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Class XII | Physics — Solutions (Set 5) | Session 2026-27

Section A

(d) 103 t0 105 Q cm
Explanation:

Resistivity of a semiconductor at room temp, is in between 103 t0 10° © cm.

(b)R
Explanation:

parallel.
2Rx 2R _

“ " 2Rt 2R

(d) complete image will be formed
Explanation:

from upper half are cut off.

(©2:1
Explanation:
2:1

© 5 2 MO
Explanatlon:
%

U= Yl

Att=1s, energy reduces to half, so
_ Q0

1=

Now g = qoe™

) -1
. == = qe
3 qo0

1

el =v2=1=mm(2)

L
T

2 2 _ 2
Cln(2) 1076 In(2) In(2)

6. (a)e(v.B,—v,B,)k
Explanation:
e(vyBy —vyBy)k

(d) 71n (10/9)

Explanation:

In the balanced condition, the resistance R of the galvanometer is ineffective. We now have (R + R) and (R + R) resistances in

Image formed will be complete when upper half of lens is blocked. Intensity of the image will decrease as the incident rays



I=I(1-e7)
and I = 0.11,
2 9
eT =15
tomd
t=7ln %
8.
(c) Lead
Explanation:
as Lead is diamagnetic substance.
9.
(d)9T and I
Explanation:
Inaz = (v/Ii + /12)?
L =L, =41
On putting these values,
Tnae = (VI + V/AT)?
Imax =91
Inin = (VI = /I)?
Lnin = (VI — V/4I)?
Imin =1
10.
(b) a parabola
Explanation:
The path of an electron in an electric field is determined by the forces acting on it. When an electron has an initial velocity that
is not aligned with the electric field, it experiences a force due to the electric field that changes its direction of motion. This
results in a curved trajectory. The combination of the initial velocity and the constant acceleration from the electric field leads
to a parabolic path, similar to the motion of a projectile under gravity. Thus, the correct answer is that the path of the electron is
a parabola.
11.
(© 2=
Explanation:
Current waveform can be represented as, I = I, sinwt for 0 < wt < 27 , where I,,, = max load current
Average current, Ipo = IT’” Jy sin(wt) d(wt)
= 2 [—cos(wt)lj =
12.
(b) Become infinite
Explanation:
L 1) - &)
Since, p2 = p,

1_

7 0, hence f = 00

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



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

15.
(b) Both A and R are true but R is not the correct explanation of A.
Explanation:
Both A and R are true but R is not the correct explanation of A.

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

Section B
17. Given:
1. Magnetic field in plane electromagnetic wave By = 12 x 1078 sin (1.20 x 107 z + 3.60 x 101°)

Now By =12 x 10°8T

Speed of light ¢ = 3 x 108 m/s
From the relation: Eq = Byc
=12 x 108 x 3 x 108
Eg=36 V/m
Now Energy Density can be calculated using:
Energy Density of the electromagnetic waves = %60 Eg
Energy Density of the electromagnetic waves= % X (8.85 X 10712) x (36)2
Energy Density of electromagnetic waves = 5.74 X 1071 J/m3
ii. Magnetic field in plane electromagnetic wave

By =12 x 10¥sin (1.20 x 10"z +3.60 x 10"

Now k = 1.2 x 107

w=3.6 x 10"
Since, A = 2—]: and f = =

Hence the speed of wave: v= X\ x f
_w 8
=% =3x10°m/s
18. Let Q be the energy dissipated per unit volume per hysteresis cycle in the given sample. Then the total energy lost by the volume
V of the sample in time t will be
W=QXVXvxt

where v is the number of hysteresis cycles per second.

Here Q = 300 Jm3 cycle'l, v =50 cycle 5'1, t=1h =3600s

Mass
Volume, V = =12 3
Density 7500

.. Hysteresis loss,
W =300 x 71—2 x 50 x 3600 J = 86400 J

500
OR
Here W = 3.2 x 104 J, v =50 cycle s'l, t =30 min = 1800 s
_ Mass 8.4 _ -3
Volume, V = = —— =kgm
. Density 7200 &
Energy dissipated per unit volume per cycle,
Q= — 3.2x10%x 7200

Vxvxt  8.4x50x1800
=304.8 Jm™3 cycle'1

19. Since n, > ny, the semiconductor is n-type. The conductivity of the semi conductor is e(nepte +npp)

=1.6 x 1019 ((8 x 1013)(24000) + (4 x 10'3)(200))mho/cm



20.

21.

22.

23.

=0.32 mho cm™

=320 m mho cm™!

a. Impact parameter is the perpendicular distance of the initial velocity vector of the o — particle from the centre of the nucleus.
Distance of closest approach: It is the minimum distance between the projected o — particle and the nucleus of target atom at
which the kinetic energy of the o — particle becomes equal to potential energy of ci-particle in the field of nucleus.
Minimum: When a-particle rebounds back (6 = 7)

Very large: when a-particle goes nearly undeviated and has a small deflection (8 = 0°)
nh

b. According to Bohr's second postulate electron revolves only in those orbit for which angular momentum is e

Force on a charge moving parallel or antiparallel to the direction of the magnetic field is zero F' = quBsin 6
for (0° or 180°)
sinf =0
So Force =0
Section C

Current sensitivity of a galvanometer is defined as the deflection produced in the galvanometer when a unit current flows through

it. The SI unit of current sensitivity is rad. AL, Current sensitivity is expressed as % = % where N, A, B and K are number of

turns, cross-sectional area, magnetic field intensity and galvanometer's constant respectively.

aQ Ry
6Q 9aQ
3oV
For balanced Wheatstone bridge, there will be no deflection in the galvanometer.
4 _ 6
9
= Ri=222=60
60 12Q 12Q 80
— |60 Rs
©,
30V
For the equivalent circuit. when the Wheatstone bridge is balanced, there will be no deflection in the galvanometer.
12 _ 6
8 Ry
= Ry=%F=40
B _6_3
Ry, 4 2
Given that

Initial kinetic energy of photoelectrons is given by = K
Final kinetic energy of photoelectrons is given by K, = 2K;

Wavelength of light changes from A; to Ay
Let the threshold frequency is vy and work function is ¢

Now, we know that:-

k= gy +KE

hy .
5 = o + Ky .0
hy "
i = ¢ + Ky ...(i0)
K2 = 2K1

h
ﬁ = g + 2K ...(iii)

R = 2¢0 + 2K (eq (i) % 2)

2hc he
)\1 )\2 - ¢0
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B 29—\
:>¢0—hc< A2 )
We know
work function is given by ¢y =

he 20—\
A hc( A1A2

he
Ao

L_ 2)\2—/\1

Ao Ak
AA

)\0 — 112
20—

24. For energy band diagram,

E. =001-005¢cV
')

The expression for the conductivity of a p-type semiconductor: A p-type semiconductor has holes as the majority charge

carriers.
S I=1, =enpAvy,
AlsoR = p%
. V=RI= p% - enp Avy,
E= % = penpvp, = penp - up B [ pp = % ]
.. Conductivity, p = % = enpn
25. Nuclear fission is a process of splitting of a heavier nucleus into two lighter nuclei. It generally occurs in elements of high atomic
mass.
Nuclear fusion is a process of a combination of two light nuclei to form heavier nuclei. It generally occurs in elements of low
atomic mass. This process releases a tremendous amount of energy because some mass is converted into energy.
In both processes, the total mass of the products is slightly less than the mass of the original nuclei. This difference in mass is
converted to energy.
In the given problem, mass defect is
Am =2.014102 + 3.016049 - 4.002603 - 1.008665
Am = 0.018883 u

Energy released, AE = Amc?
AE =0.018883 x 931.5 = 17.589 MeV

26. Total energy of the electron in hydrogen atom is —13.6 eV = -13.6 X 1.6 X 10719)=-22x1018.

Thus from Eq., we have
6’2 _

B 8regr

This gives the orbital radius

o (ox10°Nm?/c?) (Lex1071%C)"

r=— =
8meg B (2)(—2.2x107187)

=53x 10 1m

The velocity of the revolving electron can be computed from Eq. with m = 9.1 x 10731 kg,
Lo? = €
2 mue= 4megr
v=—— =2.2x 10°m/s

\/47r50m7"2
2\

27. angular width of central maxima of a single slit diffraction is given as 20 = <~

~ thus velocity of electron is given by :-

a. As \ increases (orange light has greater wave length) diffraction angle 26 will also increase.
b. Increasing or decreasing closeness of screen and slit does not affect angular width.

c. If a (slit width) decreases, 260 will increase as 26 %

28. i. In the one revolution, change of area,
dA = 7l?



.". Change of magnetic flux in one revolution of the rod,

dép = B-dA = BdAcos0° = Brl®

(Given, magnetic field intensity, E is parallel to change in area, de)
If period of revolution is T,

a. Induced emf (e) = {tex}\frac {d\phi}{dt} = \frac {BmwIA2}{T} = BmIA2 \nu{/tex} (v = % )

b. Induced current in the rod,

_ e _ xvBI?
I= R~ R
(Given R = resistance of the rod)

ii. Magnitude of force acting on the rod,
|F| = |I( x B)| = Bllsin90" = ™E1
The external force required to rotate the rod opposes the Lorentz force acting on the rod, i.e external force acts in the direction
opposite to the Lorentz force.
iii. Power required to rotate the rod,
P=F.%= Fucos0® = %ﬁl%

OR

—-

. Self-Inductance is the property by which an opposing induced emf is produced in a coil due to a change in current, or
magnetic flux, linked with the coil.
The S.I. unit of self-inductance is Henry (H).

ii. In this question, a long co-axial solenoids S; and S, wound one over the other, each of length L and radii r; and r, and n; and

ny number of turns per unit length, when a current [ is set up in the outer solenoid S».

n, turns

Let a current 1, flow in the secondary coil

‘" By= Nosziz
i i . . toNa N1 Aji
.*. Flux linked with the primary coil = ——— 2 ll 1%2
= Myoip
HoNa N1 Ay
l
Ny N, )

tonani Al (nl =Tine =

Hence, M5 =

Section D
29. Read the text carefully and answer the questions:
In an electromagnetic wave both the electric and magnetic fields are perpendicular to the direction of propagation, that is why
electromagnetic waves are transverse in nature. Electromagnetic waves carry energy as they travel through space and this energy
is shared equally by the electric and magnetic fields. Energy density of an electromagnetic waves is the energy in unit volume of
the space through which the wave travels.
O @ExB
Explanation:

Electromagnetic waves propagate in the direction of F X B.



ff N NN I EE BN B EE BN EEN EEN BEN BEN BN NN BEN BN BEN NN BEN BN BEN BEN BEN SN BEN BEN BEN BN BEN BEN BEN BN BEN SN NN BEN BEN SN BEN BN BEN SN NN BEN BEN BN BNN BN BEN BN BEN BN BN B B S

30.

31.

ii.

il

iv.

(ii))  (b) photon
Explanation:
Photon is the fundamental particle in an electromagnetic wave.

(iii) (a) polarisation
Explanation:
Polarisation establishes the wave nature of electromagnetic waves.

OR

(d) frequency

Explanation:

Frequency v remains unchanged when a wave propagates from one medium to another. Both wavelength and velocity
get changed.

(iv)  (b) in phase and perpendicular to each other
Explanation:

The electric and magnetic fields of an electromagnetic wave are in phase and perpendicular to each other.

. There are two plates A and B having surface charge densities, 04 = 17.0 X 10722 ¢/m? on B, respectively. According to

Gauss' theorem, if the plates have same surface charge density but having opposite signs, then the electric field in region I is

zero.
— P g —
The electric field in region III is also zero.
— —_ O g -
Eqp=EA +Ep = o~ (*g) =0

In region II or between the plates, the electric field.
- -o 4 o
ooaorop)  17.0x10722

€0 8.85%x 10712
E=19 x 1010 NC!

Since electric field due to an infinite-plane sheet of charge does not depend on the distance of observation point from the plane

sheet of charge. So, for the given distances, the ratio of E will be 1 : 1.

. In order to estimate the electric field due to a thin finite plane metal plate, we take a cylindrical cross-sectional area A and

length 2r as the Gaussian surface.

Section E

Objective

\ — mirror
Secondary _—

mirror ~ \ ) A
: —— 7_O )

Eyepiece

It consists for large concave (primary) paraboidal mirror having in its central part a hole. There is a small convex (secondary)
mirror near the focus of concave mirror. Eye pieces if placed near the hole of the concave mirror.

The parallel rays from distance object are reflected by the large concave mirror. These rays fall on the convex mirror which
reflects these rays outside the hole. The final magnified image in formed.

. For eyepiece.

1 _1_ 1

Ve ue — f,
1 _1_1_ 1 _ 1

or e Ve fe T 40 10
40

Ue = 7 CIM

Magnification produced by eye pieces is
v 40 -3

Me =T = o~

3
Diameter of the image formed by the objective is

_6 _
d—3—2cm

If D be the diameter of the SUN then the angle subtended by it on the objective will be

S S U —



a=—2L_rad
1.5x 101

Angle subtended by the image at the objective
= angle subtended by the SUN

_ sizeofimage = 9 1
a=—"Fr— =35 = mptad -
._D __ 1
T 1.5x10M 100

or

D=15x 10°m

OR
a.
p -~
.
Incident ,l\
planewave /
*F
\
—_— /
\
N
g
Spherical wavefront
of radius [
b.

Incident wavelront

Refracted wavefront

l‘2>l
In right triangle ABC
ing — BC
sing = 2=
In AAEC sinr = 42
sini _ BC _ w7 _ 1 _
sinr ~ AE  veT vy

c. Speed of yellow light inside the glass slab

v= <
m

_ 3x108
T 15 m/

=2x10°m/s

Wavelength of yellow light inside the glass slab

r_ A
)‘_u

:Enm

=393.33 nm

_>
32. Consider an electric dipole having charges -q and +q at separation 2a'. The dipole moment of dipole is p = ¢( 2 a), directed from

-q to +q.
The electric potential due to dipole is the algebraic sum of potentials due to charges +q to -q

If r; and 1y are distances of any point P from charge +q to -q respectively as shown in the figure, then the potential due to electric

dipole at point P, is



r

H

<8

Ao . B
4 e g—>O +q
——‘p
2a
_ 1 4 1 4a_ a1 1 ,
V= 4mey T1 dmey T2 4w |:T‘1 7‘2} ()

If (1, 0) are polar coordinates of point P with respect to mid-point O of dipole, then
By geometry,

r2 =12 4+ a® — 2arcosf ..(ii)

and, r% =72 4 a® — 2arcosf ...(iii)

N ) _ 2acosf a?
From (ii), r{ =7 [1 ==+ =

Ifr>>ai e.,% <<1, then it is sufficient to retain terms only upto first order in (%)
'.7‘%:7‘2 |:1_ 2ac:st91| :>,’,1:T|:1_ 2acos€] (iv)

1
Similarly from (iii), 752 = 2 {1 + M] =Ty = r[l =+ 2“059} ..(V)

T T

—1
1 2acos6 | 2
? [1 + acros :|
Using binomial theorem and retaining terms upto first order in (%) only, we have
L1 [1 - (—l) 2“—050] = % [1 + %cos@] ...(vi)

From (iv) and (v), 7= = 7 [1 _ zacose]? "

’72

T1 T 2 T

and, — %[1 — %0059] ...(vii)

el ,r2
Substituting these values in (i), we get

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
: V= 47350 [2(1+ %cos6) — 2 (1 — 2cosb)]
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I

= [1 + —0059— 1+ —cosO]

471‘60 T
(¢-2a) cos 0
_ 1 4q 2a 2a.qs0| = 1
47I'€ r 47‘({;‘0 7'2
o pcosf (4
or, V = 47T60 > ...(viii)

—

But, pcos@ = p - + where, 7 is unit vector along position vector OP = 7.

Electric potential due to an electric dipole is

i .(ix)

1P
Contrasting features: The electric potential due to a dipole depends on distance r and also on the angle between position vector 7

—; (forr >>a) =

- 47760 T 47T€0 7‘3

and dipole moment p. The electrostatic potential at large distances falls off, as % and not as % which is the characteristic of
™

potential due to a single charge.

Special Cases:

i. When point P lies on the axis of dipole, then 6 = 0°

*.cosf@=cos0=1
_1 P
- 47T€0 7'2

ii. When point P lies on the equatorial plane of the dipole, then
*.cos 0 =cos 90°=0
V=0
It may be noted that the electric potential at any point on the equitorial line of a dipole is zero.

OR

S S U —



L.

ii.

In fig. (a) three capacitors of capacitances Cq, C,, Cg are connected in series between points A and D.

A - R
A + - 5 + - c + +
+ Gy + Cy - + v oG
+ - + - + .
- + - + .
“—V,— “—V,—>» «—V;—> P v -
< Vv >

(b)
(a)
In series first plate of each capacitor has charge +Q and second plate of each capacitor has charge -Q i.e., charge on each
capacitor is Q.
Let the potential differences across the capacitors Cq, C, C3 be V1, Vy, V3 respectively. As the second plate of first capacitor
C; and first plate of second capacitor C, are connected together, their potentials are equal. Let this common potential be V.
Similarly the common potential of second plate of C, and first plate of C3 is V. The second plate of capacitor Cg is
connected to earth, therefore its potential Vp = 0. As charge flows from higher potential to lower potential, therefore V > Vg
>Ve>Vp.
For the first capacitor, Vi =V - Vg = C% (i)
For the second capacitor, Vo = Vg - Vo= Cg ..(ii)
2
For the third capacitor, V3= Vg - Vp — C& ...(iii)
3
Adding (i), (ii) and (iii), we get
— — L 1 . ;
Vi+Vy+V3=Vy-Vp=0Q |:Cl + C + 03] ...(iv)
If V be the potential difference between A and D, then
A\ A~ VD =V
.". From (iv), we get
- — L .1, 1
V=(V1+Vy+V3)=0Q [01 + A + 03} (V)
If in place of all the three capacitors, only one capacitor is placed between A and D such that on giving it charge Q, the
potential difference between its plates become V, then it will be called equivalent capacitor. If its capacitance is C, then
_Q :
V=3 ..(vi)
Comparing (v) and (vi), we get
€ _olL1, L L 2/ o, 4 o
c = |:Cl + o + 03} or 5 = c: + o - 2 ...(vii)
Thus in series arrangement, "The reciprocal of equivalent capacitance is equal to the sum of the reciprocals of the
individual capacitors."
Parallel Arrangement: In fig. (c) three capacitors of capacitance C;, Cy, C3 are connected in parallel.

"11 A
M - +
1Ciz q c 2

qq + + -
Q2 G2

A lic,| B 2 v - 8
Q" 92 | M l .

NG e+ .-

+CaZ «—V—> =E
Vi (d)

©
In parallel the potential difference across each capacitor is same V (say). Clearly the potential difference between plates of

each capacitor

Va-Vp=V (say)

The charge Q given to capacitors is divided on capacitors Cq, Cy, Cs.
Let g1, qp, g3 be the charges on capacitors Cq, C», C3 respectively.
Then Q =q; + gz + q3...(I)

and q; = C1V,q2 = CV,q3 = C3V

Substituting these values in (i), we get
Q=C{V+CyV+C3VorQ=(C;+Cy+C3)V ..(31i)

If, in place of all the three capacitors, only one capacitor of capacitance C be connected between A and B; such that on giving



it charge Q the potential difference between its plates be V, then it will be called equivalent capacitor. If C be the capacitance
of equivalent capacitor, then
Q=CV ..(ii)
Comparing equations (ii) and (iii), we get
CV:(C1+C2+C3)VOI‘C:(C1+C2+C3)
Important Note: It may be noted carefully that the formula for the total capacitance in series and parallel combination of
capacitors is the reverse of corresponding formula for combination of resistors in current electricity.
33. i. The figure shows the variation of resistance and reactance versus angular frequency, thus the Curve B corresponds to

inductive reactance and curve C corresponds to resistance.

ii. At resonance,
XL = XC
Therefore, impedance is given as:
z= \/32 +(Xp — Xc)?
Z=R
Thus, a series LCR circuit at resonance behaves as a purely resistive circuit.

Fr X;, > X, VL, > V(. Therefore a phasor diagram is:

V
A
. \
Vi-Ve &
Q - -
v 1
v'\‘

Here, ¢ is phase difference.

For X1, = X(, Vi, = V. Therefore phasor diagram is:
4

>
9

v
iii. A Series resonance LCR circuit is called an acceptor circuit.
They are widely used in the tuning mechanism of a radio ora TV.
OR
Soft iron-core

2 [~~~ C/ 8
3 | | b 9

D s
—t

The working principle of transformer is mutual induction.
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When an alternating voltage is applied to the primary, the resulting current produces an alternating magnetic flux which links
the secondary and induces an emf in it.
Causes of energy losses

a. Copper Losses (IZR Losses):
Explanation: These losses occur due to the resistance of the wire in the coils. When current flows through the wire, some
energy is dissipated as heat due to the resistance.
Mitigation: Using thicker wires with lower resistance and cooling mechanisms can help reduce these losses.
b. Core Losses (Iron Losses):
Explanation: Core losses include hysteresis loss and eddy current loss. Hysteresis loss occurs due to the lagging of
magnetic domains behind the changing magnetic field. Eddy current loss is caused by circulating currents induced within
the core material due to the changing magnetic field.
Mitigation: Using laminated silicon steel cores reduces eddy currents, and using materials with low hysteresis loss
minimizes core losses.
c. Leakage Flux:
Explanation: Not all magnetic flux produced by the primary coil links with the secondary coil. Some flux "leaks" and
does not contribute to energy transfer between coils, leading to inefficiency.
Mitigation: Improving core design and using better core materials can help reduce leakage flux.
ii. A step-up transformer does not violate the conservation of energy. It increases voltage by decreasing current proportionally.
The power input (low voltage, high current) equals the power output (high voltage, low current), ensuring energy
conservation. The transformer merely transfers energy, with losses typically due to inefficiencies.

i 1 Vi N,
111. W—N—P
_ Ny 3000
stNP X Vp = 500 x 90
Vs =1350V
IP_NS
2'I_S_NP
P:%xzzmA
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