b) : Gravitational potential energy of the body at a
height 4 is

o s -]
T )
(K+4) R(H)
R
[ =%
RZ
— 2 —
U, = oR ng h)z—gm(R—h)
R
U, - —h
y—Zh 8RN _ o
m m
52. (a) : If C, . > V, all the molecules will escape in

space and there will be no atmosphere on the planet,
53. (a) : Escape velocity from the surface of earth is

. \/2GM

° \V R

Escape velocity from the surface of planet is
r26’(6]\/[ ) \/—

v, = =3V

N @R '5’

[ f
3
4. (b)' ‘/El — M1R2 — ﬁxﬁzﬁzg
V., VMR \R3 R R 1

55. (b) : The escape velocity for a body projected from

the surface of the earth is \/2¢gR. When we consider, V,,
we assume that the body is taken to an infinite distance
from the surface of earth. Conversely if we bring a body
from infinity to the surface of the earth it will acquire

the velocity V = \/ﬁ .
@
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%4; CLASS-XII

Brush up your concepts to get high rank in NEET/JEE (Main and Advanced) by reading this column. This specially designed column is ||||

updated year after year by a panel of highly qualified teaching experts well-tuned to the requirements of these Entrance Tests.

Magnetic Effects of Current and Magnetism

MaGNETIC FIELD e Helical path : When YA
" the charged particle is

moving at an angle to

» 'The space surroﬁnding a magnet where a magnetic
rc's experienced s alled s magneic feld. (7RG O
5 ' 90° or 180°), particle

. i f v cos 0O
a current carrying consinetor describes a path called Z
- changing electric field

. : helix.
- moving charged particle il sin )
- permanent magnet and electromagnet etc. » Radius of pathr= =
9
MaGNETIC FORCE ON A MOVING CHARGE e Time period and frequency T = v and L = L
& Traje_cto_ry of a Charged Particle in a , . pitch of the helix, §° A
Magnetic Field - i
; ; _ — 0° =T(vcos0)=2n—(vcos0) =

e Straight line : If the ,~ 950" _. P aB 210

direction of a particle =

moving with velocity v is - - Lorentz Force

parallel or antiparallel to p— e When the moving charged particle is subjected

magnetic field B, i.e., ® = 0 or © = 180° then F = 0. simultaneously to both electric field E and

Hence the trajectory of the particle is a straight line. magnetic field B, it experiences both electric
e Circular path : If v is z :: force, ﬁe =qE’ and magnetic force, F‘m =q(17><ﬁ);

perpendicular to B, i.e., x y so the net force on it will be F=g[E+ (¥ x B)].

0 = 90° then particle will X X

experience a maximum i i = Cyclotron

magnetic force i.e., F,x = qvB. e Cyclotron is a device used to accelerate positive

| my  p SmK 1 bmv (like, o-particles, deutrons etc:)_to acquire enough
e Radiusofpath r=—=-"-= — ; energy to carry out nuclear disintegration etc.
gB g8 ¢B B\ gq | Bqg
where K is kinetic energy and V is potential. » Cyclotron frequency : V= T 2mm
. . , 2Ttm 22

o 'The time period of the particle T = B e Maximum energy of particle : E, = (qzm ) .2
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Magnetic force on charged condu

ﬁm = (nAl)e(v X B)

Force on a Current Carrying Conductor

Net mobile charge carriers in a conductor, g = nAle
Average drift velocity of electron = v

Magnetic force per unit length of each wire is given as

dky, _dE,; WLl
dl dl 27d
ctor
E, BioT-Savart’s Law

Biot-Savart’s law is used to

=[(nev; )Al]x B A : :
[(nevg )AL @ N 9 determine the magnetic field at A
= (JA)x B=1I(I X B) B any point due to a current carrying .
. conductor.
= Magnetic Force between Two Long P e A | v p
Parallel Current Carrying Wires N AT ,mﬁg E g al';"zrt . i:’ i ad
Parallel currents Antiparallel currents magneice al POE_lt e o B *
1 ) I 0 current element Idl is given by
Attraction Repulsion l - ¥ Al sie O /
hl AL _ Mol Ig 4 thie Expression 8= & 2 " 1
1 |
2md B B, o
B y 6“ B 2 1 .
“dF,, dﬁm) 1 B — Wol, i AFa ¢ Vectorially,
> 2md s —
15 _ Mo I(dlxr) Wy Idlxr
4 d = [ d = 41T 2 4t 43
= Application of Biot-Savart’'s Law
Condition Figure Magnetic field at the centre
I
—
o O
Arc subtends angle O at the centre e B = i;i -
. r
. ks
O
/
—
Arc subtends angle (21 - 0) at the . g = Ho (2n —0)I
centre o 4T r
h" H'# ”
o0
|
—
nl Ul
Semi-circular arc p=to. I _Foo
4T r 4r
................ T IO ——
O = r >
i T
’ 1 (Zn ) 2) :
Three quarter semi-circular current «—r—> B = 4;1 ' 5
carrying arc O
R | - 3ugl
'1', | 31
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_ Mo 2nl [l
4T r 2r

7
!

Circular current carrying arc

(i) If the number of turns is same

1 1
B, :”2—01 Ny
n n

Concentric coplanar circular
loops carrying current in the same
direction

(ii) If number of turns are different
B, = Wol | ”2]

2 | 8 )

(i) If the number of turns is same
a1 1]

B, =107 -n

2 T'l T'Z ]

(ii) If number of turns are different

BZZMUI[Hl i
2 |1 n

Concentric coplanar circular loops
carrying current in the opposite
direction

4y @y

"It
[—

reedl

g \ ® B=B?+ B2

Concentric loops but their planes

are perpendicular to each other | 112—5 _HYo \/ 112 N I%
=¥ : 2r
AB,
ny O B=JB2+BZ+2BB
Concentric loops but their planes ¥ . L2 Paami
are at an angle O with each other E\\& _ @\/Iiﬂ +I§ +21,1, cos®
@ = 27
— A
Distribution of current
between any two points on the O B=0
circumference ;
o . R N
e Magnetic field due to current carrying straight » Infinite length wire :
conductor or wire at point P ™ w1
. | 0 I szm(51n900+51n90‘3) : Bp=2n—d
Finite length wire : B, =—"—(sin6, +sin®,) T
41td e
Ne-.. I l
A 0, = 90°
V| L EERE——— ep
90° 0, 7
M P gglﬁj::ﬁ'f’ 0, = 90°
N I—
B

» Semi infinite length wire:
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Mol ooy o Mol e If the solenoid is of
Bp = A1cd i ainglT) § By = A1td St infinite length and the
oo , point is near one end i.e.,
. ' o=0and P = (m/2) so
| 1
0, = 90°! Bepa =7 (“'UHI)
§ » .
1Y/ B é ...-:...e...-(-::::_;:‘P 1
1_ - (Bend =—b in)
Le~ -
— W . Toroid
» Special semi infinite wire : A toroid can be considered as
™ H . | aring shaped closed solenoid.
B, =—"—(sin0°+sin 90° NI
d 47td( ) p="Ho = Uonl,
T 2Tr
5 _ W, I A . | where n = N/2mr
P :
47td 0. =90° ¢
.................. f el

[
Lor M 0,=0° P TORQUE ON A CURRENT LooP

: = Torque on a Rectangular Current Loop
AmPERE’s GircuitaL Law . ~

o [t states that line integral of the magnetic field along
any closed path in free space is equal to u, times of

—

T=mXxXB=mB sine;x,
where, 7= N1 A= NI (ab) A
} = magnetic moment of current in loop, |

' ® I O
- c?rrerttl; Whlci ? Ol - S A = ab = area of rectangular loop ;
crossin rou 2 .
; 4 @I 35 0 = angle between m1and B
area bounded by the 3 < B :
closed path. OF 8 ® L ;:E 3 & Circular Current Loop as a Magnetic
* . - Dipole
Mathematically SI=(—L+1)| W © +ve P | |
gf)ﬁ-d?— v Scont & e Magnetic moment of circular current loop,
_“0 _OWH _'Ve_ szA:ITERZ
= Application of Ampere’s Law e Magnetic field perpendicular to the loop at any
point at a distance x from the centre, for (x >> R),
Magnetic field due to an infinite sheet carrying 5 u,I R2 Wy 2m
current L7 53 4 43
e An infinite sheet of P e Magnetic field in the plane of the loop at any point
cutrenit-with Briearcuirent | IEEEHES ]li }/ at a distance x from the centre, (for x >> R),
density J : Wy m
: B, = .Also, B, =2XB
According to Amperes law, | l/ I 4w x3 - H
2Bl = (1) or B = Lo | /z L = Magnetic Dipole Moment of a Revolving
’ 2 Electron
Solenoid e Orbital current, I = i
e Finite length solenoid : I 2mr
5 Ho (2 nl)[sin .+ sinB] e Magnetic moment associated with the circulating
4T QOOCOPOOO® , €eVr e
, | e current, W, =Itre =——=—-1,
e Infinite length solenoid : N B 2 2m, =
If the solenoid is of 5 e Vectorially, [i, = ° 7 ®
infinite length i.e., 0 = P | @@EAE@@®®@®® 2m, T
= (/2). So By, = ponl. o  Gyromagnetic ratio, "/ _ ¢
L 2m

&
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= i
&
=

Key Point

€
U

h

Bohr magneton, g = (W)

=9.27 x 107** Am?
[f the plane of the coil is perpendicular to the
direction of magnetic field i.e., 0 = 0°, then
t =0 (minimum)

[f the plane of the coil is parallel to the direction
of magnetic field i.e., 6 = 90°, then t = NIAB
(maximum)

Moving Coil Galvanometer

Principle : When a current carrying coil is placed
in a magnetic field, it experiences a torque. In
moving coil galvanometer, the current I passing
through the galvanometer is directly proportional
to its deflection (¢).
[ <@ or I=GO,

k

NAB
A = area of the coil, N = number of turns in the coil,

B = strength of magnetic field, k = torsional constant
of the spring i.e., restoring torque per unit twist.

min —
41tm,

where G = = galvanometer constant

... .. O NAB
Current sensitivity, TS
ik - 0 (NAB) I (NAB)I
oltage sensitivity, — = —i=
5 Pv Uk Jv Uk Jr
Conversion of galvanometer into ammeter :
ro is a very small i ;
j | MW :
resistance (7, << Rg) 1) | :
L | - :
pme - g - o G : °
A ol TR
I, \’ Ammeter
g = RG
1=l ]

(Shunt (r,) is connected in parallel)

Conversion of galvanometer into voltmeter :
R is a large resistance (R >>R;)

V — Ig (RG + R) St ottt :
v % G A\WWN : @
R = RG 5 = RG ..... fe. ..
IS Voltmeter

(A large resistance (R) is connected in series)

MAGNETISM

Various Term Related to Magnetism

Magnetic field
and magnetic
lines of force

Space around a magnetic pole or
magnet or current carrying wire
within which it’s effect can be
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The number of magnetic lines of
Magnetic flux force passing n'ormally through
a surface is defined as magnetic
(¢) and flux
density (B) i §50).
S.I. unit : weber (Wb) and CGS unit
is maxwell.
, It is the degree or extent to which
Magnetic 1 £
ermeability magnetic lines of force can enter a
P substance and is denoted by L.
It is the degree of extent to which
Intensity of |2 magnetic field caanagnetlse a
magnetising | substance. Also H =—
field (H) ] =
SI unit : or Jm! Wb
m X Wb
It can also be defined as the pole
friteniitvof strength per unit cross sectional area
magn etiYs ation | ©f the substance or the induced dipole
(I) moment per unit volume. _ " _ M
S.I. unit is A m™". 4 v
. [t is the property of the substance
Magnet.lc' . which shows how easily a substance
susceptibility T
() can be magnetised. Xm = I
Relation
between B=By+ B, = UgH + Uyl
permeability |=u,(H + 1) = uoH (1 +%,,,) = u.H
and where W, = (1 + %,,).
susceptibility

MagnETIC DIPOLE

A magnetic dipole consists of two unlike poles of
equal strength and separated by a small distance
e.g., a bar magnet, a compass needle etc. are
magnetic dipoles.

Magnetic Dipole Moment
It is defined as the product of strength of either pole

(m) and the magnetic length (2]) of the magnet.

It is denoted by M.

Magnetic dipole moment = strength of either pole
x magnetic length

M =m (2?)
Magnetic dipole moment is a vector quantity and it
is directed from south to north pole of the magnet.

The SI unit of magnetic dipole moment is A m*.



= Magnetic Field at a Point due to
Magnetic Dipole (or Bar Magnet)

o The magnetic field due to a bar magnet at any point
on the axial line (end on position) is given by

Lo 2Mr

B
ATt (rz o 12)2

axial —

where r = distance between the centre of the magnet
and the given point on the axial line, 2/ = magnetic
length of the magnet and M = magnetic moment of
the magnet.

For short magnet I << r*; B, .| =

The direction of B,,;, is along S-N.

o The magnetic field due to a bar magnet at any point
on the equatorial line (board-side on position) of
the bar magnet is given by

LM

B
At (r® +1%)°?

equatorial —

WM
For short magnet P<<r?; Bequatorial = : 3

4T r
The direction of Begyatorial is parallel to N-S.

= Current Loop as a Magnetic Dipole

e A current loop behaves as a magnetic dipole whose
magnetic dipole moment is M = IA where A is the
area enclosed by loop and I is the current flowing
in the loop.

o If there are N turns in a loop, then M = NIA.

= Magnetic Dipole Moment of a Revolving

where L is the magnitude of the angular momentum
of the revolving electron around the nucleus. The
smallest value of u; is called Bohr magneton pg and

it is given by
h N N y .
Lp=—=9.274x10"24] T =5.788x107° eV T\,
2m
. h
where m is the mass of the electron and 7 = or

EARTH’S MAGNETISM

= Magnetic Declination (o)

o [tisthe angle between geographic and the magnetic
meridian planes.

B '

ﬁ%’%ﬁl
/Y8y
b
B

Geographic
.d. *_ i
meridaian Magnetlc
/ meridian

= Angle of Inclination or Dip (5)

o It is the angle between the direction of intensity
of total magnetic field of earth and a horizontal
line in the magnetic meridian.

= Earth’s Magnetic Field
e By=Bcoso ..(i) and By = Bsin 0
By squaring and adding equations (i) and (ii),

..(ii)

Electron inez\/i%aﬁI + By,
 An electron revolving around the nucleus has a Dividing equation (ii) by equation (i),
magnetic moment (; and is given by B
B M — i L tan q) = B_V
Y 2m i
CLASSIFICATION OF MAGNETIC MATERIALS
Properties Diamagnetic Paramagnetic Ferromagnetic

Cause of magnetism | Orbital motion of electrons

Spin motion of electrons

Formation of domains

Substance placed in | Poor magnetisation in

uniform magnetic | opposite direction. direction. direction
field. Here B,, < B, FHere b, > Dby Here B,, >>> B,
3 > —
- = S —
p— e 4—'? &= = - | %M
— — i ‘
M—<— ‘ | —4 | = e
K 3
N >

Poor magnetisation in same

Strong magnetisation in same
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M — Small, positive,

varies linearly with field
MA

L,

M — Small, negative, varies
linearly with field
MA

—|\ >

M — Very large, positive
and varies non-linearly

with field
MA

» H

Y., — 1 curve

Xm — Small, negative and
temperature independent

X, — Small, positive
and varies inversely with

X, — Very large, positive and
temperature dependent

0
Xm o< T temperature 1
Y, o< % (Curie law) Am = 7T C (for T> Tc)
Curie-Weiss law
» T »T /
_! b, T g
TI'c (iron) = 770 °C or 1043 K
W, (Relative 1>wu.>0 l+e>p,>1 w, >>> 1
Permeability) (U < Up) (U > ug) (W >>> Up)
o Magnetic hard substance (steel) — High coercivity

@

Magnetic Hysteresis

The lack of retracibility as shown
in figure is called hysteresis and the
curve is known as hysteresis loop.

Retentivity : The property by
virtue of which the magnetism (I) E
remains in a material even on the removal of
magnetising field is called retentivity or residual
magnetism.

Coercivity or coercive force : When magnetic field
H is reversed, the magnetisation decreases and for
a particular value of H, denoted by H,, it becomes
zero i.e., H. = OD when I = 0. This value of H is

called the coercivity.

Magnetic soft substance (soft iron) — Low coercivity

= Key Point

e Gauss law for magnetism states that the net

magnetic flux through any closed surface is zero.
i.e.,, 0p = 0.

If a magnet of moment M and pole strength m
is cut into two equal parts along its length, then
the pole strength of each part is m/2 and the
magnetic moment of each part is M/2.

If a magnet of magnetic moment M and pole
strength m is cut into two equal halves along
perpendicular to its length, then the pole
strength of each part is m and magnetic moment
of each part is M/2.

& WRAPit vp!

2. A bar magnet has a magnetic moment equal

A straight wire of length 7> metre carrying a current
of 2 A and the magnetic field due to it is measured
at a point distant 1 cm from it. If the wire were bent
into a circle and were to carry the same current as
before, the ratio of the magnetic field at its centre to
that obtained in the first case would be

(a) 50:1 (b) 1:50

(c) 100 :1 (d) 1:100
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to 5 x 10~ Wb m. It is suspended in a magnetic
field which has a magnetic induction B equal to
871 x 107* T. The magnet vibrates with a period of
vibration equal to 15 s. The moment of inertia
of magnet is

(a) 4.54 x 10* kg m? (b) 4.54 x 107 kg m*
(c) 4.54 x 10*kg m* (d) 4.54 x 10° kg m?



An element Al =Axi is placed at the origin
and carries a large current I = 10 A. What is the
magnetic field on the y-axis at a distance of 0.5 m if
Ax=1cm?

(a) 4x107°T along x-axis

(b) 8 x 108 T along z-axis

(c) 4x10°T along z-axis

(d) 8 x 107° T along y-axis

In a hydrogen atom, the electrons moves in a
circular orbit of radius 0.5 A, about the nucleus.
What is the magnetic induction produced at
the centre of the orbit, if the electrons makes
6.25 x 10'° rev per sec? [e = 1.6 X 107" C]

(a) 6.28 Wb m™ (b) 9 Wb m™

() 12.56 Wb m™ (d) 15 Wb m™

There is a uniform electric field of strength
10° Vm™' along the y-axis. A body of mass 1 g and
charge 107 C is projected into the field from the
origin along the positive x-axis with a velocity of
10 ms . Its speed (in ms ) after 10s will be
(negative gravitation)

a) 10 (b) 5V2 (¢) 10v2 (d) 20

A solenoid of length 0.4 m and having 500 turns
of wire carries a current of 3.0 A. A thin coil having
10 turns of wire and of radius 0.01 m carries a
current of 0.04 A. What is the torque required to
hold the coil in the middle of the solenoid with its
axis perpendicular to the axis of the solenoid ?
(Use * = 10)

(a) 6x10°N m (b) 6 x 10°N m

(c) 75x10°Nm (d) 42x10°Nm

The given figure shows the variation of intensity
of magnetization (I) versus the applied magnetic
field intensity (H) for 3 magnetic materials A, B
and C. Name the diamagnetic (D), ferromagnetic

(F) and paramagnetic (P) AT A

material amongst A, B and C. A
(a) [A-FE B-D,C-P] B
(b) [A-F, B-P,C-D] 0 >H
(c) [A-P,B-D,C-F ¢
(d) [A-D, B-F,C- P IV

A, B and C are parallel conductors of equal lengths
carrying currents I, I and 2] respectively. Distance
between A and B is x. Distance between B and C is
also x. F; is the force exerted by B on A. F, is the
force exerted by conductor C on A. Choose the
correct answer.

(ﬂ) Fl — 2F2
(c) F=F

(b) F, =2F,
(d) F, =-F

9.

10.

11.

12.

13.

14.

15.

16.

A current-carrying loop is placed in a uniform
magnetic field. The torque acting on it does not
depend upon

(a) area of loop
(c) shape of loop
(d) strength of current and magnetic field

(b) no. of turns in loop

A coil of N turns and radis R carries a current I. it
is unwound and rewound to make another coil of
radius R/2, current remaining the same. What is the
ratio of the magnetic moments of the new coil and
the original coil?

(@ 1:1 (b) 1:2 (¢c) 2:1 (d) 1:3

Two short bar magnets P and Q are placed one
over another, with their magnetic axes mutually
perpendicular to each other. Compare their
magnetic moments if their resultant at a point (A)
on the magnetic axis of P is inclined at 30° with the
axis.

oy M 2
@ 3 ® 37
© = @ S
M, 3 M, 1

The magnetic susceptibility of a paramagnetic
material at -73°C is 0.0075 and its value at -173°C
will be

(a) 0.0030 (b) 0.0075

(c) 0.0045 (d) 0.015

A proton beam enters a magnetic field of
10~ Wb m™? normally. If the specific charge of the
proton is 10'" C kg™ and its velocity is 10° m s,
then the radius of the circle described will be

(@) 1I0m (b) I1m (¢) 0.I1m (d) 100 m

A bar magnet 30 cm long is placed in the magnetic
meridian with its north pole pointing geographical
south. The neutral point is found at a distance of
30 cm from its centre. Find the pole strength of the
magnet. (Take By = 0.34 G)

(@) 034 Am (b) 3.06 Am

(c) 493 Am (d) 8.61 Am

A charge g moves along axis of a current carrying
solenoid with velocity v. When charge enters

inside the solenoid, its velocity become v'. Then

(@) v=v'and|v|# |V’
(b) v#v and|v ||V’
(c) v#v and |v|=|V’
(d) v=v"and|v|=|V

Two long parallel wires carry currents i; and i,
such that i; > i,. When the currents are in the same
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17.

18.

19.

20.

direction, the magnetic field at a point midway
between the wires is 6 x 107° T. If the direction of i,
is reversed, the field becomes 3 x 10~ T. What is the

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

A long straight wire of radius R carries a current 1.
The current is uniformly distributed across its cross
section. What is the ratio of the magnetic fields at
distance of R/2 and 2R from its axis?

(@) 1/72 (b) 1 (c) 2 (d) 4

Two concentric coils each of radius equal to
21t cm are placed right angles to each other. If
3 A and 4 A are the currents flowing through the
two coils respectively. The magnetic induction
(in Wb m™2) at the centre of the coils will be

(a) 107 (b) 7 x 107
(c) 12 x 107 (d) 5x 107
A proton and an alpha particle both enter a region

of uniform magnetic field B, moving at right angles
to the field B. If the radius of circular orbits for
both the particles is equal and the kinetic energy
acquired by proton is 1 MeV, the energy acquired
by the alpha particle will be

(a) 1.5 MeV (b) 1 MeV
(c) 4 MeV (d) 0.5 MeV
In the diagram shown, a time varying

non uniform magnetic field passes
through a circular region of radius R. N
The magnetic field is directed outwards >R
function of radial distance r and time ¢ accordmg
to the relation B = Byrt. The induced electric field
strength at a radial distance R/2 from the centre is
B,R* B, R* 2B,R* B, R*

0 0 0
(a) = (b) - (c) - (d) -

SOLUTIONS

|

@

(b): The length of ©* m is nearly 10 m and is large
compared to 1 cm. Hence, the wire can be treated
as infinitely long. Magnetic field at distance of
1 cm from the wire is

Wol Wol ].10

B, =——=
Y2mr 2mx1x1072  2m

When it is bent into a circle,
27tr = circumference = length,
T

2TTr = T2 =>r:E

% 102
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Magnetic induction at the centre is
Wonl Mol Wyl

Dy = = = — sincen =1
2 21 (’E) T ( )
2 e,
2
I
B (%Q_)Xloz 100 B 1
82 LL_GI 2 B1 50
T
(d) 3. (c)

(c) : The circulating electrons is equivalent to a
circular current loop carrying a current 1.

dQ e e
| =2=——a—c=——=fp
dt T 1/n

—625%x10° x1.6x10°7=10x10%=10" A

_ Uy [ 21tni
and B at the centre of the circular orbit = —> ( ]

' 41T r
Inthiscasen=1andr=0.5x10"""m

1077 x2%3.14%1073
- 1

—x10~10
2

B=4x3.14=12.56 Wb m™>

(c) : The charged particle will be accelerated along
the y-axis, as the electric field acts along y-axis.

Force due to electric field qE

a. = -
4 Mass m
1076 x 103 o F
= =] ms = [ bi=—
1073 q ]

Vertical velocity of the particle after 10 second
sv,=a,t=1x10=10ms :
and the horizontal velocity v, remains constant and

V, = 10ms™

V2 +2 =102 +102

Resultant velocity = ;

y=10v2 m s~}

(b): For the solenoid B = puynl

500 K
—4x107 x—x3=15Tx 10T

0.4
Dipole moment of the coil (M) = NIA = NITtR?

=10 x 0.4 x 7t X (1072)?
M =41 x 10™* Am?
Torque required = MB sin 90° = MB
4 x 10 *x15mx10°=6x 10N m

(b): The slope of the graph of I versus H gives the
) I
susceptibility (x = )



For C,y is small but —ve, hence it is diamagnetic.

For B, % is small but +ve, it may be paramagnetic.
The slope of A is +ve and its value is more than that
of B.
. Xp> Y4 and it is +ve.

A will be ferromagnetic.
Thus correct option is [A - F, B- P, C - D].

8. (d): (i) Currents I and I flow through A and B, in
the same direction

Let I be the length of A, Band C
. 'The force F; exerted by Bon A is

Wol?!
A 2TX

E = fg (Force of attraction)

(ii) Currentsin A and Cflowin opposite directions.
Hence there is a force of repulsion.

CpeI2nl pyI?l

E, = P ox) 27 (Repulsive)
Fgy =-Fcy O Fy =-F,
9. (¢)
10. (b): The original magnetic moment of the coil
M, = NIA = NI (nR?) (i)
When it is rewound to make another coil of radius

1
2 and the number of turns N’, then

, R
Length of the coil, L = N x 2nR =N’ X ZR(EJ
. N’'=2N
The new magnetic moment M, is

.
M, =N’IA=(2N)I" n(ﬁ) - NI(RRz ) ..(ii)

2 2
2
AU(RR )
2 1

M2

M, NI(nR?) 2

11. (a)

12. (d): According to Curie’s law, the magnetic
susceptibility () of a paramagnetic substance is

inversely proportional to absolute temperature T

ie, Yoo - .- Kt o OI‘X—%TI
Koy OC — . ——=— 2 =X1—
Here,

X, = 0.0075

T, = -73°C = (273 - 73) K=200 K
T,=-173°C=(273 - 173) K=100K

(0.0075) MON’
Ay =15 100K |

=0.015
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13. (d)
14. (d): Here the neutral point lie on the axial line.
L  2mr

Baxial = BH or

Pole strength, g, = — = 2.582

2] 0.30

=8.61 Am

e

15. (d): Since Vv is parallel to B, Fm =q(v X B)=0 and

hence y remains unchanged, i.e., v =79’ and as

such [v|=|v"].
16. (d)

17. (b): Let B; and B, be the fields
at P, and P, As the current .

is uniformly distributed, the
T = >

current density J=
remains constant.

From Ampere's circuital law, ¢ B-dl =11
For r < R, B-21r = ug-]-*nrz

TR?

enclosed

r i r
' BEWa ==y —— X —
Ho 5 =Ho nmR2 2
R
But r=—
2
T R I .
. B = Ho % = Ho ...(1)
nmR2 2X2 4mR
But for r = 2R, full current I is enclosed
21 21 1 -
B, = Mo = Ho = Ho ..(i1)
4T\ 71 41T\ 2R 4TtR
B
b1
B,
18. (d) 19. (b)
20. (a) : Flux for loop of radius R/2 at time ¢
R/2 r 3 R/2
r
0= | Bamrdr=Bjtam ~|
0 L~ do

3 — i
=BUZEI(RS J(t), AsE-d7="9¢

3 dt
3
E(2rR/2) = L. =—B021tR—
dt 24
B R
= &= 3¢



W AEHI OBJECTIVETYPE QUESTIONS*

m Magnetic Effects of Current and Magnetism
GENERAL INSTRUCTIONS
1.  The Question Paper contains three sections. 4.  Section C has 6 questions. Attempt any 5 questions.
2. Section A has 25 questions. Attempt any 20 questions. 5.  All questions carry equal marks.
3.  Section B has 24 questions. Attempt any 20 questions. 6. There is no negative marking.
Time allowed : 90 minutes Maximum marks : 35
SECTION-A 4. Same current I passing through two parallel wires

This section consists of 25 multiple choice questions seParated by a distance b, then force per unit length

with overall choice to attempt any 20 questions. In case will be

more than desirable number of questions are attempted, (a) W, 2I° b) o] © oI’ (@) W, I°

ONLY first 20 will be considered for evaluation. Y b Amch?2 ¢ . ATth

1. A circular coil of 25 turns and radius 12 cm is 5- The magnetic dipole moment of a current carrying
placed in a uniform magnetic field of 0.5 T normal coil does not depend upon
to the plane of the coil. If the current in the coil is (a) number of turns of the coil
6 A then total torque acting on the coil is (b) cross-sectional area of the coil
(a) zero (b) 3.4 N m (c) current flowing in the coil
(c) 3.8 Nm (d) 4.4 N m (d) material of the turns of the coil.

2. P, Q and R are long straight wires in air, carrying 6. An electron is released from rest in a region of
currents as shown in the figure. The force on Q is uniform electric and magnetic fields acting parallel
directed P 0 R to each other. The electron will
(a) to the left (a) move in a straight line.

(b) to the right (b) move in a circle.
(c) perpendicular to the 20 AL 40 AA 60 A A (€) remail? statior.lary.
plane of the diagram (d) move in a helical path.
(d) along the current in Q. 7. 'The magnet of pole strength m and magnetic

3. The force between two moment M is cut into two pieces along its axis. Its
parallel current carrying wires is independent of pole strength and magnetic moment now become
(a) their distance of separation (a) m M N s M
(b) the length of the wires 2’ 9 -

' m
(c) the magnitude of currents © ™ M ) m, M

(d) the radii of the wires 3

*Chapterwise practice questions for CBSE Exam Term- | as per the pattern issued by CBSE.
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8.

10.

11.

12,

13.

14.

68

A circular coil of 20 turns and radius 10 cm is placed
in a uniform magnetic field of 0.10 T normal to the
plane of the coil. If the current in the coil is 5.0 A,
the total torque on the coil will be

(@) O (b) 0.314]

(c) 3.14] (d) 6.28]

A rectangular coil of length 0.12 m and width 0.1 m
having 50 turns of wire is suspended vertically in a
uniform magnetic field of strength 0.2 Wb m™. The
coil carries a current of 2 A. If the plane of the coil is
inclined at an angle of 30° with the direction of the
field, the torque required to keep the coil in stable
equilibrium will be
(a) 0.24 Nm

(c) 0.15 N m

(b) 0.12 N m
(d) 0.20 N m

In an inertial frame of reference, the magnetic force

on a moving charged particle is F. Its value in

another inertial frame of reference will be

(a) remain same.

(b) changed due to change in the amount of charge.

(c) changed due to change in velocity of charged
particle.

(d) changed due to change in field direction.

—

The magnetic force F on a current carrying
conductor of length / in an external magnetic field

B is given by

IxB | xB
(a) 3 (b) .
(c) I(I xB) (d) I’ xB

A bar magnet of pole strength 10 A m is cut into
two equal parts breadthwise. The pole strength of

each magnet is
(a) 5Am (b) 10Am (c) 1I5Am (d) 20A m

A bar magnet has a magnetic moment of 200 A m”.
This magnet is suspended in a magnetic field of
0.30 N A" m™". The torque required to rotate the
magnet from its equilibrium position through an
angle of 30°, will be

(a) 30 Nm
(c) 60 Nm

(b) 30v/3 Nm
d) 60v3 Nm

Two identical bar magnets are fixed with their
centres at a distance d apart. A stationary charge Q is
placed at P in between the gap of the two magnets at
a distance D from the centre O as shown in the figure
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15.

16.

17.

18.

19.

20.

-------------------------

The force on the charge Q is
(a) zero (b) directed along OP

(c) directed along PO
(d) directed perpendicular to the plane of paper

A charged particle is moving on a circular path
with velocity v in a uniform magnetic field B. If
the velocity of the charged particle is doubled and
strength of magnetic field is halved, then radius
becomes

(a) 8 times
(c) 2 times

(b) 4 times
(d) 16 times

The particle that cannot be accelerated by a
cyclotron is
(a) proton
(c) electron

(b) o-particle
(d) deuteron nucleus.

Five long wires A, B, C,
D and E each carrying
current [ are arranged to
form edges of a pentagonal
prism as shown in figure.
Each wire carries current
out of the plane of paper,
the magnetic induction at
a point on the axis O is

(axis O is at a distance R from each wire)
(a) equal to zero (b) less than zero
(c) more than zero (d) infinite

Two charged particles traverse identical helical
paths in a completely opposite sense in a uniform

magnetic field B=B K

(a) They have equal z-components of momenta.

(b) They must have equal charges.

(c) They necessarily represent a particle-antiparticle
pair.

(d) The charge to mass ratio satisty.

() ()=

At a given place on the earth’s surface, the horizontal
component of earth’s magnetic field is 3 x 10~ T
and resultant magnetic field is 6 x 10~ T. The angle

of dip at this place is
(a) 30° (b) 40° (c) 50° (d) 60°
At two different places the angles of dip are

respectively 30° and 45°. At these two places the
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21,

2.

23,

24.

25.

ratio of horizontal component of earth’s magnetic

field is
(a) \/5\/5 (b) 1:\/5 (e) 152 (d) 1;\/5

If the horizontal component of the earth’s magnetic
field is 0.30 G, and the dip angle is 60° at a given
place, then the value of earth’s total magnetic field is

(a) 0.15G (b) 0.15V3G
(c) 0.15v2G (d) 0.60G

Biot-Savart law indicates that the moving electrons

(velocity ¥ ) produce a magnetic field B such that
(a) BLv
(b) Bl|V
(c) it obeys inverse cube law.

(d) itis along the line joining the electron and point
of observation.

A galvanometer of resistance 70 L2, is converted to
an ammeter by a shunt resistance r, = 0.03 Q. The
value of its resistance will become

(a) 0.025 Q (b) 0.022 €2
(c) 0.035Q (d) 0.030 €2
The cyclotron frequency v, is given by
B mB 21tm 271B
(@ = (®) 5 — (0 (d) —
2Ttm 2Tq qB gm

In a cyclotron, a charged particle

(a) undergoes acceleration all the time.

(b) speeds up between the dees because of the
magnetic field.

(c) speeds up in a dee.

(d) slows down within a dee and speeds up between
dees.

SECTION-B

This section consists of 24 multiple choice questions
with overall choice to attempt any 20 questions. In
case more than desirable number of questions are
attempted, ONLY first 20 will be considered for
evaluation.

26.

&/

D

In a permanent magnet, at room temperature

(a) magnetic moment of each molecule is zero.

(b) theindividual molecules have non-zero magnetic
moment which are all perfectly aligned.

(c) domains are partially aligned.

(d) domains are all perfectly aligned.

At certain place, the horizontal component of earth’s
magnetic field is 3.0 G and the angle dip at that place

is 30°. The magnetic field of earth at that location
(@) 45G (b)51G (c¢) 35G (d) 6.0G
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28.

29.

30.

31.

32.

33.

34.

35.

36.

The angles of dip at the poles and the equator
respectively are

(a) 30° 60° (b) 0°, 90°

(c) 45° 90° (d) 90°, 0°

A jet plane is travelling west at 450 metre per
second. If the horizontal component of earth's
magnetic field is 4 x 10 Tesla and angle of dip is
30°, then its vertical component is

(a) 3x107*T (b) 4x107*T

(c) 23x107*T (d) 12.308 x 107* T

The angle between the true geographic north and
the north shown by a compass needle is called as
(a) Inclination (b) Magnetic declination
(c) Angle of meridian (d) Magnetic pole

To produce a magnetic field of 7t tesla at the centre
of circular loop of diameter 1 m, the current flowing
through loop is
(a) 5x10°A

(c) 2.5x 10° A

(b) 10" A
(d) 2x 10° A

A circular current carrying coil has a radius R.
The distance from the centre of the coil on the axis
where the magnetic induction will be (1/8)™ of its
value at the centre of the coil, is

(@) R/\3 (b) RV3
(c) 2R3 (d) (2/3)R

A charge g moves with a velocity 2 m s along
x-axis in a uniform magnetic field B = (? + 2;+ 3!2) I
then charge will experience a force

(a) in zy plane (b) along -y axis

(c) along +z axis (d) along -z axis

At a certain location in Africa, compass points 12°
west of geographic north. The north tip of magnetic
needle of a dip circle placed in the plane of magnetic
meridian points 60° above the horizontal. The
horizontal component of earth’s field is measured
to be 0.16 G. The magnitude of earth’s field at the
location is

(a) 032G (b) 042G (c) 42G (d) 3.2G

In the magnetic meridian of a certain place the
horizontal component of earth’s magnetic field is
0.25 G and dip angle is 60°. The magnetic field of

the earth at this location is
(a) 0.50G (b) 052G (c) 054G (d) 0.56 G

The equatorial magnetic field of earth is 0.4 G. Then
its dipole moment on equator is

(a) 1.05x10° Am*  (b) 2.05x 10 A m°

(c) 1.05x 10" Am*  (d) 2.05x 10°' Am’



3

38.

39.

40).

41].

42.

43,

Which one of the following is not correct about
Lorentz force?

(a) In presence of electric field E(r) and magnetic
field B(r) the force on a moving electric charge
is F = q[E(r) +¥ X B(r)].

(b) The force, due to magnetic field on a negative
charge is opposite to that on a positive charge.

(c) The force due to magnetic field become zero if
velocity and magnetic field are parallel or anti-

parallel.
(d) Forastatic charge the magnetic force is maximum.

A straight wire having mass of 1.2 kg and length of
1 m carries a current of 5 A. If the wire is suspended
in mid-air by a uniform horizontal magnetic field,

then the magnitude of field is
(@) 0.65T (b) 1.53T (c) 24T (d) 32T

A 2.5 m long straight wire having mass of 500 g
is suspended in mid air by a uniform horizontal
magnetic field B. If a current of 4 A is passing
through the wire then the magnitude of the field is
(Take g=10m s7%)

(@) 05T (b) 06T (c) 0.25T (d) 0.8T

A current of 10 A is flowing in a wire of length 1.5 m.
A force of 15 N acts on it when it is placed in a
uniform magnetic field of 2 T. The angle between

the magnetic field and the direction of the current is
(a) 30° (b) 45° (c) 60° (d) 90°

The magnetic force per unit length on a wire
carrying a current of 10 A and making an angle of

45° with the direction of a uniform magnetic field
of 0.20 T is

(a) 2J2 Nm™! (b) L] Nm™
E 7
&) X N (d) 4¥2 Nm™!

2
Magnetic moment for a solenoid and corresponding

bar magnet is
(a) equal for both (b) more for solenoid
(c) more for bar magnet (d) none of these

A uniform conducting wire of length length 12a
and resistance R is wound up into
four turn as a current carrying
coil in the shape of equilateral
triangle of side a. If current I is
flowing through the coil then the

magnetic moment of the coil is

2 2
@ VB2 o YL (© Ve @ 2]

2 J3 J3

44. Magnetic field at the centre of a circular loop of area

45.

46.

47.

A is B. The magnetic moment of the loop is

2
) 22 ) BAVA
HoT Mo
Q BA+ A 0 2BAVA
Ly Te Mo/

Given below are two statements labelled as

Assertion (A) and Reason (R)

Assertion (A) : The magnetic field intensity at the

centre of a circular coil carrying current changes, if

the current through the coil is doubled.

Reason (R) : The magnetic field intensity is

dependent on current in conductor.

Select the most appropriate answer from the options

given below:

(a) Both A and R are true and R is the correct
explanation of A.

(b) Both A and R are true but R is not the correct
explanation of A.

(c) A istrue butR is false.

(d) A is false and R is also false.

Given below are two statements labelled as

Assertion (A) and Reason (R)

Assertion (A) : A linear solenoid carrying current

is equivalent to a bar magnet.

Reason (R) :The magnetic field lines of both are

same.

Select the most appropriate answer from the options

given below:

(a) Both A and R are true and R is the correct
explanation of A.

(b) Both A and R are true but R is not the correct
explanation of A.

(c) A istrue but R is false.

(d) A isfalse and R is also false.

Given below are two statements labelled as

Assertion (A) and Reason (R)

Assertion (A) : Vibration magnetometer can be

used to compare the magnetic moment of two bar

magnets.

Reason (R) :By using vibration magnetometer we

can find the time period of vibration of the magnet.

Select the most appropriate answer from the options

given below:

(a) Both A and R are true and R is the correct
explanation of A.

(b) Both A and R are true but R is not the correct
explanation of A.

(c) A istrue but R is false.
(d) A isfalse and R is also false.
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48. Given below are two statements labelled as

Assertion (A) and Reason (R)

Assertion (A) : Free electrons always keep on

moving in a conductor even then no magnetic force

act on them in magnetic field unless a current is

passed through it.

Reason (R) : The average velocity of free electron is

Zero.

Select the most appropriate answer from the options

given below:

(a) Both A and R are true and R is the correct
explanation of A.

(b) Both A and R are true but R is not the correct
explanation of A.

(c) A istrue butR is false.

(d) A isfalse and R is also false.

49. Given below are two statements labelled as

Assertion (A) and Reason (R)

Assertion (A) : The ion cannot move with a speed

beyond a certain limit in a cyclotron.

Reason (R) : As velocity increases time taken by ion

Increases.

Select the most appropriate answer from the options

given below:

(a) Both A and R are true and R is the correct
explanation of A.

(b) Both A and R are true but R is not the correct
explanation of A.

(c) A istrue butR is false.

(d) A isfalse and R is also false.

SECTION-C

This section consists of 6 multiple choice questions
with an overall choice to attempt any 5. In case more
than desirable number of questions are attempted,
ONLY first 5 will be considered for evaluation.

50. An arc of a circle of radius R subtends an angle % at

the centre. It carries a current I. The magnetic field
at the centre will be

ol bo!

(2) 55 (b) S5
ol 2/

(c) 15 (d) 5P

51. A steel wire of length [/ has a magnetic moment
M. 1t is then bent into a semicircular arc. The new
magnetic moment 1s

) 22

T

(a) M (c) % (d) MxI
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Case Study : Read the following paragraph and
answer the questions :

Force on a charged particle in a uniform electric and
magnetic field

When a charged particle of charge g moving into a

uniform electric field E, the force acting on it is given
by F=gE .

The direction of F is same as that of E is positive if g is
+ve and —E if g is —ve.

When a charged particle of charge g, moving with
velocity 7 is subjected to a uniform magnetic field B,
the force acting on it is F = q (V X B);, F= qvB sin 6
where 0 is the angle between v and B.

The direction of this force is perpendicular to the plane

containing v and B.

]

F=0 it v=0, i.e., a charge at rest does not experience
any magnetic force.

F=0 it ©=0 or180° i.e., the magnetic force vanishes
if y is either parallel or antiparallel to the direction of B
Force will be maximum it 6 = 90° ie., if V is
perpendicular to B, the magnetic force has a maximum
value and is given by F_ .. = qvB.

The following questions are multiple choice questions.
Choose the most appropriate answer :

52. A proton, a deuteron and an o-particle accelerated
through the same potential difference enter a region
of uniform magnetic field, moving at right angles to
B. What is the ratio of their K.E.?

(2] 2:1:1 (b) 2:2:=1
e) 1:2:1 (d) 1312

53. An o particle and a proton having same momentum
enter into a region of uniform magnetic field and
move in circular paths. The ratio of the radii of
curvature of their paths, R /R, in the field is

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

54. Electrons moving with different speeds enter a
uniform magnetic field in a direction perpendicular
to the field. They will move along circular paths
(a) of the same radius
(b) with larger radii for the faster electrons
(c) with smaller radii for the faster electrons
(d) either (b) or (c) depending on the magnitude of

the magnetic field.

55. A strong magnetic field is applied on a stationary
electron. Then the electron
(a) moves in the direction of the field
(b) remains stationary
(c) moves perpendicular to the direction of the field
(d) moves opposite to the direction of the field



1. (a) : The torque acting on the coil

| T |=|#1x B|=mBsin O

Here the circular coil is placed normal to the direction of
magnetic field then the angle between the direction of
magnetic moment (777) and magnetic field (B) is zero, then
T = mBsinO = mBsin 0 = 0 T=0

2. (a) : Parallel currents attract and antiparallel
currents repel.

Due to both 20 A (P) as well as 60 A (R), the force on Q
is towards left.

3. (d) The force between two parallel current
carrying wires is independent of the radii of the wires.

4. (a) : Force per unit length
between two parallel current carrying
wires separated by a distance b

_ Mo 2L, My 2I°
4t b 4T b

5. (d) : Magnetic dipole moment of
a curret carrying coil, M = NIA

It does not depend upon the material of the turns of
the coil

6. (a)

7. (a) : When cut along the axis, area of cross-section
becomes half. Therefore, pole strength is halved and
M = m (2]), is also halved.

8. (a) : Total torque on the coil, T = BIANsinO
where 0 is the angle which the normal to the plane of

the coil makes with the direction of magnetic field.
Here, 0 = 0° T=0

9. (d) : The required torque is, T = NIABsin0
Here, N=50,1=2A,A=0.12m x 0.1 m =0.012 m°
B=0.2Wbm“?and 0 = 90° - 30° = 60°
T =(50)(2 A)(0.012 m?)(0.2 Wb m ™) sin60°
=0.20Nm

10. (¢) : F=g(¥x B) F =qvBsin©
which shows magnetic field is velocity dependent due
to which it differs from one inertial frame to another.

11. (¢)

12. (b) : The pole strength of bar magnet = 10 A m
Since, if bar magnet is cut into equal parts breadthwise
then the pole strength of each magnets will always be
same. i.e. 10 A m.

[,a ' Wi

(I, =1, =1)

13. (a) : Torque experienced by a magnet suspended in
a uniform magnetic field B is given by t = MBsin 6

Here, M =200 Am*, B=030NA"'m™ and 6 = 30°
7= 200 % 0.30% s5in 30"
T= 30 Nm

14. (a) : Magnetic field due to bar magnets exerts force
on moving charges only. Since the charge is at rest, zero

force acts on it.

mv2 my

= r=—
r Bg

According to statement, v' = 2vand B’ =—
- mv' o m(2v)  4mvy 2
B’q (B/2)q Bgq
16. (c) : Cyclotron is suitable only for accelerating
heavy particles like proton, deuteron, o-particle etc.
Electrons cannot be accelerated by the cyclotron
because the mass of the electron is small and a small
increase in energy of the electron makes the electrons
move with a very high speed. As a result of it, the
electrons go quickly out of step with oscillating electric
field.
17. (a) : Magnetic field induction due to five wires will
be represented by various sides of closed pentagon in
one order, lying in the plane of paper. So, its value is
Zero.

18. (d)
19. (d) : As B;;=Bcos 0

B, 3x10™ 1
. cosd=—H = -=—;8=60°
B 6x10° 2

20. (a) : Horizontal component, B;; = BcosO
By, = Bcos30° and By, = Bcos45°

Thus,
J3

by - €0s30° 9) J3

15. (b) : Bgv =

!

r = 4y

B, cos45° 1 2

2 H —

V2
21. (d) : B;=0.30G
Angle of dip, 0 = 60°
Let earth’s total magnetic field = B
Then, Bcosd = By,
By,  0.30

cosd  cos60°

22.(a) : Bl ¥
Magnetic field produced by charges moving with
velocity v , at a distance r is

. pﬂ) @"XF)
B=|—1|
(471: q( rz

—

Therefore, B | v
23. (d) : Here, Rg =70 € r.=0.03 )
R, 70 % 0.03

R=—2— - R=
B 41 70 + 0.03

=0.60G

=% B=

=~ (.03 €2
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24. (a) : The cyclotron frequency v, is given by 23: "

25. (a) : In a cyclotron, charged particle experiences
coulombic force between the Dees and magnetic
force while circulating inside the Dees, i.e., it always
experiences a force.

26. (c) : A permanent magnet at room temperature
retains a ferromagnetic properly that possesses a dipole
moment. And domains are partially aligned due to
thermal agitation.

27. (¢) : Given By;=Bcos0=3G, 0 =30°
by 3
cos30° +/3/2

28. (d) : Since angle of dip at a place is defined as
the angle o, which is the direction of total intensity of
earth’s magnetic field B makes with a horizontal line in
magnetic meridian,
At poles B = By, and By, = B sind
;. sind=1=0=90°
At equator B = B;;and By; = Bcosd

cos0 =1=0=0°.
29. (c) : Given, B;=4x 107*T, 8 =30°
AsB,=Bytand =4 x 10 xtan 30°=2.3 x 10 T
30. (b) : The angle between the true geographic north

and the north shown by a compass needle is called as
magnetic declination or simply declination.

B=

—3.J3 =350

MOZRI

31. . B=
(c) 41T r

_ZBr_ZXRXOB

Uy  4mx107
2
Ly 2TIR
32 (b) - Baxis ST 2 3/2

—25%10° A

or [

At centre, B =
centre 471: R

In the given problem,
21IR? ] [ Ky 2ml }

Mo o -

AT (R*+x*)* 8|4m R

or (R*+x%)**=8R’

Solving, we get X = V3R

33. (a) : F=q(¥ x B)

=gl(2ix(i+2j+3k)] =(4q)k—(69) ]

So, the charge will experience force in zy plane.

74
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34. (a) : Here, B;; =0.16 G=0.16 x 107* T,
dip angle (9) = 60°

Then, magnitude of earth’s field.

By 0.16x107"

B= = T
cos®  cos60°
0.16x10™"
=% B= 6
1/2
=0.32x 10" T=0.32G
By
35. (a) : Here, B;; =0.25 G and cos0 = 53
The magnetic field of earth at the given location is
B 0.25
B=—1_—=""=050G
cos60° 1/2
36. (a) : Here, B, =04G=04x10"T, r=6.4x10°m
As By= —0”
AT 43
o Ber’  0.4x107* x(6.4%x10°)°
W, /4T 1077

= 1.05 x 10> A m>.

37. (d) : If charge is not moving then the magnetic
force is zero.

Since F, = g(V x B)

As v =0, for stationary charge

—

F, =0
38. (c) : For mid-air suspension the upward force F on
wire due to magnetic field B must be balanced by the
force due to gravity, then

IIB = mg; B=—=

1l
Here,m=1.2kg,g=10ms*I=5A,l=1m
1.2 X10
B= =24T
5X1

39. (a) : Here, m=500g=0.5kg, =4 A,/=25m
As F =IIBsinO

mg = IIB sin 90°, (.- ©=90°and F = mg)

0.5x10
B=—%= =05T
Il  4X%2.5 -
40. (a) : F=1IIBsinO or sin@=—
15 1B
Sin9= —_ — or 6:30“:’r
10152 2
41. (b): I=10A,06=45°,B=02T
F=1IB sin ©
P 1 2 g
—=JBsin45°=10xX02X—=— Nm |
/ J2

42. (a) : Since a bar magnet and a corresponding
solenoid produce similar magnetic fields. Hence the
magnetic moment of a bar magnet is equal to the



magnetic moment of an equivalent solenoid that
produces the same magnetic field.

43. (c) : Magnetic moment M = NIA

3
:4><I><a2—=\/§a21

4
44. (d) : Let r be the radius of the circular loop.
A
A=1r* or r=,—
T

Magnetic field at the centre of the loop is

Mol — Mol 2B |A
Bzziz = or I= \/7
T, A Ho VT

\n

The magnetic moment of the loop is
ol 2B [A,2BAVA
Ho Vn

Ho ¥V T
45. (a) : The magnetic field at the centre of circular
Wy 21tnl

4T a
So if current through coil is doubled then magnetic

field is B" = 2B.
The magnetic field also get doubled. The magnetic field
is directly proportional to the current in conductor.

coil is given by B =

46. (a) : The magnetic lines of force due to current
carrying straight solenoid is same as that of bar magnet
(That’s why at some places solenoid is used as temporary
magnet).

47. (b) : Using vibration magnetometer we can find
time period of vibration of magnet which is given by

|
\| MBy,
Where M = magnetic dipole moment
BH = horizontal component of earth’s magnetic field.
Using magnetometer we can find out time period of
two magnets. Using above formula we can compare

., . M, T
their magnetic moment by — =—-.

M, T,

48. (c) : In the absence of the electric current, the
free electrons in a conductor are in a state of random
motion, like molecule in a gas. Their average velocity
is zero, i.e., they do not have any net velocity in a
direction. As a result, there is no net magnetic force
on the free electrons in the magnetic field. On passing
the current, the free electrons acquire drift velocity in a
definite direction, hence magnetic force acts on them,
unless the field has no perpendicular component.

51" =2

49. (a) : Asvelocity increases, the positive ion will take
longer time to describe semicircular path than the time

for half cycle of oscillating electric field. As a result of it
the ion will not arrive in the gap between the two dees
exactly at the instant, the polarity of the two dees in
reversed and hence will not be accelerated further.

50. (b) : Magnetic field at the centre of a circular arc of
radius R, carries current I and making an angle ¢ at the
centre is given by

I i
B=MG¢ E
4TR . R,
In the given problem ¢ = > |: o=90°
B_uol(n/Z)_u_[J R
4TR 38R
51. (b) : Magnetic moment of a wire of length [ is
M = ml ..(1)
& =
4 l >

where m is the strength of each pole.
When the wire is bent into a semicircle of radius r, then

[

l=mr or r=—
n ¥
Now, the distance between two
poles 1€ 2r bl
21
= 2r = —
n ™ .
[ts new magnetic moment is
, 9 9 OM
M =mx2r=mXx—=—(mx[)=—— (Using(i))
T T T

52. (d) : K.E. gained by charged particle of charge g
when accelerated under a potential difference V will be
K=gV.

For a given V, Ko< g.

For proton, deuteron and o.-particle, the ratio of charges
15 121§ 2,

53. (a) : a-particle = ,He"

. charge = 2e,

Proton = ;H', ..charge =

Momentum, mava = m,v,

For circular motion in uniform magnetic field,
2

my

quzT or BqR = mv BgaRa = Bq,R,
R q 1 R 1
01' _(I':_pziz_ "- —{1:—
R, q, 2 2 R, 2

2
my m
: =Bgy or mv=Bgr or r=|— |v
54. (b) : q q (Bq)

As m, g and B are the same for all the electrons, r o v.
55. (b) : As F=4 (v x B)
As the electron is stationary, .. velocity y =0.

—

. F=0. So, electron will remain stationary.

A
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