Solution

Final 50

(Most Probable Questions for Boards 2026)

1. @)

(i)

Consider a dipole placed in uniform electric field
E as shown in figure. Both charges of the dipole
experience equal and opposite forces and hence,
net translatory force on dipole is zero.

*q

F=EFE-FE=gqE—qE=0
As the lines of action of forces F, and F, are
different, so dipole experiences a torque given by

7 = Either force x perpendicular distance

between lines of action of force
= qE (2a sin 0)

T=pEsin® (@)

In vector notation, t = p x E

In case of non-uniform electric field, dipole will
experience both force as well as torque.

(a) Stable equilibrium

———— o

- *q

U =~-pEcos 0°=-pE
(b) Unstable equilibrium

———o

+q -

U =~-PEcos180° =+ pE
(iii)(a) When Eis parallel to p, the dipole has net
force in the direction of increasing field.
(b) When Eis anti-parallel to p, the dipole has

net force in the direction of decreasing field.
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(i) Eataxial point or an end on position

-«—2a——>+q E, P Eg
A O B ' X
e
3

The electric field at axial point P due to charges of
dipole is given by

L ! q 5> along PB ...(i)

Tame, AP? dme, (r+a)
_ L .. a_
~ 4ng, BP?
1

= . 1 PX ... (i
rr—— e along (ii)

Resultant electric field intensity,
E=Ey - E,along PX

Fo_1 1 1
_4n80 (r—a® (r+a)

-9 |__dar
4me, (r* —a?)

_ 1, Zpr
4ne, (r* —a®)?

[ p=2aq] ...(iii)

Ifr>>a
g= o 2¥_ 1 Zp (V)
dngy, 17 4dmgy 1
The direction of electric field at axial point is in the
direction of the dipole moment.

(ii) E at equatorial line of electric dipole
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(i)

The electric field at equatorial point P due to
charges of dipole is given by

1 q
=—— ———from Pto A (v
A 4re, (r* + %) ©)
1

:—-%frothoP
dney, (r° +a”)

L..(vi)

On resolving E, and E; into two rectangular
components, their sine components being equal
and opposite, cancel out each other, while cosine
components act in same direction, so the net
electric field intensity is

E=E cos0+ Ecos6=2E,cos6

E=_1 . P . ..(vii)
dne, 5 .
(r"+a°)2
[ p=2aq]
Ersss B o ...(vii)
dney 1

The direction of Eis opposite to direction of dipole
moment and parallel to line joining the charges of
dipole.

In both cases for short dipole, E oc 1/ 7.

T

Electric flux It is defined as the number of electric
lines of force passing normal to the surface. It is a
scalar quantity.
¢=E-dS= EdScos®
Nm?

The SI unit of electric flux is or volt-metre.

Let electric charge be uniformly distributed over
thin, non-conducting infinite sheet, so charge

density is given by ¢ = %

¥
+ o+
+ T 4| ds;0=90°
+ + +
+ ==
E T E[leE
ds,
+ +
Sy 0=0°
o=0c |T T+
+ +
+

(iif)

In order to calculate E due to sheet, consider
cylindrical Gaussian surface as shown in figure,
then by Gauss’ law

2[E-ds+ [E-ds =1

Circular Cylindrical €
faces faces
cA
2_[ EdScos0° + j. EdScos90° = —
Circular Cylindrical €
faces faces
cA
2FA = -2 [ cos90° = 0]
€
[} "
B (@)
2¢g
0

Hence, E is independent of distance for uniformly
charged infinite plane sheet.

o/2g,

7

As point A is on left hand side of all sheets, so

E.—_|20|_|20|_[o|._©°
A 2¢, 2¢, 2¢, 2¢,

Negative sign means direction of electric field is
towards left. As point Dis on right hand side of all
sheets, so

2c -2c G G
Ep=—+|—|+|—|=—
2¢, 2¢, 2g, ) 2¢g,
The direction of electric field at point Dis on right
hand side.

Consider an infinitely long charged wire of linear
charge density ), = % In order to find electric field
at distance’ 7’ from wire, assuming cylindrical
Gaussian surface as shown in the figure and using
Gauss’ law, we have

E as,

[E-a8, +2[E-d8, =1
£
| EdS,cos 0° + 2[ EdS, cos 90° = M
€
E-2mL =2t [
€o

c0s90° = 0]



5.

(i)

()

(i)

A

E= G
2meyr Y
Given, E=9x10* NCL, r=2x102m
a2
2neyr  Ameyr
9
9X104:2x9xlgk
2 %10
= A=107 C/m
E

r

Electric field outside the shell Consider a
uniformly charged thin spherical shell of radius R
carrying charge Q.

s
4

In order to find electric field at distance 7’ (7 > R),
imagine a spherical Gaussian surface concentric
with shell, then direction of E and dS are same, so
by Gauss’ law

[B-as=1
€
[ EdScos0° =1
€
E-dn? =4
€
q .
= E = cee
dmeyr? ®

Electric field inside the
shell

Consider a spherical
Gaussian surface of radius
(r < R) concentric with
shell. Since, Gaussian
surface does not enclose
any charge.

0
jE~dS=g,E=O

%

|

6. Let 4 and g, be the charges distributed on smaller and

larger spheres, then according to question

__h _ D
4m®  4nR®
= g =4n*cand I = 4nR’c ...(4)

Now, total charge Q=¢, + 4,
Q=oc[4nr* + 4nR?]
or

Now, potential at common centre,

V=V+V,
roafe3]

dnegy L v R

1 4nr’o . 4nR%
dne, r R
+ R

v="2(r+ R):%

£ dney(r® + R7)

{using Eq. (ii)}

1. According to the question,

From figure, AC=L, BC=L, BD=BC=1L
AD=AB+ BD=2L+ L=3L
Potential at Cis given by

Vc:i{i+m}:;[ﬂ_z}o
4ne, | AC BC dngy LL L
Potential at D,
v, - {L+@}
4ney| AD  BD
ZLH_&};Z_L
4ney [ 3L L 3 4ngyL

Work done in moving charge +Qalong the semi-circle
CRD,

_ vl 249 4l 99
W=0W = Ve) QL 4nme, L } 6me, L




8. Chargeonshell A, g, = 4ma’o Therefore, from Egs. (i) and (ii), we get the ratio,

Charge on shell B, g, = —4nb’c = M 28 ...(iif)
S U K +1
Charge of shell C, g = 4nc°c
Potential of shell A Any point on the shell Alies (ii) New capacitance of C; is
inside the shells Band C. c - K Agy )
=
V, = 4; [q_A + 8y ﬂ_c} d
ne, L a c For G, 1__ 4 N d
1 |:47WZG 3 4nb*s . 4nczo} G 2KAgy 2K Ag
g a b c
0 N G = 24¢g, | KK i)
=2 (a-b+0) T d | K+ K
€o
Any point on B lies outside the shell A and inside the For C;,
shell C. Potential of shell B, 6 = K; Ag, N K, Ag,
VB:%[CI_AJ_;J_c} 2d 2
ne, L a c Ag,
== + ...(ii
_ 1 |:4TCIIZG_ 4nb20+ 4TECZG:| 2d (%o + %) &
dmeg [ b b c From Egs. (i), (ii) and (iii), we get
:E{ﬁ_mc} ko 2Kk K+ K
g | b K+ K, 2
Any point on shell Clies outside the shells A and B.
Therefore, potential of shell G, This is the required relation between the dielectric
1 constants Ky, K; , K5 and K,
Vo=—— qu + @ + qfc z 3 o
dne,la b 10. Given, area of each plate, A=6x10"°m
1 [4mi’s  4mbs  4nco Distance between the plates, d =3 mm =3 x 10°m
~ e { P + c } (i) Capacitance of parallel plate capacitor is
0 I given by
chi[”__b_w} o fA_885x10™ x6x10°
ole Td 3x107
According to the question C=177x10""'F
Va=V; (ii) Charge on parallel plate capacitor is given by
Pl A Q=CV=177x10""x100
c =177x10°C
(a_b)zwj c=a+b (iii) Given, K =6
C r
Now, C'=KC = g = Q
9. (i) Total initial energy when switch Sis closed and ¥ Vgg o
dielectrics are not inserted. Q'=KQ =6x1.77x10" =10.62x107C
U, = 1 cv? 4 1 cv? = cy? () 11. (i) Resistance of rod having cross-sectional area A
"2 2 and length [ is
Now, when switch Sis opened and dielectric is R, = ol
inserted, then for capacitor A, battery remains A
connected, while for capacitor B, battery is Now, resistance of rod having cross-sectional
disconnected, so 4pl
1 1 cv? area A and length 2/is R, = p(T%l) G . 4R,
U, == KCV? + = 2 A
2 2 K 2
_ cv? K+ 1 According to question, I = v._Vv = v._V
5 K R, R Ry 4R,
ek +1 or potential across new rod, V'=4V
FTT, { K } - (i) (ii) (a) In series, current across wires remains the

same, so [} = I,



v Ane = v, Ayne

As material is same, so number density of free
electrons (1) is same.

Hence, a_ ﬁ

v, A

(b) In parallel combination, Eptential across wires
eVt o m

%

remains same, SO — = x—=1
v, ml eVt
12. Electromotive force (EMF) The potential drop across
the terminals of a cell when no current is drawn from
it is known as emf of cell.

Terminal potential difference (V) When current is

drawn from a cell, the potential drop across its
terminals is known as terminal potential difference.

______ E ..
——— W
[ — LA
1
R
Now, I = £
R+r

where, ris internal resistance of a cell.

The terminal potential difference is given by
ER

R+r

V=IR=

or VR+ Vr=ER or r:[é— jR

Graphs
(]
E
R
As emf of cell is independent of external resistance
R.
(ii)
— R
ER E

=]R=— =~
R+r (1+L)
R

As, R increases, V also increases.
(iii) As, E=V + Ir

So,atV:O,r=LIE
andatI =0 E=V
E

Slope =—r

V1

—1

12. Let Eand rbe the emf and internal resistance of each
cell.

Case I When the cells are in series.
Total emf of cells = 14E

Total resistance of circuit = 82.6+ 14r
.. Current in the circuit is given by

__ME 254 ()
82.6+ 14r

Case II When the cells are in parallel.
Total emf of cells= E
Total resistance of circuit

= 0053+
14
.. Current in the circuit is given by
% =25A ..(ii)
0.053+ —
14
Dividing Eq. (i) by Eq. (ii), we get
0,053+ i)
e A -2
(82.6+ 14r)
= P UG Xoﬁ53+ " 10 = 82.6+ 147

= 53x14+100r=82.6+ 14r
Solving, we get
r=0.097Q ~ 0.1Q
Substituting the value of rin Eq. (i), we get
E=15V

14. (i) Let charged particles enter magnetic field B with
velocity v at an angle 0 with the direction of
magnetic field.




15.

Then, because of velocity component o, = vsin 6
charged particle experiences Lorentz force and
due to component v, = vcos 6, it moves along the
direction of magnetic field and resultant path will
be helical in nature.

Now, magnetic Lorentz force = Centripetal force

in 0 2
Brosing = ™50 O
r
or = Uiy wwe(l)
Bq
Time taken for one revolution,
P ST (i)
vsin®  Bg

Distance moved along the magnetic field in helical
path,

2nmocos 0

x=0T="—"——"—

) > ...(iii)

(if) As, charged particle experiences magnetic Lorentz
force due to which it covers circular path, so

2
Bqusin 90° = o
mo .
or r=— L
Bg (iv)
1
Now, —mv~ =qV
2
or v= 29V, ()
m

Using Eq. (v) in Eq. (iv), we have

1 [2mv
F==
BY gq

..(vi)

(i) Magnetic field at the axis of a circular loop
Consider a circular loop of radius R carrying a
current I with its plane perpendicular to the plane
of paper. Consider a small element of length dI of
the coil at point A. The magnitude of the magnetic
induction dB at point P due to this element is
given by

dl
L = Q
et ¢l a8
\\\L\\\ % ¢
g Ry .
T p ’&’/, ABsing dB sin ¢
AN
i _~="" dBcos ¢
N L dB .
dl

JB - Mo Idl sin e=“_0. Idlsin 90° _ woldl
4n ¥ 4n % 2
[+ dBis perpendicular to plane containing dland

r.]

16.

By symmetry, components of magnetic field
perpendicular to axis cancel out each other, while
components along parallel axis remain in same
direction, so total magnetic field is given by

. uo Idl R
B=|dBsing=|— — —
'[ ¢ J‘475 oy
g Mo [-2nR-R _p, 2nIR?
3 3

4n el T 2
(R* + x2)2 (R* + x2)2
(ii) For coil L;,

Ry =3cm,x; =4cm, ; = 1A,
JRE + xf =5cm

For coil L,,

R, =4cm,x, =3cm, [, =7,

JR: +x =5cm

For net magnetic field at point O, to be zero,
current I, must be in opposite direction as that of

loop L; andB, = B,

po  2thRE py 2nhLRS
4n 3 4n 3
(R? + x7)>2 (R +x3)>
9x1=16I,

%: I, or I, =0.56 A

Let d be the distance between two current-carrying
wires, then the magnetic field in

the region I at a point Pat a distance x can be
calculated using figure given below.

k—x * d |
e R et @-—mmm -
P 2A 3A
I 2
Dueto2A, B = Moxh _ M, downward
2nx 2nx
I 3
Dueto3A, B, = HoXf _ _HoX , upward
2n(x +d) 2n(x+d)
.. Net magnetic field,
-Ho E - g downward i
B 271[35 x+d/ -+ (0)
The magnetic field in region Il is
e X—%—— (d—7x) |
SR e S e & TR S ST Ry
2A P 3A
By X2
Dueto2A, B = , upward
2mx
3
Dueto3A, B, = L, upward
2n (d — x)

. Net magnetic field, B, = 2—0 [2 + r
7\ % -



17.

The magnetic field in region III is

I d — x |
______ R P
2A 3A P
2
Dueto2 A, B =L, upward
2 (x + d)
3
Dueto3 A, B, = Ho X , downward
2nx
. Net magnetic field,

&:“—0 g— 2 , downward
2nlx x+d

As the current and hence the magnetic field, due to 2
A, is less than that due to 3 A.

So, for zero magnetic field,

Pof2__8 |_g
2nlx x+d

= 2x + 2d =3xorx =2d
So, the point lies in region I.

(i) Consider two long thin conductors X;Y; and X,Y,
parallel to each other in air or vacuum separated
by distance r as shown in fig. (a). If I, and I, are
the currents in the wires respectively, then

(b)

The magnetic field produced by current-carrying
conductor X,Y; at location of
other wire XY is B, = Ko 2D
dn r
(in direction perpendicular to plane of paper
directing inwards)
Then, force experience per unit length by
conductor XY, carrying current ; is

I3 Bo 241

A= (1xB)="0. 212

l in v
According to Fleming’s left hand rule, magnetic
force is towards X,Y, and similarly force

18.

(i)

)

experienced by conductor X,Y, carrying current I,,
is towards X;Y;.

E E
Thus, =L =2

1 1
Hence, if currents in parallel conductors are in
same direction, force is attractive in nature and if
currents in parallel conductors are in opposite
direction, force is repulsive in nature.

Definition of SI unit of current (Ampere)
F_py 2Lh
I 4n  r

IfLh=L=Lr=1m

and TF =2x107 N/m
2x107 I?

Then, 2 x 1047 = %

= I=1A

Hence, if two infinitely long parallel conductors
carrying same current in air or vacuum separated
by distance of 1 m experience force per unit length
of 2 x1077 N/m, then current in each wireis 1 A.
(a) Magnetic field at point A
due to conductor 2,
ny 2(3I) p, 6l
B, =0 23D _mo 6

4 r 4n 1
and due to conductor 3,
B, =Ho 24D _po 81
4 3r 4n 3r

Net magnetic field,
w, 101
B,=B — B, ="0.—""
R re
lies perpendicular to plane of paper directing
inwards.

(b)

Magnetic force per unit length on conductor 2

2 2(31) (41
Fzﬁ_gzu_o.i_“_t),w
4n v 4n 2r
2 2
F;“O I [6—]2] _lJ-_ I

2
So, |Fl= Ko ﬂ in the direction of wire 1.

T

Moving coil galvanometer is used to detect the
current in a circuit. It works on principle that
current-carrying coil placed in uniform magnetic
field experiences a torque.

It consists of a light aluminium frame filled with
soft iron. Copper coils are wounded on frame
which is suspended between two concave pole
pieces of strong magnet by means of
phosphor-bronze wire and other end of copper
coil is connected to spring which provides
restoring torque.



Concave pole pieces of magnet provides radial
magnetic field in which plane of coil always
remains parallel to magnetic field, so when current
passes through coil, it experiences

maximum force and makes scale linear.

I i
H—

Copper coil

Spring ®)

(@

When current [ passes through coil placed in
magnetic field B, it experiences a torque, which is
balanced by restoring torque produced in spring,
SO

Deflecting torque = Restoring torque

BINA = KO
NBAI _o
K
or 0=GI
or 0ol ..(D)
where, G = w = Galvanometer constant

(if) Phosphor-bronze wire is used because it is a good
conducting material having high tensile strength
and low force constant, thus it increases the
current sensitivity.

Current sensitivity It is defined as deflection of
coil per unit current flowing in coil. Its SI unit is
radian/ampere.

cs=9_NBA

I K

Voltage sensitivity It is defined as deflection of
coil per unit potential difference applied across it.
Its SI unit is radian/volt.
0 _NBA _CS

V. KR R

On increasing the number of turns of coil, the
current sensitivity increases but it also increases
the resistance which may not necessarily increase
the voltage sensitivity.

(i) By connecting low resistance known as shunt S in
parallel with coil of galvanometer, an ammeter is
obtained.

The ideal resistance of ammeter is zero.

Given, G=15Q, I, =4x10° Aand I =6 A
LG 4x10° x15
CI-I, 6-4x107

~0.01Q

Thus, on connecting a shunt of 0.01 Q in parallel
with galvanometer, the required ammeter is
obtained.

A galvanometer can be converted into voltmeter
by connecting a high resistance in series with it.
The ideal resistance of voltmeter is infinite.

If the galvanometer’s full- scale current is I s then
for a 2V range, the series resistance R; is,

Rlzl—G ...(d)
IX
ForV,
RZ:Z—G ...(if)
Ig
For —,
Ry =L—G ...(iil)
ZIg

Subtracting Eq. (ii) from Eq. (i), we get
14

Ri—RZ:I— ...(iv)
8
Subtracting Eq. (iii) from Eq. (i), we get
— Ry =——

R — Ry 21, V)
Dividing Eq. (v) by Eq. (iv), we get

K-k 3

Ri-R 2

= 3R, —2R, =3R, - 2R,

Ry =3R, — 2R,
Work done, U = MB|[cos 6, —cos 6,]
(a) U = MB|cos 60° —cos 90°]
1

= - MB = 1 x6x044=132]
2 2



22.

23.

(b) U = MB[cos 60° —cos 180°]
= MB{1 + 1} _3 MB=3.96]
2 2
(ii) Torque, T = MBsin©
For 6=180° t =6 x0.44 sin 180° =0

(i) When a bar of dimagnetic material (copper) is
placed in an external magnetic field, the field lines
are repelled or expelled and the field inside the
material is reduced.

L~

(ii) When a bar of paramagnetic material (Aluminium)
is placed in an external field, the field lines gets
concentrated inside the material and the field
inside is enhanced.

(iif) When a ferromagnetic material (Iron) is placed in
an internal magnetic field, the field lines are highly
concentrated inside the material.

L T
N
=
Property Ferromag-  Paramag-  Diamag-
netic netic netic
Magnetic Very large Small and ~ Small and
susceptibility and positive  positive negative
) >>1 (<< (x<0)
Behaviour in ~ Strongly Weakly Weakly
external attracted, attracted, repelled
magnetic can be cannot be
field permanently  permanently
magnetised  magnetised
Origin of Due to Due to Due to
magnetism  parallel incomplete  induced
alignment of  atomic magnetic
magnetic orbitals moment
dipoles in with opposing
domains unpaired applied
electrons field (Lenz’s
law)
Example Iron (Fe), Aluminium Copper
cobalt(Co), (Al), (Cu),
nickel (Ni) platinum bismuth

(Pt) (Bi)

24. (i) Consider a solenoid of length [, radius r(r << )
having nnumber of turns per unit length. The
magnetic field inside the solenoid when current I
passes through it is B = jnl

Magnetic flux linked with one turn of solenoid

= BA
=unlA
Total magnetic flux linked with entire solenoid,
¢ =ponlAnl
LI =y All
or L=p gt Al ...(0)
L= M ..(if)
l
_ Number of turns N
B length () }

Self-inductance of a solenoid depends on the
number of turns, area of cross-section of solenoid
and permeability of the core material.

(ii) (a) Graph for magnetic
flux versus current

—>1

docl
¢=LI

(b) Graph for induced emf versus %

We, know that,
e 0 __,dl
dt dt

1. When % increases linearly with e, the graph is

given as
dl/dt

2. When % is constant with respect to e the graph is

given as
dr/dt




25.

(c) Graph for magnetic otential energy stored (U)
versus the current.

u

u=1rp
2

(i) Whenever changing current is passing through a

coil, magnetic flux linked with neighbouring coil
changes, and an induced emf is produced in the
neighbouring coil. This phenomenon is known as
mutual induction.

turns

Mutual inductance is numerically equal to the flux
linked with a secondary coil when a unit current
passes through the primary coil. The SI unit of
mutual inductance is henry.

Consider two long co-axial solenoids each of
length [, radii 7, , and let n;, 1, be the number of
turns per unit length respectively.
Magnetic field produced in S, when current I,
(time varying) is passing through itis B, =p m I,
Magnetic flux links with one turn of S;
=kl A
Total magnetic flux links S,,
b=noml Al
My Iy = wgmm Al
My, =pgmny Al aenl(l)
M;, =Mutual inductance of solenoid S; with
respect to solenoid S,.
Similarly, My, = mm Ayl ...(ii)
If radius of both solenoids are same, then
M = My, = My =pomm Al

(ii) For solenoid, B = ynl = pynl,sin ot

Magnetic flux linked with solenoid
¢ = BA =p ynl,Asin ot
=u Onlonrz sin ot
N

... (i)

(a) Induced emf, e =

26.

)

(i)

= -y Nnlym?ocos ot =—e,cos ot
where, ¢, = 1, Nnon? I,
(b) Mutual inductance between coil and solenoid,

M:ﬂ:uONnm’2

According to Faraday’s law of electromagnetic

induction

(a) Aslong as magnetic flux linked with coil or
circuit changes, an emf is induced in the coil or
circuit.

(b) The induced emf produced in coil or circuit is
directly proportional to the rate of change of
magnetic flux.

ol b
dt dat
Negative sign indicates that the induced emf
acts in such a manner that it opposes the
change in flux.

Expression for Induced emf in a Rotating Rod

Let a metallic rod OA of length [ rotate with
angular velocity ®in a uniform magnetic field B,
the plane of rotation being perpendicular to the
magnetic field. Consider a small element of length
dx at a distance x from centre. If vis the linear
velocity of this element, then area swept by the
element per second = v dx.

The emf induced across the ends of element,

ds=Bd—A=Bvdx
dt

Butv=xo
de = Bxw dx

.. The emf induced across the rod,

s=.lfom dx = Bwj. xdx
0 0

27! 2 2
—Bo|X| =Bo|L_o| =B
2 2 2

0

Current induced in rod,

e 1 Bol®
"R 2 R
If circuit is closed, power dissipated
&  Boll!

R 4R



21.

Consider a coil of self-inductance L and negligible
ohmic resistance connected across the source of
alternating emf,

V =V,sin ot ...(i)
Induced emf produced in coil is given by
dl
dt

U000
L

e=—-1L

..

£y
&)
V= Vosinoot

Applying Kirchhoff’s loop rule, V + e =0
or L ﬂ = Vysin ot
dt
de :J.ﬁ sin ot dt
L

I:_—Vocoso)t :ﬁsin (mt —EJ
oL X, 2

: T
or I'=1,sin (mt — Ej ...(iii)

Thus, comparing Egs. (i) and (iii), it is clear that
current lags voltage by phase angle of i3

Phasor diagram

Vol V.
Inl-A~-L-3c~. § o
4 0 1/ Yy #
or O] 7 S 2n
T ~ / 31
; vz & —ot
Vi-=-- Vo
ot
90°
It------- I,

Inductive reactance It is defined as opposition to the
current offered by pure inductor.

]

X

28.

29.

X, =oL=2nfL
Thus, X, o« L.

We have, V = Vsinot and i = i;sin (ot + ¢)

and instantaneous power, P = Vi
= Vysinot - iysin (of + ¢)
= Vyiysin ot sin (ot + ¢)

:% Volig2sin ot -sin (ot + ¢)

From trigonometric formula,
2sin Asin B=cos (A — B) —cos (A + B)

.. Instantaneous power,
P:% Voip [cos (of — ot — )
—cos (ot + ¢+ ot )]
:% Voiglcos ¢ —cos (2wt + ¢)]

Average power for complete cycle,

P =% Vyig[cos ¢ —cos (20t + )]

where, cos (ot + ¢)is the mean value of cos (2wt + ¢)
over complete cycle. But for a complete cycle,
cos (2ot + ¢) = 0.

VoI,
Average power, P, = % cos ¢

Vo i .
= T; %COS 9= Vims fms COS

(i) If phase angle ¢ = 90°i.e., in case of pure inductor
or pure capacitor, no power is consumed by AC
circuit as B, = Ve fims €05 90° =0

(ii) If phase angle ¢ = 0°i.e, in case of pure capacitor,
maximum power is consumed in AC circuit as
P,=V, cos0° =V,

av rms irms rms irms

(i) Impedance The opposition offered by the
combination of a resistor and reactive component
to the flow of AC is called impedance.
Mathematically, it is the ratio of rms voltage
applied and rms current produced in circuiti.e.,

z-E
Iy
Its unit is ohm (Q).

Expression for Impedance in L-C-R series circuit
Suppose resistance R, inductance L and
capacitance G, are connected in series and an
alternating source of voltage V = V| sin ot is
applied across it (fig. a). In series, circuit current is
same but potential across them is different.

[—
Ve

V=1} sin ot
@



(i)

14

O
(=]
°

Ve { 14
VC

(b)
Vg and (V- — V) are mutually perpendicular and
the phase difference between them is 90°. As
applied voltage across the circuit is V, the
resultant of V; and (V. — V, ) will also be V. From

fig. (b).
E =Vg + (Ve - W)

= E, = Vi + (Ve -V,

But Vy = Ri, Vo = Xciand V) = X, i

where, X = LC = capacitance reactance and
o

X, = oL =inductive reactance.
Ey = (R + (X ~ X i)

Impedance of circuit,

ZZZ: R+ (Xe-X,)?
1

e, Z=yR*+(Xc-X,)

2 (1 :
= |R>+|—-oL
oC

Instantaneous current,
- Eysin(ot + ¢)

1 2
R? + (— - (oL]
oC
The phase difference (¢) between current and
voltage is given by
— %

X
tan¢:7CR

= tan ¢=0o0r ¢=0°

.. Atresonance, X; = X
oL= L
oC

Resonant angular frequency, o = L

JLC

1
27+ LC
In L-R circuit if X; = R, then
2, =R+ X} =R+ R =RJ2

Resonant frequency, f =

.. Power factor, R = g =—

Now, X; = X, then

Z,=R*+(X; -X,) =R

So, new power factor, B = E =1
Z,
R 1

B 2
30. Consider a source of alternating emf
E = Ejsin ot
which is applied across a capacitor of
capacitance C.

C
|
I

().
N\
E=E;sin ot

Then, g = CE = CE;sin ot
I= 4 _ CEO% (sinot) = ®CE,cos ot

dt

I:isin (mt +E)
1 2
oC

I=isin (mt + E)
X 2

I=1I,sin (mt 5 5)
2

Thus, comparing Egs. (i) and (ii), it is clear that
current leads the voltage by phase angle of g

Phasor diagram

E E

E4 T _
or]‘ S ’ aad —>
Al e, \gf ot

90 -

(D)

..(i)

Capacitive reactance It is defined as opposition to the

current offered by pure capacitor.

Xc

®ord



1 1 Expression for Induced emf When the coil is

€ oC 2nfC rotated with a constant angular speed o, the angle
1 6 between the magnetic field vector Band the area
Xc C vector A of the coil at any instant ¢ is 0 = ot

(assuming 6 = 0°atf = (). As a result, the effective

Thus, area of the coil exposed to the magnetic field lines
. AC generator A dynamo or generator is a device changes with time, the flux at any time ¢ is
which converts mechanical energy into electrical ¢ = BAcos 0 = BAcos ot
energy.

Induced emf produced,
Principle It works on the principle of electromagnetic —ddy .
induction. When a coil rotates in a magnetic field, the = n T hBAasine}
effective area of the coil linked normally with the

magnetic field lines, changes with time. This result in € = o3, th ] )
the production of an alternating emf in the coil. where, ¢, = NBAw is maximum value of induced

. . . emf. If Ris resistance of coil, then induce current is
Construction It consists of the four main parts. . e

e : :
== t= t
(i) Field Magnet In the case of a low power dynamo, the ! R R SO =TSN

magnetic field is generated by a permanent magnet,
while in the case of large power dynamo, the magnetic
field is produced by an electromagnet.

Moving coil galvanometer cannot measure current
in AC generator because average value of AC over
complete cycle is zero.

(if) Armature It consists of a large number of turns of 32. . . Lo . 1 2
insulated wire wounded on the soft iron drum. It (i) Energy density of eleeiriofield s, Uy = P &E
can rotate a round an axle between the two poles : e .
E d due t tic field B is,
of the field magnet. The drum serves the two nergy density due 103%1 agnencieid Bis
purposes: (a) It serves as a support to coils and (b) Ug

: od ; T 2p,
It increases the magnetic field as air core gets Ho

replaced by an iron core. : 1, 1F
Total energy density of wave = —g  E*+ ——
(iii) Slip Rings The slip rings R, and R, are the two 2 2ug
metal rings connected to armature. These rings are Now, (Uy )ay = 1 J TLIEdt =i I i g E?
fixed to the shaft which rotates the armature coil, T 1702
so that the rings also rotate along with the _ % J' T Eg sin?(kz — ot )dt
armature. 2T-0
(iv) Brushes These are two flexible carbon rods _ % ( Eg x Zj - 1 £ Eé
(B, and B,) which are fixed and constantly touch 2T 2) 4
the revolving rings. The output current in external [ T. o _ )
load R, is taken through these brushes. josm (kz-ot)dt =T/2
o) 1B
i Similarly, (U, =—=0
k:j Armature coil ¥ (Upay 4,
bl / ,
! B
¢ "'uaVIESOEg-'—l_O
4 4u,
N[ B g FHield (i) ~ E=cB,
magnet 1
and c¢=
VHo®o
18 1B/ B 1
Ry -3*&:*% = by XWo& =—& 5
/‘ Load fo 2 Mo n *
Slip rings : R, - 1 5 1 Eg } 5.1
/ Uy =8B =&k + &5k
R, 2 4 4u, 4 4
i L p 1K
Working When the armature coil is rotated in the 90 2u,

strong magnetic field, the magnetic flux linked
with the coil changes and the current is induced in 1
the coil, its direction being given by Fleming’s L,=U, c=—-cgE2
right hand rule. 2

Time averaged intensity,



33. Diagram of compound microscope.

34.

Magnifying power, M = il l (1 + B]

k=t H— o —H—u,—> Eyepiece

|\ B F

k
" Objective
B

e

D
\
\

%3
~
|
1
1
1
|
|
1
|
|
1
1
|
|
1
1
|
|
1
1
|
!

1
2

ty

e

Here, M =-20,m, =5 v, =—20cm, L=14cm

: 7,
For eye piece, m, = =

uE
= 5=_—20 = ugz;zoz_zlcm
u, 5
Using lens formula, R Y
U€ ut’ .f;—’
-1+5
—i+1=i3 - =i = f,=5cm
20 4 f, 20 fe
Now, total magnification,
= M =m, xm,
= M=- i[l + 2)
fo fe
= -20=— E(1 + E)
fo 5
= f,=35cm

(i) Diagram of astronomical telescope when image is

formed at the least distance of distinct vision.

1

1
Magnifyi T M=—f| —+—=
agnifying power, ifa ( 3 j

In normal adjustment when final image is formed

at infinity, M = — =%

e

(ii) For firstlens, u; =—30cm,

fi=+10cm
. From lens formula,
1 1 1

fl_Ul Uy

35.

)

(ii)

(iif)

1 1
= —=—+ =
v f
1 1 _3-1
10 30 30
= y =15cm

The image formed by the first lens serves as the
object for the second. This is at a distance of

(15— 5) cm = 10 cm to the right of the second lens.
Though the image is real, it serves as a virtual
object for the second lens.

For second lens, f, =—-10cm,

uy =15-5=+10cm
1 1 1 1 1
= + = U, =

PR,

— =4
»n f
The virtual image is formed at an infinite distance
to the left of the second lens. This acts as an object
for the third lens.

For third lens, f; = +30cm, u; =

From lens formula,
1 1 1 1 N 1

= 4+ — =
o f % 30

v; =30 cm

The final image is formed at a distance 30 cm to

the right of third lens.

The main considerations for choosing the objective

of astronomical telescope are

(a) the aperture of objective lens is kept large, so
that it may collect sufficient light to form a
bright image of a distant object.

(b) the focal length of objective is kept large, so
that the magnifying power is high.

2\ Objective
mirror

Secondary

mirror
Eyepiece

/7

If f, and f, are the focal lengths of objective and

eye piece respectively, then magnifying power

when the image is formed at the least distance of

703)
e

distinct vision, m = o

fo

If final image is formed at infinity, m = 2.
e

The advantages of reflecting type telescope over

refracting type telescope are

(a) large light gathering power, high resolving
power and large magnifying power.

(b) as mirrors are used, so it is free from chromatic
aberration.

(c) spherical aberration can be removed by using
proper concave parabolic mirror.



36.

31.

Let EF be the incident ray which deviates while
passing through prism following path EFGH as

shown in figure. If § is the angle of deviation, then

In AOFG,
8= Z0OFG + ZOGF
S=h—K+1—n
=i+ i) = (5 + 1) ()
In AFGN,
i+ 1n+0=180° ...(ii)
In quadrilateral PFNG,
A+ ZPFN + 0+ ZPGN = 360°
or A+ 06=180°
[As ZPFN = ZPGN =90°] ...(iii)
From, Eq. (ii) and Eq. (iii)
A=K+1n ...(iv)

Hence, Eq. (i) becomes

d=i+1, - A
dwill be minimum at i =i, =1
So, §,=2—A
A+,
= i= (v
7 ™)
andatiy =iy =6 =r
A
So, r=— (vi
: (vi)
A+
L sin[ 2’”]
sin i
Hence, n=— =—————=
sin r sin 2
2

(i) Intensity pattern for single slit diffraction.
The central bright fringe has maximum intensity
and as we move away from central fringe, the
intensity of bright fringes goes on decreasing.

Intensity

AVAVALVAVAY

3L 2L -A 0 A 2%
a a a a a a

Intensity pattern for double slit Interference The
intensity of all bright fringes are same.

Intensity
5. 3L -k 0 x
a a a
Interference Diffraction

(i)
Fringe width of all
fringes are same.

Fringe width of central
bright fringe is double as
compared to other fringes.

Intensity of all
bright fringes are
same.

Intensity of bright fringes goes
on decreasing as we move
away from central fringe.

Good contrast
between bright and
dark fringes.

Poor contrast between bright
and dark fringes.

Maxima occurs at
6, =n\d

Minima occurs at 0,, = nd/d

38. Wavefront It is defined as locus of all particles of a
medium vibrating in same phase.

Laws of reflection by Huygens’ principle

Consider a plane wavefront ABincident on mirror XY
at point A at an angle of incidence i. According to
Huygens’ principle, all particles on ABlie in same
phase acting as secondary wavelengths, so if in time ¢
light reaches from B to B’, then in same time light
reaches from Ato A’'such that AA'= BB' = vt

With A as centre draw an arc of radius AA’, then
tangent A’'B’ represents reflected wavefront.

Now, in right-angled triangles ABB'and AA' B’
/ABB' = ZAA' B’ = 90° (each)
BB' = AA' = vt
AB'= AB' (common)
Hence, triangles are congruent.
So, /BAB'=ZAB'A', Zi=/r
which is the law of reflection.



39.

40.

41.

We assume a plane wavefront ABpropagating in
denser medium incident on the interface PP’ at angle i
as shown in figure. Let f be the time taken by the
wavefront to travel a distance BC. If v, is the speed of
the light in medium I.

Incident
wavefront

Medium I
(Denser)
C P
Medium IT
(Rarer)
Refracted
wavefront
So, BC =yt

In order to find the shape of the refracted wavefront,
we draw a sphere of radius AE = v,t, where v, is the
speed of light in medium II (rarer medium). The
tangent plane CE represents the refracted wavefront.
In AABGsin i = 5C = U

AC AC
In AACE sin r = A5 _ %f

AC AC
. osini Bc,ﬂ,n

L —=—= (refractive index)
sinr  AE v,

which is Snell’s law of refraction.

(i) As from de-Broglie wavelength,

A=— [0 =Same]
P
Ay B MY 1
Ly MM, h 4
(ii) We know, p = ./2m (KE) [KE =Same]

A h 2 (K),

hy  2my(KE), h
-1
m, 2
(iii) Andov=, id [V =Same]
m
ho o B M0

7: M, Uy h
_m 2q,V [
My m, 2q,V
My my 1
my, \[ m, T 242

Einstein’s photoelectric equation, hv = hv, + eV},
where, v =incident frequency, v, =threshold
frequency and V|, =stopping potential

(i) Incident energy of photon is used in two ways (a)
to liberate electron from the metal surface (b) rest

of the energy appears as maximum energy of
electron.

(ii) Only one electron can absorb the energy of one
photon. Hence, increasing intensity increases the
number of emitted electrons and thus the current.

(iii) If incident energy is less than work function, then
no emission of electrons will take place.

(iv) Increasing v (incident frequency) will increase
maximum kinetic energy of electrons but number
of electrons emitted remains the same.

For wavelength 2, % =0, + K=¢, + eV ..(i)
where, K=eV,
For wavelength 2,,

% = + 2¢V, .(ii)

2

From Egs. (i) and (ii), we get
E:% +2[E_¢0]

Ay M
2he
:¢O+Z—2¢O
2hc ke
T

For threshold wavelength 1, kinetic energy, K = 0,

and work function ¢, = }»_C
0

he _2hc _he
7\’0 }"1 7\'2
I N S e
o M A 20, -
he(2h, — M)

Work function, ——=——*
Mhy

42. In ground state, the kinetic energy of the electron is

+13.6 eV

Klz—E1:T=13.GX1.GX1O’19]

=218 x107#¥]

de-Broglie wavelength,
h h

p . j2mK;
B 663 x 107

V2 x91x10% x 218 x 10718
=0.33x10° m=0.33nm

Kinetic energy in the first excited state (1= 2)

K b
,=-B=—
h
de-Broglie wavelength, A’ =
8 & \2mK,
e 2h =2k =0.66 nm

\2mE



43.

(i)

(iii)

(i) According to Bohr’s model of hydrogen atom,

electrostatic force of attraction between nucleus
and electron provides required centripetal force by
electron to revolve around nucleus.

So, E=F
kze*  mv?
7 r
2
kze = mv’ wes(l)

r

According to Bohr’s second postulate

nh
mor = —
2n
or v= L ...(ii)
2nmr

From Egs. (i) and (ii), we have

kzZe?  mith?
r AP m?r?
wh?

or .. (i)

tr=—s—s—
4n’kZe*m

Using Eq. (iii) in Eq. (ii), we have

_nh_4An’kZe*m
2mm 1 h?
2tk Ze* .
v= L..(iv)
nh
Kinetic energy of electron
2
KB = gy o 2 [From Eq. (i)]
2 2r
_ 72
PE~- k (Ze) (—e) _ kZe
r T

So, total energy of electron,
E=KE+PE
B kZe?
2r

2
E=- kZ2€ 5 4nkZe*m
2nh

From Egq. (iii) (For hydrogen atom Z = 1)

2nimk*e*  13.6
E:_W:_ i eV ()
E - E =hv
2n2mk2e* 1 1 .
W nj% "

(Vi)

where, R = Rydberg constant
_ 2nmk2e?

e

44. The variation of binding energy per nucleon versus
mass number is shown in graph.

45.

Binding Energy Per Nucleon (in MeV)—>

Inferences from graph are as follows

The nuclei having mass number below 20 and
above 180 have relatively small binding energy
and hence they are unstable.

2. The nuclei having mass number 56 and about 56

have maximum binding energy (~8.8 MeV) and so
they are most stable.

3. Some nuclei have peaks, e.g., ;He, }fC, %60. This

indicates that these nuclei are relatively more
stable than their neighbours.

(i) Explanation of constancy of binding energy
Nuclear force is short ranged, so every nucleon
interacts with its neighbours only,therefore
binding energy per nucleon remains constant.

Explanation of nuclear fission When a heavy
nucleus (A > 235 say) breaks into two lighter
nuclei (nuclear fission), the binding energy per
nucleon increases i.e, nucleons get more
tightly bound. This implies that energy would
be released in nuclear fission.

=

Q1 Felt
8.0CT \pF‘S

i

20

H2

1.0

0.0

0 20 40 60 80 100 120 140 160 180 200 220 240

Mass Number —>

Explanation of nuclear fusion When two very light
nuclei (A < 10) combine to form a heavy nucleus, the
binding energy per nucleon of fused heavier nucleus
is more than the binding energy per nucleon of lighter
nuclei, so again energy would be released in nuclear
fusion.

(i) The radius R of nucleus related to its mass number

is given by
1
R=R,A3
where, Ry =1.1 x 10" m

Now, density of nucleus is given by
Mass of nucleus

P= Volume of nucleus
mA _ 3mA _ 3m
g RS AnRGA 4Ry

where, m is mass of one nucleon.

Hence, nuclear density is independent of mass
number.



(ii) The graph between potential energy versus
distance between pair of nucleons is as shown in
figure.

Attractive region

For r > 1, the slope of the potential energy curve is

negative, showing that the nuclear force is
attractive.
Repulsive region

For r < 1, the potential energy increases rapidly
indicating that the nuclear force becomes strongly
repulsive at very short distances.

! : . !
i i i i
= i | | i
+100 Repu:llsive i i i
MeV ! ! i !
0 i i ; I
i 1 i D
] i E !
—100 bRy
r (fm)—>
Conclusions

(i) Nuclear force acts only at very short distances.

It is negligible at larger distances.

(i1) The nuclear force is attractive at medium
distances but becomes repulsive at very short
distances to prevent nucleons from collapsing
into each other .

46. (i)
Intrinsic Extrinsic
semiconductor semiconductor
1. Itisa It is a semiconductor

semiconductor in ~ doped with trivalent or

pure form. pentavalent impurity
atoms.
2. Intrinsic charge In an n-type
carriers, i.e. semiconductor,

electrons and holes electrons concentration

have equal is more, while in a

concentration. p-type semiconductor,
holes concentration is
more.

3. Current caused by  Current due to charge
charge carriers is of carriers is of the order
order of pA. of mA.

(if) As pand nsections of p-n junction diode are
heavily doped, more diffusion of electrons from
n-region to p-region and holes from p-region to n
-region takes place forming depletion layer very
thin of order of 1 pm. So, electric field directing

from n-region to p-region is very large. For reverse
bias voltage of 5 volt

gAY _ SV =5x10° V/m
Ax lpum

47. Two important processes occurring during the

formation of a p-n junction are (i) diffusion and (ii)
drift.

(i) Diffusion In n-type semiconductor, the
concentration of electrons is much greater as
compared to concentration of holes, while in
the p-type semiconductor, the concentration
of holes is much greater than the
concentration of electrons. When a p-n
junction is formed, then due to
concentration gradient, the holes diffuse
from p-side to n-side (p — n)and electrons
diffuse from n-side to p-side (n— p).

This motion of charge carriers gives rise to
diffusion current across the junction.
<—— Electron diffusion
—Electron drift
00000|0O ®|eoeeee

oOp oo o ® 11 ®© 0

© o®

O O O O O ® o 0 0 O

OOOOO@@...O.

Hole —>Hole diffusion Eléctron
<— Hole drift

(ii) Drift The drift of charge carriers occurs due to
electric field. Due to built in potential barrier, an
electric field directed from n-region to p-region is
developed across the junction. This field causes
motion of electrons on p-side of the junction to
rside and motion of holes on n-side of junction to
p-side. Thus, a drift current starts. This current is
opposite to the direction of diffusion current.

& Potential barrier

000000 D oo e ee
000 0O0(OD @ e e e e e o

OOOOO@@.....

_%_

Depletion
layer

Potential barrier During the formation of a p-n
junction, the electrons diffuse from n-region to
p-region and holes diffuse from p-region to
n-region. This forms recombination of charge
carriers. In this process immobile positive ions are
collected at a junction towards n-region and
negative ions at a junction towards p-region. This
causes a potential difference across the unbiased
junction. This is called potential barrier.
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(i) Forward bias The circuit diagram of p-n junction
diode in forward bias is as shown in figure. The
external electric field acts opposite to internal
field, so width of depletion layer decreases. The
current set up in diode is due to both type of
majority charge carriers but in external circuit it is
due to electrons only.

Since, current is due to diffusion of majority
charge carriers, so it is of the order of few
milliamperes.

E—
D— ¥

0> 0> O»(€O €O <O
0> O> O>(€0 €O <O
0> O> 0P[O €0 <O

4 n —
+|_|—

Forward current

P n

e

Forward biasing

R

(ii) Reverse bias The circuit diagram of p-n junction
diode in reverse bias is as shown in figure. Here,
the external electric field favours the internal
electric field, so width of potential barrier
increases. As reverse bias opposes the motion of
majority charge carriers but aids the minority
charge carriers to move across the junction. Hence,
current is very small of the order of pA. In reverse
bias, current within junction is due to both types of
minority charge carriers, but in the external circuit,
it is due to electrons.

p n
5505 03[€0 <0 %O —e }o —
05 0> 03[0 <0 <0
0> 0> odl¢o<o<o| |
R P n -

=l

Reverse biasing

Ik

Reverse current

Characteristics of a p-n junction diode The graph
of voltage V versus current I in forward bias and
reverse bias of a p-n junction is shown in the figure.

Avalanche breakdown or breakdown voltage If
the reverse bias is made sufficiently high, the
covalent bonds near the junction breakdown
releasing free electrons and holes. These electrons
and holes gain sufficient energy to break other
covalent bonds. Thus, a large number of electrons
and holes get free. The reverse current increases
abruptly to high value. This is called Avalanche
break down and may damage the junction.

Forward
I(mA)T bias
Avalanche r
breakdown
® ¥ o] ® v—
Reverse lI(P‘A)
bias
R

50.

49. (i) The order of energy band gap (E,) of an insulator

is greater than 3 eV. Thus, more energy is required
to move the electrons from valance band to
conduction band.

(i) Given, A = 300 nm
=300x10"°m

~. Energy band gap, E, =%
_ 663x107** x3x10°
8 300x1077 x16x10°%°

(iii) Given, Eg =10eV, A =?
he
E =2
S

=4.14eV

6.63 x 107 x 3 x 10
Py

=10x16x107Y =

A =124.3nm

(iv) In the energy band diagram, conduction band is
responsible for current flow in a semiconductor in
presence of applied electric field.

Given, forward biased resistance = 25Q

Reverse biased resistance =«

As the diode in branch CDis in reverse biased which
having resistance infinite,

So, I,=0
Resistance in branch AB= 25+ 125=150Q
(say R )

Resistance in branch EF =25 + 125 =150Q
(say Ry)
ABis parallel to EF.

So, resultant resistance,
1 1 1 1 1 2

R R R

R'=75Q

Total resistance,
R=R+25=75+25=100Q

150

150 150

=3

Current, [ = V.o _ 0.05 A
R 100
L=L+ L+ [here, I, =0]

So, L=0L+]1,
Here, the resistances R; and R, are same.
ie. I, =1,

I =2I,
= =200 g5

2 2

and I,=0.025 A
Thus, I, =0.05A,

I, =0.025A,1;=0
and I, =0.025 A



