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Here, the references of few are given :

Exam Q. MTG Book Q. No. P. No.
No.
NEET Champion (XI) 78 305
NEET Champion (XII) 60, 61 37
NCERT Fingertips (XII) 42 54
NEET Champion (XII) 12 120
12 NCERT Fingertips (XII) b3 301
15 NEET Champion (XI) 12 3
17 NEET Guide (XI) 107 144
19 NEET Champion (XII) 43 344
22 NEET Guide (XII) 29 311
25 NEET Champion (XII) > 128

SECTION-A

A body is executing simple harmonic motion with

frequency ‘n, the frequency of its potential energy is

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

Polar molecular are the molecules

(a) having a permanent clectric dipole moment

(b) having zero dipole moment

(¢) acquire a dipole moment only in the presence
of electric field due to displacement of charges

(d) acquire a dipole moment only when magnetic
field is absent.

Column-I gives certain physical terms associated
with flow of current through a metallic conductor.
Column-1I gives some mathematical relations
involving electrical quantities. Match column-T and
column-1II with appropriate relations.

Column-I Column-II

(A) Drift velocity (P} —
m’zp

(B) Electrical Resistivity (Q) nev,
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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. w

Exam Q. MTG Book Q. No. P.
No. No.
27 NEET Champion (XII) 153 242
28 NEET Champion (XII) 2 212
30 NEET Champion (XII) 219 85
5 NEET Guide (X1} 185 270
als MNEET Guide (XI) B 141
38 NCERT Fingertips (XI) 58 240
40 NEET Champion (XII) 74 176
41 NCERT Fingertips (XI11) 67 471
42 NEET Guide (XI) 56 182
45 NEET Champion (XII) 98 198

and more such questions ......
(C) Relaxation Period (R) Lﬁt
i
(D) Current Density (S) ;

(a) (A)-(R), (B)-(Q), (C)-(S), (D)-(P)
(b) (A)-(R), (B)-(S), (C)-(P), (D)-(Q)
(c) (A)-(R), (B)-(5), (C)-(Q), (D)-(P)
(d) (A)-(R), (B)-(P), (C)-(S), (D)-(Q)

Two charged spherical conductors of radius R, and

R, are connected by a wire. Then the ratio of surface

charge densities of the spheres (0,/G;) is

@ mA @k
Ry R; R

N
R,
Q) |5
() ’\[EE]
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

(€g = permittivity of free space)



10.

2 . .3
(a) E-Ad (b) EERIE_
£ |
(c) g,EAd (d) EEUEEA-:."
An infinitely long ) R e
straight conductor
carries a current of 5 A
as shown. An electron E‘lcm
is mm_'ing with a speed .
of 10° m s parallel P A D

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 107" N (b) 4 x 107" N

(c) 8T x 107 N (d) 4 x 107" N

If Eand Grespectively denote energy and gravitational
constant, then E/G has the dimensions of

(a) [M[LA][T Y] (b) [M?][L [T

(c) [M][L)[T] (d) [M][L][TY]

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) a large area of the objective ensures better light
gathering power

(c) a large aperture provides a befter 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 ®) Ll,..72
3

speed of gas molecules

(B) Pressure exerted by (Q) ART
ideal gas M
(C) Average kinetic energy (R) 5/2 RT

of a molecule
(D) Total internal energy
of 1 mole of a diatomic gas

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

(b) (A)-(R), (B)-(P), (C)-(5), (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.

(S) 3/2K,T
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11.

12.

13.

14.

16.

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

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

(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 ¥
electric field as shown. In
which direction will it move? e
: = o F s = —3
(a) Towards the right as its *:;‘---;r-q"-_-q"-*t
potential energy will oy
increase. h‘“‘a

(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
(a) 30 (b) 25 (c) 15 (d) 50
The escape velocity from the Earth’s surface is v.
The escape velocity from the surface of another
planet having a radius, four times that of Earth and
same mass densily is
(a) 4v (b) v (c) 2w (d) 3v
A radioactive nucleus X undergoes spontaneous
decay in the sequence #4X — ; B — 7 3;C — ;,D,
where 7 is the atomic number of element X. The
possible decay particles in the sequence are
(a) Broon Bt (b) o, P, P~
(c) o pLp (d) B o B

5. 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 [rom the above dala 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,

22,

flowing through LCR series circuit is 1052 A. The
impedance of the circuit is

@ 50 — T —— ——AAAA—
(b) 442 Q — () — I () - — 40
(c) 5/V2Q O
(d) 4 Q Vv

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 (38 S 3g8
() =, == (b) =i
4 2 4 2
S J3g8 S +f3gS
(c) =, d) = =
4" 2 { 2. 2

A small block slides down on a smooth inclined
plane, starting from rest at time t = 0. Let S, be
the distance travelled by the block in the interval

{=mn-11to!=mn.Then, the ratio i 15
n+1
2n 2n — 2n — 2n+1
(a) by 2=l (o =1 (g 22
2n -1 2n 2n+1 2n—1

The half-life of a radioactive nuclide is 100 hours.
The fraction of original activity that will remain
after 150 hours would be

2 1 2

: £ b) 1/2 E dl =
hjS-.E (b) {L}Eﬁ ()3
The equivalent capacitance of the combination
shown in the figure is

6

| |

—_— EREY 0t

| |

| |

C
(a) 3C/2 (b) 3C (c) 2C (d) Cf2

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) 02582 (c) 0.5 (d)1Q

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 (b) 0.9 MeV
(c) 9.4 MeV (d) 804 MeV

23.

24,

26.

28.

. Find the value of the angle of

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 cach 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) 107 (d) 10

. A thick current carrying cable of radius ‘R’ carries

current ‘T" uniformly distributed across its cross-
section. The variation of magnetic field B(r) due to
the cable with the distance v’ from the axis of the

cable is represented by

(a) EE (b) l
ro—- e

(c) B (d) l A
i :r—-h-

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

(a) 2Mg (b) ? (c) Mg (d) %Mg

emergence from the prism.

Refractive index of the glass is

V3.

(a) 90° (b) 60° & 60°
(c) 30° (d) 45°

A capacitor of capacitance "C, is connected across
an ac source of voltage V, given by
V = Visinmt
The displacement current between the plates of the
capacitor, would then be given by
(a) 1; = V,oCsinmt (b) 1, = V,mCcosmt

Fo

(d) I, =—-sinox
) J wl

L_.-"
(c) 1,=—Lcosmr
47 wC
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29.

31.

32,

34.

35.

If force [F], acceleration [A] and time [1] are
chosen as the fundamental physical quantities. Find
the dimensions of energy.
(a) [FI[A'][T]
(c) [FI[A][T?]

(b) [F][A][T]
(d) [FI[A][T']

. In a potentiometer circuil a cell of EMF 1.5V 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) 60 ecm  (¢) 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

(¢) 6.28 s (d) 3.14 s

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

(b) j+k, j+k
(d) j+k,—j-k

(a) -f+ i}, - ;+£:

(C] _.f+'§-!_..l;:‘_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

5 13 13 10
(a) o (b) o () 5 (d) i

An electromagnetic wave of wavelength ‘A’ is
incident on a photosensitive surface of negligible
work function. If ‘m’ mass is of photoclectron
emitted from the surface has de-Broglie wavelength
A then

(a) A= ﬁ]ﬁ (b) A= E?'];Ikﬁr
\ e Wils
= : i

(c) A= ';’:L ];H (d) %= ﬂ):ﬂj

Water falls from a height of 60 m at the rate of
15 kg s7' to operate a turbine. The losses due
to frictional force are 10% of the input energy.
How much power is generaled by the turbine?

(g=10ms?)
(a) 7.0 kW (b) 10.2 kW
(c) 8.1 kW (d) 12.3 kW

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 | OQCTORER 21

38.

. A point object is placed

(a) 1980 V
(c) 1320V

(b) 660 V

(d) 1520 V

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 ¢m 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

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

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

SRRV

=

=
60 cm 40 cm

virtual image.

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.

41.

particle is

W B (b) R(L]
1 -k~ 1-&
2
(c) R( a ] d) Rk
€ ¥ 1+ &

In the product

F=g(vxB) =qvx(Bi+Bj+Byk)
Forg=1and v=2i+4/j+6kand
F=4i-207+12k

What will be the complete expression for g?
(a) 6i+6;—8k (b) —8i—87—6k
(c) —6i—6j—8k (d) 8i+8)-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
@Rk ok 9k @K

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?

Ao— :] X

B o———

%},

co Xz



42,

43,

44,

5
A 90— | | | | -
M= i —
5| ; i : : : .
i 0 !
F § i 1, t, t. L,
(a) 4 | | | | | f
5
(b) — oV
(©) sV
(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

| 3 7 l
(a) = (b) = (o) = (d) —

8 4 8 4
Three resistors having resistances ry, r, and r; are
connected as shown in the given circuit. The ratio
3 of currents in terms of resistances used in the
f
circuit 1s

i3 T2
i
..'4 J’l H
T'3 s
(a) 2 (b)) L— ( 2 (4l
Ht+n r+n o+ n+r

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 velocily and
acceleration of the ball at t = 6 s7 (Take g= 10 m s %)
(a) }lﬂ\E m s_l, 10m s 2

(b) 20 m s}, 5m s

(c) 20m s, 0 (d) 2082 ms7L, 0

. A step down transformer connected to an ac mains

supply of 220 V is made to operate at 11 V, 44 W
lamp. lgnoring 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 s ?) nearly

(a) Ldkgms! (b) 0 kg m s

(c) 42kgm s (d) 2.1 kg m s!

A series LCR circuit containing 5.0 H inductor
8 UF capacitor and 40 £ 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 57!

(b) 25 rad 5! and 75 rad s

(c) 50 rad s! and 25 rad s7!

(d) 46 rad s™! and 54 rad s7!

A uniform rod of length 200 ¢m 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 "1’ such that the rod is in equilibrium.
(g=10ms?)

2Wem 40 em 160 cm

Fay

2 kg i

] 1 | |
a) — ko b)Y —ke c)] —ko d) —ke
(}125()25 {Jjb {}GL

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 T
2T T
{i’l} E}::;i]]_l ""’j ] {h} E}:uﬂﬂ_][éj ]
R KR
i 18 T
(¢) B=cos”’ - (d) B=sin""! .
g7 gr-

A uniform conducting wire of length 12a 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) 3la’ and Ia’

(b) \.EL:;E and 3/a*
(d) 3Ia’and 41a’

PHYSICS FOR YOU | 0CTOBER ‘21
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SOLUTIONS

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

¥ = Asinmt = Asin (27mnt) ali)
where, A is amplitude, @ is angular frequency and y is
displacement at time f.

‘The formula of potential energy is

U =Lk Asin? o
2
T o [i — cos 20 ]: lkﬂj[] - cnsl“.rt:{ln}r] (i)
2 7 2 2
2 sinzﬁ=—l_c§szﬁ]

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.

ek
3. (b):lhe formula of drift velocity is, v, =—1
m
: I nedv,
Current density, J = —= d = pev,
A A
P e . i i
Resistivity is, p= — = k=
ne” T e p
Resist 'RF pf Ee’:}pEAE
esistance is, R=— ; P—=— = —=—
! A 1 I J

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

T = relaxation time.

kg o kg, | R’y (i)
Rl R ¢ R
Ratio of surface charge densities

4. (c) :When the two spheres
arc connected by conducting wire,
the potential of both the spheres
hECDI'I'I €5 54ImeE.

=V, =

0
2 2
o) _ 4nRf _ R% w —[R2 ] w2 (From (i))
o _ 92 R @ \R R,
AmRs

o _RK

o, R
5. (d): The capacitance of a parallel plate capacitor of

plate area A and separation d is given by C = %
The potential is given by V = Ed
where E is electric field.

| 7
Energy, U=—cCV2=mnx4 242 ; U=—g,E2Ad
2 d »

12
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6. (a):'lhe magnetic field e
due to a straight wire at the TF_]{}; :ﬁ_.
location of electron is
20 cm
Wy 2f
B=E0.= \
i r 5 ]-—E:I
2}:"5 A 5.1':&.
B=10""x = =50x 1077 T(k)

The direction is given by right hand thumb rule.
The force on charged particle moving in magnetic
field is, I = g(v % B)

F=-16x10"x(10°1x50x107k) ; F=gx10"°N

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

: A
So, the dimensions of [i]= (MLT 7] -

Gl M1
= [M*][L][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

1,220
where, D is diameter or aperture of lens and A is
wavelength of light used.

So, all options are correct.

9. (d):The rms velocity is, v_ = ||3nFE.'_T
J'L!f

where, R is a gas constant, M = molecular mass,
T = absolute temperature. So, A= Q

[M2L 1 TY]

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

. . T .
Pressure exerted by ideal gas is S where m is

mass of each molecule, » = number of molecules,

v =rms speed. So, B> P.
Average kinetic energy of a molecule ; kpT

where, kp = Boltzmanns constant, 1" = absolute
temperature. 5o, C = 5.
Total internal energy of 1 mole of a diatomic gas,

[ =§RT. So,D > R.

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 ;5 V,=07V

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. (¢) : Given: f, =20 cm, f, = -5cm
Equivalent focal length, f= =

(As the rays are parallel)

By using Newton’s displacement formula

Lo ko W
A o 4L
L O YL
o 20 5 20(-5)
5-20+d
Ll PGP e
20x5
. 20 M
13. (a) : The formula of escape velocity is v= -

where, G = gravitational constant, M = mass
and R = radius.

Mass, Af = —T‘[R}I:} where, p is density of planet

R 3
wOr
v=,[l— Rp (D)
A

Let the escape wra:lu::v:.it:-,F on planet is v/
For planet, " =4R,p"=p

8GT
V= —F-’ ...(ii)
Divide eqn. ( b}f (ii), we get
v '\‘ R v R P
v =4y
14. (d): A radioactive nucleus 5X undergoes

spontancous decay as shown here,
| 1l LI

P R R TV

I step : atomic number decreased by 1 unit, so it is [3*
decay.
11 step : atomic number decreased by 2 units, so it is o
decay (o).
I1I step : atomic number increased by 1 unil, so it is 3"
decay.
15. (a) : Given : Pitch = 1 mm, Number of division on
circular scale, N = 100
Pitch 1

No100
So, diameter, d = main scale reading + (circular scale

reading x least count)
d=0+52x%x001;d=052mm;d=0052cm

16. (a) : Given, V;, =40V, V=10V, V; =40V
JI':m'm - \/VE +{Vf. 3 VE"}E

Least count, L.C. = =(0.01 mm
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= 402 + (40 -10)>= 50 V
oA A —— 1) V—— ) V—

Lh=10V2A AT ——AAA—
%m:jlﬂﬂﬁ !
Impedance, >
g _Vems _30_oo v
L. 10

17. (a) : Let the point is P where K.E. is three times of
PE.
Let the height fall is x and speed at Pis v.
KE, =3 PE, = 3mg (S - x) A1)
Use conservation of energy S x
PEattop=PEatP+ KEat P p <
mgS = mg(S - x) + KE,
KF.IJ = mgS - mg(S - x) ..(11)
From (i) and (ii)
3mg(S — x) = mgS — mg(S - x)
4mg (S - x) = mgS

is

A==

45 -4x =85 =

So, S—x= S—ﬁzi
4 4

1 5 :
p =My =3mg(§ — x)

=

Now, KE

3gS

v 35 Ve By
—=3g| 5§ -—— —_—= - -

2 -

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

Distance travelled in #™ second, § 4 =w +—a(Zn-1)
R

2
: 1
'5,-;‘]" :E-:II[EH— 1) )
- |
Sipeny = E“E(”‘" 1)—1] {11
On dividing eqn (i) by (ii), we get
S _(2n -1
S{J'il—l‘,l'l'l-'- {2” *+ ”
19. {C} : Half-life, T],-'g =150 hr
Time, T= 100 hr
- n
By the formula of radioactivity, L (l]
Ny \2
where, n = number of half lives = 150 s 3
00 2

32
N
S0, = (l] _—

Ji.lll'lrl:} 2 2 ‘\.4"'5

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



ey
o=

M. (c) it =

|
C B
Here, AB arm is short, so the two capacitors Cand Cin

parallel, C,=C+ C=2C

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

Resistance of each wire is ‘R.

For parallel combination, R,,=0.25 L2

When wires are connected in parallel,

| | | | R A L
= = + + ¥ ——t—t— 1 —
R, R R, R, R, R, R R R R
| 4
LT, Ny
0.25 R

So, resistance of each wire is 1 €.
Now, wires are connected in series. Then, equivalent
resistance 1s
R,=Ri+R;+R;+R;R, =10+1Q+1Q2+10Q=40Q
Hence, the equivalent resistance in series will be 4 ohm.
22, (a) : Let the parent nucleus be X which breaks into
two fragments Y.
M0y 40120y
Binding energy X, B.E.,, = 240 x 7.6 = 1824 MeV
Binding energy of Y, B.E., = 120 x 8.5 = 1020 MeV
Energy released, E = 2(BE)y - (BE)y

=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 Walt
Wavelength, A = 600 nm = 600 x 10~ m
Number of photons emitted per second is
Ph _33x107° x600x 107

H:._

he  6.6x10 7 x3x10°
n =101

25. (d) : By Ampere’s circuital law,
Lj}ﬂ -ell = 11y % current enlosed by path

-
L

!
= B-2mr=p; X F,, = B= u”h: (for r < a)
a” 2md”
At surfaceof r=a,s0 B = tof
2 T
BT“—HI (forr > a) i :
2mr !
The variation of magnetic field with /:\

distance v’ from the axis is given by

26. (b) : Given, Mass of ball = M
Density of ball = 4

b | R

Density of glycerine =

Viscous force = weight — buoyant force = vdg - 1{£ )g

= vdeg [.I —% ]= ng )

Also mass, M = vd
So, from equation (i),
Mg

Viscous force= e

27. (b) : Let Zeis angle of emergence and Zi is angle of
incidence.
Form Snell’s law at point P

sini W,
sinr U,
Zi =30° p
S :innl_’iﬂc' _ By _"E;_/ """
sine W,

. 3 1
SII][’:£E— or ¢ =60°
] 2

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

Cdl
Ii=
d i
Cd :
{4 =— (Fpsina
) (it J )

= [;=CVym cosini
29. (c) : Let for energy, [E] = F*AMTY
or [MIL2T-?] = [MLT2]*[LT-2]F[T]
J.T'VI][JET_E = M©L™ + [ T—EH! -2B+y
Comparing from both sides, ot = 1
g+p=2= p=1
“20-2p+y=-2 = y=2
Energy = [F][A][T?]
30. (b) : Given, Balancing point /, = 36 cm when voltage

applied is 1.5 V.
Vo= 5V L =2

A e
Potential gradient, k= Fuls v
i 36
If I, be the balancing length in second case, then
3
3 Xl =25 or b =060cm
6 " -
31. (a) : Force constant of spring, & _B
Here, F=10N,x=5cm =
k= m“ =200 N/m
0.05

If the mass of 2 kg is suspended by the spring, then
period of oscillation is
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T=2Tl:,||i=2ﬁ}(ﬂ.1 ;T =0.628 5
200

32. (c) : As Eand 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 Ex B is along i.
Out of given options, only (- + k), (- j — k) follow the
above conditions.

33. (c) : Initial temperature (T;) = 90°C
Final temperature (T}) = 80°C

Room temperature {TU} =200,

Let time taken be f minutes.

According to Newton’s law of cooling,

Rate of cooling Ak ,&{M - TﬂJ
2

dt
Tr—T)
Ty -1, =K[[ﬂ;ﬂ+mn_m}
I

() — K . 10
= K :} IIL -_ —
r K[65] =
In 2™ condition,

Initial temperature, T; = 80°C
Final temperature, T_J: 60°C

Let time taken be # minutes.

e, (80— 60) _ 10 [{Sﬂ+ﬁﬂ} —2{)—‘
1 651 2
20 10 13
— =—(350) Yl
i Gif{ = ! 51

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

photon
. L. f?z hc 2mhc
le., —mv- =ho = = e ) Al
2 2m A E A
de-broglie wavelength of emitted electrons is
Ji h
2 2mhc

Vo

.
= Ay = ﬂ'

2me

35. (¢) : Given, h =60 m
Now, water falls at the rate of 15 kg s~
ie., — = 15kgs!
I
=10 e
As loss due to friction is 10%, therefore only 90% of

input energy is used to generate power.

16
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P:ghﬂ }{ﬂ
f 100

P:]Dxﬁﬂxljx%:mm} W = P=8.1kW

36. (a) : Here: n =27

Potential, V=220V

Potential at the surlace of a solid charged sphere
1 g

' = ———=

‘4TEE{] ¥
4 3. 4 a3, -
—m xn==mr" or ¥=m" (1)
3 3
Potential of bigger drop,

I 5 1 ng : :

V,=——- M = F,= ]{.,{ (using (1))

dney ¥ dneg rn '~

V, = Vni? ..{ii)

Putting the values of n and V in equation (ii), we get
V. =220 % (272° 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

AT Y N
v ou v 60 30 v 60 :

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

D ‘---:::::F
e Jl

-

20 cm
-
40 cm

- F ] I

60 cm a6l cm

For second refraction from convex lens
u=-20cm,v=7%f=30cm
1 1 | | | | | I |

——T v 20 30 v 30 20
= v=-60cm
Thus final image is virtual and at a distance

60 - 40 = 20 cm from plane mirror.

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

| M -m
F, = _””j B i
Re

Energy of the particle at a height A




GMpm
- HL +
(. At height h, velocity of the particle is zero.)
According to law of conservation of energy,
E;=E
1 5 GMgm  GMpm
3 R Rk
U o= ’f“m[ 1 ‘ __ GMymh
2 R Rp+h| (Rp)Rp+h)

. {r_}-a'll-"'f
(1) [ - zE ]
R

1’:;{1"'5..:.‘[- EER.:'" .{“}
Using (i) and (ii), we get

Ey

| >

mohf
i L SHgp

Rp +h

b

As per question,

R K
| - k2
R 2
I[ Rf, - R, I.h':']]. h= LE
1-k

39. (c) : Given: #=27+4/+6k and g=1;

B=Bi+Bj+Byk
F=4i-207+12k

ik
Now, ixB=|2 4 6
B B B,

= i(4By - 6B) - j(2B, - 6B) + k(2B —4B)

Force F':g{ﬁ % B)

41-20j+12k =1 [(4B,—6B)i — (2B, —6B)j—2Bk]

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

From eqn. (i) and (ii), 48, - 6(-6) = 4

— 4By +36=4 = 4B,=-32= B,= -8

So, B=-6i-6, -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, = Holy
2R,
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
: 2 h 52
0, = BRS =201 12
Ry

@ PHYSICS FOR YOU | OQCTORER 21

As m=22- HoeR; 5 M e R
h 2R R

41. (c) : I "
B— § ’
s }y—

OQutput of combination of logic gates is given as
v=AB+BC

v=AB+BC

s
—

=D T = T e T e B [
el == R = e R e TR = B

o B e TR e [ e Y e Y s Y i |
=
= e e = = e

Ly
=
-

5V

SETTTEST TN e mm mm o O e 3 ::l;-...

- -

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

MR?

: 3
=M —— =
4

KMR? = = MR?

1
Here K =—
4
i I3
43 v B
. (€) :
()2 B
f_",_ r.g
By KCL
Voltage is same in r; and r; as they are in parallel
1.21'2 = il_;?"g
. I3y 3
i =22 (i)
2
b ; d (i), 3y
rom eqn. (i) and (ii), § ===+
s
!: s +.i'lﬂr ¥ +.|""1 y
I rr _ . 2 3 I Fy
or ’I———H( )j%= =



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

Al f = 4s ball is dropped

g, =g 1] e

Let v, is the velocity of ball at the time { = 4 s.
v.=t,+al=0+5x4=20ms"

v, is the velocity of ball after leavingat =6 s
vi=u,+al =0+gx2=20ms’

Resultant *;fclncit}r ofballatt=6s

¥
p= Ju_f +v2 =/20% +20°
y=20v2ms"’

Acceleration of the ball will be due to gravity ie,
a=10ms™=.

45. (b) : Here P=44 W, V, =220
Power, P= VI,
d4=1 = [[=4A
Now, V,I,= V]
220xf,=11x4

lIx4 4

220 T20

46. (c) : Mass, m=0.15 kg
hy=10m,h,=10m,g=10ms™
The velocity at the time of strike while going downwards

v=—.2gh
and when move up

V, V.= 11V

Ip=

Vv = 2ghs

Impulse = change in momentum
mv' — mv =2mv (As h, = h,)
:Exﬂ_lﬁan"lx [0x10=42kegm g |

1
L JE:{H{]KH} :

Power transferred = half of power at resonance
So, frequencies at which power transferred is half

47. (d): o, = =50rads

=, £ Aw
K 40 .
A = = =4 rad/s
2L 2X%5

So, range is (), + Aw = 50 £ 4 = 54 rad s and 46 rad s
48, (a) : Here, AD =20 cm

AE =160 cm
g=10ms™
Take moments about C
A D 0 Ci E B
| 1 1 |
| I —
| 4Mcm | 6l =
100
. Bl s 500 g
2 kg

Clockwise moment = Anticlockwise moment

2xgxDC=050xgx CCy+mxgx CE
or 2 x (40 -20)=0.500 (100 - 40) + m x (60 + 60)
or 40 -30=120m

|
m=—Xkeg
or 2 E

7
49, (a) : We know, ==

2nR
= H=—

7
Here: H . =4R
L |
u”sin” B (Q)
22

Putting the value of  and H,, in equation (i), we get

2R & o ‘0 ; ’?g?‘z.m
4R—[” J x 20 = O=sin"'| =
' 2g R

50. (b) : For an equilateral triangle of side a :
As total length of the wire = 12a

12a
_——= 4

3

Magnetic moment of coil, m = nlA i

=
-
e

)

JII-"III-I'I‘IE.."{ =

So, number of turns, »

Area of triangle, 4=
From equation (i),

NETS .

m=4f %ca‘ . m=~3la"

For a square of side a :
Area, A = a?

Number of turns, y = E =3

da
Magnetic moment, m = nlA
= 3I(a*) = 31a’
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| SECTION-A (MULTIPLE CHOICE QUESTIONS) |

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

(a) vo>vg>vy (b) vg=vg > v

(€) vu>vo >V (d) vy =vo =10

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 2 The gases come
out at a relative speed of 500 m s™' with respect to
the rocket. [Use g = 10m s ]

(a) 10kgs™ (b) 60 kg s

(c) 500kgs ' (d) 6.0 x 10 kgs ]

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 fromn =2 to n = 1 will be

(a) 6.57 x 10%° (b) 2.46 x 107

(c) 0.44 x 107 (d) 4.38 x 10°°

Inside a uniform spherical shell

(A) the gravitational ficld 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 m&rtakﬁn. another car A at a relative speed of
40m s
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) 0.1 m s (b) 0.2 m 5!

(c) 40 m g (d) 4 m 5

L How fast will the i image of car B appear to
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10.

Held on

26" August, Morning
Shift

If £, L, M and G denote the quantities as energy,
angular
gravitation ruzraI:n::Lt[w:IW,r then the dimensions of P

momentum, mass and constant of

in the i'ﬂrmulaP EL°M G are
(a) [M L] ] (b) MY L 1Y)

(&) [l d) ML 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° ] 2
(a) 25x10's
(c) 2.4 % 10° s

(b) 2.5 x 10°s
(d) 4.1 x10's

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

dissipated in the whole circuit.
40

22V, r=06%
(2) 1.32 W (b) 4.4 W
(c) 0.65W (d) 22 W

In a photoelectric experiment, ultraviolet light of
wavelength 280 nm is used with lithium cathode

having work tunction 0 = 2.5 eV. It the wavelength



11.

1.

14.

15.

D

of incident light is switched to 400 nm, find out the

change in the stopping potential.
(h=6.63x107"]s,c=3%x10°ms ™)

(a) 1.1V (b) 0.6 V
(c} 1.3V (d) 1.9V
Idenify the logic operation carried out by the given
circuit.
D
A —

B e——

(a) OR (b) AND
(¢) NAND (d) NOR

What equal length of an iron wire and a copper
-nickel alloy wire, each of 2 mm diameter connected
parallel to give an equivalent resistance of 3 €27
(Given : resistivities of iron and copper-nickel alloy
wire are 12 n€2 cm and 51 p€2 cm respectively)

(a) 97 m (b) 110 m

(¢) 90 m (d) 82 m

. 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
of the circuit in seconds.

(a) 0.4 (b) 0.2
(c) 0.125 (d) 0.8
In a screw gauge, fifth division of the circular scale

coincides with the reference line when the ratchet is
closed. There are 50 divisions on the circular scale,
and the main scale moves by 0.5 mm on a complete
rotation. For a particular observation the reading
on the main scale is 5 mm and the 20" division
of the circular scale coincides with reference line.
Calculate the true reading.

(b) 5.00 mm

(d) 5.25 mm

(a) 5.20 mm
(¢) 5.15mm

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.
[Take surface tension of water T=7.3x 107> N m™},
angle of contact = 0, g = 10 m s and density of
water = 1.0 x 10 kg m .

(a) 5.34 mm (b) 3.62 mm

(c) 2.19 mm (d) 4.97 mm
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16. The

= =

magnifude of vectors
in the given figure are equal. The direction of

OA+ OB — O¢ with x-axis will be

1 (W3-1+42) L (1=+3-4/2)

a) ft:z b) t;
(@ tan (1++3 =+2) Q) tan 1+3+42)
{C} Tﬂﬂ_] (\E_].+ ‘\E} l::d::l lan_l (1 5 'N‘IE_ \‘IIE}

(1-+/3++/2) (1-v3-+2)

17. The material filled between the plates of a parallel

plate capacitor has resistivity 200 Q m. The value
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)

(a) 0.9 mA (b) 9.0 mA

(c) 9.0 uA (d) 0.9 nA

18, Statement-1 : By doping silicon semiconductor

with pentavalent material, the electrons density
Increascs.

Statement-1I : The n-type semiconductor has net
negative charge.

In the light of the above statements, choose the
mosl appropriate answer for the statements from
the options given below.

(a) Both statement [ and statement II are false.

(b) Statement I is true but statement 11 is false.

(¢) Statement 1 is false but statement 11 is true.

(d) Both statement [ and statement IT 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 '@ to the magnetic field
intensity at the centre of the same coil is (Take r < a).

2 az 3 1:12

(a) —— (b) ——
3 rz TE

2 2

(<) 31 (d) 21
2 42 3 42



20. A solid metal sphere of radius R having charge ¢

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

A
ﬁ.
(a) *
i R H b -
(b) £
N R a h . >
(c) £ k
N R f:i E:l F'_ lh
(d) &
b i -
R i b . I

SECTION-B (NUMERICAL VALUE TYPE)

Attempt any 5 questions out of 10.

21,

22,

An amplitude modulated wave is represented by
C,,, (1) = 10(1 + 0.2 cos12560f) sin (111 x 1D4E) volls.
The modulating frequency in kHz will be ____

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

26.

27,

28.

5. Two short magnetic dipoles /F
O

Two travelling waves produces a standing wave
represented by equation.

¥ = 1.0 mm cos(1.57 cm_l}x sin(78.5 5_1]1‘.

The node closest to the origin in the region x > 0
willbeatx=__  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
valueof kis . (Takeg=10m 5_2}

my; and m, each having
: 2
magnetic moment of 1 A m

s
FI

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 myis _____ x 10 "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

I'ESP'EC'. to the ﬂ[]]lUS]_JhEI'iC Pressurc 15 CIT.

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

Hz.

The electric field in a plane electromagnetic wave is
given by

3
7 0.5x10 ad V A
E =200 cos [3—]1—[15:{1(1”“ :a{r] — ]
5 m

J‘“H'

If this wave falls normally on a pertectly retlecting
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 —— ——

I{]'g rn;‘I

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 heightof _____ m. (takeg=10ms™)
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30. Consider a badminton racket with length scales as

1.

24

shown in the figure.

(___‘___

!

!

a2

r
il
y

ar £
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
Z

end A of the handle will be M2,
SOLUTIONS

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

given by

3RT
Vems = M

where, R is gas constant, 1"is absolute temperature
and M is molecular mass.

]
As the temperature is same, so P ie \./_
M

Molecular mass of hydrogen < oxygen < CO,
S0, 'l*'H = 'r'n, = ’F(:

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

Relative speed of gases, u =500 ms '
1

g==10ms ’II:
Thrust, F=u- d_m ' a
dt i
dm .
where, is rate of mass burnt N2
dl Mg
By Newton's second law, F — mg = ma
dm dm
u-——=mlg+a): 500—=1000{10+ 20
7 (g+a): 5 -~ ( )
1
=60 kg sec '
dl

(b): Frequency, f=2.92 x 10"° Hz

n=3ton=1

Let the frequencyis ffromn=2ton =1
1 1 1

Also, I:HH (—E——j]

1
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:ul'l

So, fee l
i | | 8 .
So, Kf = R,, [F_?]:RHHE (D)
1 1 3 2
dIld K JII:‘R [———]:R W il ...[ll)
r H lg 21 H 4
L, X9y
f 4x8 32

27

=% P =283%10" & S, =246 % 10" Hz

(a): Inside a uniform 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
Vg VA

e Tt
B A

‘lhe mirror is convex in nature, as it is rear view
mirror.

r _ —]_ _ .l;r _ o0 " -
Vgia =40 m s = V,,, = velocity of object with
respect to mirror.

Velocity of image with respect to mirror is

1E"Il.-'nrl =-m" V'D,-'m [l)
The magnification of mirror is

; 10 10 1
= o = =

f—u 104190 200 20

1

)
—(—] X 40=0.1m s
20

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

Dimension of L = []"-.*TL2 T_l]

Dimension of M = [M]

Dimension of G = [M_ILST _?']

ML T NMET ]

IMPIM™'DT

— [MOLOT)

(b): Heat/min, AQ/t = 600 | per min

Worl, W/s=90]s !

Change in internal energy, AU = 2.5 x 10°]

Let the time is £.
Using second law of thermodynamics

r : 2 3
AQ) - AU o AW - 6000 _ 2.5 %10

Al { | i 6l {
t=250s5

V.

1im —

EL’
Dimension of P= ——=
M G

+90




8.

10,

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

R=3KQ, X; =250m Q, " = 10

For maximum average power, the condition is for
resonance.

Let capacitance 1s (.

X=X, = 2nll. =
< & /! 2X x50 C

C=4x10°F=4uF
(d): Here, R, and Rs in series

R=R,+R;=4+8=12Qand R, and R, in series
So, the circuit is given here.
ﬂaﬁ

Ry

Ry

Ry R
Rg
YW
Ry, Ry, R¢" and R are in parallel.

| 1 1 IS |

=—+-—+—+=
Req 4 8 12 6
A
Re?
YW
VW
R
1 _ﬁ+3—i—2+4_]5
Req 24 24
24
Reg=—=1.6 Q2
|15
Now,R=Req+r=1.6+0.6 =228
¥ 2.2:% 23
2= = =33 W
R Dk

(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 Vi and the new
is V',

By the equation of photo electric effect

KE,,.x = E — 0 where E is incident energy,

he
’y

= ——p=eV,

11.

13.

1240

eVp= ———2.5=1.93¢V
280

Vo=193V

For second case

» 1240

eV, = -25=06¢V
400

Vo =06V

So,AV=V,-V,/=193-06=133V

X
D
(d):
DL
v
A B X% |Z
0 0 1 1|1
01 1 00
1 0 0 1|0
1 1 0 00
It is the truth table of NOR gate.
. (a) : Diameter, d = 2Zmm

Radius, r=1mm;R,, =3 Q

Resistivity of iron, Pyq, = 12 X 107°Q m

Resistivity of copper-nickel allay, p., = 51 x 10°°Q m
Let I is the length of each of wire.

[ [
Ri: Pi—s RE =P &
A:’ Auu
RW:S
; . R,R,
According to question, =3
R
12%107% %1 51x107° %1
X
Ttx1x107° mx1x107°
= z z —55
12x10 ° x 1 +-5-1 10wl
nx1x10° mx1x107°
50, =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.

o 1 :
So, Uziu- ;ﬁal:Ex I x8 %8

2
L=2H
Also P=I°R
8x8xR=640:R=108

L 2
Time constant is given by, T = s 0.2s
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14. (¢): 5 division coincide with reference line, so, it
18 ZE€ro error.
Number of divisions on circular scale, N = 50
Pitch = 0.5 mm
Main scale reading, MSR = 5 mm
Circular scale reading, CSR = 20" div,
Pitch 0.5
N 50

Reading = MSR + CSR x LC - Zero error x L.C.
=5+001l x20-05x%x0.01=5.15mm

15. (¢) : Diameter, d; = 5 mm, d, = 8 mm
Surface tension,

=0.01 mm

Least count, L.C. =

d d
T=73x102Nm™ ) 2
Angle of contact, 0 = 0° el 22
g=10m s> ”
Density of water, b «B

3 3
p=10"mgm
The pressure at same horizontal level is same, so
PA = Pﬂ

P

atm

2T 2T
—+pglx+Ah)=P,,, —— +pgx
J b,

where, r; and r, is radius of limbs,

x is the level of Py and Ah is difference in level of

two limbs.

pg Ah = 2T [i—l]

h %

| 2 2
10° %10 x Ah=2%x7.3%x 1077 - :
5x107 8 x10

1 1
100 Ah=2%x73%x102x 107 x 2 f—EJ
3

Ah=219% 107 m=2.19 mm
16. (b): Let the magnitude of each vector is K.

OA = K/ cos30i + sin30} |

@ PHYSICS FOR YOU | OQCTORER 21

OB = K| cos60 i — sinﬁﬂ}]:K[Ei -

S - . 1 - 1 ~
OC=K|—cos45i + sind45i|=K| - i + '

[ ] [ 2 *’)
OA + OB — OC

|2 b Lfixaf iDL
S

17. (a) : Resistivity, p = 200 Q2 m
Capacitance, C= 2 pF; antagc, V=40V
Relative permittivity, €, = 50
The leakage current is given by

— i 1 f Ly i
. o€ Hekrk - C x Ve 't
e y 1= —
PE & PE. &
For maximum current.
1
CV 2x10° = 40

E]11';’|."'Z

CpEE, 200 x 50 X 8.85 x 10712

i.=09%107A=09mA

18. (a): In the pentavalent material, the electron
densily increases, but overall semiconductor is
neutral,

19. (¢) : The magnetic field on the axis of current

; o u, iR’
carrying coil is given by, B .. = :
2(R? + £2 )2
where, i = current, R = Radius of coil, x is distance
from centre of coil.

The magnetic field at the centre of coil is

.
B Hpl B ]-]-[] ki
Center — 24 » Taxis T 3
= 1 —
2(::; + 12 )3
- _'Ha}:i!-;

Fractional change =



20.

21.

22,

23.

r 2 3 7 _ , ,
=]-|1+— =1-1+ E = (Using binomial)
a

(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 ZR = Ez—Q =y Foe—
T‘l ;r‘j’
a<r<h=E=0
K 1
Lw r

(2): C,() = 10 (1 + 0.2 cos 12560 {) sin (111 x 10%7) V
Frequency of modulating signal is, m,,, = 12560
2nf= 12560 = f=2000Hz =2 KHz

(300) : Distance of screen, D=1.5m
Separation between slits, d = 0.3 mm
¥, (red) = 3.5 mm, y. (violet) = 2 mm
Ler }".,r and lv be the respective wavelength of red

and violet.

A D
The position of bright fringe is, y = dr :"
[
DA, .
For red fringes, y, = 7 o 3.5 i)
. l}ll-'

For violet tringes, }» = qd : ..(1i)

. s 3RS0
So, A, —A, =(1.5x107)x% =300 nm

(1): y=1mm cos (1.57 em™x sin (78.5s7')t
For nodes, amplitude is zero.
Socos (1.57) x=0=cos /2
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24.

26.

F7

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

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

Mass of hanging portion, &
m =1 kg =P
Length of hanging portion, .
I=1m
Use conservation of Energy,
0+ (-1x10x l }:kj-+[—3 % 10 ¢ E)
2 2
-5 =k-45 k= 40]
()M =1 Amzzhrfz — S M,
OP = Im =
Torque is given by M IT l
T= "ﬁl X ﬁl 0 By
B, is the magnetic field at P due to M.
T=M,B, sin90° = 1 x 2. i
: 4 (1)
T=10"Nm
(2): ry = 3 cm = radius of inside
bubble
r; = 6 cm = radius of outside &
bubble N
Let R is the radius of equivalent
soap bubble.
Excess pressure inside the smaller soap bubble is
AP = E +ﬁ (1)
h 5
Excess pressure inside the equivalent soap bubble is
o 39 :
AT = (i)

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

45 45 45
=—+
R n 1
1 1 1 1 1 2+1 1
e e e e R
R n nn 3 6 6 2
R=2cm
(2025) : Let vis the speed of sound, v = 340 m s~

By the formula of Doppler's effect frequency,
" =1800 Hz (heard)
< 7. >

V= 20ms?t vy=20m st

Let true frequency is f.

) p =y 340 —20
f :f[wpﬂ ]; 1500 :f(:*:géﬁ)
f=12025Hz



28. (354) : | u u

+ = x 10 x 6t
_ 05%x10°  15x10Mx¢t|va 2 —Q Cﬂl
E = 200cos X — — =3z
! s I 0=150-30f = =>5s.
2 1
Arca, A =100 cm So, height, h =35x5 — = x10x 5% 5; h=50m
Time, t = 10 min 2
The amplitude of electric ficld, E; = 200 30. (52) : Mass of linear and circular portion = M
B 3 1 o Let I be the ML
ntensity1s I =— €, £, L P | ;
y 5 =0 e bl
The radiation pressure is L ! P
21 2 1 5 — : T
Poem=— ¥~ e, B0 i od : T SO
& g i o Lo A :(;r,z}: : “u.i.- ;
P= EHE{;{ M, I K i 42
P e
P=885x10"12x200 x 200=8.85x10"%x 4 S
g 2 N
2 3 R 2
29, (50) : Mass of each ball is m; radius, r = 5 cm I, is about the centre of rod,

l I, is about centre of circular part.

Initial velocity, u=35m s~ : .
By using parallel axis theorem.

Let both ball collides after time 'f' and at height A. ;
i in ti =l , 5 (13r
Distance covered by A in time f = distance covered 1 b M(-r) ] i |:12 & wrladt ]

by B in time (f - 3) 2 \ 2
1 1 - :
35t —— x 10¢% = 35 (t=3)—= x 10 (t —3)? 361 (25/2) | [ Mrr 169M#°
2 2 =1 M¥X + M + +
1 : 1 o ! 12 4 2 4
35— = x 1082 =35t —105—=x10 £* ==X 10 X 9 o g s
) 5 P ¢3¢
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1.

D

JE

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
Ulx) = Uy(1 - cos ax), where Uy and a are constants.
Find the period of small oscillations that the particle
performs about the equilibrium position.

2 P
&) T el (b) ety JHE
T T
a U, a \|U,
2 2

4 2
(@ T=—= (d) T=="2
2 s a* Us

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.
(©) 242 (d) V2

@) 53  (b) 42

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) 5.8 m = (b) 6.2 m 71

(c) 48ms” (d) 35ms"’

A point charge Q, = -125 UC 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 | OQCTORER 21

]

e -

cUTsy

(Q; = 125 uC is fixed vertically above the centre of
the disc at a height h = 1 m. Q,
Ih

After the disc is displaced

slightly in the horizontal
(d) 1.8 sec

direction, find the time period
of oscillation of disc.

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

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

mass M = 4 kg and @
the incline is u, 6

= 0.30. Find the

acceleration of 2 kg al

YFrira
block.
(a) 7.2 m g 2 (b) 4.5 m 5
(c) 3.2 m g~ (d) 2.7 m g =

Integer Value Type

[mage of an object approaching a convex mirror
of radius of curvature 20 m along its optical

o 25 50
axis is observed to move from ? m to ? m

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

To determine the half life of a radioactive element,
dN(1)
dt

a student plots a graph ot In versus f.

dN(t)

dl
If the number of radioactive nuclei of this element

decreases by a factor of p after 4.16 years, the value

Here is the rate of radioactive decay at time ¢.




8.

10.

of p is :

Years

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 [E] . Find the value of p.
j1

A massless rod of length & =
L is suspended by two
identical strings AB and
CD of equal lengths. B0 D
A block of mass m is > L >
suspended from point O
such that BO is equal to

1 g 3 :
—. Further it is observed that the frequency of 1%
M

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 celll When switch
S is open, the balance point is found to be at 76.3
cm of the wire. When switch § is closed and
the value of R is 4.0 £, the balance point shift to

60.0 ¢m. Find the internal resistance (in ohm) of
cell C”.

I 5

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 [ 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 photoclectron increases.

(b) If distance 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 planc at angle
of projection ¢ with the plane, one up the incline
and other down the incline as shown in figure.
(Here, T stan}ds for total time of flight).

L

«
Which of the following is/are corrects?
s
Vi 51T O
a) hy=hy="——
G 2¢cosB
2vy sin @
=Ty =
(b) 41 =13 P
(c) R, - R, = g(sin®) T’
(d) Vi, =",

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 tlowing is
10.2 kPa.

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

Figure shows a part of 20V
complete circuit. At { =0, 1 EL
charge on capacitor as a Er S i
function of time is given L, 2

by q=3(1-¢ ) coulomb.
At t =0, mark the correct

20V
—] —w\ My
2 1||||'I P ¢
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statement(s).

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

(c) The potential at Pis 14 V.

(d) The value of R is 2 €.

15. 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
vi

remains circular and the radius of the |,
loop goes on decreasing, then

(a) radius of the loop changes with f as r, ——
I

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

[
15 EBv|:rD — F—:|
T

(c) current induced in the loop is ﬁ
2mA

(d) current induced in the loop is

L]

TCA

SOLUTIONS

1. (b): U= Uyl - cosax)
This is zero whencosax=lorax=0o0rx =10
x = 0 is mean position of system.
At extreme end, potential energy becomes
maximum, i.e., 2U;
2U, = Uy(l - cos Aa) where A is amplitude.
2=1-cos Aa

(Aa)*

. 2
Ag)
3 1—{1—( ;J ]22 or A=2/a

As maximum kinetic energy = 2U,

1 | 1
2Uy=— mo’ A% == mo® —
2 2 ;

il
2 LTDITI'.E LT{] Eﬂ i
or: "= or m=a,|— = T =— |—
M 1 a \ U,

2. (c): The equation of trajectory of bullet is

Since A is small, cosad = 1—

1
2% o
y=xtan0 - sec” 0
I
L.
2%
=xtanf—=——(1+tan" 6) ..(1)
2
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For a given value of x, maximum y can be
determined from

L3
e — gx 2
S SETSOE . (2tanB)=0 or tan @ =
d(tan 8) 13> ox
..(11)
Putting (ii) in (i), we get,
| Y
2 —gx”
2
Vmax = 5 B : ‘\\
& E,\Izsn m
The bullet can hit an : EDLGIE >
2E +
area defined by 5002
1
2 ngz
2 4 5 7 o 2
B 7
On substituting given values, we get
2

X
2000

The fighter jet can travel 100072 m while it can
be hit. So the plane is in danger for a period of
1000+ 2
J_ = ZwE s
500
(a) : If the ball has to just complete the circle then

the tension must vanish at the topmost point, i.e.
Tj = ﬂ.

<250 or —500v2 <x <+ 50082

d j_..'
From Newton’s 2™ law
2 2
T, + mg — 1 == i (1)
4me,l !
As T, =0,then
2 2 i ¥
— ¢ _mv ) g
4IIED-1’2 ] ..(11) F

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

. b
—mv© + me2l)=—mu
2 J 2
Ve = u - 4gl ...(iii)
Put (iii) in (ii), we get
2

u=,(5¢l— 1

4meml
Put the given values, we get u = 5.8 m 51
(b)
(d): From free body diagram of mass m,
N, = mgcos ..{1)
ma = mgsinf - [ N; - N {1i)



From free body diagram of mass M,

N, = MgcosH ..(1ii)
Ma = MgsinO + N - U, N, (1Y)
u‘;//" ct“/// N N
- TS HalNp
T T
mg Mg 2

Putting values of N| and N, and adding equations

(ii) and (iv), we get

(M + m)a = (M + m)gsinf — (1L, m + P,M)gcosd
(M +m) gsin®—(Uym+pn,M)g cosO

ﬂ_:
M+ m

Here, M = 4 kg, m = 2 kg, 6 = 30° p, = 0.20,
W =030,g=10ms"
a=27ms>

(3): Focal length of a convex mirror,

=== =10 m
g 2

25
For first object Vv = +? m, f=+10m

; 1 F
Using mirror formula —+—=—

vV o u

I ds 3 :
=— = sy =—50m
w10 25

—

0 :
For second object v, =+ :'? m, f=+10m

11 1 )
—+—=— ;U =-25m
vy Uy
25 &
Speed of the object =£ ms !t =3kmh™

(8): According to radioactive decay

dN ro—At
N = Nge A EZ — ANe
dN . _) dN K
— =|— ANge M| = |— = AN e A
dl dt

Taking natural logarithms of both sides of above

equalion, we gel

dN

dt

Comparing the above equation with equation of a

straight line i.e. y = mx + ¢, we get
3—4 1

From graph, slope=— A=—— =—vear™
grap P G4 27

In

=—At+In(AN,)

1

0.693 :
——=2x0.693 years =1.386 years

Half lite T, , =
4.16 years is approximately 3 half lives
Nuclei will decay by a factor of 2° = 8
p=8
dT  oeA
(6): —=-

dt 118

(T —T[jl} . Here e is same, m is

same, both are of copper and both are heated upto
same temperature and kept under same conditions,
S0 {Tl = T:‘] ) is same initially. But {T1 - T‘[l] ) will
not remain same for both every time.

dT

PR |

dt
deJ
\ dt cube _ ﬂcuhe
(T

— ] Asphere
\ dt sphere

{3
4 3M
For sphere, DK—IER3 =M; R=|— ;
3 4mp

2/3
IM
A )

=4nR2 = 4::[—
47p

sphere

1/3
M
For cube, pf.3 e M o {—] s

P
. _G[E]m
P

dT mY"
F i 6~ 1/3
Ul Jcube _ “‘cube — P — [E ]

T

— Tra
f‘g T_ Asphere 3M :
sphere 4mp

p=6
(5): Frequency of first harmonic in AB
= Frequency of second harmonic in CD

L g
C2aVp \w

A

cube

!
or T,=4T, o3
For translational equilibrium,
I'+T,=mg i)
From (i) and (ii), we get
T = 4rf1g and T, =78
5 5

For rotational equilibrium about O,

‘Torque due to 1 about O = "Torque due to 15 about O
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10.

11.
12.

D

51 5 n
4 5
or —=1—— or —=1 or n =5
M M 1
(1): C
I
II
il |
A B
. 4
. G 1
—@-
—"h"'u“u"'r—'i)J
R &

Let £ be the emf of the cell 7 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
E-V
=
[

where V' is the terminal voltage of C’ and T is

the current in the circuit involving " and R.
Also I=L. r=(£—l)ﬂ
R

But ~F- =i.
v I

) =4_Dx[f6.3—6{}.ﬂ le o

(a, b, ¢, d)
(a, b, ¢) : Maximum height of projectile on an

_ (vysin E:t}l2
IF1ln'.reu-: -

inclined plane, =R

2gcosO

— (a) is correct
Time of flight

. 2vgsina

T 7 = (b) is correct
5

where o = angle of projection from inclined plane
B = angle of inclination of surface.

1
R =(vycostl)1; — Eg sin[—]]!’l2
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13.

(Range upward the inclined plane)
1
Ry = (vgcosa)l; + Eg sinﬂlf

(Range downward the inclined plane)

= (R;-R|)=gsin0 Tf’:} (c) is correct

Ve, and vy, are the velocities of the particles at their
maximum height. Let the particles reach their
maximum heights at time f; and f; respectively.
Hence, 0 = (v sin of) — (g cos 0) {,

vy 51N O

gcosB

¥y s L

Similarly, ty = :
gcosB

Hence, >, = t;
Hence, v, = vy cos 0L - (gsin 0) £,
r = 1S T Q1
Vi, = Vg Cos O + (gsin 0) 1,
= Vg FV

(a,d) : Let Py, hy, and v, 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 1
F +pgh, +Epvf =P, +pgh, +E pv% )

Putting v) = 3.0 m s Lwv=40ms, (b, - hy) = 1 m,
P; =20 kPa
wce gﬂt,

10°
B, =EU+[1U3 X9.8 (=D +—-[9- 15]] %1073

=20-98-35=6.7kPa
Also when the tlow stops, v| = v, = 0 and then from (i),
P,=18-9.8=8.2 kPa

14. (a, b, ¢, d)

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

i{(zfn:r} =y

dl
dr v W
—=— . r=(r——t)
dt T g n
—d d
= £= Iq]zﬂ-lmr—r (v 0=B-mr?)
dl dt
/
v o\v Vv
£=28R rD——t]—=EBv(}h——r)
R m
J{_E: a 2Bvr _Bv
R }'-...2].[?'- E}l..
& ®



Newton’s First Law of Motion

» 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.

_..-1_:

State of uniform motion

State of rest

(Special case of uniform motion
with zero speed)

e Inertia is the property of the body to which body

opposes the change of its state.

» Quantitatively, inertia of a body e« mass of the body.

» Different types of inertia

Inertia of rest

Ttis the inability
of a body to
change its state
of rest.

When we shake
a branch ofa
mango tree, the
mangoes fall
down.

' When a bus

fall forward.

Inertia of Inertia of
motion direction
It is the inability | Tt is the inability
of a body to of a body to

change its state of | change its
uniform motion. | direction of
Hlﬂtlﬂn

Rntatmg wheels
or train stops of the vehicle
suddenly, throw out mud,
passengers sitting | mudguards over
inside it tends to | the wheels stop
this mud.
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@ ‘Laws of Motion | Work, Energy and Power

Newton's Second Law of Motion

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
Mathematically, F=—
dt
It can be shown experimentally that the acceleration
of an object is
» proportional to the net force Fper on the object
and

~ inversely proportional to the mass m of the object.

1
aec F_ and ae—.
m
; kI
Thus, q ec net — g = net L
" i
The value of constant &k 1s 1 in SI unit.
E
. _ et
i » Poot = ma
1

I Forces are Balanced ,

'L_ a=0ms™* —¢
Object at rest Object in Motion
(v=0ms") {l’iﬂum s7)
‘ U Stays in Motion
Stays at rest (Same speed and direction)
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| Forces are unbalanced ’
r There is an acceleration. _l

The acceleration depends The acceleration depends
directly upon the net force. inversely upon the mass

of the object.

More fundamental relationship

. d(mv) dv " dm
— =m v
net external df Al dl

Newton'’s Third Law of Motion

It states that to every action, there is an equal
(in magnitude) and opposite (in direction) reaction.
Ifabody A exerts a force F on another body B then
B exerts a force — F on A. The two forces act along
the same line.

Action and reaction never cancel cach other ie.,
they cannot balance each other as they act on

different bodies.

This law is applicable whether the bodies are at rest
or in motion.

Free Body Diagrams

Body is represented by N N,

a dot and each external |

force is represented by i

a vector with its tails on Ny

the dot. W W
boy load

Consider a system of a
boy and a heavy load.
'The boy stands on the floor balancing a heavy load
on his head.

List of forces on boy and load

System Force Magni- Direction Nature of the
exerted tude of of force
by the fnrcei the force
Earth W Downward |Gravitational
Bov | Floor N Upward Electromagnetic
Load N, Downward Electromagnetic
Earth W’ Downward Gravitational
Load , , :
Boy | N; |Upward |Electromagnetic

PHYSICS FOR YOU | OQCTORER 21
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Apparent Weight of a Body in Moving Lift

Vertically Vertically Vertically
upward or upward with downward
downward uniform with uinform

with uniform
velocity (a = 0)

acceleration a acceleration a

N T N N
M 1 a= M ? Tﬂ M T lr,t

i

Mg Mg Mg
N=Mg=Actual N'=M(g+a) | N =M(g-a)
weight ofbody | = N'>N = N" <N

- o

=

|||::"'

Equilibrium of Forces
Concurrent coplanar forces : It
all forces are in equilibrium, or F,
ﬁ, + ﬁz + I:q: +1_":4 =0, then we
can write,

2F, =0and 2F, =0
where x and y are any two mutually perpendicular
directions.

Lami’s Theorem : If a body
is in equilibrium under three
concurrent forces as shown in
figure. Then we can write,

£y > b

sinct  sinf} siny

- Key Point

* The forces of action and reaction may appear
due to actual physical contact of the two bodies
or even from a distance.

« Single isolated force is not possible, force is
always possible in action reaction pair form.

» Non concurrent coplanar forces : If a body is
in equilibrium under non F,
concurrent coplanar forces =
we can write, LF, = 0, EF:F F; 1
= 0 and Z(moment about .
any point) = 0 Fy

Friction

It is a tangential component of net contact force
between two bodies in contact.



Types of friction « Angle of Friction (¢) : The ";p-""_l""'r
angle which the resultant of ég::-;éfx
lr o i the force of limiting friction f K ff"" 0
External [riction Internal friction and normal reaction N makas ¢ -
(It develops between contact (It develops between contact : : : - i -
e e i e ) et P licnid sic Kicorn 4 with Ilhe direction of normal v
i viscous force) reaction N. -
‘1‘ ¢ l tamt:zhiTZI.l or, q):tan_'p
Static friction Limiting friction  Sliding friction
(f:) (f) or Kinetic friction (f,)  *® Angle of Repose : 1t is
fi = uN T =N defined as the maximum
angle of inclination of a
Variation of friction force with applied force plane with the horizontal ﬁém
£4 at which a body placed on g
5| Limiting it is at rest,
|| fricton

Kinetic

f=mgsin0 and N = mgcos0

e ~ mgsinB _
- friction So, U, = i = i B b =tanb = O =tan : L
: " N mgcosB )
Static —»
: 4 ~ This fact is used for finding the coellicient of
F (applied force) static friction in the laboratory.

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

= Circular Turnings and Banking of Roads

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
NcosB N
Y

fi

Component of normal reaction

N sinf) provides centripetal force.

Maximum speed of cyclist,

v=,rgtanB

» Friction force (UN) between

tyres and road provides a
suitable centripetal force.

e Maximum speed of car for safe

turning v =/lrg

Component of friction force
(f cos 8) and component of

normal  reaction (N sin 0)
provide required centripetal
force for safe turning.

The maximum permissible
speed to avoid slipping

e rg(LL+ tan 0) s
max l—j.ltﬂﬂﬂ |
If road is smooth then u = 0

and Wi yTgtanB
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|'.I-J-i-

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

| Work J

( FEnf:rg}r l

: |’f Power

the

and movement in

is the capacity for doing work. You
must have energy to accomplish
work. It is like the currency
for performing work. To do

100 J of work, you must expend

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

58
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3 of work. 100 ] of energy. 100 W, )
= Work |
e Work is said to be done on a body only if a force W
acts on the body and the point of application of the (i)
force moves in the direction of the force. Gid
Work Done
~ By a constant force (1) Spring is in its natural length.
W=F.5=F. (fI' 7 } & Hernnl] (ii) Spring is clongated by an amount x.
. _ - (iii) Spring is compressed by an amount x.
= Force x displacement in the direction of force. : :
B ble f Conservative and Non-conservative Forces
- a variable force .
¥ « All central forces are conservative but all
W = J‘x-" F-dx, where F = f(x) conservative forces are not central forces.
| H ] S » Forces acting along the line joining the centres of
~ Byarea ““dﬁr F-x graph : If force is a function two bodies are called central forces. Gravitational
of x, we can find work done by area under F-x and electrostatic forces are central forces.
graph with projection along x-axis. Work done  porees acting along the line joining the centres of
can be obtained by area under F-x graph, but two bodies are called central [orces. Gravitational
sign of work done should be decided by you. and electrostatic forces are central forces.
If force and displacement both are positive or  «  The concept of potential energy exists only in the
negative, work done will be positive. If one is case of conservative force.
positive and other is negative then work done T B S T — L ST
will be negative.
8 : ‘e Work done does not|s Work done depends
*  Work done by spring-force
depend on the path. on the path.
¥ 1 1 ; :
» W=| "—kxdx= —kx‘f‘r — —kxi '+ Work done in a round | Work done in a round
i 2 2 trip is zero. trip is not zero.
P P
Initial state of | Final state of | x;  x, W '* When only ale Work done against
t.hE E-Pfiﬂg thE Spring conservative ﬁ'flI'EE acts a non-conservative
within a system, the force may be
Natural Compressed | 0 | —x | —=kx? kinetic energy and dissipated as heat
2 potential energy can energy. Hence, the
1, , change. However their mechanical energy of
Natural Elongated | 0 # _Ekx sum, the mechanical the system changes.
i energy of the system
Elongated Natural X 0 Ek.x:z does not change.
'« Work done is|e Work done is not
Compress o~ Natural g 0 %;ﬂﬂ completely recoverable. completely recoverable.
Elongated | Compressed | x = -x 0 K'“Et,c Epergy o .
» Kinetic energy (KE) is the capacity of a body to do
Compressed Elongated | -x x 0 work by virtue of its motion.



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”

3

Work done by the constant force = Fs

3
W= {ma}[L) . My
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 Up-Uy=-W,; .p

Absolute potential energy at a point can be defined
with respect lo a reference point where poltential
energy is assumed to be zero. Reference point
corresponding to gravitational potential energy and
clectrostatic potential energy is assumed at infinity.
Reference point corresponding Lo spring polential
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,
["'TP = _WG — P
Potential energy in different conservative fields
- Gravitation potential energy of a body at
height h from earth’s surface, Ug = — H-"g = mgh
» Electrostatic potential energy between two
point charges g, and ¢, is

U, = 1 q9; ;
ime, r
r = separation between charge particles.
» ELlastic 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 = Ekxz 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 -
— mv~ in the frame of earth.

2
¢ Relation between
conservative force
« If Uis function of only one variable, then

potential energy and

dU :
F= B slope of U-r graph.
r
o If Uisafunction of three coordinate variables

y ” I~ A
x, yand z, then F:_[BU, i '-|—aU k}

f}xi+f}yj dz

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 T

When a small body of
mass m is attached to an |
inextensible light string of v
length r and whirling in a
vertical circle about a fixed
point O to which the other

L"l—"'"'l_

. . fysin mgcosh
end of the string is attached my
as shown in figure, then
* Tension at any position of angular displacement, (0)
2
: : a2 mv

alongaverticalcircleisgivenby T = + mg cosb
* 'Thus, tension at the lowest point (6 = 0) is given by

g

1; = -+ mg

r
and tension at the highest point (0 = 180°) is given by
H‘IFI
T =— “myp
= Y ;‘- & & =
«  Minimum velocity at the highest point, v,; =/ gr
¢ Minimum velocity at the lowest point for looping
oz i

the loop, V) =./58r.

L

When the string is horizontal, 6 = 90°, minimum

velocity, v=4/3gr.
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AlbertEinstein (1879-1955)
One of the greatest physicists of all time, was born in Ulm, Germany. In 1905, he published three

path breaking papers. In the first paper, he introduced the notion of light quanta (now calfed
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 theary of relativity. In 1921, he was awarded the Nobel Prize in physics for his
contribution to theoretical physics and the photoelectric effect.

Radicnt energy Pvanraed  Emitted Radiant
aduiti= = zlectrons f eMErey

Electron Microscope . Transmission electron microscope
e Eleclron microscope is a
|

_ % ' device designed to study !
\7 | very minule objects like u~
e e ; i Electron source
- viruses, microbes and

Metal surtace

= momomeoEm o momom P

Wl
i - ol

E Ty e Photoelectric Cell the erystal structure of _ﬁ:hgéﬁtﬂndenierlem :
b bk e ' ® An electrical device which solids, ...:';E_: Objectivelens  *
S : converts light energy into e [tis based on principle of ={me sl Specimen '
E . i E electrical energy, is called as de Broglie wave and the ;; Diffractian lems
: :;T:? i1l stor : photocell or photoelectric fast moving electrons ;J_.c_' -
cell. can be focussed by Eor B —
! » [t works on the principle of field in a same way as ~ Fluorescent screen |
: photoelectric emission of beam of light is focussed
electrons, by glass lenses. .

P
O

article Nature
f Radiation

DUAL NATURE OF
RADIATION AND MATTER

Mature's Love with symmaetry arises the matter-wave duality

ave Nature
of Matter

R

de Broglie Hypothesis

Fhotoelectric Effect Davisson-Germer Experiment
Photoelectric Effect Electrons '

s e e i o
¢ The phenomena of emission of electrons from Light ottt s e Due to symmetry in nature, as radiation
a metal surface when an electromagnetic Showed SE'SLTEM_ 5”':,‘:':&.“'? behaves like a particle, the material particle in
wave of suitable frequency is incident on itis ~ particle  sodum A= 7 motion also possesess wave-like properties.
: properties b metal S8 s
called photoelectric effect. of light L And the waves are called matter waves,

| sadumrmetal |

Photoelectric Equation i e o Tl e ;
o E=K . + ¢ ; where¢. = work function, 1 gt s ' de Broglie jﬁ'qvel.en;rih .
e . - e e e : » From quantum theory of radiation, £ = hvand from Einstein-
E = energy of incident light e i - e tamvir meticles, E
- et T ragy ' ; i, E=
K .. = maximum kinelic energy ol electrons S "'j"d' - IPN condition Sl R e e i B
l voweny 8T8 = forconsinuctve | Combining both, we have de Broglie wavelength, A =" =
= o= -l +ho : il 1 Wil Gesama | niv
R . . Fasing y : e e Erug,lie wavslenglh in lerms of ELE. ol eleclrons,
1 3 . | Accelerated .
=1 Emrl'l.'lal.t =.FI.['|J“' 'l.lnj - elecirons : 1: : ﬁ -,‘I"IL"IT:P:‘\I.EJ‘I'JE
. o B vImK
R Ty RPRTEEPRT PP el YR T SL NI RO Y _ : A 4 e de Broglie wavelength of a charged particle having charge g
: Phatncathode j = | |f‘ i fi and accelerated by potential Vis
! I Electrons : £ : 7 !
: ] ,:’;* —— : p— - i _H\' - % | n — —1_' and
Ligk . : = | | | A "
: e = - i | | |'| N, yaigrnV
| % Fvacuated quartz fube : . k".I - WAVAYE! momentum of charged particle, p = 4 2m ¥
} i a 5 10 15 20 15
: l a 1 o Bocelerating valtage
psasresda s b i 9 Experimental Study and Conclusion of Davisson Germer Experiment
: i e : Photoelectric Effect e Davisson Germer Experiment: Study of wave nature of particle.
: ; " ————TF + » Photo-current is directly proportional to the e At a suitable potential V, the fine beam of electrons from electron
- U= Constant A4 3 -
: / : intensity of incident light i.e., e'Pm i gun is allowed to strike on the nickel crystal. The electrons are
: f AT 2 { At constant frequency v and potential V') scattered in all directions and following assumptions were made :
! / L —— 7+ ® Atconstant frequency and infensity, the minimum » Intensity of scattered electrons depends over scattering angle .
i 1 ]
! : negative potential at which the photocurrent #  Always a kink occurs in curve at ¢ = 50°,
I ¥y v becomes zero is called stopping potential (17,). # 'The peak is maximum at accelerating voltage 54 V. After this
: 4 . @ Atstopping potential ¥V, , K . ofe =e¢V vollage, peak starts decreasing.
¥ Iy = 3 [ ] ' Tt
UL : T L e For a given [requency of the incidenl radialion, T 1 =3
: g : ) R . # Here,5 - " (1807 - ¢}
: g the stopping potential is independent of its 2
| ; intensity, = 0 = 65" al § = 50°
: E . & The stopping potential varies linearly with the From Bragg’s law (particle nature), = 2dsin® = A =1.65 A.




* Height through which a body should fall
for looping the wertical loop or radius r is,
h=5rf2.

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

AW W
Average power (P, ) = =
ge power (P, ) e
E-ds
[nstantaneous power (P, ) = .. ”
' dt dt
0 [As dW =F-d53]
Pin!-;l = F-¥

i.e., power is equal to the scalar product of force with
velocity.
* Theslope of work time curve gives the instantaneous
power. As P = dW/dt =tan 0
* Area under power-time curve gives the work done
as P= ﬂ
dt
Rl IP dt .. W= Area under P-f 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 hruad]}f classified into two Llypes :
» 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 :
- Tht‘ maomentum l‘a CDI'ISET‘I.-"E(_L
» 'lotal energy is conserved.
» Kinetic energy is conserved.

interaction are of

» Forces involved in the
conservative nature.

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

Inelastic Collision
* 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 :

@
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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

¢ Consider two bodies A and B of masses m; and
m, moving along the same straight line with
velocities u; and w, respectively, Assume that
u; > u, so that two bodies collide. Let v; and v, be
the final velocities ol 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.

Before collision After collision

According to the law of conservation of momentum
My + Mali; = MV + MV,

Since kinetic energy is conserved in elastic
collision, we get
o A o 5 A
— iy +—myu; =—my; +—m,v;
2 2 2 2
(111, —m1, Ju 2m,u .
= ' i Y 272 1)
(i +m,) oy +m,
2, u (11, — 1, ) _
v, = S b LLETA (1)
my+m, oy tmy,

Perfectly InelasticCollisionin One Dimension
¢« Consider two bodies A and B of masses m; and
m, moving with welocities u; and u, (u; < uy)
respectively along the same line collide head on and
after collision they have same common velocity v.
M

Before collision After collision
According to conservation of linear momentum,
My + Moty = MgV + LV

- H‘Illil + THE Hl

or v el 1)
(my +m,)
Loss in kinetic energy during collision,
1 mm 3
= 12 () —ty)
2 (my+m,)



Elastic Collision in Two Dimensions or
Oblique Collision

Let us consider two bodies A and B of masses m1,
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 68, with X-axis and body B move with
a velocity v, at an angle 0, with X-axis as shown in
the figure.

o

Since the collision is elastic, Kinetic energy is
conserved.,

| 1

2 1 1 2
— Uy +— 1,
2 a

2 p. 2 .
= =¥V, +=—=,V {1:]'
2 ) 171 9 272

Also momentum along X-axis before collision

= momentum after collision along X-axis

= ity + iy, = v, cost) +myv, cosB, (i)
Similarly along Y-axis

0 = myv; sin 'Eil — M, v, §in HE (i)

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

3

— N, — N
B R
3 1

b — N, ——= N
(b) 3 5

1 3
N T N
5 @ 7

RAP

‘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. Tt is represented by e.

relative velocity of separation (after collision)

P —
relative velocity of collision (before collision)
Vy — ¥

P |
=ity

where u,, 1, are velocities of two bodies before
collision, and vy, v, are their respective velocities
after collision.

- Key Point

When masses ol two bodies are equal,
1.e. My = M,y = M.

. ] 2miu
From equation (i), we get v, = = U,
, . 2miu
From equation (ii), we get v, = T =1
1

When the body B is initially at rest i.e., u, = 0.
From equation (i) and (ii), we get
(m, —m, Ju
=2 LU
my + 1, ny +m,

For perfectly elastic collision, e = 1.

For perfectly inelastic collision, e = 0.

it up!

.

A body of mass 6 kg is hanging from *

another of mass 10 kg as shown in figure.

This combination is being pulled up by a | 10kg
string with an acceleratmjl of 2m s % The I
tension T} is (g=10m s ) -
(a) 240N (b) 150 N -
(c) 220N (d) 192 N

A man sils 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 g is 10 m s 7, then the acceleration
of the chair is

(a) 0.45m 52 (b) zero

(c) 9/25ms (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 g each,
what is the velocity of the third part after explosion?
(a) 10ms ' due north-east

(b) IUNE m s~ due south-east
(c) HNE ms~' due south-west
(d) ID\E ms ! due south-east

A force F acting A

on an object varies ;]{]ﬂu

with distance x 'z 757

as shown in the &30

figure. The work 237

done by the force 4 : 0 s 20 &
in moving the x (nm) —

object from x =0 to x =20 m is
(a) 5007 (b) 1000] (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 ], then the kinetic
energy of the particle at x = 16 m is

t 10
F(N)
5_,__
r—— ! i >
2 4 |6 8 1012 (14 )16 x{m)—=
e ol
—10+
(a) 45] (b) 307 (¢c) 70] (d) 20]

A stone is dropped from a height h. It hits the
ground with a certain momenfum 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) g (b) g/2 (c) g/4
Three blocks A, B and C each of mass
m are altached to a string, passing
over a smooth pulley. What is the
tension in the string connecting A
and B? A
(a) 2/3mg (b) mg

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

(d) 3g/4
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10.

11.

12,

14.

. If Wy and W5 denote

A block of mass ‘m’ is kept on a smooth inclined
plane of inclination 8. 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) mgcosB
(¢} mgsin© (d) me
cosB

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

@ - @ 1 = @ D
(e +1) (1+€) e e

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?

NE

(a) ? m s_l, 2\/’5 ms

(b) 3ms ' 2¢3ms™!
(c) 24/3m :-;_1, 23ms !

(d) ﬁm 5_1, \,E ms .

. 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

(a) 250T (b) 2757 (c) 4507 (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 2m s ' on reaching the
top. Work done ﬂgain&t friction is
(Takeg=10ms™)

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

(d) 200]

the work done by gravity
in taking a body on mass
m trom A to C in the
gravitational field via the
paths ACand A — B— C,
along a smooth inclined plane, then
(@) Wye< Wyge
(b) Wyc=Wype
(c) Wyic< Wage

(d) Wye=(NL*—h*)W, -




16.

18.

19.

20,

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?

(a) 25% (b} 50%  (c) 60% (d) 75%

. 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) v/2  (c) viN2 (d) w2

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
tfloor when the stone reaches the floor?

(a) 10m (b) 10.1m (c}) 929m (d) 20m

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 /mpg?

@ 172 () 13 () U4 (4 13
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_3]

(a) 0.5 MW (b) 1.0 MW
(c) 1.5 MW (d) 2.0 MW
SOLUTIONS

Applying equilibrium conditions, £F, = 0

=
or

.2 1
V2 2

Fy + 1sin45° - 2sin45° = ()
F, = 25in45° - 1sin45°
2-1 1

N
2

NG

and EF}, =0 = lcos45° + 25in45" - F, =0

F,

2 1 241 3

"R e RETRY

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,

T+45[J—1ﬂﬁﬁ:(]?gn]u

or =550+ 100 ..(1)
For upward motion of the chair,

250
T A DB = {i)a
10

or T =25a+ 700
Equating (i) and (ii), we get
550 + 100a = 25a + 700;a=2ms >

ki)

4, (c)
5. {o): A N
_ 100
< 754
=
= 50+ .
25T :
r.]'-"f . VAR L
5 w 15 20
x(inm) —>

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

1 2 i
= 1{lﬂ:x:1n+£xm><lﬂﬁ = 1000 + 500 = 1500 ]

g e
14 |16 x(m)—=

] K
-101

Work done W = Area under F-x graph with proper sign
W = Area of triangle ABC + Area of rectangle CDEF +
Area of rectangle FGHT + Area of rectangle IJKL

W :[%xﬁ xlﬂ]+[4:x:(—5}]+[4x{5}]+[2}< (=5)]

=30-20+20-10=20] ciaikl)
According to work energy theorem

Ki-Ki=W
ik {Kf }.1‘=1 3 v ) pa {Kz' }.I:{} e W
[K—f)_"f = ]_ﬁ I = {K}}I:H I + H}r o 25 } + EI] ] g 45 ]
7. (b): When a stone is dropped from a height h hits
the ground, it velocity v) =/2gh - v = ut + 2gh

.. (1)
and then it is dropped from a height 2k (100% more
than the previous height) and when it hits the ground,

its velocity v, = /2¢-2h
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[ts momentum P = mv; = my2gh

45



and its momentum P, = mv, = m,J2-(2gh) = \EF’I

Percentage change in momentum

s [EE —4 }m[][}ﬂ;ﬁ:[“‘/Elul —4 unm% = 41%

A B

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

=
= 75% (weight of the monkey) = 28
T
When the monkey descends from the

branch of the tree, with an acceleration (a) \Lﬂ
mg - T =ma
3 W Hig

mg — :Img =mxa;a=gl4

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. (c) 13. (d)
o B : 2 1
14. (b): For the inclined plane, sin®= el
When the box reaches its highest
point A, its total energy 4
1
= PE+ KE.= —mv? 12
2 1 )
1
=50x10X2+=x50x2x2 0
2 B C
= 1000 + 100 = 1100 ] i)

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 ] = 1200 - W,
W, = 1200 - 1100 =100

8 G

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

Wic=FxL=mgsin0 x L=mgh SmH:E]
j 2

For the path AB, W,p=Fcos90° x AB=10
For the path BC, Wp- = mgh
Wi+ Wpe= Wye
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ie. 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

zlmvl :lx5ﬂx1[]‘3 x 200 % 200
2 2
K;=1000]

£3
Final K.E. (Kf) = 7—— x 1000 =250 ]
100

1 _
= —mvz- =250=v,=100ms :
2 1 f

Decrease in speed = (200 - 100) = 100 m g1

Percentage decrease in speed = m %100 =50%
17. (<)
18. (b): The time taken by the stone to reach the floor
_ s 10 _
15 {=—=—=235
1 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
C(]I]SE]'\"H.UI’JH l'.'.ﬂfli]'lt‘ﬂl" momentum.

Momentum of the stone + momentum of the man =0
Or Myl + Mati; =0

1 =
0.5%2=-50Xu; uy=——ms |

50
The -ve sign shown the upward velocity of the man.
In 5s, the man will move upwards through a

1
distance of f-',_[} x5=0.1m
Thus, distance of man above the floor h =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

2
1 mv

2 1

But w:lun:it}’ = Distance travelled/s =2 m s
mass  volume

1

and S x density =L xbxhxd
L - S 81 -1
; =2x50x5x10"=5x10"kgs
[L = 2 m = distance travelled in one second]
1 mv> 1 5
P=— =—=X5X10" xX2%x2=1MW
21 & 2

®®



LRI OBJECTIVETYPE QUESTIONS*

Gravitation

GENERAL INSTRUCTIONS

1.  The Question Paper contains three sections. 4. Section C has 6 questions. Attempl 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 V.
. . . . . . 1 (b) 2V,
This section consists of 25 multiple choice questions 2 ‘
with overall choice to attempt any 20 questions. In V,
case more than desirable number of questions are (c) "JEH (d) 3
attempted, ONLY first 20 will be considered for ‘
evaluation. 4. In planetary motion, the angular momentum
conservation leads to the law of

1. A satellite is launched into a circular orbit of radius
E around the earth. A second satellite is launched
into an orbit of radius 1.01 R. The period of the

(a) orbits
(b) areas

second satellite is longer than that of the first by (c) periods

approximately (d) conservation of kinetic energy

(a) 1.5% (b) 3.0% 5. The earth rotates around

(c) 1.0% (d) 0.5% the sun (see figure) in an

: . A s}

2. A particle of mass 10 g is kept on the surface of a elliptical orbit. At which

uniform sphere of mass 100 kg and radius 10 cm. point will velocity be

Find the work to be done against the gravitational maximum?

force between them to take the particle far away (a) At A (b) At B

f}rt‘:-m tl"ie sphere. ’ﬁ:ml :na:-,f - (c) AtC (d) AtD

(Take G =6.67 x 107" N m-kg )

(a) 13.34 x 10710 (b) 3.33 % 10710 6. The figure shows elliptical

(c) 6.67 x107°] (d) 6.67 x 10717 ] orbit of a planet m about =
3. 'The escape velocity from a spherical satellite is V.. thc s S. Thﬂ shaded area ,

The escape velocity from another satellite of double SCD is twice the shaded

the radius and half the mean density will be area SAB.If {, is the time

*Chapterwise practice questions for CB5E Exam Term- | as per the paltern issued by CBSE.
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10.

11.

121

O

for the planet to move from C to D and ¢, is the time

to move from A to B then

(a) t, = 4t,

(c) t; =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) t, =2t
(d) t,>t,

(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°.

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%
(c) increase by 2%

(b) increase by 1%
(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) A (b) 24 (c) 4A (d) E
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 T2 A

(b)

-

(d)

-

P

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.

16.

17.

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 GMrl & b) _GMmrl W

5 haininibled |

_{rl+r2]l _[r1+*rl}
EUNTTE - ! -

(©) 2Gm L (d) EGMmEfr‘lrE -
| (p+1y) (n+1,)

The period of revolution of an earth's satellite close
to surface of carth 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) 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 () 427 (d) 4.8

. The universal ]awafgravitatinn 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* o (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

Foor

(a) = ],ifrf:RandJ’jﬂ:R
boon )
K F
(b) o if n <Randr, <R
B on )
o ,
(c) T g il h >Randr, >R
z. b
F o
1 W ;
(d) L if y >Randr, >R
2 2
The acceleration due to gravity decreases by Ag,

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



19,

20,

21.

22,

i £ 2

24,

2D.

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

(a) Agy = Ag (b) Ag, =2Ag,
() 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 ecarth = 6400 km)

(a) 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 ﬂg/ril ?

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

(c) 3R, 0.33R (d) 2R, 0.50R

Atwhatheight habove the earth’s surface, the value of
¢ becomes g/27

(where R is the radius of the earth)

(1) (V2-DR (b) 2R

(c) (W2+DR (d) RV2

Let g, and g, 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 :ﬂ.’ll’h angular velocity m, then g, — g s egual to

) — By RE @ R q %

R
The carth is assumed to be a sphere of radius (R)

rotating about its axis with an angular speed .
If the effective acceleration due to gravity at a

. . 3 .
certain latitude (A) is £ —EmER, where g, is the
acceleration due to gravity at the poles, then the

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

(¢) 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.

28.

29,

31.

The depth at which the value of acceleration due to

E o g
gravity becomes — times the value at the surface is
"
(R be the radius of the carth).

R

(a) ; 2
R(n-1)
H (n—1)

(c)

. 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 R ), R3 R,R

@ 22 @) L (g AL (g 12
R, p, Ryp; P2 K P1P;

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 (b) 28 N (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} — L) == d) —R
(a) z (b) T (€ 3 (d) 3
. 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 wvalue of G was first experimentally
determined by Johannes Kepler.

(d) G is avector quantity.

Both ecarth 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.

(¢) is not elliptical but will necessarily be a closed
curve,

(d) deviates considerably from being elliptical due
to influence of planets other than earth.
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32

34.

I

36.

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 107] (b) =3.19 % 10°]
(c) -2.5%x10°] (d) -4.0 x 1011

. 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 (d) F/9

Work done in laking a mass [rom one point to

(c) Fi3

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

() 11/2km sec™! (b) 1172 km sec™!
(c) 2km 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 [CF: 2 (d) -2

An astronaut experiences weightlessness in a space

satellite. It is because

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

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

(c) the astronautl experiences no gravily.

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

The escape velocity from the earth is 11 km 7L

The escape velocity from a planet having fwice
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 s
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40.

41.

43.

There is no atmosphere on moon as

(a) itis closer to earth.

(b} it revolves around the earth.

(¢) 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 te): L2 (d) 1:1

. 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

(¢) 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

(a) 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 carth.

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.

(¢) A is true 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 intensily is zero

both at centre and infinity.

Reason (R) : The dimensions of gravitational field

intensity is JET:

Select the most appropriate answer from the options

given below:

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

(¢) A is true 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.

(¢) 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) : 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)

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) A istrue but R is false.

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

: The wvalue of acceleration due to

Given below are two statements labelled as

Assertion (A) and Reason (R)

Assertion (A)

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.

(¢) A is true but R is false.

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

+ There is no effect of rotation of

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,
..., respectlively, 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 earth’s
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

b o= 2GM
¢ R
where, M = Mass of the earth/planet

R = Radius of the earth/planet

| N2
or v —\/E—GK TEE3 ,\,—HEP{IR

3

For earth, v,=11.2km s

If abody 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

space with speed v and +" is given by v' = v — vf;'

52. On any planet, the presence of atmosphere implies
that [C,, . = root mean square velocity of molecules
and V, = escape velocity]
(8) Comy < V.,

() Cims=

hj (-_‘rmf. > v
(d) C

TTIA
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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 velocily from the earth is ve, then the
escape velocity from the planet is
@) 5,

(@) 3y, (b) V21, (0 v,

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) is

(@) 172 (b)) 2:1 (o) 2.1 (d) 1:42

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

(@) JgR () 2gR (c) 26R  (d) gR

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

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

Differen liating, we gel 2 [E ]: 043 (E’_R)
T R

oT _ E(ﬁ)zi[w]x 100=1.5%
" 2R 2 R

2. (c) : Heree M=100kg, m=10g=10"2kg
R=10cm=0.01 m

Initial PE. of the two bodies,

GMm _
U, =— iR = —6.67x1077 ]
When the particle is far away from the sphere, the PE.
of the system will be zero, U = 0

W= Uj-— U.=+6.67 x 107°7

4
EGMI EG}{EERf }{Iﬁ}l
3. ():V, = -
! Rl R]

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.
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7. (b) : A geostationary satellite goes around the earth
in west-cast 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
8. (b): g= 22

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

 Gx099M GM
(0.99R)? R*
9. (d): P'E'P: BE..
mg,h,=mg,h,
£,
=28 wh .
P g, € (1)
M (y 47T 47T
s s 3 e
. RZ R2 x[ 3 Ep**) =73 OReP, ()
4T
BT ...(iii)
From equation (ii) and (iii), we get.
2 K
S _ ZePe = B =l
& KPy

From equation (i), we have, hp =12%2=24dm

10. (d) : Since radius vector sweeps equal areas in
equal interval of time, area swept in one week

= 1/4 x arca swept in one month = A/4

11. (c) : According to Kepler's third law, T? = 1, 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
momentum, at locations A and B, we get,

[—1—| ry g

conservation of angular

1
B A
H
2
. Vﬂl :
L=mVir,=mVyr, = V,=—+ (1)
T

Using the principle of conservation of total energy at A
and B,

lm\f'lz B GMm _ lm‘v"f 3 GMm
Z n 2 7
2 5 : 1 1 .
or Viy—-Vg=2G6M|——— (i)
0



Putting the values from Eq. (i) in Eq. (ii) and solving,
2GMr, e
)

we get, V|, =
n+n

1/2 1/2
2GMrr, _ 2GMm?r,
(1']4-1"2] Ht+n |
13. (c) : From Kepler's law, T2 o< R = T'ec R¥?

’ s 32 ’ 3/2
g T__(R_) :,T_{EJ = ([@)2= ()= =8

::Lzm‘.f"lrl :m[

T |R T R
T =8T=8x90=720 min

14. (c) : According to Kepler's third law,

3/2
T2 ec R3 = E = ﬂ
L\ R

3/2
I, (3RY
I—‘}'z (F] =27 & T =N =427 h
]
15. (¢) : According to universal law of gravitation,
G, 1
F=—12 or F
#2 &
Hence, it is also known as inverse square law.

16. (a) : According to Newtons law of gravitation

Fnclj or Fecd™?
d*

17. (a) : For r<R, FzGMr or Fecr
7 R?
—1:Il ifrla:::RandrEﬂ:R
F n

andfor r= R, F:GM or le

2 2
R_1% .
— == if n }Randrl}R
E rl
2 1
18. (b) : = l—z—h
. ’ gh B R
2hg h
T 1 1 = — = 1——
gl g g.l'a R gﬂ' g[ RJ
h
Ag,=g—-8& =& Ag, =2Ag,

R
19. (b) : Acceleration due to gravity at depth 4 is

oo oo
EZ8U T R)TE U 6400 ) 200

Therefore, decrease in weight is

199¢ I]_ﬂ
200 200

mg —mg’ =m [g =

mg [ 200

Percentage decrease = ¥ 100 =0.5%
mg
PRE e g
20. (b) : &h =2 ELCS s
RE
£ = or R+h=10R or h=9R
(R+Hh)* 100

21. (b) : At a height h above the surface,

i R Y
Eh gR+h

¢
Here, 25~ T and ¢ = a,

a, R P R 1
—=g,|—| or —==
4 &l R+h R+h 2

ot 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
. _8 _
Here, g, = Z and g ag

Ag d d 1 3
=g [1-= or l-——=— ord=—R
4 £ R R 4 4

3 _
. Distance from thecentre=R -d = K- EH: 0.25R

Hence the required answer is (2R, 0L.25R).

5

T

poY
22. (a) : 8, = ‘q[ﬁ;‘_+f_;) Given : g, :%

o ( R Y | [ R )3
==g or —=
2 R+ h 2 \R+h

or R\"E:(R-I-}Ij or th{xE—l)

Rm?
E

23.(b): g'=¢ [1— cos? JL]

At the equator, A =0

Rw? )
8E =£[1—'E—]=H—Rm‘

At the poles, A = 90°
3;1 = £
8~ 8: =8 - 8- (-Rw’) = Ry’
24. (b) : The effective acceleration due to gravity at a

certain latitude (4) is given by
g£=g,- 0°R cos*A (1)

, 3
In this problem, § = §, —E“]ER ..(ii)
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Comparing (i) and (ii), we get

3 3
Cos? h=— = cosh=— = A=30°
4 2

25. (b) : Accordingto 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.
P= kR i)
(where, k is constant of proportionality)
When R becomes 4 times, let time period be T". Then,
T = k(4R)° ...(ii)
- -
I =L or L=1 o F =87
T's 64 " 8
So, time period becomes 8 times of previous value.

26. (¢) : The acceleration due to gravity at a depth d
from the surface of the earth is given by

)
1 P 1 R

o _8 _ ( d]
Given: ¢, == and =g|l——
g4 = 51 =5 R
d d 1 -1 —
E=S’(l——] or —=1——=”— or dZR{” 1)
H R R il n H
" . R.p
GM G 4 4 &1 _ 4P
- = — _— 3 = — r . L
28. (d) : Given, mg =72= GMm
H}'_’
2 ; GMm GMm
F =mg = 3 = 5
3
(x3) (Z)
2 2
4 GM 1
or FF=o22=2y73=32N
9 RZ 9
29. (b) : The value of acceleration due to gravity at a
64
height h = —
& 100°
64 gR- 8 R R
g= or —= or h=—
1007 (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 10 "' N m* kg °
whereas in CGS its value is 6.67 x 107® dyne cm? g‘z.
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.
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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
(1) =63 x10"m
Potential energy,
GMm  (6.7x1 0~ 1) x (6.0x1024) x50

6.3x10%

U=

?- -
=319 % 10%]
33. (b) : Tt 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.

J_!l‘
35. (d): FE:“IE(; g

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, = M =50

R

1/2
2G(4M IIEGI‘J
In second case, F; ={[—jJ =2, ][—
R R

=2 x50 =100 km sec™!

. . . [-;JMEm
37. (d) : Kinetic energy of the satellite, K = 5.
"
: : . ) GMgm
Potential energy of the satellite, U =—
.

U
Their corresponding ratio is = -2

38. (¢) : An astronaut experiences weightlessness in a
space satellite. [t is because the astronaut experiences no
gravity.

39. (d) : Escape velocity from the earth is

v{r:\/EGM :\/EG inﬂip 5 S_I[Gp

R R 3 3
As the planet has same density as that of earth,
¥ 2R
o L=2229 or v =21, =2%11=22kms"]
v R p .

L.l'



40. (d) : Moon has no atmosphere because the rms
speed of gas molecules is greater than the escape speed
(ie.,v. . >ve)

41, (d) : T=2nJR3/GM

The period and frequency of revolution are independent
of the masses,
The ratiois 1: 1.
2G6M . 1

42. (b) : Escape velocity, v, = "'| T ie Vv, o< E

where M and R are the mass and the radius of the earth.

1
—= or — 2 —:—2
R, 100 R,

R, 6400
100 100

43. (a) : As T? o r’ and proportionality constant does
not depend on the mass of orbiting body. So, option (a)
is correct,

44, (d) : According to Keplerss third law
TPee R pr: Tee RY

. [(10ERT™
] — =1.03 or T,=1.03T,
T, | R

i p

=64 km

or ;_,_

L, -T,
% 100% =3%
h
: Variation of g with depth from surface of earth

R
! rf]—— =)
‘ é( R)

Apparent weight of body = mg" = 0

% difference =

45, (c)

R
At the centre of earth, d = R,

sgventy ¢ = 5{1-
isgivenby g = g|1-— |

46. (b) : Gravitational field intensity at a point distance
GM

42
When point is inside the earth, then

ﬁ_Exjnr3p 4:”:?9 whenr=0, E=0,
-

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.
48. (c) : The value of g at any place is given by the
relation, g’ = g - ®” Re cos’A
When A is angle of latitude and  is the angular velocity
of earth. If m =0,

¢ = g, if there is no rotation.

r from centre of earth is E = . When ¥ ==, E=10.

49. (a) : At poles, radius of horizontal circle is zero.
Centripetal force F = mrwy* = 0. Hence g at poles is
not affected by rotation of earth.

50. (b) : The resulting gravitational potential at the

origin () due to each of mass 2 kg located at positions as

shown in figure is
0 2 kg 2 kg 2 kg
L L L i

x=0 1 2 4 8
Gx2 Gx2 Gx2 Gx2

f ¥ 4 8

e

FE

:—26{¥+l+l+i+"_-_
2 4 8

.
~-26| 2| =40

51. (b) : Gravitational potential energy of the body at a

height 4 is
GMm  —gR*m  —gR%m [I L ]‘]
(R+h) 4 [ % % J R R

[ GM ]
= g =
R :

.'h__

—gR*m(R - h)

Uy =— 22 =—gm(R—-h)
U, —em(R-h
y=—t- gmi ) - —g(R-h)
m m
52. (a) : It C_. > V, all the molecules will escape in

space and there will be no almosphere on the planet,

53. (a) : Escape velocity from the surface of earth is

26M
I
[ R
Escape velocity [rom the surface of planet is
2G(6M
” 2G(6M) \J;—
? "\ 2R
v
54. (b) : ;LI: |’M1R3 = i IR
L*’-z MFERL RE 1

55. (b) : The escape velocity for a body projected from

the surface of the earth is JE?R . 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 intinity to the surface of the earth it will acquire

the velocity V, =,/2gR.

e

D
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MAEHETIG FIELD

The space 5urruund1115 a magnet where a magnetic
force is experienced is called a magnetic field.
The sources of magnetic fields are :
- a current carrying conductor

changing electric field
- moving charged particle
- permanent magnet and electromagnet etc.

MAGNETIC FORCE ON A MOVING CHARGE

CFE

Trajectory of a Charged Particle in a

Magnetic Field

D

Straight line : If the .
direction of a particle
moving with velocity v is
parallel or antiparallel to
magnetic field B, i.e., 8 = 0 or 6 = 180° then F = 0.
Hence the trajectory of the particle is a straight line.

B=150"

Circular path : If ¥ is :':7.“ L
pﬁ'fpﬂl'ldli:lll"ll' Lo B, i.e. .3 X :-:++*E .
0 = 90°, then particle will x k; x x
experience a maXimum * -gi'f 7
; : 2 ®x Wk x X x x

magnetic force i.e., Fy., = qvB.
mv  p  N2mK 1 2mV

Radius of path r=—=-+"-= = — ;
8 g8 48 BY ¢

where K is Kinetic energy and V is potential.

2
The time period of the particle T ::rt_:
q
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Magnetic Effects of Current and Magnetism

Helical path : When
the charged particle is
moving at an angle to
the field (other than 0°,
907 or 1807), particle
describes a path called
helix.

Radius of path r= Lty h:: 0)
q
Time period and frequency T = i and v = i
1B 2mm
The pitch of the helix,
2nr

=T(vcos §) = 2 — (vcos 0) =
p=T(vcos0) an{Lcns ) -

Lorentz Force
When the moving charged particle is subjected

simultaneously to both electric field E and
magnetic field B, it experiences both electric
force, F, =qE and magnetic force, F,, = q(V x B);
so the net force on it will be F=g[E+ (¥ x B)].

Cyclotron

Cyclotron is a device used to accelerate positive
(like, a-particles, deutrons elc.) to acquire enough
energy fo carry out nuclear disintegration etc.

1 B
Cyclotron frequency : v=—= 1
T 21mm
EBE
Maximum energy of particle : £ :(qz ]rz
n1



T

Force on a Current Carrying Conductor

Magnetic force per unit length of each wire is given as

e Net mobile charge carriers in a conductor, g = nAle db, dF,  upll,
e Average drift velocity of electron = v d dl - 2md
 Magnetic force on charged conductor

. . F - ’

B = (nADe(7, x B) T Bior-Savart’s Law

2 = - N\ « Biot-Savart's law is used to
— i
ety il B A@ sf} _ {3{ determine the magnetic field at / '

=(JADx B=1(I x B)

F

Parallel currents

B

conductor.,

Magnetic Force between Two Long
Parallel Current Carrying Wires

Antiparallel currents

any point due to a current carrying

According to Biot-Savart’s law,
magnetic field at point P due to the

current element Idl is given by

| 2 I 2
Attraction Repulsion : IdlsinB
I 4 AL o W I, the expression dB = Kr—gﬂ A
= ;
2nd B, B,
B, +—X B : 2 _
*YdF,, df, | . Ml oy 4Fy ¢ Vectorially,
' and % =
dp = o I(dixr) Qo IdIXF
P d » + d » I am
= Application of Biot-Savart’s Law
Condition Figure Magnetic field at the centre
!
e
or
Arc subtends angle O at the centre - > B = Bo =
\Lh‘» e 4T r
|
—_—
Arc subtends angle (2 - 0) at the '“H,_ﬁ /*;( i Ho (2r—0)I
centre o 4T r
O
{'J -
[
—
ol I
Semi-circular arc p=YHo I _ Ko
T r 4r
_______________._‘ ________________
() - r -
E T
5 ! [2“ _E)I
Three quarter semi-circular current _.q_f_;.. B = 4;][ ' .
carrying arc o
_ 34l
[ Br
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Circular current carrying arc

Concentric coplanar circular
loops carrying current in the same
direction

(i) If the number of turns is same
B :ﬂ;[l+L],n
2 non
(ii) If number of turns are different
B, = ﬂ{_l . ﬂ]
21n n

Concentric coplanar circular loops
carrying current in the opposite
direclion

(i) If the number of turns is same

1 ]|
B=R0y|=_—|n
2 |n n

(ii) If number of turns are different

Hj=E.D_‘: s L
S 21l n

Concentric loops but their planes
are perpendicular to each other

B=+B{ +B;

= Ho Iy
2r

+13

Concentric loops but their planes
are al an angle 0 with each other

B= JB% + B; + 2B, B,cos6

Wy {2 .2
=—JI; +I;+2I.1, cos@
Er\ll 3 142

e ™%
Distribution of current
belween any two points on the *{-} ] B=10
circumference L kY
¥
» Magnetic field due to current carrying straight ~ Infinite length wire :
conductor or wire at point P u,I 1,
u,I B,=——(sin90°+sin90°) ; B, =——
Finite length wire : B, = Z0° (sin 0, +sinB,) And 21d
4mtd I |
NY-.. 14
- GE :9':'{' i
s o) | !
90° B (A e b g e e P
] 2 S i
fll_.-f .................... .6..:_.::.? D] =L .Q,Du i
e |
- + el =ereemeee
o P

58
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» Semi infinite length wire:




Ly !

Lol

B (sinB+sin90%) ;s B, = (sinB+1)
P and P and
1 |
/4
0, = 90!
M':I- ......................... b p
0, = B\
e oy
> Spf;cial semi infinite wire :
I 5
B, = al (5in0° +sin 90°)
4mnd
I
B — Wyl A
" and 0, = 90°_
1y 20 S
LorM B,=0° P
e ﬂ‘_ ............ M

Ampere’s CircuitaL Law

» It states that line integral of the magnetic field along
any closed path in free space is equal fo | times of

net current, which
crossing through
area bounded by the
closed path.

Mathematically
fgﬁ E : iﬂ: Hy 2 I

5= (7

®L @I, 2
z §
=
2 =
—= =
= O
-
—L+LE)| wp @ +ve
down & — ve

= Application of Ampere's Law

current

Magnetic field due to an infinite sheet carrying

» An infinite sheet of
current with linear current
density J
According to Amperes law,

2B = ,(Jl) or B= “T‘C’I

here I = JI

T e il

o

<

Solenoid

» Finite length solenoid :

p=Fo (21 nl)[sino + sin 3]
4ir

* Infinite length solenoid :
If the solenoid is of
infinite length i.e, o = 3
= (m/2). So B, = uynl.

If the solenoid is of
infinite length and the
point is near one end i.e.,
o =0 and p = (n/2) so

1
B = (Bon)

' 1
[Hw:d == EHfH ]

Toroid

A toroid can be considered as
a ring shaped closed solenoid.
_ MNI

where n = N/2ntr

= L,
27r Ho

TorouEe oN A cURReNT Loor

= Torque on a Rectangular Current Loop

T=smx B=mB sinOn,
where, ji= NT A = NI (ab) A
= magnetic moment of current in lnnp,

-
o

A = ab = area of rectangular loop ;

| B =angle between m and B

= Circular Current Loop as a Magnetic
Dipole

Magnetic moment of circular current loop,
m=IA=InR

Magnetic field perpendicular to the loop at any
point at a distance x from the centre, for (x >> R),

5 Pl RE gy 2m

L 2x3 4w 3
Magnetic field in the plane of the loop at any point
at a distance x from the centre, (for x >> R),

_Hto m _

41T x-

“ Magnetic Dipole Moment of a Revolving
Electron

, € ev
Orbital current, I =—=

=

ITr
Magnetic moment associated with the circulating

- crr a4
current, By =ITrs = - L,
2 Zm{: -
(24 :
Vectorially, [i; = - L
Y- 1y o %
Gyromagnetic ratio, * _ _¢_
L 2m

l-'|
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Key Point
e
4mm,

Bohr magneton, g =(U;)yin = h

=9.27 x 10 ** A m?
If the plane of the coil is perpendicular to the
direction of magnetic field i.e., 0 = 0° then
t =0 (minimum)

If the plane of the coil is parallel to the direction
of magnetic field i.e., 6 = 90° then f = NIAB
(maximum)

" Moving Coil Galvanometer

Principle : When a current carrying coil is placed
in a magnetic field, it experiences a torque. In
moving coil galvanomeler, the current I passing
through the galvanometer is directly proportional
to its deflection ().

[ <@ or I=Go,

where G= = galvanometer constant

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.

NAB
Current sensitivity, E: f
o - (NAB]I (NAB)]
oltage sensitivily, —= = —
5 v Uk v Uk Jr
Conversion of galvanometer into ammeter :
r. is a very small A ;
resistance (r, << Rp) TR
Fy f.‘-{ .
= o - * * @ Lo
= e
[ I J Ammeter
o
Agiom RU
F=i,

(Shunt (r,) is connected in parallel)
Conversion of galvanometer into voltmeter :
R is a large resistance (R >>Rg)

V=1, (R +R)

v L B e
R:I——RG SN :

& Voltmeter
(A large resistance (R) is connected in series)

MaGNETISM

e
whar

Various Term Related to Magnetism

Spacr: around a magnetic PU]E or

Magnetic flux
(0) and flux
density (B)

The number of magnetic lines of
force passing normally through
a surface is defined as magnetic
flux ().

S.L unit : weber (Wb) and CGS unit

is maxwell.

Magnetic
permeability

It is the degree or extent to which
magnetic lines of force can enter a
substance and is denoted by u.

Intensity of
magnetising

field (H) M

It is the degree of extent to which
a magnetic field can magnetise a

B
substance. Also H=—

ST unit :

or | m! Wb}
m x Wb

Intensity of

[t can also be defined as the pole
Stfﬂl]gth per unit cross sectional area
of the substance or the induced dipole

magnetisation
(I) moment per unitvolume. ; _ ™ _ M
i
S.I unit is A m . whe
_ It is the property of the substance
Magnet.lc_ ; which shows how easily a substance
susceptibility I
(o) can be magnetised. Am = H
Relation
between B=B,+ B, = UWH+ ul
permeability | = u(H + I) = WoH (1 + %,,,) = W.H
and where W, = (1 + X
susceptibility

Macnetic DipoLe

Magnetic field
and magnetic
lines of force

magnet or current carrying wire
within which it's effect can be
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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

[t is defined as the product of strength of either pole

(m) and the magnetic length (21) of the magnet.

[t 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)

where L is the magnitude of the angular momentum
of the revolving electron around the nucleus. The

» The magnetic field due to a bar magnet at any point smallest value of 1 is called Bohr magneton g and
on the axial line (end on position) is given by it is given by
ehi o b e &
p Mo 2Mr Uy =—=9.274x10 T T '=5788x10 eV T .
axial ATT (rg _Ig]g 2m
where r = distance between the centre of the magnet where m is the mass of the electron and 71 = P
and the given point on the axial line, 2] = magnetic
Ifl:lgth of the magnet and M = magnetic momentof  EaARTH’S NMAGNETISM
the magnet. . . .
&1 - 1, 2M = Magnetic Declination ()
For short magnet " << r7; B, = Anr? o [tis the angle between geographic and the magnetic
The direction of B,,;, is along S-N. meridian planes.

e The magnetic field due to a bar magnet at any point B2k
on the equatorial line (board-side on position) of iy
the bar magnet is given by Y8,

Bl waraiial = Mo M Ig”r
EquAalora =
4 4 (r? + 1) —
\ Geographicall
1 yricle - — :
For short magnet Pe<tr?; Boquatorial = - 3 meridian S
dmr ,_,-""'Hf meridian
The direction of By 0ria 18 parallel to N-S.

# Current Loop as a Magnetic Dipole “ Angle of Inclination or Dip (o)

« A current loop behaves as a magnetic dipole whose ~ * It is the angle between the direction of intensity
magnetic dipole moment is M = IA where A is the of total magnetic field of earth and a horizontal
area enclosed by loop and [ is the current flowing line in the magnetic meridian.
in the loop. + Earth's Magnetic Field

e If there are N turns in a loop, then M = NIA. e By=Bcosd ..(i) andBy=Bsind  ..(ii)

= Magnetic Dipole Moment of a Revolving By squaring and adding equations (i) and (ii),

Electron B=ql B} + B}

» An electron revolving around the nucleus has a Dividing equation (ii) by equation (i),
magnetic moment U; and is given by B..

[l e 1 tan = B—T"

L om f
CLASSIFICATION OF MAGNETIC MATERIALS

Properties Diamagnetic Paramagnetic Ferromagnetic
Causc of magnetism | Orbital motion of c¢lectrons | Spin motion of electrons | Formation of domains

Substance placed in

uniform magneltic
field.

Poor magnetisation in
opposite direction.
Here B,, < B,

Poor magnetisation in same | Strong magnetisation in same

direclion. direclion

Here B, > By Here B,, >>> By
——t — S
_--'-_-___-_'--,._—
_--'-_____-—;--’._—
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M - H curve M — Small, negative, varies | M — Small, positive, M — Very large, positive
IinEﬂt"‘,‘;’f‘:ilh field varies linearly with field and varies non-linearly
| e | with field
M
*\ »H —/ >/l
— H
¥m — 1 curve Ym — Small, negative and | ¥,, — Small, positive | ¥, — Very large, positive and
temperature independent and varies inversely with | temperature dependent
foine P temperature or s 1
y or 1=
W o O il!: (Curie law) o ~Tc { o)
(Curie-Weiss law)
-'{-'-'J‘ .I.Ii'il \ Im"
> i / "
Te T
Tlf:{:it'[]n] =770 *C or 1043 K
I, (Relative I Saqesit l1+e>U, > 1 WL, =>> 1
Permeability) (U< Ug) (U > ) (U >>> 1g)
Mﬂgl‘lEtiE HYStEI’ESiS Magnetic hard substance (steel) — High coercivity
Magnetic soft substance (soft iron) — Low coercivity
» The lack of retracibility as shown . i (B) & )

in figure is called hysteresis and the
curve 15 known as h}rf«;tcresi:i Innp.

}
.
— ) G H
Retentivity : The property I:qu,r 2 /
virtue of which the magnetism (I) £ F
remains in a material even on the removal of
magnetising field is called retentivity or residual

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
H. = OD when I = 0. This value of H is

called the coercivity.

& WRAP

»

111agnetism,
[ ]

ZCro L.e.,
1.

@

A straight wire of length > 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 ficld at its centre to
that obtained in the first case would be

(a) 50:1 (b) 1:50

(c) 100:1 (d) 1:100

PHYSICS FOR YOU | OQCTORER 21

Key Point

Gauss law for magnetism states that the net
magnetic flux through any closed surface is zero.
e, e —h

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.

it up!

2. A bar magnet has a magnetic moment equal

to 5 x 1077 Wb m. It is suspended in a magnetic
field which has a magnetic induction B equal to
81t 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" kgm* (b) 4.54 x 107 kg m*
(c) 4.54 x 107 kg m> (d) 4.54 x 10° kg m*



EJ'I

An clement 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 107° T along z-axis

(¢) 4 x 10°2F along z-axis

(d) 8 x 10 2y ) 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 cenlre of the orbit, if the electrons makes
6.25 x 10" rev per sec? [e= 1.6 x 10 L C]

(a) 6.28 Wb m™ (b) 9 Wb m™

(¢) 12.56 Wb m * (d) 15 Wb m

lhere 15 a uniform electric field of strength
10° Vm aimng the y-axis. A body of mass 1 g and
charge 107°:C s projected into the field from the
origin alung the positive x- clliilb with a velocity of
10 ms " Tts speed (in ms™ } after 10s will be
(negative gravitation)

(@) 10 (b) 52 (¢) 1042 (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 carriecs a
current of 0.04 A. What is the torque required to
hold the coil in the middle of the solenoid with its
axis perpcndmular to the axis of the solenoid 7
(Use m* = 1{]}

(a) 6x10°N m (b) 6x10° N m

(¢) 75%x10°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) LI A

material amongst A, Band C. A
(a) [A-=F,B-D,C-h] P
(b) [A-F, B-P,C-D] 0 =
) [A-P,B-D,C-F| £
(d) [A-D, B-F,C-P] T

A, B and C are parallel conductors of equal lengths
carrying currents I, I and 27 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.

fay: Fi=2F; (b} F,=2F,

(c) F, =F, (d) Fi=-F,

10.

11.

12.

13.

14.

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 malke 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?

@) 151 iAbYy 12 ey 2+¢1 i(d): 1z3
Two short bar magnets P and QQ 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.

M, _3 M, 2
@ M, 2 ®) M," 5
M, 1 M, 3
(c) M, 3 @ M,
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 roton bcam enters a magnetic field of
TWbhm nmmall} If the specific charg,ﬁ of the
pmtnn is 10'" C kg ' and its velocity is 10’ m s ',

then the radius of the circle dERCT‘]hEd will be
(a) 10m (b) 1lm (¢) 0.1 m (d) 100 m

A bar magnet 30 cm long is placed in the magnetic
meridian with its north pole pointing gecographical
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)

(a) 034 Am (b) 3.06 A m

(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 vel:}{:it}f become v". Then

(a) v=v"and|v|=z |V
(b) Vv and|v|z|V'|
(¢) v=¥v and|V|=|¥
(d) v=vand|¥|=|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 1077 T. What is the
'!-1
ratio — ¢
2
(a) 1/2 (b) 2/3 (c) 3/4 (d) 3/2
A long straight wire of radius R carries a current I
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?
(a) 1/2 (b) 1 (c) 2 (d) 4

Two concentric coils each of radius equal to
21 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™) at the centre of the coils will be

(a) 107 (b) 7x 107

() 12x 107 (d) 5x10°

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 unilorm magnetic held passes
through a circular region of radius R. e
The magnetic field is directed outwards “~2R
function of radial distance r and time f according
to the relation B = Byrt. 'The induced electric field
strength at a radial distance R/2 from the centre is

& p. 2 2
BﬁR BR® zBﬁR @ Bof
6 8

(a)

(b)

SOLUTIONS

1.

@

(b): The length of n° m is nearly 10 m and is large
compared to 1| cm. Hence, the wire can be treated
as infinitely long. Magnetic lield at distance of
1 cm from the wire is
Blz'uﬂI: Mol :.u,ﬂf
2nr 2MX1x1072  2;
When it is bent into a circle,

% 102

2mr = circumference = length,

n
21y = ? :H:E
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Magnetic induction at the centre is

LT S Y S Y

B = e == sincen=1
3 o [TE) . (sincen=1)
2__
7,
LI,_I 102
N 100 B, 1
=50= 2 =—
[yﬂ] 2 B, 50
(d) 3. (o)

(c) : 'The circulating electrons is equivalent to a
circular current loop carrying a current I.

IfQ & e
— S MRS T
dt T 1/n
=625x10°x1.6x10%=10x10"*=10" A
2mni
and B at the centre of the circular orbit =%[ )
n\ r

In this case n =1 and r= 0.5 x 10 " m

1077 x2x3.14x1073
1
—x10710
2
B=4x3.14=1256 Wbm™
(c) : The charged particle will be accelerated along
the y-axis, as the electric field acts along y-axis.

B=

Force due to electric field gE

=
} Mass "

1076 %103 R
= ——=1ms? [ E__}
10~2 q

Vertical velocity of the particle after 10 second
isv,=at=1x10=10ms l
ancl the hnrm:mtal velocity v, remains constant and
= 10ms™!

Resultant velocity = J +v3 =102 +102
y=1042 ms!

(b): For the solenoid B = pynl

- 500 _ §
=4mx107 X=X 3=157x10 i
Dipole moment of the coil (M) = NIA = NITR®

=10 x 0.4 x T x (1079)*
M=4mx 107" Am*
Torque requlred MB ‘-..111 90° = MB
=4nx 10 *x 1571 x 10 *=6x 10 *Nm

(b): The slope of the graph of I versus H gives the

susceptibility [1 = % J



11.
| I 5

66

For C,y issmall 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.

Y > ¥4 anditis +ve.
A will be ferromagnetic.
Thus correct optionis [A - F, B- P, C - D].
(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

(Force of attraction)

Mo T4l
g :fﬁﬂ B 27X

(ii) Currentsin A and C flow in opposite directions.
Hence there is a force of rﬂpulsi{}n.

k= CMpl2DE pgr
2 m2y) 2mx

(Repulsive)

Py — - Fpg 0 £ =55

(c)

. (b): The original magnetic moment of the coil

M, = NIA = NI (nR?) (i)
When it is rewound to make another coil of radius

E , and the number of turns N, then

' R
Length of the coil, L = N x 2nR =N"X2n [E]
N'=2N
The new magnetic moment M, is

2 2
ME:N’M:(EN}LEE) = NI (E] -..(ii)

| 2
Y.
N’ I ﬂ
M, 2

da

M, NI(mR?) 2
(a)
(d): According to Curie's law, the magnetic
susceptibility (y) of a paramagnetic substance is
inversely proportional to absolute temperature T

LE., xa:i ﬂ:E or }izlei
r % § 1
Here,
}:l:ﬂ.[}[}TS

T, = -73°C = (273 - 73) K= 200K
T,=-173°C=(273-173) K= 100K

(0.0075) A 0.015
y = & . | T = . =
% 100K
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13. (d)
14. (d): Here the neutral point lie on the axial line.
Hy
41 H”{rl‘ﬁ)z
m=—-
My 2r
m_ 2.582

Pole strength, g, =—
Bt m 21 0.30

2mr

Ba:-;iﬂl = B” or = HH

or —2.582 Am’

=861l Am

—-

15. (d): Since v is parallel to B, F

- :q[ﬁ:ﬂ:fﬂ:ﬁ and
hence y remains unchanged, ie, =y’ and as
such |v |=[¥’].

16. (d)

17. (b): Let B, and B, be the fields

B B,
at P, and P, As the current - .
is uniformly distributed, the | ' P,
I - Y -
current density J=——

. 2
remains constant. nR

From Ampere's circuital law, "]’ B-dl=,l
Forr <R, B-2mr = j.lU~I-:I'Er'2

¥ T r
N B
Ky 5 Ky T

enclosed

R
But r=—
2

My " R Wl
R 2x2 4mR

But for r = 2R, full current I is enclosed
ta(2) (21 ol
2 am\ r ) 4n\2R ) 4nR

B
1
BE

. B )

= i)

18. (d) 19. (b)
20. (a): Flux for loop of radius R/2 at time £

Ri2 3 R/2
0= J B2mrdr = aniﬂ{r—:|
0

3
0

3 — P
= Buzﬂé[%]ﬂ-‘}, dEdp-=2




OBJECTIVETYPE QUESTIONS*

M Magnetic Effects of Current and Magnetism

GENERAL INSTRUCTIONS

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

Timme 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. A circular coil of 25 turns and radius 12 cm is
placed in a uniform magnetic field of 0.5 T normal
to the plane of the coil. It the current in the coil is
6 A then total torque acting on the coil is
(a) zero (b) 3.4 N m
(c) 3.8 N m (d) 4.4 N m

2. P, Qand R are long straight wires in air, carrying
currents as shown in the figure. The force on Q is
directed p 0 R
(a) to the left
(b) to the right
(c) perpendicular to the 20A% 40A4 60A A

plane of the diagram
(d) along the currentin Q.

3. 'lThe force between two
parallel current carrying wires is independent of
(a) their distance ol separation
(b) the length of the wires
(c) the magnitude of currents
(d) the radii of the wires

4.
5.
6.

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

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

Maximum marks : 35

Same current [ passing through two parallel wires
separated by a distance b, then force per unit length
will be

2
HD 21 Hy [ W,

(@) o s @
The magnetic dipole moment nf a current carrying
coil does not depend upon

(a) number of turns of the coil

(b) cross-sectional area of the coil

(c) current flowing in the coil

(d) material of the turns of the coil.

An electron is released from rest in a region of
uniform electric and magnetic fields acting parallel
to each other. The electron will

(a) move in a straight line,

(b) move in a circle.

(c) remain stationary.

(d) move in a helical path.

The magnet of pole strength m and magnetic
moment M 1s cut into two piece& alnng its axis. Its
pole strength and magnetic moment now become

@) =, il (b) HI;E
2’2 5
(c) ?}M () m, M
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8.

9.

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. Tf the current in the coil is 5.0 A,
the total torque on the coil will be

(a) 0 (b) 0.3147

(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 2. 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 N 'm

(c) .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 carr}fing
conductor of length I in an external magnetic field

B is given by

IxB I =B
(a) T (b) I
(c) 1(I x B) (d) I’TxB

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) I0Am (c) 15Am (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 N'm

(b) 303 Nm
d) 6043 Nm

Two identical bar magnels 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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16.

| Ir

18.

19.

20,

LD e—
=
2,
= il -
o

o —— e e e — i — e

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

-\ charged 1_1ﬂl'ti|f|{': is moving on a circular palh

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) 8times
(c) 2 times

(b) 4 times
(d) 16 times

'The particle that cannot be accelerated by a
cyclotron is
(a) proton
(c) electron

(b) ct-particle
(d) deuteron nucleus.

Five ]nng wires A, B, C,
D and E each carrying
current [ are arranged Lo
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 1s at a distance R from each wire)
(a) equal to zero (b) less than zero
(c) more than zero (d) infinite

w0 charge articles traverse identical helica
T harged particles t dentical 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 satisfy.

e ¢
— 1|+ |—=| =0.
[IH]] [Fﬂl

Ata given place on the earths 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° {¢) 50" (d) 60°

At two different places the angles of dip are
respectively 30° and 45°. At these two places the



21.

¥ 5

LS

24,

ratio of horizontal component of earth’s magnetic

field is
(d) 1:4/3

(a) /3:42 (b) 12 () 1:2

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
(¢) 0.15y2G (d) 060G
Biot-Savart law indicates that the moving electrons

(velocity ¥ ) produce a magnetic field B such that
(a) BLY

(b) B[

(c) it obeys inverse cube law.

(

d) itisalongthe line joining the electron and point
of observation.

A galvanometer of resistance 70 €, is converted to
an ammeter by a shunt resistance r, = 0.03 Q. The
value of its resistance will become

(a) 0.0250Q (b) 0.022 Q
(c) 0.035€ (d) 0.030 €
The cyclotron frequency v, is given by
B B 2Tm 2nhB
(@) 12 ) — (o) (d) ——
I 2mg qB qm

. 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 femperature

(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
(a) 45G () 5.1G (c) 35G (d) 6.0G
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28.

9.

30.

31

. A charge g moves with a velocity 2 m s~

The angles of dip at the poles and the equator
respectively are
(a) 30° 60°
(c) 45°, 90°

(b) 0°,90°
(d) 90°,0°

A jet plane is travelling west at 450 metre per
sccond. It the horizontal component of carth’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) 2.3x10 . (d) 12.308 % 10 iT

The angle between the true geographic north and
the north shown by a compass needle is called as
(a) Inclination (b) Magnetic declination
(¢) Angle of meridian  (d) Magnetic pole

. To produce a magnetic field of 7 tesla at the centre

of circular loop of diameter 1 m, the current flowing
through loop is

(a) 5x10° A (b) 107 A

(c) 25x10°A (d) 2x10° 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) R3

(c) 2R3 (d) @/VHR

along
x-axis in a uniform magnetic field B = {f+ 2j+3K)T,
then charge will experience a force

(a) in zy plane (b) along -y axis

(¢) 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

(Erdsns  disze

. In the magnetic meridian of a certain place the

horizontal component of earths 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) 1.05x 107 Am" (b) 2.05x 107 Am"
() 1.05x 10" Am®  (d) 2.05x 10" Am’



37,

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 ona moving electric charge
is F=q[E(r)+v 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

(a) 65T 1b)153T g 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 hield is
(Take g=10ms o

(a) 05T (b) 06T (c) 025T (d) 08T

A currentof 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) a0® (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) if Nm™ (b) % Nm™
(c) —2 Nm™! (d) 4\/5 Nm

I%-flagn%'tic 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 a “
triangle of side a. If current I is

flowing through the coil then the 60° | 60°
magnetic moment of the coil is g
(a) Eazf (b) X (&) 3221 (d) 2a"1

2 V3

4.

43.

46.

Magnetic field at the centre of a circular loop of area
A is B. The magnetic moment of the loop is

BA* ;

() — by BAVA
HpTt Hg
BANA 2BAA

d R LT e
© HoTo (d) UM’E

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 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) : A linear solenoid carrying current

is equivalent to a bar magnet.

Reason (R) :The magnetic field lines of both are

SAITIE,

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) : 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. GGiven 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.

(¢) A is true but R is false.

(d) A is false 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 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. 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 ol
(@) 3% (b) 2%
oy Hpf 2p,f
(‘r} AR [d] R

51. A steel wire of length | has a magnetic moment
M. Tt is then bent into a semicircular arc. The new
magnetic moment is

2M
TC

M
(a) M (b) (c) T (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 = qE :

The direction of F is same as that of [ is positive if q is
+veand —F if qis -ve,

When a charged particle of charge ¢, moving with
velocity v is subjected to a uniform magnetic field B,
the force acting on it is F = q (V% B);, F= qvB sin 0
where 0 is the angle between v and B.

The direction of this force is perpendicular to the plane
containing ¥ and B.

F=0 if ¥=0, ie.,acharge at rest does not experience
any magnetic force.

F=0if 8=0 or180° i.c., the magnetic force vanishes
if v is either parallel or antiparallel to the direction of B
Force will be maximum if 0 = 90° ie, if ¥ is
perpendicular to B, the magnetic force has a maximum
value and is given by F___= gvB.

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= (by2=21
al) 8 e e | ) &40

53. An « 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.

N
i

5. 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



SOLUTIONS

1. (a) : The torque acting on the coil

| T |=]m x B |=mBsin®

Here the circular coil is placed normal to the direction of
magnetic field then the angle between the direction of
magnetic moment (/1) and magnetic field (B) is zero, then
T = mBsin® = mBsin 0 = 0 T =10

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 length
between two parallel current carrying
wires separated by a distance b

_ Mg 2L1, 20
4w b 4 b

5. (d) : Magnetic dipole moment of
a curret carrying coil, M = NTA

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 (21}, is also halved.

8. (a) : Total torque on the coil, T = BIANsinB
where 0 is the angle which the normal to the plane of

the coil makes with the direction of magnetic field.
Here, 00 = 0° t=0

9. (d) : The required torque is, T = NIA Bsinf
Here, N=50,1=2A,A=0.12mx 0.1 m=0.012 m*
B=02Wbm%and 0 =90° - 30° = 60°

T =(50)(2 A)(0.012 m?*)(0.2 Wb m™) sin60°

=0.20N m

10. (c) : ﬁ=q{ﬁ}{f€} F=qvBsin®
which shows magnetic field is velocity dependent due
to which it differs from one inertial frame to another.

11. (c)
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. f.e. 10 A m.

unit

I & AJ

(cL=L=I)

f

13. (a) : Torque experienced by a magnet suspended in
a uniform magnetic field B is given by 1 = MBsin®
Here, M =200 Am*, B=030N A mand 0 = 30°
T=200 x 0.30 x sin30°
T=30Nm

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.

2
v iy
= r=—
¥ Bq

Accurding o statement, v' = 2vand B = E

15. (b) : Bqv =

mv’  m(2v)  4mv

T B’'q (B/2)q Bq
16. (c) : Cyclotron is suitable only for accelerating
heavy particles like proton, deuteron, «-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
tield.
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;;=Bcosd
By _ 310 5 -

B awig™ 2

20. (a) : Horizontal component, By = Bcost

By, = Beos30° and By, = Beosd5®

= 4r

. COSO=

Thus,

V3
BH, _cnsﬂﬂc’ 2 _x.g
By  cos45® 1 J2

21. (d) : By=030G

Angle of dip, d = 60°

Let earth’s total magnetic field = B
Then, Beosd = By

B .30
— B: H‘: ;

cos0 cos60”
22.(a): BL ¥
Magnetic field produced by charges moving with
velocity 7, at a distance r is

g U[]] A
B=|— |
(4?1: q[ r‘:" )

Therefore, B 1 v
23. (d) : Here, R, = 70 (; 7, = 0.03 O
R, 70 % 0.03

R= = (.03 Q2
70 + 0.03

=0.60G

R =
R;’: £k
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qB
2T m
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
ElPEI'iﬂﬂCt‘H a force.

24. (a) : The cyclotron frequency v, is given by

26. (¢) : A permanent magnet at room temperature
retains a ferromagnetic properly that possesses a dipole
moment. And domains are partially aligned due to
thermal agitation.

7= (€)1 GivﬁnHH=Bc<}5E}=3(j,ﬂ=3gﬂ

p—_u =2J3=35G

cos 30° 1‘."_,.u’g

28. (d) : Since angle of dip at a place is defined as
the angle d, which is the direction of total intensity of

carth’s magnetic field B makes with a horizontal line in

magnetic meridian,

At poles B= B, and B, =
sind=1=0=90°

At equator B = By;and By; = Beosd
cosd=1=d=0°

29. (c) : Given, B;; =4 x 107" T, § = 30°

AsBy=By;tand=4x 10 x tan30° =23 x 10T

30. (b) : The angle between the true geographic north

B sind

and the north shown by a compass needle is called as
magnetic declination or simply declination.

2wl
31. (d) : gt
4Tt r
2B zxnxﬂh
or 1= L —zjxlﬁﬁﬂ
My 4 %107
2
Ky 2TIR
B = X :
32" {h) " dals 4:]-[ {RE +x2:|3'.'2
_ My 21
At centre, B —E:{?

In the given problem,
Mo 2nIR’

i
an (R*+4)¥* 8|4m R
or (R*+x°)"* =8R’

Solving, we get X = \E R

33. (a) : F=qg(v % B)

—g(27 % f}' +27+3k)] =(4q)k—(6q) j
So, the charge will experience force in zy plane.

D
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34. (a) : Here, By =0.16 G=0.16 x 107* T,
dip angle (8) = 60°

Then, magnitude of earth’s field.
By, 0.16x107*

= ‘
COS 0 cosB0°
0.16x107*
1/2
=032%x10"T=032G
B
35. (a) : Here, B, =0.25 G and cosd= ?ﬂ
The magnetic field of earth at the given location is
B 0.25
B=—2H ~ =0.50G
cos60® 1/2
36. (a) : Here, B;=04G=04x10"T, r=6.4x10°m
As B, = Bom
4T o
Byr'  0.4x107* x(6.4x10%)

M=

Uy /4T

=1.05% 107 Am’

37. (d) : If charge is not moving then the magnetic
force is zero.
Since j:"m =q(¥x B)
As V= E =0
38. (¢) : 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
mg

I
Here,m=12kg ¢g=10ms> I=5A,/=1m

1.2x10

T

0, for stationary charge

IIB=mg, B=—

B= =24T
ax1
39. (a) : Here, m=500g=05kg, I=4A,I=25m
As F=IIBsint
mg = IIB sin 90°, (. 6=90°and F = mg)
0.5x10
prolBE . PR P
I 4x25 .
40. (a) : F=1IBsin® or sinB=—
5 IIB
5
sin@ = =— or 0=30°
Wx15x2 2
41. (b) : I=10A,0=45°B=02T
F=1IBsin 0O
P =[Bsin45°=10x0.2 X Nm
— y —_——
1 f (
42. (a) : Since a bar magnet and a corresponding

solenoid produce similar magnetic fields. Hence the
magnectic moment of a bar magnet is cqual to the



magnetic moment of an equivalent solenoid that
produces the same magnetic ficld.

43. (c) : Magnetic moment M = NTA
3
=4x1’xa3§:v€azf

44, (d) : Let r be the radius of the circular loop.

A=Tr’ or r= A
T
Magnetic field at the centre of the loop is
plal el g A
o, A Bp ¥ 70
n

The magnetic moment of the loop is
2B [A . 2BAVA

M=IA="" |24 =

45. (a) : The magnetic field at the centre of circular

coil is given by B= Mo <] :
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.

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

1
= T'=2n
MB;,;

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}

M, _F '

their magnetic moment by

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, ie., 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.

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

Uyl

4mR T
In the given problem ¢ = ~

B= Mol(Tm/2) | Ly d
4TR 8R

51. (b) : Magnetic moment of a wire of length / is

M=ml (1)

L o

2
L [ ™

B=

where m1 1s the slrtngth of each pnlei
When the wire is bent into a semicircle of radius r, then

!
I=mr or r=—
n r
Now, the distance between two
poles I 2y »
21
=2r=—
E y [
Tts new magnetic moment is
2 2 2M
M=mx2r=mx—=—(mxl)=— (Using(i))
T T T

52. (d) : K.E. gained by charged particle of charge g
when accelerated under a potential difterence V will be
K=4V.

Foragiven V, K== q.

For proton, deuteron and oi-particle, the ratio of charges
181152

53. (a) : o-particle = 11—1;;4

. charge = 2e,

Proton = H', .~.charge = ¢

MGI"I'IETIILII"[‘I, rHava = !HPFP

For circular motion in uniform magnetic field,
2
v
Bgv = or BqR = mv BqaRa = Bq,R,
Or RUll':ql”:llﬂlzl i=£
RP q, 2¢ 2 H.F’ /s
myv- & B 1
' =Bgv or mv=Bgr or r=|— |v
54. (b) : 1 i Bq

As m, g and B are the same for all the electrons, r o< v.
55. (b) : As F=g§(¥xB)
As the electron is stationary, .. velocity y = 0.

. E=0. So, electron will remain stationary. ®®

D
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