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UNIT | ELECTROSTATICS
CH-1 ELECTRIC CHARGES AND FIELDS
DETAILED SOLUTIONS

LEVEL-1 MCQ

Q.N DETAILED SOLUTIONS VALUE
o POINTS
T |F=2 () 1
2 Q q Q 1

. + 4
A= C—s |B
For the system to be in equilibrium
FBA+FBC =0
FBA = - FBC
It can be written as
KQ¥ (2x)? = -KQq/ x2
So we get
q=-Q/4
The svatem to be in eauilibrium condition is @ = O/
(b)
3

E is electric field due to charge —32 at the location of @

E' =<
E E
— —_—
. .
Q= = -3Q




(
4 (a)Zero
5 (d)
6 (a)
7 (@)
8 (b)
9 (c)
10 | (b)
11 | (c)
12 | (a)
13 | (a) Polar molecules have centres of positive and negative

charges separated by some distance, so they have

permanent dipole moment.
14 | (b)
15

” = % =4x10*Cm?
16 | (b)the quantity of charges enclosed by the surface
17 | (b)
18 | (d)To conduct excess charge due to air friction to ground

and prevent sparking

LEVEL-2 MCQ
Q.N DETAILED SOLUTIONS VALUE
0) POINTS
1 (d)
2 (b)
3 (a)
4 (c)
5 (@)
6 (d)
7 (@)
8 (d)
9 (d)
10 | (C)
LEVEL-3 MCQ
Q.N DETAILED SOLUTIONS VALUE

0) POINTS
1 Correct option is {(B) 2.0 x 10°° C (2)

Mg = qE
(01107 W9 B)=49=x107q

2x107
10°

q=2x=10"°C




2 B
3 B
4
T = pE.sinG
i . T
P E.siné&
= 2| = 4 (~p=qg=x2l
h T2 x10° <05 MR TA
4
sogo= e 21 = 0102 i
97 55 10° < 0.5 < 0.02 { m given)
=2 x 1072 C
q =2 mC
5 2
F=29 _ 6N
T
K($)(3)
Fg = 2 = g x 16 =6N
: Q 3Q
Final charges on spheres are - and —=.
B
6 A
7 A
8 D
9
VA=VB
KQ, _KQy
RJ’L RB
Q _R, 1
s Ry 2
K K
E = Q;";E.;= Q‘f
R‘A RH-
E, Qi R Ry 2
E, Q. RS R, 1
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Correct optionis (B) 4:1
Let R = radius of combined drop
r = radius of smaller drop

Volume will remain same

i:rcRS:ﬁélxims

3 3

R=4r
Q=64q;

q: charge of smaller drop

Q : Charge of combined drop

Q )
Ovisser _ 4nR> _ Q. 1"
Gmllrr i q Rl
dmr’
—64—— =4
161
Uhlggcr _ i
Esmallrr l

LEVEL-1 (2 M QUESTIONS)

number of lines of force passing through the area. It is
represented by ¢ . It is a scalar quantity. Its S.I unit is Nm2
C-1orVm.

Electric flux ¢ by g enclosed
Hence the electric flux through the surface of sphere
remains same.

Q.N DETAILED SOLUTIONS VALUE
(o) POINTS/STE
P MARKING
1 The electric lines of force give the direction of the electric 2
field. In case, two lines of force intersect, there will be two
directions of the electric field at the point of intersection,
which is not possible.
2 Electric flux over an area in an electric field is the total 2

LEVEL-1 (3 M QUESTIONS)




Q.N

DETAILED SOLUTIONS

VALUE
POINTS/STE
P MARKING

Gauss’ Law states that “the total flux through a closed
surface is1e0times the net charge enclosed by
- §E4as ="
op = ¢ =
Let o be the surface charge density (charge per unit area)
of the given sheet and let P be a point at distance r from the
sheet where we have to find E—

— P
E E—
2

Choosing point P’, symmetrical with P on the other side of
the sheet, let us draw a Gaussian cylindrical surface cutting
through the sheet as shown in the diagram. As at the
cylindrical part of the Gaussian surface, E— and dS— are
at a right angle, the only surfaces
having E— and dS— parallel are the plane ends

Oy §E.d5’+§ﬁ,ds’
§Ed5+§Ed5 ~ EA + EA = 2EA
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...[As E is outgoing from both plane ends, the flux is
positive.
This is the total flux through the Gaussian surface.

q

Ey
ZE.\'f'!L:izﬂ ...[As g = GA
Egp  Ep

E=_9_,
' 2g;

Using Gauss’ law, ¢p =

This value is independent of r. Hence, the electric field
intensity is same for all points near the charged sheet. This
is called uniform electric field intensity.

Torque on electric dipole. Consider an electric dipole
consisting of two equal and opposite point charges
separated by a small distance 2a having dipole moment
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Dipole in a uniform electric field

Let the dipole held in a uniform external
electric field E at an angle 6
. Force on charge (+g) = qTE} along the
direction of E
Force on charge (—g) = -qE along the

_}
opposite direction of E
. Net tI‘EinE-]ﬂtDl’}-’ force on the di pcjle

e
=qE -gE =0

So net force on the dipole is zero
—5

Since E is uniform, hence the dipole does not undergo

any translatory motion.

These forces being equal, unlike and parallel, from a couple,

which rotates the dipole in clock-wise direction
Magnitude of torque = Force x arm of couple
T=F AC =gE.AB sin 8 = (gE) 2a sin 8

or T =q(2a) E sin 6

or T=pE Sin @ [p = q(2a)]
e
T=pxE

[The direction of T° is given by right hand screw rule and is
normaltop” ]and E”

Special cases

(i) when 6 = 0 then 7 = PE sin 6 = 0
~ Torque is zero and the dipole is in stable equilibrium
(i) When 6 = 90 then T = PE sin 90 = PE
~ The Torque is maximum




Since the field is everywhere radial, flux through the two
ends of the cylindrical Gaussian surface is zero. At the
cylindrical part of the surface, E is normal to the surface at
every point, and its magnitude is constant, since it depends
only on r. The surface area of the curved part is 211, where
| is the length of the cylinder.

Flux through the Gaussian surface = Flux through the
curved cylindrical part of the surface is zero. At the
cylindrical part of the surface, E is normal to the surface
at every point, and its magnitude is constant, since at
every point, and its magnitude is constant, since it
depends only on r. The surface area of the cylinder.

Flux through the Gaussian surface = Flux through the
curved cylindrical part of the surface
x 21l
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(b)
(a) Electric field due to an infinitely long thin straight wire
is radial.
(b) The Gaussian surface for a long thin wire of uniform
linear charge density
The surface includes
Gauss'’s law

E x 2nrl = ?I-ll.l'llEn

A
2meqr

equal to AL
gives

charge
then

te. | E=

LEVEL-3 (5 M QUESTIONS)

Q.N

DETAILED SOLUTIONS

VALUE
POINTS/STE
P MARKING
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Electric field intensity at point I’ due to
charge -q,
1 q -
E—fT - 4ILED r{_x + {;}2 {1}
Due to charge +g,
E_} 1
dney " (x - u}z

—I (%)

o — =
Net Electric field at pmnt P, E=E +E_

q ) |: '1 ]
4ne, (x nF (x + a)?
1 (g=2a)2x

1 dagx

- X

mﬂ[u —ﬁl}“ Ty (2 - 27 )
g 1 2px -
E = Tre, (Tl o p =g x 2a)

For x >>a
- 1

O, 1 S — __F"

(x¢ - %) = x E e, 5 X

Electric dipole moment: It is the product of the magnitude of
either charge and distance between them.

N
g =qx2l
- & >
=i +]
It is a vector quantity whose direction is from negative to
positive charge.

Expression :




Electric field

i

E,

4reg BP?
1

Electric field

1 9

aneg (r* + 1%)

intensity at P due to +q charge

along PD

4 along PD ...(1)

intensity at P due to -q charge

is

is,




1
E_ = E’;E;*A‘%f along PC

L - long PC ...(ii
e T4 along (i)

From () and (), |E| =IE.| = gl
o(r

)
Net electric field intensity due to the electric
dipole at point P

E = JE? + E? + 2E,E_cos20

= E= JEE + E2 + 2E% cos20 (wE =E)

= E-= JZE‘E + 2E2 cos260

= E= 2EX(1+ cos20)
= E = J2F22cos28 {1+ cos 28 = 2 cos’ @)

E=2E+CDSH=2>< L—ZL}—" cos 6
dneg (r* + I7)
[Using equation (ifi)]

1
Now from AOAP, cos B = fﬂ.

N
1 q I
- b4 x
E=2 dmeg (r® +1%) (rF + 1312
21
= E-= ix
4%{,,2 + 22

Since g x 21 = p ...(p is dipole moment)

. 4“Ea(r2p+ 12)3/2 along (-)x-axis

If | << r ie dipole is short, then I* can be
neglected as compared to r*

Hence |E = —L3 along (-)x-axis
dne,r

. (ii) (a) For stable equilibrium, the angle between p and E

is

0°,

10
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(b) For unstable equilibrium, the angle
between p and E is 180°,

-

sge—Lt——4q E
>

>

(b) For unstable equilibrium, the angle between p and E is
180°,

LEVEL-1 (NUMERICALS)

Q.N DETAILED SOLUTIONS VALUE
(0] POINTS/STE
P MARKING

1 Answer:

Given : E—>=5x103i*N/C

A=10x 10 x 10*m?,

Flux (¢) = EAcos 6

(i) For first case, 6 =0, cos 0 = 1

~ Flux = (5 x 10%) x (10 x 10 x 104)

(il) Angle of square plane with x-axis = 30°

Hence the 0 will be 90° — 30° = 60°

EAcos 8 =(5x 10%) x (10 x 10 x 104) x cos 60

=50 %12

=25 Nm2C-"

Hint:

(i) 10 Nm2C-"

(i) 5 Nm2C-*
2 Flux through S,(¢,) = % A0

+ 2 30 ..
Flux through S,(¢,) = Qeﬂ Q:—éF ... (if)
b, Qlgy 1

Ratio of flux = _g=3_Qe"E_n:§




(i) Given : q1 =10 x 108C, g2 = -2 x 108C
AB =60 cm =0.60 = 0.6m

Let AP = x
Let AP =x then PB=06-x
M4 s
A P B
1P _ Kq,
Potential I’ due to charge g, = <
; Kq,
Potential P due to charge g, = 0
Potential at P = 0
Ka, , Kgp _ o _ -
ar "Br 0 P AP T
10x108  —(-2x107%)
X 0.6 -x
= 2x+10x =6 = 12x=6
1
x=—=05
X 3 0.5m

Distance from first charge = 0.5 m = 50 cm.
(i) Electrostatic energy of the system is
Kgi9» -9%10° x107 x2x1078
E,=—) = 60 x 1072
~18x10°°
B % 1072

-3
= 75 10+ = =3 % 107 Joule

UorE, =-3x107 Joule

LEVEL-2 (NUMERICALS)

Q.N DETAILED SOLUTIONS VALUE

o POINTS/STE
P MARKING

1 (a) Electric flux through a surface represents the total

number of electric lines of force crossing the surface.
: S.l. unit is Nm? C.

(b) (i) Flux through R.H.S. of the «cube is

12




¢, = Ex;.A

_ 2 we=0°
= (). (D) @ = 500 N/C-
= (500 x 0.2) (0.1} x=02m
— INm? C-1 [=01m
(i1) Flux through L.H.S. of the cube is
o, = Ex,. A
zz_(é_ﬂ 2 0= 180°
) x=01m

=-(500 x 0.1) (0.1’ 1=01m
= -0.5 Nm?/C a = 500N/C™

Net flux ¢ = ¢, + ¢,
=1-05=0.5 Nm?/C

(i) As o= - . g=g0

0
= g =8854x107"? x05=44x10"C

LEVEL-3 (NUMERICALS)

Q.N DETAILED SOLUTIONS VALUE
(o) POINTS/STE
P MARKING
1 (i) The magnitude of the electric field at the left
face is
E =50 NC~
Therefore flux through this face
¢, =EA cos©
= 50 x 25 x 10 x cos 180°
=-=125 x 107 NC' m?
The magnitude of
the electric field
at the right face is
E =100 NC-
Therefore  flux
through this face
d, = 100 > 25 x 10 x cos 0°
=250 = 10 NC' m?
Therefore net flux
through cylinder is
¢ + ¢, =125 x10° NC*' m?
(if) Charge enclosed by the cylinder ¢ = %
Q=¢,.%¢g
=125 x 107 x 8.856 x 102 C
=1107 x 107 C
Q =1.107 pC
2 . Two point charges + 3q and — 4q are placed at the vertices

‘B’ and ‘C’ of an equilateral triangle ABC of side ‘a’ as given

13




in  the  figure. Obtain  the  expression  for
A

+3q —4q

B a C
(i) the magnitude and
(i) the direction of the resultant electric field at the vertex A
due to these two charges. (Comptt. All India 2014)
Answer:

= 4/9E2 +16E2 —12E2
1 g+/13
= J13E2 = E+13 = -

drme;, g
{#i) Direction,
3
| E 5 1 8in120° 3E x =~
tan o= E—TTE . Tcos120° 1
Al AB 4E+3Ex—{§]
_ 3E43x2 343 | 1 (343
tan o = =50 5 S = tan 5

(f) Magnitude,

- 1 3gq 1
lEap =gz a2 3E, where [E: e f‘;{|
= 1 44

FEACI:EHZ = 4E

E_ = J (3E)? +(4E)? + 2(3E)  (4E) x(— %)

{ 0 =120° ]
cosl = —l
2

14




CASE BASED

Q.N | CASE STUDY VALUE
O | ANSWERS POINTS/STE
1. (i). (b) P MARKING
(ii). (c) the dominant electric field is inversely proportional to 4
r3, for large r (distance from origin).
(iii). (a) excess of electrons
(iv). (b) along a line of force, if its initial velocity is zero
(v). (c) Only
COMPETENCY BASED
Q.N DETAILED SOLUTIONS VALUE
o) POINTS/STE
P MARKING
1 B. The electric field distribution is two-dimensional. 1
2 D. both statements Q and S 1
CCT
Q.N DETAILED SOLUTIONS VALUE
o) POINTS/STE
P MARKING
(a) For a resultant force at the location of g3 to be zero,
the net electrostatic force on q3 due to g1 and g2 has 4

to be zero. Since q3 is positive, it will be under the
effect of repulsive force by both g1 and g2 as
represented by F13 and F23.

That s,
Fiz = F23

kq.q o kq.q;
x* (2 —x)*

Substitute for values of q; = 2C, gq> = 4C and solve to get,
(2 —x)" =2x°
Solve for x,

= 0.83m

L, =
X=Z+1

So g3 placed at 0.83 m away from g1 along the straight line
joining g1 and g2 experiences a zero resultant force.

- 1 mark for drawing the correct diagram and explanation of
forces acting on charge q3

- 1 mark for writing a correct equation for forces on g3 using
Coulombs law

15




- 1 mark for substituting and solving for the value of x
(b) Yes, the negative charge at the location of q3 will
experience zero resultant

force.
SELF ASSESSMENT
Q.N DETAILED SOLUTIONS VALUE
(o) POINTS/STE
P MARKING

CASESTUDY- ANSWERS

2.(i). (c) both electric and magnetic effects
(ii). (b) conductor, insulator

(iii). (c) increase or decrease

(iv).  (a) decreases directly as the distance from the
centre

(v). (d) Coulomb's law

3k >k %k 3k 3k 3k %k %k %k %k 3k %k %k %k k kk

16




UNIT | ELECTROSTATICS
CH-2 ELECTRIC POTENTIAL AND CAPACITANCE
DETAILED SOLUTIONS

LEVEL-1 MCQ

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS

(C)
This relation is given by,

Here, Q is the charge of the capacitor, C is its capacitance and V
is the voltage.

The fact we have to always keep in mind is that the capacitance
of a particular capacitor has a constant value, that is, it remains
the same on doubling the voltage.
Now from (1),

QuxV
Therefore, we could say the charge in a capacitor is doubled on
doubling the voltage.

1

(b) V = Ed, Vincreases as distance increases

(8 CO2 is a linear molecule with two relatively polar bonds
(between carbon and oxygen). However, the two bonds are
pointing in opposite directions, cancelling out the net distribution
of charge. It is a non-polar molecule where the center of positive
and negative charges coincides, despite having polar bonds.

(a) The angle between electric field and equipotential surface is
always 90 degrees. This is because when the potential becomes
constant, the negative potential gradient also becomes zero,
which is necessary for the need of the electric field to be always
normal with the surface. An electric field is always perpendicular
to the equipotential surface at any point

(d We know the work done is given by
W=gA \Y
As on equipotential surface the potential does not change i.e.
VB=VA=constant

So, the work done to move a charge along an equipotential
from A to B will be zero as A V=0.

17
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(d) The capacitance of a spherical capacitor depends on both
the radius of the capacitor and the dielectric medium.
Specifically:

Radius of the spheres: Capacitance is directly proportional to
the product of the radii of the spheres. An increase in either radius
will increase the capacitance

Dielectric medium: The type of dielectric material between the
spheres can also affect the capacitance, but it's not explicitly
mentioned in the options you provided.

So, the correct answer is (d) both (a) and (b).

(a) c>b>a>d

(c) The final speed of an electron accelerated from rest through
a potential difference (V) is proportional to (\sqrt{V} ). So the
correct answer is © \V.

Remember, the kinetic energy gained by the electron is equal to
the work done on it by the electric field, which is proportional to
the potential difference. The kinetic energy is then converted into
the electron’s final speed.

(c) When identical capacitors are connected in parallel, their total
stored energy is the sum of the individual energies. Let’s calculate
it:

Capacitor A: It stores 4 J of energy.
Capacitor B: Initially uncharged, so it has no energy.

When connected in parallel:

The total stored energy is the sum of the energies of both
capacitors: [ U_{\text{total}} = U A+U B =4

10

(c) when both (Area) and (distance) are doubled simultaneously,
the effect cancels out. The capacitance remains the same

11

(a) Electrostatic field is a conservative field, hence we can use
Welec=—-AU=Ui-Uf

Also the dipole is rotated slowly,
Wext=-Welec
Wext=Uf-Ui

Wext=—pEcos0f-(—pEcosBi)
(+6i=00 & B6f=900)

=>Wext=—pEcos90-+pEcos0o

~Wext=pE
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https://physicscatalyst.com/elec/spherical-capacitor.php
https://physicscatalyst.com/elec/spherical-capacitor.php

12

(a) when a charged metallic ball is placed inside an insulated box,
the charges on the surface of the metallic ball redistribute
themselves to cancel out the electric field inside the conductor. As
a result, the net electric field inside the conductor (and hence
inside the insulated box) becomes zero!. Since the metallic box
is placed outside the insulated box, it does not affect the net
charge enclosed. Therefore, the correct answer is Zero.

13

(c) a larger plate area allows for more charge storage, leading to
increased capacitance!

14

(b) When an electron moves in the direction of a uniform electric
field, it experiences a force that does work on the electron.
Because electrons have a negative charge, they will naturally
move from a point of high potential to low potential in an electric
field. This movement indicates that the electron is doing work
against the electric field. Therefore, the work done by the electric
field on the electron is negative since it opposes the electron's
motion. As it moves to a region of lower electric potential, the
potential energy of the system increases, due to the negative
charge of the electron.

In summary, if an electron moves from point i to point f in the
direction of a uniform electric field, the correct statement is: the
work done by the field is negative and the potential energy of the
electron-field system increases.

15

(c) When the distance between the plates of a parallel plate
capacitor is halved, the capacitance increases because the
capacitance is inversely proportional to the separation distance.
Additionally, if the dielectric constant (K) increases (due to a
different material inserted between the plates), the capacitance
further increases. The combined effect of halving the distance and
increasing the dielectric constant results in a sixfold increase in
capacitance.

16

(c) The energy stored in a capacitor with a dielectric slab does
indeed increase by a factor of K due to the presence of the
dielectric material. However, this change in energy is not directly
related to the surface charge density.

17

(d) The equipotential surfaces are concentric spheres centered
around the charge. However, inside a spherical capacitor (which
has two concentric conducting shells), the equipotential surfaces
are not spherical; they are cylindrical between the plates and
spherical outside the plates.
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https://physics.ucf.edu/~roldan/classes/Chap22_PHY2049.pdf
https://physics.ucf.edu/~roldan/classes/Chap22_PHY2049.pdf
https://physics.ucf.edu/~roldan/classes/Chap22_PHY2049.pdf
https://physics.ucf.edu/~roldan/classes/Chap22_PHY2049.pdf
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(b) The equatorial plane of an electric dipole (midway between the
positive and negative charges) is an equipotential surface. The
potential at any point on this plane is indeed zero because the
contributions from the positive and negative charges cancel out.

19

(c) Electric potential ((V)) represents the potential energy per unit
charge at a point in an electric field. Electric potential energy ((U))
is the work done to move a charge from one point to another
within the field. For a system of a positive test charge and a point
charge, the potential energy is given by:

[U=qV]
20 | (c) Equipotential surfaces are always perpendicular to the electric 1
field lines. If two equipotential surfaces intersected, it would imply
that the electric field lines intersect, which is not possible.
Therefore, equipotential surfaces do not intersect;
LEVEL-2 MCQ
Q.NO DETAILED SOLUTIONS VALUE
POINTS

1. [(C) 1
The electric potential at point P due to an electric dipole on its axis
is proportional to 1/x. Specifically, the potential at a point on the
axis of the dipole is given by:
[V = \frac{{kp}K{x}} ]
where:
(V) is the electric potential.
(k) is a constant (which depends on the charge and separation of
the dipole).
(p) is the dipole moment.
(x) is the distance from the midpoint of the dipole to point P.

2. [(d) 1

The electric potential at a point on the equatorial line of an electric
dipole (at the same distance (r) from its center) is (d) Zero.

Explanation: On the equatorial line, the contributions from the
positive and negative charges of the dipole cancel out, resulting
in a net potential of zero.
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(d) We know that work done in moving a charge is given by:

L'Il - H;;—Il'r“
Putting all the values;

ro KadsSel0 " "e100
U = m (1nC = 10-9C)

By solving, we get;
Up =5+ K #1075 100 (gquation1)

To calculate the work done after moving charge:
L""? _ Hfilfi"z

F Ta

Putting all the values;

[/, — H#3+5+10 100
e 15

Uy = k107184 100 (equation2)
Work done by the field:

W =0U -1}

Putting the values from equation1 and equation2, we get;
W — k1028 % 100 — ;;»a—»mzl-‘umn

By solving;

W =45%10"T

Hence, the work done by the field is 4.5 = 107 7.J

(a) he energy stored in a capacitor can be expressed in terms of
the work done by the battery. Let’s calculate the change in energy
for the given scenario:

Initial energy of the capacitor (when capacitance is 2 pF): [ U1
= 1/2} C1V? ] where (C1 =2 and (V = 200).

Final energy of the capacitor (when capacitance is (X) pF): [
U_2=1/2 C2V?] where (C2= X, }).

The change in energy: [ \Delta U = Uz - U1 =-0.02 J ]

Solving for above equ. We get (C2):1 pF.

(c) Connect two of the 4 uF capacitors in series. The equivalent
capacitance for capacitors in series is given by: = 2 uF]
Now, connect the third 4 pF capacitor in parallel to the
combination obtained in step 1. The equivalent capacitance for
capacitors in parallel is simply the sum of their individual
capacitances: [ Ceq, parallel= Ceq, series + C3 =2 + 4 = 6 YF]
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(b)

1 1 1 1

C

seTies

1

(:senes

3+2+1 6

6 6

C — 1pF

series

(c) When a charge moves in a closed loop (a closed path), the
net work done by the electric field is zero. This is because the
electric field is conservative, and any work done in one direction
is cancelled out by an equal and opposite work done in the
opposite direction.

(d) In a uniform electric field along the z-direction, the electric
potential (voltage) remains constant on the x-y plane (i.e., when z
is fixed). This is because the electric field lines are parallel to the
z-axis, and any movement in the x-y plane does not change the
potential. However, the potential can vary along the z-direction.

(a)

In a uniform electric field, -E, dipole experiences a torque >t given
by >t=—>px—>E but experiences no force. The potential energy of the
dipole in a uniform electric field >E is U=——>p.—>E

10.

(b) The correct choice related to the electric field and its direction
for concentric equipotential surfaces is (b) E « 1/ r? and radially
outward.

Explanation:

Concentric equipotential surfaces have the same electric
potential (constant potential).

The electric field E is always perpendicular to the equipotential
surfaces.

The electric field points from regions of higher potential to regions
of lower potential.

For concentric circles, the electric field lines are radial (directed
outward from the center).
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The magnitude of the electric field is inversely proportional to the
distance from the center

Therefore, the correct answer is E « 1/ r? and radially outward.

LEVEL-3 MCQ

Q.NO DETAILED SOLUTIONS VALUE
POINTS
1. | (a)E=B/r? .It implies V=B/r.Potential energy of two charges in 1
external field is given by U= q1V (r1) +q1V (r1) + ﬁ%
1.e U=97.9J.
2. (i) Given Cyg = 4uF 1
Capacitance 20uF and C (iF) are in series
s
0C
4qum ordC+80=20C
2 16C =80 or  C=54F
(if) Charge on each capacitor, Q=C 5V
(b) =(4pBx(12V)=48pC
3. | (a) 1
=EX2=|]JF

2pF and 2pF capacitors are in series. Their equivalent capacitance 2+2

The 1uF and 1pF capacitors are in parallel. Their equivalent capacitance = 1 + [ = 2pF

This 2pfF capacitor is in series with the 2pF capacitor connected between the points B and C. Their
_ 2x2 —InF

equivalent capacitance 2+2

Finally, we have 1pF capacitance in parallel with 1pF capacitance. Their equivalent capacitance,

C=1+1=2pF=2x10°F

V=6V
v=tevi =L %(6)°
7 7
~ Energy, < =
=36x107]
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Xr-X
I'f("c.-f rc.-a
& g
X orexo
w7 2007
X r—x
10(r-x) = 2x
10r = 12x
X =(1012)r

(c) X=05m=50cm

(d)Work done is path independent. Ratio 1:1

oo

(c) In a uniform electric field, the potential decreases as we move
in the direction of the field.

The electric field is in the negative Y direction, which is
perpendicular to the positive X axis. Therefore, moving along the
positive X axis or z axis does not change the potential.

(c)Charge given to conductor always reside on its surface.

We knaw,
-V
i

Since, potentialis constant tluoughout, &V = 0, for any displacement .

E

Hence, electric feld in this region is zero.
(c)

(b) This is because the net electric field inside a metal is zero.
Metals act as excellent conductors, allowing charges to move
freely, and their dielectric constant is not applicable in the same
way as for insulators The capacitance of the capacitor will increase
by a factor equal to the dielectric constant of the metal sheet.
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10.

(d)

Given that:

Cy=3WF, C;=2pF and C3=6pF

Potential of the battery (V) = 10V
C, C, C.

gt

1+Q Q
v

They are in series combination:

Ceq =1 WF
Charge (Q) =CWV=1x10=10pC
Since they are in series combination, so the charge on each capacitor will be the same.

So charge on 3 yF =10 pC

LEVEL-1 (2 M QUESTIONS)

Q.NO | DETAILED SOLUTIONS [ VALUE POINTS

1+1

Work done in moving the charge g1 at the point A,
Wi = g1V (r1)Work done in moving the charge g1 at the
point B,

md
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W2 = q2V (r2) + —_Qudz

4TEy T12
Total work done in assembling this configuration,
W =W+ W2
W =q1V (r1) + q2V (r2) +$M

0o T12

By introducing the metal plate between the plates of charged

capacitor, the capacitance of capacitor increases.As C=A¢o /d-
1

t“'E)'

For metal plate K is infinite so Obviously, effective separation

between plates is decreased from d to (d — t)

5=C1+C2............... (1st equation)
1.2=C1C2/(C1 + C2) ........ (2nd equation)
On solving we get C1 =2mF and 3mF.

Charge on unknown capacitor = Charge on the combination [1

mark for a correct statement of equality of charge on the two cap
acitors]

CV = (C parallel Co)eqv .V/3 CV= (C+Co).V/I3 C=Co/2 [1m
ark for correct calculation]

(a)

The energy of the capacitor will increase. The work done on t
he capacitor while removing the dielectric results in an incr
ease in energy stored in the capacitor. (or) Energy of the capac
itor after the dielectric is removed: E' = Q?

[2C' The charge on the plates remains the same as the capacito
ris isolated. But since the capacitance decreases when the diel
ectric is removed, the energy of the capacitor will increase. [0
.5 marks for the correct change]

(b)

Potential difference will increase. Potential difference after the d
ielectric is removed is V' = Q/C’ where C’ is capacitance withou
t the dielectric. Since C'<C
, V’>V. [0.5 marks for the correct change] [1 mark for correct e
xplanation]

()This is because of conservation of charge .If g1 and g2 are the
charges taken by the two plates ,then qi+gq2 must be zero
because the charge on the battery is simply redistributed .
(ii)Yes,the charges will be of equal magnitude even if the two
plates have different sizes.

26




We know that electric field intensity due to a point charge q at any
point at a distance r from it
is given by E = (1/41re0)(q/r?)

But E = (-dv)/(dr)
Therefore (-dv)/(dr) = (1/41Te0)(q/r?)
dv = - (1/41reo0)(g/r?)dr

v = rf - (1/47re0)(q/r?)dr = (-q/41‘r£o)[r£1/—1] = (q/4'IT£(rJ) [1/r] =
(1/41re0)(q/r)

LEVEL-2 (2 M QUESTIONS)

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS

Q « Cso the charge will be divided in proportion of their
capacitances.

Explanation: When two charged conductors are touched together
then the charge on them will get divided as we know charge can
flow. We also know Q= CV

1

(i) When switch S is open and dielectric is introduced, charge on
each capacitor will be g1 = C1V, g2 = C2V

g1 =5CV=5x2x5=250 puC, g2 =50 uC

Charge on each capacitor will become 5 times

(i) P.d. across Ci1 is still 5V and across Cz,

q=(5C)V

V= = — =1V

v 5
5 5

Arepresents Cz and B represents C1

Reason: From the graph the slope g/v= Capacitance is greater forA.
Also according to given conditions the capacitance Co«A

so capacitance is larger for the Cz because the area of its plates is large
and d for the two capacitor is same. Hence, A represents Co.

In the steady state, the displacement current and hence the
conduction current, is zero as | |E—|| between the plates, is
constant.
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During charging and discharging, the displacement current and
hence the conduction current is non zero as | |E—| | between the
plates, is changing with time.

Current is non zero as | |E—| | between the plates, is changing

with time.
5 When three capacitors of equal capacitance are connected in series.
The net capacitance is obtained by
1/Cs=1/C+1/C+1/C=3/C 1
Therefore Cs = C/3 —----—-m--—-- (1)
When the tree capacitance of same and equal capacitance are
connected in parallel to the net capacitanceisCp,=C + C + C = 1
3C - (2)
Therefore Cs / Cp = (C/3)/(3C) = 1/9
LEVEL-3 (2 M QUESTIONS)
Q.NO DETAILED SOLUTIONS VALUE
POINTS
1. . The capacitance of the parallel plate capacitor, filled with
dielectric medium of dielectric constant K is given by  C=K €0A/d
The capacitance of the parallel plate capacitor decreases with the 1
removal of dielectric medium as for air or vacuum K = 1 and for
dielectric K > 1.
If we disconnect the battery from capacitor, then the charge stored 1
will remain the same due to conservation of charge.
The potential difference across the plates of the capacitor is given
by V =q/C
Since q is constant and C decreases which in turn increases V
and therefore E increases as E = V/d.
2. :
I 1d 1
A I B
g 4 Co=3C =3Aco/d | 1
3. | The capacitance of this capacitor is 221.2 x10™"3 F, 1

The charge stored in any one of the plates 221.2 pC.
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LEVEL-1 (3 M QUESTIONS)

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS

Consider that three capacitors having

capacitance C1,C2 and C3 are connected in series to each other
shown in the figure above,

Consider that +q charge is given to first plat of first capacitor. By
induction a charge (—q) will produce at internal surface of second
plate of this capacitor and so on.

Consider that potential between the plates of capacitor

are C1,C2 and C3 respectively so,

V1=qC1, V2=qC2 and V3=qC3

Now V=V1+V2+V3

~ V=qC1+qC2+qC3 ...(i)

If equivalent capacitance of combination of capacitors is C then
V=qC ...(ii)

By equations (i) and (ii), we get

gqC=qC1+qC2+qC3

= 1C=1C1+1C2+1C3

+q +q +q

Let the three capacitance connected in parallel

be C1, C2 and C3 and supply voltage be V.

Let the equivalent capacitance of the combination be Ceq
Charge on a capacitor is given by Q=CV

Since all the capacitors are connected in parallel, so voltage across
each capacitoris V.

Thus charge on C1, Q1=C1V

Charge on C2, Q2=C2V

Charge on C3, Q3=C3V

Charge on equivalent capacitance Qeq=CeqV

Now Qeq=Q1+Q2+Q3

~ CeqV=C1V+C2V+C3V

1
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= Ceq=C1+C2+C3

Parallel Connection

c

Qll lI
1 | e

() _ I |
1 | = Q.
c —

&1 |
1| M
[
|
v

Let a parrallel plate capacitor be applied a voltage V across its terminal due to
which a charge @ develops across its ends.

Separation between plates is d and area of platesis A

From gauss theorem one can show electric field inside the capacitance plates ¢

E="2 whereo = g (charge / Area)
€0 A

Q

FE =
AEU

Now, voltage across the plates is related by

V' = Ed[in general], dV = —FE - dr but we take as E is uniform.

Qd _Q  As

Vv

T A V. d

Q
Now, capacitance is defined by C' = 7’ thus we get

Asg,
c— 0
d
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P and Q are two parallel plates. The distance between them is d.
A dielectric material of thickness t(t < d) and dielectric constant K is inserted in between the plates.

In the remaining space (d - t) there is air.

fd I\I A

.
‘ Divlectric sl
a

The electric field in the dielectric-filled portion = Ey = K
0

The electric field in the air-filled portion = Eq = z
£

The potential difference between the plates = V
V=Ex(d-t)+E xt

a a
OorV=—x(d—t)+ — xt
r, 2on[ )+EDK><

t
On\f’:%x (d—t)+f]

0

. q
Now, capacitance = C = —
. v

E‘ﬂA

Or,C=
(d—t)+

=

When a charge of one coulomb produces a potential difference
of one volt between the plates of capacitor, the capacitance is
one farad.

Capacity of a Area A

I
parallgl plate Surface charge  smmwrsssg o ne g e
capacitor. A tef oty T S

parallel plate T e

+
capacitor £

consists of two d
large plane  ___ _ _ _ _ _ __ l
parallel ,,.F—r—*:"" R
conducting ds';ﬂfahoe charge g
plates nsity —a

separated by Outer region I (region above the plate 1),
a small :

distance. We E=2_°9 _po

first take the ?Eﬂ 2e9 1

intervening Outer region II (region below the plate 2),
medium E. 9 _9 _,

between the T 2gy 285

plates to be

vaccum. Let A be the area of each plate and d the separation
between them. The two plates have charges Q and — Q. Since d
is much smaller than the linear dimension of the plates (d? << A),
we can use the result on electric field by an infinite plane sheet
of uniform surface charge density. Plate 1 has surface charge
density o = Q/A and Plate 2 has a surface charge density -0, the
electric field in different region is:

In the inner region between the plates 1 and 2, the electric fields

31




due to the two charged plates add up, giving

_ 6.0 _06_Q _pd. 1
E_EEG-‘.ZED_EG-_EDA ﬂrV_H_%T

The capacitance C of the parallel plate capacitor is then

> Initially when there is vacuum between the two plates, the
capacitance of the capacitor is
CO=c0A/d
Where, A is the area of parallel plates
Suppose that the capacitor is connected to a battery, an electric
field EQ is produced
Now if we insert the dielectric slab of thickness t=d/2 the electric field
reduce to E
E is produce do w, if we insert the dielectric slab of thickness t=
t=d2 the electric field reduces to E Now, the gap between plates is
divided in two parts, for distance there is electric field E and for the 1
remaining distance (d-t) the electric field is EO is 0/€0 .If V be the
potential difference between the plates of the capacitor, then
V=Et+Eo(d-t)V=Ed2+Eod2=d2(E+Eo)(t=d2)
V=d2(EOK+EQ)=dEo2K(K+1) (asEo/E=K)
Now Eo=0/c0=q/€0A=>V=d2KqeoA(K+1)
we know C=qV=2KeoA(K+1)d 2

LEVEL-2 (3 M QUESTIONS)
Q.NO DETAILED SOLUTIONS VALUE
POINTS
1 . Given Va= 90V, C1 = 20uF, C2 = 30uF and Csz= 15uF

Since these capacitors are connected in series, net capacitance
will be

1 1 1 1 3
2030715720
20
C=?HF

Carge on each capacitor g = CV =600uC
Potential difference across the capacitor C>

600
Vo ==L =22 =200
Cy 30

Energy stored in capacitor across C2
E2= 6000J
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(i) Charge stored, Q = CV
300uC=CxV,
When potential is reduced by 100 V
100 uC=C(V-100)=CV-100C
100 uC =300 uC -100C
= 100 C = 300 uC — 100 uC
= 100 C =200 puC
Therefore, capacitance C = 2uF
(i) Charge stored when voltage applied is increased by 100 V
Q' = 2pF x (150 + 100) = 500uC

Charge stored on the capacitor g=CV

When it is connected to the uncharged capacitor of same
capacitance,

sharing of charge takes place between the two capacitor till the
potential

of both the capacitor becomes V/2

2 2
Energy stored on the combination(Uz2) =%c (g) + ic (g) = %

Energy stored on single capacitor before connecting
Ui=-Cv?
2
Ratio of energy stored in the combination to that in the single

capacitor

U, cv2/4 _

= =1:2
v, cv?/2

LEVEL-3 (3 M QUESTIONS)

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS

Dielectric slab of thickness 5mm is equivalent to an air capacitor

of thickness = %mm

Effective separation between the plates with air in between
is=5.5mm

Effective new capacitance = 200 puF X % =182 uF
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(i) Effective new electric field = ——— =18182 V/m 1
5-5X10
New energy stored / original energy stored = 10/11
1
2 Given : Ca= Cg = C, Dielectric costant = K
Energy stored = %Cv2 0)
Net capacitance with switch S closed = C+C= 2C 1
E1= Energy stored = CV? (ii)
After switch S is opened, capacitance of each capacitor =
KC 1
Energy stored in capacitor A = %kcvz (iii)
For capacitor B,
Ccv? .
Energy stored = e (iv)
From equations (iii) & (iv)
1
_ _1 o (k%41
E2 = Total energy stored = SCv ( p )
Required Ratio = 22 = fk
E, kZ+1
3 (a) Qunax = C Vinax
Q= 22 ()= K, AE,,
Qmac =1x8.8x107 x7x10*x3x10°=184.8x 10™° = 18.48 x 10° = 18.48 nC
[0.5 mark for the correct formula] 1 5
[1 mark for the correct result]
(b) Qmax =2 x 8.8 x10-% x 7 x 107 x 15 x 10° = 1848 x 10"° = 184.8 x 10° =
184.8 nC
The change in maximum charge that can be stored = (change in charge / 1
original charge) % = 900% 0.5
[1 mark for the correct calculation and result] ’
[0.5 mark for the correct calculation of % change]
LEVEL-1 (5 M QUESTIONS)
Q.NO DETAILED SOLUTIONS VALUE
POINTS
1. (a) Capacitance decreases. Capacitance is inversely proportio
nal to the distance of separation. [0.5 mark for correct chan
ge] [0.5 mark for correct explanation]
(b) Charge decreases. From Q=CV, C decreases and V remain
s the same, so Q decreases. [0.5 mark for correct change] 5

[0.5 mark for correct explanation]
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(c) Potential difference remains the same As the capacitor is ¢
onnected to the battery, the potential V of the capacitor will
remain the same as that of the battery. [0.5 mark for correct
change] [0.5 mark for correct explanation]

(d) Electric field decrease

LEVEL-2 (5 M QUESTIONS)

Q.NO DETAILED SOLUTIONS VALUE
POINTS
1. 1.(i) Behaviour of conductor in an external electric field :
—_— = E, —_— 1.5
Eﬂ Thee Em Otree E E-::l
\ E,+E,=0 .+, .
Conductor
(i) Behaviour of a dielectric in an external electrical field :
ED
E, %
E,+ E,20
Dielectric
Explanation: In the presence of electric field, the free charge
carriers in a conductor move the charge distribution and the 15

conductor readjusts itself so that the net Electric field within the
conductor becomes zero.

In a dielectric, the external electric field induces a net dipole
moment, by stretching / reorienting the molecules. The electric
field, due to this induced dipole moment, opposes, but does not
exactly cancel the external electric field.

Polarisation: Induced Dipole moment, per unit volume, is called
the polarisation. For Linear isotropic dielectrics having a
susceptibility  xc, we have polarisation (p) as:
p = XcE
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LEVEL-3 (5 M QUESTIONS)

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS

The potential energy of a system of two charges is the amount of
work done in assembling the charges at their locations by bringing
them in, from infinity.
(b) Work done in moving the charge q1 at the point A,

Wi =q1V (r1)

Work done in moving the charge g1 at the point B,

W2 =q2V (r2) + L b2

4TEg T12
Electric energy of the system,
U = Total work done in assembling this configuration,
U=Wi+ W2

U=q1V (r1) + g2V (r2) +—1 Ll

4'1T€0 T12

1

LEVEL-1 (NUMERICALS)

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS

Here q. =+ 0.2uC=0.2x10°C

g2 = +0.01 JC =0.01 x 10¢C

ri = 10cm = 0.1m

rr=5cm=0.05m

Work done = gain of P.E.

W = W, — Wi = (U/ameo)(quge/ 1) — (L/4A1e0)(qiq2/ 1) =
(1/41T€o)C]1Q2 (1/ rz)-( 1/ I’2)

W=9x10°x0.2x10%x0.01x10° (1/0.05 - 1/0.1)

W=9x2x10°=1.8x10%J

Solution: A=6.6cm? = 6.6 x 10*m?
d=0.7mm =7 x10*m
k=6
Therefore C =(KAgo)/d
=(6 x 6.60 x 10 x 8.854 x 10-12)/(7 x 104)
=50 x 10-12f
= 50pf.

Given - initial voltage V1=V , initial charge q1=360uC ,
therefore , capacitance C=q1/V1=360/V , ................ eq
when , voltage V2=V-120, charge q2=120uC,
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therefore , capacitance C=q2/V2=120/(V-120) , ....ccceeuev.... eq2
capacitance of the capacitor remains constant as there is no change
in area of the plates , medium and distance between plates ,

(i) Dividing eq1 by eq2 ,

360/V=120/(V-120) ,

or 3(V-120)=V,

or V=360/2=180volt

(if) Capacitance C=360/180=2uF

now the new voltage is V'=180+120=300V ,

therefore charge stored q'=CV'=2x300=600uC

4. &_Q_Q’
R 2R
_ 1
~Q, =29
3Q,'=5(0.47R?)
Ql’:g{a.AL;rR?) and Q;:%[U.ﬁlﬁRz}
1
0,=5/30 and -- JZ:EG'
LEVEL-2 (NUMERICALS)
Q.NO DETAILED SOLUTIONS VALUE
POINTS
1. C=20uF=20X10%F,v=100V,bK=5
Charge stored Q= CV = 2000uC
New value of capacitance C' = 100uF
Energy stored in a capacitor ( E) :g
1
(i) Energy stored before dielectric is introduced
Ei=0.1J
(i) Energy stored after dielectric is introduced ( no change in the 1
value of Q)
E2=0.02J
2, In first case Ci=eoKXx(Ixb)/d.......... (i)

In second case, these two apartments are in parallel, their net
capacity would be the sum of two individual capacitances
C2=C2+C"
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£QK][% b b) EDKZ[% X b]
+

d d

(I x

db} (K, + K;) ...(if)

= CE = EEU

Since these are identical capacitors, comparing (i) and (i),
We have C1 = C2
eoK(Ixb) _ (be][K1+Kz)
d Y d 2
2

K

Given:d’=3d,K=10,C=?2,Q =2, U’="?

(1) For parallel plate capacitor
g A

d
Let the new capacity be C’
Keg A 10x(gg A)

@ 3d

[+ K =10, d = 3d|

C =

C' =

(i1) Since V remains the same as the battery is
not disconnected,
Q =CV

10 10 10
= | =C|lV==CV=—
Q [3 ] 3 3Q

= 10
Q=70

LEVEL-3 (NUMERICALS)

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS

C123 = 4pF (being in series)

Ceq = C123 + C4 =16pF

(1) Q1=CsV=6X103

(i) Q2=C123V=2X103C

Charge on each of the capacitors C1,C2,C3=2X 103 C
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(360 x 107°) _ (120 x 107°%)

= v (V-120)
On solving, V=180 V
360 % 107°
C= 180

= 2uF is the unknown capacitance.
Now the voltage has been increased by 120 V,
then V = 180 + 120 = 300 V

= B - ouF
C 300 " :
dy = 300 x pC :

gs = 600 uC would be charge on the capacitor if voltage were
increased by 120 V.

[Answer : V=120V, c =2 pyF, Q =400 pC]

3. Given:C, =C,=Cy=C,=Cs = 2uF
=2x10%F
(1) Capacitors C,, C; and C; are in parallel
Coyy =G +C+C=2+24+2
Cyyy = 6UF 1
Capacitors C,, Gy, and C; are in series
1 1 1 1 1 1 1 7
. ——= 4—==+—=4===uk
Cy C Coqy Cs 2 6 2 6
6 6
C‘equivalcnl = E“‘F = Flﬂ_ﬁ F
(ii) Charge drawn from the source 1
Q :..'Cﬂ_l‘v= g K?!J.C=6I.1C
CASE BASED
Q.NO DETAILED SOLUTIONS VALUE
POINTS
1. | (©)Q.Q 1
2. (b) the potential difference increases 1
3. [(b)10uC 1
4. (c)C/n 1
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COMPETENCY BASED

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS

In Fig (a), the two capacitors are in parallel combination. So
equivalent capacitance = C + KC = C [1+K] =5C

[0.5 mark for correct identification of capacitor combination]
[1 mark for correct calculation of equivalent capacitance]

In Fig (b), the two capacitors are in a series combination. Equiva
lent capacitance =

CKC_KC’ -._KC _4C
C+KC~C(1+K) " (1+K)~ 5

[0.5 mark for correct identification of capacitor combination] [1
mark for correct calculation of equivalent capacitance]

1.5

1.5

(a) Electric field at P =

_AV __6-2
Ax = 0.04

=-100 N/C, directed downwards.

[0.5 mark for the correct formula]
[0.5 mark for the correct result]

(b)

[1 mark for the correct drawing of electric fields lines]
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CCT

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS

(a)

metal dielectric
I Il

[1 mark for correct representation of electric field inside metal]

[1 mark for correct representation of electric field inside dielectric]
(b) The net electric field intensity inside a metal is zero.

The net electric field intensity inside a dielectric is non-zero.

[0.5 mark for each point]

SELF ASSESSMENT

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS

-_—

(c)3 times

1

N

(b) increase in the potential difference across the plate, reduction
in stored energy, but no change in the charge on the plates.

1

(a)Electrostatic force is a conservative force.

(d) None of these

( c) Assertion is true but reason is false

oo~ W

(b)Both assertion and reason are true but reason is not the correct
explanation for assertion

— ] | |

Electric field E=3x10% N/C, i.e., electric field is directed towards
positive X-axis.

As the surface is in Y-Z plane, so the area vector (normal to the
square) is along X-axis).

Area S=10%x10=100cm?=10"2m2Area vector S=1072m?2"|

Using the formula of electric flux
¢=E.S=EScos6 =ES [-angle between E and S is
00]$=3x103x10-2=30Nm?/C

(b)

Using the formula of electric flux $=E.S¢=
EScos6=3x103x1072c0s60°=3x10x12=15Nm?/C

Note Remember that the direction of area vector is always
perpendicular to the area of a face.

Definition of
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Potential difference ,
Relation dw = qdv = 3.2 x 1019 1 = 3.2 x 10'1% Joule.

At the surface of the sphere
V=1.08 x 10V,

b. At adistance 0.1cm from the centre of the sphere
(i) 1.08 x 106 V

a. At the centre of the sphere.

(iif) 1.08 x 108 V

10

Derivation of Electrostatic potential due to dipole.
1 pcos@

" 4mey, 12

On axial line ,0=0°,

On equatorial line , =90 ¢ V=0,

11

(a)Properties of equipotential surfaces

*No work is done in moving charges on equipotential surface.
*Electric field is always perpendicular to the surface.

For a dipole ,Equipotential surface will be plane perpendicular to
the dipole.

()Two charges —q and +q, are located at points (0, 0, —a) and (0,
0, a), respectively. They will form a dipole. The point (0, 0, z) is
on the axis of the dipole and (x,y,0) is normal to the dipole. The
electrostatic potential at (x,y,0) is zero. The electrostatic potential
at (0,0,z) is given by

V=q/4ne0z—-a)+q/4me0(-z+a)

V=q(z+a-z+a)4me0(z’-a?)

V=q(2a)4me0(z%>-a?)
=pl4me0(z?—a?)
€0 = Permittivity of free space

p = dipole moment of the system= q x 2a

(1L

The distance “r’ is much larger than half of the distance between
the two charges. Therefore, the potential at the point r is inversely
proportional to the square of the distance, i.e. Vx(1/r?).

X,y plane is a equipotential surface and x-axis is a equipotential
line. Therefore, the change in potential (dV) along the x-axis will
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be zero. The work done in moving a small test charge from the
point (5,0,0) to (-7,0,0) along the x-axis is given by
Potential at (5,0,0)

71=0

Potential at (-7,0,0)
V2=)=0

V2—-V1=0

Work done = Charge (q) x Change in Potential (V2 — V1)

Since the change in potential is zero, the work done is also zero.
The change in potential is independent of the path taken between
the two points. Therefore, the work done in moving a point charge
will remain zero

12

Q1.(a)lt experiences torque but not force
Q2.(c)90 degree

Q3.(d)4W

Q4.(c )both (a) and (b)

3k 3k 3k 3k 3k %k %k k %k kok sk sk k
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UNIT-Il CURRENT ELECTRICITY

CH-3 CURRENT ELECTRICITY
DETAILED SOLUTIONS

Qu Multiple choice question Valu
€ Level — 1 €
point
1 A, I=].4 1
I
Vg = E
2 D 1
3 D 1
4 B 1
FmE
5 B 1
6 C 1
1
Vg = m
7 B R=p; 1
_ md?
A=
. R,
find — and R, = 10 ohm
Ry
8 B ,v = IR by putting the value of V and |, we will get R 1
9 D 1
10 |D 1
1 |A 1
I v ri i1 16
KTt iy
12 | A 1
13 | D 1
V=E—-Ir,10—0x3 =85V
14 B 1=, V=E-—r 1
R+1 R+71
_ 10
r = ?.Q
15 | A, 2+2=1 +1.3 +| I=17A 1
16 | C, As Vd«E, Drift velocity increases with increases of electric field 1
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17

C, Assertion is true.
When we switch on the bulb, it glows immediately.

But the Reason is false.

The drift velocity is very small, of the order of some mm.

Then-ever the bulb glows immediately since when switch is closed, all the
electrons start drifting and so does the electron in direct nearby of bulb.
Thus instantly electron starts flowing through the bulb and it starts glowing.

18

C

19

A, The statement of assertion is “There is no current in the metals in
the absence of electric fields.” This statement is absolutely correct
because without an electric field a conductor will not produce current
on its own. The electrons within the metal move in a haphazard way.
However, a haphazard motion can not contribute to the current.

A current requires a stream of electrons, this is only possible under the
influence of an electric field. Because an electric field provides drift
velocity to free electrons which ultimately results in the current.

The statement of reason is “Motion of free electrons are random.”. This
statement is also correct. As stated earlier the free electrons in a metal
move in a haphazard manner. This also explains why there is no
current in the metals in the absence of an electric field.

From the above discussion, it is clear that both the assertion as well
as the reason are correct. Also, the reason perfectly provides an

explanation for the given assertion.

Hence, option A is the correct answer

20

Correct option is C. Assertion is correct but Reason is incorrect
On increasing the temperature of metals, the resistance of metal increases.
Therefore, the temperature coefficient of resistance of metals is positive.
On increasing the temperature of the insulators, the resistance. Therefore,
the temperature coefficient of the resistance of insulators is negative.

Multiple choice question
Level - 2

From the figure 1 ohm and 5 ohm in series, so potential drop across
2 ohm and 1 + 5 ohm remain same,

Current 1ohm and 5 ohmis 5 +1/6 = 1A

b/c 5 ohm and 1 ohm in series so current will same in 5 and 1 ohm
resistor.

So power dissipated by 5 ohm resistors is 1°R= 5 watt

Option D is correct
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WIN

O\IwD

=% so Wheatstone bridge in balanced condition therefore 3 and 4
ohm will be in series and similarly 6 and 8 ohm also in series
Equivalent resistance of 3 and 4 ohm =3 + 4 =7
Similarly 6 +8 = 14
Resistance between A and B is % = % + ﬁ
_ 14
R= 5 Q
Hence option A is correct.

4 A= p% since conductor is made up by same material so resistivity
will remain same and resistance also same, so i—: =1
Hence, option B is correct

5 A, insulators and semiconductors

° The conductivity of an electrolyte is very low as compared to a metal at room
temperature because the number density of free ions in an electrolyte is
much smaller as compared to number of free electrons in metals. Further,
ions drift slowly due to their heavier mass.
Hence, option A is correct

7 A is true but R is false Explanation : Both the quantities are
dimensionless. Resistance x conductance =R x 1/R = (MoLoTo) = 1
and dielectric constant K is dimensionless.
Hence, option C is correct

8 On increasing temperature, KE of free electron increases. They collide
more rapidly hence drift velocity decreases. Also with increase in
temperature resistance increases conductivity decreases
-~ Both statements are true. But reason is not correct explanation of
assertion.
Hence, option B is correct

9 A

10
Both Assertion and Reason are incorrect
Because there is no special attractive force that keeps a person stuck with
a high power line. The actual reason is that a current of the order of or even
less is enough to bring disorder in our nervous system. As a result of it, the
affected person may lose temporarily his ability to exercise his
nervous control to get himself free from the high power line.
Hence, option D is correct

Multiple choice question
Level -3

1 B, should be approximately equal and are small

2 A

3 Ry = Ro(1+ a(T —To), Ry = 5,Ry100 = 6, %=%
Ro= 4 ohm
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By solving option will be A

Equivalent resistance = 2R + R +4R + R = 8R
P=—-=4R=80hm
Hence, option A is correct

_Eir + Eyny
T 4,
_15><1+10><0.6_131
e 1+40.6 T
Hence, option B is correct
Net resistance in series R + R = 2R
v? v?
P=ﬁ=60,7=120

Net resistance in parallel=R/2

P’ = =240W

NES N

Hence, option D is correct1

2
H = %t when coil cut into two equal part resistance becomes half

therefore heat becomes doubled
Hence, option A is correct

When the current flow from Ato D and A to D the potential at B and
C is same.

So no current pass through B to D

now resistance between ABC 2 and 2 ohm will be in series
and resistance between ADC, 2 and 2 ohm will be in series
resistance between AC, 4 and 4 ohm will be in series

now equivalent resistance between AC is 8/50hm

current | = V/R

| =5A

So current flow between AC will be 1A

Hence, option A is correct
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1A

20)
1A=i, ;9 i=2A

y i f——=—MWW——F
1V ¢ 2A

Using Kirchoff's junction at C, we get

=h+iz=i;
=1A+iz=2A
=13=1A

Now using Kirchoff's loop law along ACDB

Vi +1413(2)-2= Ve

=?V.g_++1+i5(2:1—2:“v"5
=Vg-V,=3-2=1V

Hence, correct option is A

10

As no current flow between A and D, and C and B, we can write Vad
= Vcd

Vap = Ve = Eeq =

o ) L R
=== N
Rl w

+3+
+3+
Hence, option C is correct

Two mark question
Level - 1

Expression for the equivalent emf and internal resistance = ---—--
Consider a parallel combination of

the cells 11 and Iz are the currents LA g
leaving the positive electrodes of the SN
cells. At the point B, l1and Iz flow in A T B & <78 I C
2 rz 2
&

whereas the current | flows out. Since

as much charge flows in as out, we 3
have = <=0
A I r I ¢

I = 11 + IZ “

Let V 81) and V 2) be the potentials at B1 and Bz, respectively.
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Then, considering the first cell, the potential difference across its
terminals is V(B1) — V(B2). Hence,
V=V(B)-V(B)=¢&-1In
Points B1 and B2 are connected exactly similarly to the second cell.
Hence considering the second cell, we also have
V. =V(B1)-V(B) =& - L,
Combining the last three equations

1211+12
&e-=-V &=V £ £ 1 1
St S () (Y
n L4 rnon n "

Hence, V is given by,
_anten / s

L+ L+
If we want to replace the combination by a single cell, between B1 and
B2, of emf €eq and internal resistance req, we would have

V = €pq— Ieq

Where,
_ Eqrp+ErT _ ri1rp
Seq - r1+7"2 and req - r1+7"2
. v 80
the resistance of arc lamp R = =T 8ohm

In order to use arc lamp with a source of 240V, a resistance R’ should
be connected in series with it so that current through the circuit does
not exceed 10Athen I(R+ R') =V or 10(8 + R') = 240

R’ =16 ohm

If n is the number of electrons per unit volume in the conductor and vq
the drift velocity electrons, then the relation between current and drift
velocity is I=-neAvqd

I

1= nevy = j

] X vy

Resistivity of a material is the resistance of a conductor of that
material having unit length and unit area of cross-section.

Conductivity =

Resistivity
Resistivity of conductor depends on the nature of its material and its
temperature.

Mobility : drift speed per unit electric filed is called mobility. The
expression of drift velocity is given by u = ”?d
Drive the relation v; = _emﬂ
We can write now p = % = =

1.  Ohm’s law is applicable only to metallic conductors at
moderate temperatures and moderate potential differences.

2. Ohm’s law cannot be applied

. to conductors maintained at very high temperatures or very
low temperatures.
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1 1 . .
For T4 temperature tan 6 = S =280 resistance of conductor 1 is lesser

than 2, resistance of conductor will decrease with temperature
increases thus T1 temperature is lower than T2

Refer NCERT topic 3.11

Two mark question
Level - 2

i)in series the current remains the same
I = enA,v4; = end,v =@=é
1Yd1 2Vdz Vay Al
ii) in parallel, the potential difference is same but the current are
different.
pl
V =ILR, =endAivs; e enplvy,
1

V =LR, =enplvy,

1%
Now LR, = LR, ~ %=1

Va2

Rygq=R+71=4+2=60

B 12
Ryq 6
Terminal potential across the cell,lV =e—Ir=12-2X%x 2 =

8V
potential deference across 4 ohm resistance =4 x2 =8V
Hence, the voltage gives the same reading in the two cases.

i) heat produced is directly proportional to the resistance if
current in the circuit is kept constant because H = I?Rt
i) heat produced is inversely proportional to the resistance if

voltage is kept constant becauseH = V{ t

The balance condition in a Wheatstone bridge

the Wheatstone Bridge is as shown in

the figure /N %,
In the case of a balanced bridge where 1 & R L
A ~ c
the resistors are such that Ig =0 N © >
! R, R, &

Therefore we get l1= Iz and I2 = l4. &

/ &

L,
D

we apply Kirchhoff’s loop rule to closed
loops ADBA and CBDC. The first loop |
gives | e
—1tR1+0+12R2=0 (Ig=0)

Iy R,

I; Ry
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and the second loop gives, upon using Iz = 11, 14 = I2
2Ra+0-11R3=0

I Ry
I,  Rs
Hence, we obtain the condition
Ry Rs
R, R,

Using Kirchhoff’s rules to loop ABCDA

80 —20I; —40(I; - I,) =0
601, + 401, =80 .......... (1)
applying Kirchhoff’s rules to loop FEDCF

40 + 40(, —1,) — 101, =0
401, — 501, = —40 .......... (2)
Solvong equation (1) and (2) we get

I, =4Aand I, = 4A

~ Current through 40Q resisteris I; — I, =4 —4 =04
and Current through 20Q) resister is, I, = 44

Two mark question
Level -3

1 1
aSR—pX.--A—pE
For both wires R and | are same and

pcopper < pmanganin Acopper < Amangann

the resistivity of a wire depends on the nature of its material. The
increase in length will not affect its resistivity.

(i) total emf the three cells in series = P.D. corresponding to zero
current= 6V
Emf of each cell =6/2 =2V

(i)whenl=1AV=3/3=1V

Eor 221 4
[ 1

(iii) the output power is maximum, when external resistance =
internal resistance =3r

sl =
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_ 3E —E—lA
 3r+3r 3r

i lmax

Using Kirchhoff’s rules to loop ABCDA

- |+ 2

A | W18 601, +401, =80 .......... (1)
40Q applying Kirchhoff’s rules to loop
D A A A A C
FEDCF

= ¥ A . 40 +40(I, — 1,) — 101, = 0

+l - 10 Q

40V

401, — 501, = —40
Solvong equation (1) and (2) we get

I, =4Aand I, = 4A
=~ Current through 40Q resisteris I, — I, =4 —4 =04

Three mark question
Level - 1

The balance condition in a Wheatstone bridge

the Wheatstone Bridge is as shown in the

figure /B Ly,
In the case of a balanced bridge where the AN R, “, ‘
resistors are such that lg =0 ﬁ{ © y
Therefore we get 1= Iz and |2 = la. N g‘b
. ’ e
we apply Kirchhoff’s loop rule to closed loops D
ADBA and CBDC. The first loop gives | ‘
—11R1+0+12R2=0 (g = |r-
0)
Iy R,
I Ry

and the second loop gives, upon using I3 =11, l4 = I2
2R4+0-11R3=0

Ii Ry
I, Rs
Hence, we obtain the condition
Ry R3
R, R,
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For determining unknown resistance it is used

for the balanced Wheatstone’s bridge,
100 ﬂ 100R

100R " 40 100+R = 20
100+R
~ R =250
. . V
Electric field,E' = -
_eEt eVt
YT T T ml

- R [ 4pl
resistance,R = p—=—=
A mD?

(i) When V doubled, E becomes double, v; becomes
double and R remains unchanged
(i) When L is doubled, E becomes half, v; becomes half
and R becomes double.
When D is doubled, E remains unchanged, v, is also unchanged and
R becomes one — fourth.

Resistivity Resistivity Resistivity
Temperature T Temperature T Temperature T
Copper iRt semiconductor

In conductors, average relaxation time decreases with increase in
temperature, resulting in an increase in resistivity. In semiconductors,
the increase in number density (with increase in temperature) is
more than the decrease in relaxation time; the net result is, therefore,
a decrease in resistivity

E.M.F. OF A CELL TERMINAL VOLTAGE OF A
CELL

1.Itis measured by the 1.1t is measured by the amount of

amount of work done in work done in moving a unit

moving a unit positive charge | positive charge in the circuit
in the complete circuit inside outside the cell.

and outside the cell.
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2.1t is the characteristic of the | 2.1t depends on the amount of
cell i.e.; it does not depend on | current drawn from the cell. More
the amount of current drawn the current is drawn from the cell,
from the cell less is the terminal voltage

3.1t is equal to the terminal 3.1t is equal to the emf of cell
voltage when cell is not in use | when cell is not in use, while less
while greater than the terminal = than the emf when cell is in use.

voltage when cell is in use.

£
z
-
Iy
I(ampere) —> \/ = E _|r
V=-r+E
Y =mx +c

Hence the graph between V and | is a straight line with a -ve
slope, as shown in fig.
At point E, V=0

~E=Ir

E
hence,r = 7= negative of the slope of V — I graph.

Three mark question
Level - 2

in the steady state (when the capacitor is fully charged), no
current flows through the branch BE

Net emf =2V-V =V

Net resistance = 2R+R= 3R

tl = d
curren = 3R

Potential difference across BE

=2V—1xR=§V

(i) Potential difference across C, = EV -V = g
%4 cvV

(i) Charge on the capacitor, Q = C % 335
(

iii)  Energy stored in the capacitor
cv?

_1CV2_
2 %)'"18
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£ . E E .
e [

R

A

Total resistance in the circuit = R +nr
Total emf of the cell=nE
Current in the circuit = |

Using ohm’s law
total emf

total resistance = - - -
current in the circuit

R4 nE E R
n=—,"1r=———
i I n

The internal resistance of a cell decreases with the increases of
temperature.

(@) When concentration of the electrolyte is increased, internal
resistance of the cell increases. Reason. In more concentrated
electrolyte, inter ionic attractions increase and the movements of the
ions become difficult.

(b) When area of the anode is decreased, internal resistance of the
cell increases. Reason. Lesser area of the anode decreases its
tendency to attract oppositely charged ions.

(c) When temperature of the electrolyte is increased, internal
resistance decreases. Reason. Both interionic attractions and viscous
forces decrease at higher temperature.

Three mark question
Level -3

From loop ABDA
511+10lg-(1-11)15=0

Put I=1A

411+21g=3

For Loop BCDB
10(I1-1g)-20(1-11+lg)-101g=0
Put I-1A

3l1-41g=2

On solving
1g=1/22=0.0454A
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TTmA)

4 Forward
current
Reverse Forweard
blas bias
V{(volf) +— » VWOl
Reverse Forward
viliage valtane
4 Ay
Roverse
cumrent

a
b at the temperature of 4K, the resistance of Hg becomes zero

c the resistance is -ve in the region BC because here current
decreases with the increases in voltage.

%4 %4 2V
a)El :T,EZ :2_l,E3 =" E2 >E3 >E1

31
b)asvy X E « vgy < Vg3 < Vgq
C)j =envy,j X vy j, <jz<js

Five mark question
Level -1

(a) Each ‘free’ electron does accelerate, increasing its drift speed until
it collides with a positive ion of the metal. It loses its drift speed after
collision but starts to accelerate and increases its drift speed again
only to suffer a collision again and so on. On the average, therefore,
electrons acquire only a drift speed.

(b) Simple, because the electron number density is enormous, ~1029
m3.

(c) By no means. The drift velocity is superposed over the large
random velocities of electrons.

(d) In the absence of electric field, the paths are straight lines; in the
presence of electric field, the paths are, in general, curved

Five mark question
Level — 2

The balance condition in a Wheatstone bridge
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the Wheatstone Bridge is as shown in the

figure AN,
In the case of a balanced bridge where the %’a&_f
resistors are such that I =0 R N Py RN o
Therefore we get I1= Iz and |2 = la. < & . >
we apply Kirchhoff’s loop rule to closed loops 3 1 Qb»*b
ADBA and CBDC. The first loop gives P
—1tR1+0+12R2=0 (g = v
0) | ‘
L _R, "
L R

and the second loop gives, upon using Iz = 11, 14 = I2
2R4+0-11R3=0

I Ry
L, R
Hence, we obtain the condition
Ry Rj
R, R,

For determining unknown resistance it is used

The current should not flow in the Set up for a long time, otherwise the wire
will become hot and its resistance will be changed.

The null point should be between 45cm and 55cm.

It is most sensitive When all four registers P,Q,R,S are nearly of same
magnitude and null point is obtained in the middle of alloy wire.

Five mark question

Level -3
@)MT7 A, 91T A, 817 A
(b)2.35 V
Numerical problem
Level -1
dg dt*+t+1
I = T 2t+1
Currentatt=1s=2x1+1=34
Ry = Ro(1 + a(T —To),
1.2 = 1.0[1 + 3.8 x 1073(T — 20)]
T =72.6°C
E 2
I_R+r_o.1+3.9_0'5‘4
V=E -Ir

V=2-05%x01=195V

_Eir + Eyny

eq T+
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_1.5><.3+2><0.2_

Beq = 3+.2 =Ly
_ nrp 03x0.2 012 oh
Tea = L, T03+02 ooMm

Numerical problem
Level - 2

Total emf = 120-8 = 16 volt
Total resistance 1 +15 =16 ohm
i) Current | =112/16 = 7A
i) Terminal potential during charging,V = E + Ir
8+7x1=15V
iii) Chemical energy stored in the battery in 5 minutes
=VIt=8x7Xx (5% 60)=16800]

99802
:’\7\
+ .
<«V->
2\ 20
| 1 ANMNMNAANN———
I L

<
i
Error = actual value — measured value

Actual value of emf of cell = 2V
2 1

I'=39832 = 5004
V=2x2]
998

500 5007

=2-2X

998 _ 2

Error=2 - = = =4x1073V
500 500

Let the length be 21 and 3l and area of cross- section A and 9A,
For wires connected in parallel,
V = 11R1 = IZRZ
31 . Va1 _ 3
2

21
envyq X ’DZ =en X 94v,, X pﬂ o

Numerical problem
Level -3

F_qE -
— =— = (100 + 75j) X 107 3ms ™2
m m
U=1uU+adt
= (4.5{ + 0.375))ms?!

Equivalent emf of two cells =6 — 4 = 2V
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And equivalent resistance =2 +8 =10ohm, so the electric current is
givenby 1 =2/10=0.2A
Taking loop in anti-clock wise direction , since E; > E,
The direction of flow of current is always from high potential to low
potential .
Therefore Vg >V,
Vg —4V -02=V,
Vg —V,=3.6V

In the steady state(when the
capacitor is fully charged), no BV
current flows through the arm A * I o ¥
BE. In the loop ABCDEFA

=220 oy ’
S 2+1
Now, Vyp =Vgpor6 —1x 2 =
6 — VC C
V.=2V
Charge stored in the capacitor,
Q = CV =5uF x 2V =10uC

Case based question

1.Ans. Option (B) is correct.

Explanation: The heating element is made of nichrome 80/20 (80%
nickel, 20% chromium).

2.Ans. Option (B) is correct.

Explanation: Nichrome 80/20 means an alloy of 80% nickel, 20%
chromium.

3.Ans. Option (D) is correct.

Explanation: Electricity consumption is measured by kWH. So, 1200W
toaster will consume more electricity

4.Ans. Option (A) is correct.

Explanation: The designed electric toaster is IN operated at 220 volts
A.C., single phase.

5.Ans. Option (D) is correct.

Explanation: The element is wound separately on Mica sheets and
fitted with body of toaster with the help of ceramic terminals.

Competency based question

(a) Total voltage across the two batteries in series =2 + 2 =4V Total
resistance in circuit = 0.1 + 0.1 + 10 = 10.2 ohm

Current through the flashlight bulb =1 = V/R = 4/10.2 A

[1 mark for the correct value of the current]

(b) Power dissipated through the flashlight bulb =12 R = (4/10.2)2 X
10 = 1.52 W [1 mark for the correct value of the current]
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(c) If the two batteries have zero internal resistances, the power
dissipated through the flashlight bulb will increase.

The current through the flashlight bulb, 1 =V/R =4/10=0.4 A

Power dissipated through the flashlight bulb =12 R = (0.4)2 x 10 =
1.6 W The difference =1.60 — 1.52 = 0.08 W

[1 mark for the correct value of the current]

[1 mark for the correct value of the difference in the power]

[Note: Depending on number of decimal places taken, the answer to
the sub- question (b) may vary between 1.52 and 1.54 and
accordingly the answer to this question may vary between 0.08 -

0.06. Award marks accordingly.]

No

(&) No, he will not be able to. P = VI

Current drawn
| = P/V =1200/220 =5.45 A

Since the current drawn by steam iron is more than 5A, the circuit
breaker will trip.
(b) The resistance of iron box:

P = V2R

R =220 x 220 /1200 = 40.3 ohm

CCT based question

(a) Before the second set of speakers were connected:
Total resistance = 10 + 10 = 20 Q
Current drawn from the stereo output =1 =10/20=0.5 A

Since the two 10 Q speakers are in series, the current through each
one of them is 0.5 A.

(a) AFTER each of the two speakers of the second set was
connected in parallel to the first set of speakers:

The total voltage across the first set of speakers remains the same
as earlier, that is, 10 V.

So the current through each of the two 10 Q speakers of the first set
remains the same as earlier.
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That is, 0.5 A.

(b) No change in the loudness of the first set of speakers, as the
current and the power dissipated through each one of them remains
unchanged even after the second set of speakers are connected.
(c) Any ONE of the following points:

The amount of current drawn from the stereo output increases.
- Additional power is dissipated through the two speakers of the
second set.

Self-Assessment Test

B, the j changes due to the electric field produced by charges
accumulated on the substances.

B

WIN

Rs0—Ro _ 50

RT - RO(l T (Z(T - TO)1 R50 = 5,R100 = 6’ Ri00—Ro ~ 100

Ro= 4 ohm

By solving option A is correct

A [=24 B
Vg=V,—2%x2-3-2x%x1
Vy—Vg =9V
Hence, option b is correct

This statement is also correct. As stated earlier the free electrons in a
metal move in a haphazard manner. This also explains why there is
no current in the metals in the absence of an electric field.

From the above discussion, it is clear that both the assertion as well
as the reason are correct. Also, the reason perfectly provides an
explanation for the given assertion.

Hence, option A is correct

C, assertion is true but reason is false, alpha is positive for metals but
negative for insulators.

The supply voltage is V = 230 V
The initial current drawn is I1 = 3.2 A
Consider the initial resistance to be R 1, which can be found by the
following relation:
R=V/I=71.87 Q
Value of current at steady state, | 2=2.8 A
Value of resistance at steady state =R 2
R 2 can be calculated by the following equation :
R2=82.14Q
The temperature coefficient of nichrome averaged over the
temperature range involved is
1.70x10-4°C 1
Value of initial temperature of nichrome , T1=27.0°C
Value of steady state temperature reached by nichrome =T 2
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This temperature T 2 can be obtained by the following formula
Ro—F

¥ = H: i Jr____"r'_ [

T2=8405+27=867.5°C

8 i) DE 1
i) AB 1
9 Diagram 1
Calculation 1
Derivation 1
10
1
By applying KCL in loop BADB 1
1001, +151; — 60, =0 ..........1
Applying KCL in loop BCDB,
10(1, —I;) — 151, = 5(I, + I;) = 0. ....2
Applying KCL in loop ADCEA, we get
601, +5(I, + I;) = 10 ... ..o.....3 1
By solving equation 1,2 and 3, we get
I, =4.874
11 (a) Each ‘free’ electron does accelerate, increasing its drift speed until 1
it collides with a positive ion of the metal. It loses its drift speed after
collision but starts to accelerate and increases its drift speed again 1
only to suffer a collision again and so on. On the average, therefore,
electrons acquire only a drift speed.
(b) Simple, because the electron number density is enormous, ~1029 1
m3.
(c) By no means. The drift velocity is superposed over the large 1
random velocities of electrons.
1
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(d) In the absence of electric field, the paths are straight lines; in the

presence of electric field, the paths are, in general, curved

12

a) The Wheatstone bridge works on the principle of null
deflection

b) galvanometer

c) C,Wheatstone bridge is susceptible to high dc current

d) B, false

kkkkkkkkkkkkhkk
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UNIT llI-MOVING CHARGES AND MAGNETISM
CHAPTER 4- MOVING CHARGES AND MAGNETISM

LEVEL- LEVEL- LEVEL- LEVEL-
1 1 2 3
1 a 11 b 1 B 1-c
2 c 12 b 2 A 2-d
3 a 13 a 3 C 3-b
4 a 14 a 4 B 4-a
5 b 15 a 5 A 5-a
6 b 16 d 6 B 6-d
7 b 17 b 7 C 7-
8 b 18 Cc 8 B 8-
9 d 19 a 9 D 9-
10 c 20 b 10 A 10-
1. Atthe centre of the loop
2. remains constant with the increase in current
3. Along the axis of the loop
4. The magnetic field lines form concentric circles centred on the conductor
5. ISZERO
6. Remain stationary- AS F=q(vxB)

8.
9

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

As the electron is stationary, -.velocity v=0.
~F=0. So, electron will remain stationary.

To perform circular motion required centripetal force would be provided by the
magnetic force on the moving charge.

So, Bqv=mv?/ r or r=Bq / mv According to the question, v'=2v and B' = B/2
~r'=B'q/ mv’'=(B/2)q / m(2v) = Bq/4mv=4r

B

D

C

B

B

A

A

A

D

Fleming’s left hand Rule

Right hand thumb rule

Electric current

Straight line
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MCQ- LEVEL-2

1. -Magnetic moment M = NIA, I1=3A, N=20
Area (A) =1 % (0.04 m)? = 0.0016T m?
HENCE, = 3 x 0.00161 x 20 A-m? = 0.0961 A-m?=0.3 A-m?

2. No. ofturns N =100 Radius r=10 cm = 0.1 m Current | = 1 A Magnetic moment
M = NIA
Now area of the circular coil A = 1rr?
Therefore, M = NItrr2= 100%x1x3.14x0.1x0.1 = 3.14= 11 A-m?

3. (c) B = Field to circular portion

4. Repel- Because They Will Behave As 2 Long Conductors Carrying Current In
Opposite Direction

5. 6,7,8,9 (ASITIS, ONLY OPTIONS)
10. ALONG ITS AXIS, ACC TO BIOT- SAVART LAW, IF e=0 THEN B=0

MCQ- LEVEL-3

1. Since the direction of velocity of a particle varies so momentum changes but
direction of magnetic force is always perpendicular to direction of charged particle.
So no work is done, i.e. energy remains the same

2.using R= (V/lg) -G
R= R=4960Q
3. R=mv/qgB
Let the velocity of the first a particle be viand that of the second one be v2
v1:v2=3:2
let the radii of the circular paths of the first and second a — particles be R1 and R2
respectively R1=mv1/gB
R2=mv2/qB
R1/R2=mv1/qB/mv2/qB
=vi/v2
R1/R2=3/2=3:2

4.,5, 6- as its is options only

Q7- An electric current passes through a long wire. At a distance 5 cm from the
wire, the magnetic field is B. The field at 20 cm from the wire would be — (a) B/2
(b)B/ 3 (c)B/ 4 (d)B/ 5

3k 3k %k %k %k %k %k %k %k
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ANSWERS

2 MARK QUESTIONS
LEVEL 1
1

1. Lorentz force- The force on a charged particle moving with velocity
in a uniform magnetic field ~ is given by “F = qvBsine.

I) -1 ampere is the current which when flowing in each of the two parallel
wires in vacuum separated by 1 m from each other exert a force of 2x

10"N/m on each other
i) 1
(1) 8 2-axis
1
>y
VIRVARY,
'S 7 o

i1) K.E does not change irrespective of the direction of the charge as

Power delivered, F.o= q(;x ﬁ)g =0

[ scalar triple product (;x E); =0]

_ Mol In/m
2Tr

(i) M=Nia= Ni 1rr?
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T
S L VR | VO | VRO (O | |V

f{/g
>

B=po NI

(i)

It states that the magnetic field strength B produced due to a current
element (of current | and length dl) at a point having position vector r
relative to current element is-

qp= Mo ldisin® g o ldl

ar 2 4 r?

1+1

Correct formula (Lorentz force) REPEAT

|00

Magnetic field at the centre of a circular coil is
B - Hy NI  A47x107 x100x0.4

5 3 10 =3.14x107*T
¥ o

10

Magnetic field due to a long straight wire is
_ Hy D 4xx1077 %35
2xvy 2ax0.2

B =35x107°7

19

Galvanometer can be converted
into ammeter by shunting it with a
very small resistance. Potential
difference across the
galvanometer and shunt
resistance are equal.

o (I-1,}8=1,6 or §=__—_

So that full current of the circuit can be measured

1+1
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2-MARKS LEVEL 2

1 | The number of turns per unit length n=NI=100/0.5=200 turns/m 1+1
(i) B = puNi=41mx107"x200%x2.5=6.28 x 104 T
(i) B = unl/2 =2mx10"7x200%2.5 =3.14 x 10* T
3 i) Using l1 R=(I- 12)S 1+1
Shunt resistance S = 0.15Q
(i) using -Req= RxS/(R+S)
Total resistance R = 0.12Q
4 | Magnetic field acting normal to the velocity, the charged particle | 2
describes a circular path of radius r = mv/gB. As a result,
r(deu) = 2r(proton).
Proton
Deuteron
5 | The series resistance to be connected with galvanometer to convert it | 2
into a voltmeter is _
RZK—RG = 15 —50=20500Q
I, 5x107°
10 | (a)Galvanometer is a very sensitive device. It gives a full scale deflection | 2
for a small value of current.
(b)The galvanometer has to be connected in series for measuring
currents and as it has a large resistance, this will change the value of the
current in the circuit.
2- MARKS LEVEL 3
1 | As the circular portion is three-fourth of a circular loop. Therefore 2
341 3yl
°"42R S8R
6 | T=2mm/eB =1.787 x 107 sec. 2
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8 Current sensitivity I :% 1
Voltage sensitivity V. _a_a L
Vv IR, R,
New current sensitivity I'=1I +ﬂfs = EIS
100 2 1
" I 31./2 3
So, new voltage sensitivity V,'=——=—""—=—F
2R; 2R, 4
Thus voltage sensitivity becomes 75% of initial value or decreases by
25%.
10 | Using B= poi/l2r=1.26 x 103 T 2
3 MARKS QUESTIONS
LEVEL-1
Q. Question Marks
No.
1 | Correct principle 1+1+1
Reasons —
Factors —
4 | Correct derivation as per NCERT text 3
5 | Correct derivation as per NCERT text 2+1
Correct definition of 1A
6 | Correct statement 1+2
Correct derivation as per NCERT text
7 | Correct derivation as per NCERT text 3
15 | F =4 x 10N, repulsion 3
Repulsion F=po /4 m (2 1112) I r
=(10"7"x2x10x5x0-20)/0-05
=4x10"°N
The distance of F is perpendicular to the length Y and acts away
from X (i.e. repulsion).
3 MARKS-LEVEL 2
2 | (i) Attractive
(ii) Repulsive
REPEAT
Correct diagram / refer notes
Fleming’s left hand rule
4 | Using Lorentz force, TO L3
Since the velocity of the particle is inclined to x-axis, (5
therfore, the velocity has a component along B, this Mark)

component remains unchanged as the motion along the
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magnetic field will not be affected by the magnetic field. The
motion in a plane perpendicular to B is as before a circular
one, thereby producing a helical motion, which is its
trajectory.

If r is the radius of the circular path of a particle, then a force
of mv?/r, acts perpendicular to the path towards the centre
of the circle and is called the centripetal force. If the velocity
v is perpendicular to the magnetic field B, the magnetic
force is perpendicular to both v and B and acts like a
centripetal force. It has a magnitude qvB. Equating the two
expressions (for centripetal force)- mv?/r = qvB, which
givesr=mv/gB ...(i)

for the radius of the circle described by the charged
particle.

We have, T = 2. AW ...(i1)
w v/r ¢B

There is a component of the velocity parallel to the
magnetic field (denoted by v11), it will make the
particle move along the field and the path of the
particle would be a helical one.
HENCE BY EQ i
p= 'v,,T = 2nmu,/qB

Current required for full scale deflection

Ig = current for one division deflection x total number of divisions

1

I =—x30=5m4
£10

If / be the maximum current that a galvanometer can read, then
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Izi(RG SV, {As S= Lo ]
S -7

14
j:M:]ijA

For mid-air suspension, weight of the wire must be balanced by the

magnetic force. Hence
1IBsm 90" = mg

_mg _02x98 . ..

Il 1.5x2
For voltmeter of range V, 1

4 |4
R =——-R_ or —=R+R

b, F I, '
For voltmeter of range V/2
V V

Rz:z;g_Rg ar Z—ISZRZ—I—RE 1
Dividing, we get

R +R,
2= = R, =R -2R,

R, +R, s
For a voltmeter of range 2V, the series resistance is 1

2V
R==—-R =2(R +R,)-R, =3R 2R,

g
B=mporl =4 x10°8T 2+1
Direction of filed is upward
3 MARKS QUESTIONS
LEVEL 3

Magnetic field due to a long straight wire is B = pol/21Tx 1+1+1
B1=B2, lh=1A,12=2A
By using the formula for B, x =0.1 m
Due to current | through cylinder a magnetic field is set up 3

perpendicular to the length of cylinder, which is in the form of
concentric magnetic lines of force whose centre lies on the axis of
cylinder. Consider an elementary co-axical cylindrical layer of cylinder
of radius r and thickness dr as shown in figure. Current through the
cylinder of inner radius a and outer radius r is

71




V=2x10%m/s 3
| =32.67A 2+1
The current in XY must flow opposite to that in PQ, because only then
the force will be repulsive.
5 MARKS QUESTIONS
LEVEL 1
(a) Principle — Torque on a coil carrying current kers)t ]in a magnetic | 1172
. Cale
1172
Pointer Permanent magnet 2

\
Uniform radial magnetic field

field,
(b) Voltage sensitivity is inversely proportional to current sensitivity and
if we increase current sensitivity the resistance will also increase.
v

e V=1,(G+R) or R =—I—-G
]
(c) Galvanometer can be converted into voltmeter by connecting it
with a very high resistance. Potential difference across the given
load resistance is the sum of p.d across galvanometer and p.d. across
the high resistance.

é -------------------- é . V
F, N e V:|g(G+R) or R=____G

L wy—— ]
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When x >>R, (i.e at a long distance from O along the x-axis) 5
uNIR?  p NInR?
B==tm—="r—
2x 2mx
_HTA N": _ E@.ﬂa _ E'L_ZT
2mx 2nx” 4n x
m= NIA= MAGNETIC DIPOLE MOMENT
(i) Correct statement 1+3+1
Correct derivation
(ii) Correct diagram
LEVEL 2
(a) 3
, 2
b s
Zn
I +1 - .
P ;Ff\b Feq= I (1X B)
] B |Feq|=11Bsin90°=11B
N Fuam 10%B)
1y “‘,49/ |Fe.1=11Bsin90°=11B
Q/ -
"FQR
Forces FPQ and FRS being equal in magnitude but opposite in direction
cancel out each other and do not produce any translational motion. But
they act along different lines of action and hence produce torque about
the axis of the coil.
T=Fpq xPN (in magnitude)
r=11B (bcos 0)
r=lIbBcos @
r=lABcosH (A=Ib)
r=NIABcos# (where N is the no. of turns)
(b) Torque =0
Net Force = 16 x10® N. The direction of Net Force is towards the
straight wire i.e. attractive.
(a) As B is parallel to dipole moment M hence torque =0 5
(b) As force on different parts of coil appears in pairs, equal in magnitude
and opposite in direction therefore net force on the coil is 0
(c)F=evB=15x10*N
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LEVEL 3

(a) Correct derivation as per NCERT text 3
(b) B directed at an angle of 11/4 with the direction of magnetic field B+ 2
2+3
Given:EszzE
We know, "':’2 = gvB
v2mE
or r= ?IB}‘ E= %mv2
B 2m,E g I 4m,
T g T T [ 9o = 24,
% 2e \IszE o e my [+
- W :ZZm‘zE = g *ﬂ;
_ mp- 2:7,,=1X2=1
4m, 9p 2
r, it 1:1
i ii lii iv
CASE 7 C-ACC A- D- moving | B-Using A- Using
TO charge F=IBLsine F=IBL=mg
Lorentz produces
force field
CASE 9 A A B D
i li iii iv '
CASE 1 A A B D
CASE 2 B C C A C
i li iii iv v
CASE 4 C B D A B
CASE 5 A C C D

SA- CASE BASED
AB ,B,A
According to Ampere's circuital law, $—B.d—I=p0l

B(211r)=pol
B=pol21r
B=pod4m2Ir

Q9- The magnetic field induction at O due to current through both the semi circular
loops will be in the same direction which is perpendicular to the current loop,
downwards. B= ul/4 (1/R1+1/R2)
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UNIT llI-MOVING CHARGES AND MAGNETISM
CHAPTER 5- MAGNETISM AND MATTER

DETAILED ANSWERS
LEVEL-1 MCQ
Q.NO DETAILED SOLUTIONS VALUE POINTS
1 a) $B.ds=0 1
2 C) Equal to zero 1
3 a) Ferromagnetic 1
4 M =nAl =2000 x 1.6 x 1074 x 4 = 1.28 1
c) 1.28 Am?
S a) MXB 1
6 The values of relative permeability of diamagnetic materials are 1
slightly less than 1 and r is quite high. According to the table
given, one takes €r=1.5 and pr=0.5.
c)e. =15 u. =0.5
7 Diamagnets are materials with a magnetic permeability less 1
than p0(a relative permeability <1)
Paramagnetic materials are attracted to magnetic fields, hence
have a relative magnetic permeability greater than one
(d) X is diamagnetic and Y is paramagnetic
LEVEL-2 MCQ
Q.NO DETAILED SOLUTIONS VALUE POINTS
8 . 1
I = magnetic moment/ volume
M=I*vol=100x0.1x10%=10° m=M/2l = 10-3/0.1=102=0.01Am
c) 0.01 Am
9 T = M B sin @ substitute given and find M 1
b) 0.36 J/IT
10 Forshortdipole B ,pia = &¥ 1
4m ™ Substituting we get
b)2.4x10*4T
LEVEL-3 MCQ
Q.NO DETAILED SOLUTIONS VALUE POINTS
11 Using expression 1
i Mo M
IFmrshmrt dipole Beqtmtnrinl =5
d) 0.48 G along N-S direction
12 a) F 1
to  Jmi19m3
F, — i_T Ii:
F,m — QZQmP(Zsz:F

4 (21)?
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13 | M= magnetization x volume 1
n, 2M.r
Birial = . (]"2 — Izjz
b) 0.001T
ASSERTION-REASON TYPE QUESTIONS
14 | (a) 1
15 [ (a) 1
16 [ (d) 1
17 [ (a) 1
18 | (a). 1
19 [(c) 1
20 | (b). 1
LEVEL — 1 (2M QUESTIONS)
Q.NO DETAILED SOLUTIONS VALUE POINTS /
STEP MARKING
1 No. Steady current is not the only source of magnetic field.Magnets 1
are also source of magnetic field. Unsteady current will also be 1
source of varying magnetic field
2 Substances which at room temperature retain their ferromagnetic
property for a long period of time are called permanent 1
magnets. 1
Example: Steel, alnico
3 Bi, Cu 1+1
4 Al, Ca 1+1
5 Diamagnetic material 1
Mr=1+ Xm 1
6 A diamagnetic specimen would move towards the weaker region of 1
the field; while a paramagnetic specimen would move towards
the stronger region.
A diamagnetic specimen is repelled by a magnet while a 1
paramagnetic specimen moves towards the magnet.
The paramagnetic gets aligned along the field and the diamagnetic
perpendicular to the field.
7 Magnetic susceptibility (xm) : It is the property of a material which

determines how easily it can be magnetised when kept in a
magnetising field.

Y
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Also, it is the ratio of intensity of magnetisation (I) produced in the
material to the intensity of magnetising field (H)

I
Am = ﬁ

Positive susceptibility: para-magnetic material

Example: Al, Ca.

Negative susceptibility : diamagnetic material
Example: Bi, Cu.

Negative susceptibility signifies that mentioned material is
diamagnetic in nature

Y

Y

Y

LEVEL-2 (2M QUESTIONS)

Q.NO

DETAILED SOLUTIONS

VALUE POINTS
STEP MARKIN(

eh
Formula used: pj=——
4TTm

The spin of a proton and electron can be compared by their
magnetic dipole moment.

Hp  _
He mp

m,
= =€

As we know, mp>>me
MP<<ue

Therefore, magnetic moment of proton is neglected as
compared to that of electron.

Y

Y

Y

%

1

1
(@) As oy = E

Slope of the line gives magnetic susceptibilities.

For magnetic material B, it is giving higher +ve value.

So material is ‘ferromagnetic’.

For magnetic material A, it is giving lesser +ve value than ‘B’.
So material is ‘paramagnetic’.

(b) Larger susceptibility is due to characteristic ‘domain structure’.
More number of magnetic moments get aligned in the direction of
magnetising field in comparision to that for paramagnetic materials
for the same value of magnetising field.

Ya

Yo

Yo

Yo
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10

(i) When a diamagnetic material is placed in an external magnetic
field.
—_
N ————+58
_L\\"‘-'—h._.._.—--"""-#_
Diamagnetic

(i) When a paramagnetic material is placed in an external
magnetic field.

N — e
'_.—-.—-_

FF

Paramagnetic

Magnetic susceptibility distinguishes this behaviour of the field lines
due to the two substances

Yo

Yo

11

Diamagnetic materials. Diamagnetic materials are those which
have tendency to move from stronger to the weaker part of
the external magnetic field.

Examples. Bismuth, copper, lead and silicon.
Paramagnetic materials: those which have tendency to move
from weaker to the stronger part of the external magnetic
field.

Example

Explanation

12

Diamagnetism is the result of the orbital motion of electrons creating
magnetic moments that are opposite to an applied field. Hence, it is
not greatly impacted by temperature changes.

The alignment of atomic magnetic moments in the direction of an
applied field causes paramagnetism and ferromagnetism. When the
temperature increases, this alignment is disrupted, leading to a
decrease in the susceptibility of both types of magnetism with
increasing temperature.

LEVEL-3 (2M QUESTIONS)

Q.NO

DETAILED SOLUTIONS

VALUE POINTS /
STEP MARKING

13

The poles must be symmetric to each other or a magnet.

1
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It is possible only when the poles of the remaining two magnets are

as in the given figure.

The northe pole of magnet (1) is equally N
attracted by south pole of (2) and (3) SA(2) 4™ S
magnets placed at equal distance. Similarly
one pole of any one magnet is attracted by
opposite poles of other two magnets. The
resultant force or moment of each magnetis " (3) N
zero. >
LEVEL-1 (3M QUESTIONS)
Q.NO DETAILED SOLUTIONS VALUE
POINTS
1 (i) Diamagnetic 1+1+1
(ii) Paramagnetic .
(iii) Diamagnetic
2 Property Diamagnetism Paramaanetism Ferromagnetism 1
Effectof They are weakly repelled | They are weakly attracted by | They are strongly affracted by
magnets by magnefs magnets magnets
- 1
.. | Small and negative i Verylarge and
Susceplbiliy |, Ymeg-1mep | SMalland positive positive Xm>1000xm>1000
In external t acquilr_eslweaikn the It acquires weak It acquires strong magnetisation in
magnefic T magnetisation inthe direction | the direction of the magnefising
el |OPpostiedreciontohe oo vagnetisingfield. | field
magnetising field. ' ' 1
:.Tﬂ?f%?m fttends to move slowly | It tends to move slowly from | It tends to move quickly from
maanetic fromthe strongerto the |weakto the stronger parts of | weakerto stronger pails of the
fielg weaker parts of the field. | the field. field.
Susceptibility is G Susceptibility decreases with
tEffer:toft independent of g;z;ep;'gﬁ;:ﬁwversﬂy temperature in a complex
emperalure temperature RIEMperalir: e mannenxai T(T=Tc)xxalT(T>Tc)
Removal of | Magnefisation lasts as - Init, magnetisation is refained
magnetising |long as the magnetic ﬁ‘: soon als_ thﬁ fleilsdllgsrtoom, even after the removal of the
field fieldisapplied magnetising field
Any three difference.
LEVEL-2 (3M QUESTIONS)
Q.NO DETAILED SOLUTIONS VALUE
POINTS
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Magnetic Field on Axial line of a bar Magnet

-0, 21 =m (magnetic dipole moment)

I
| ’.l * J“J 'fm
P r _’| B = J‘!frmnf\ftoPmd v,
l’n s
By=¢ TE from P to § 1
B=B B -h % h_&_
Teap e
S ma. ~
i O
T s A
b | | el gt e | oA 1A
B e o
_hm
o= &3
Yz
NP=SP -2+ 1%
B T:T = along N to P v,
2'-‘3‘-;-;%‘-15 along Pto § A
B;=B,
Tofind the resultant of we resolve themalong 1y,
2

and perpendicularto magnetic axis SN

B=B;cos6+B,cosH
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) Bo G
But By = By o B

4x l"‘ .13

wfe W 1 o
.lH\l C e PN Ve B (r? ”‘.’ )t 2
Yz
B=2Bjcosf=2x2 3~ x
iz (r24l) 2422
" 9%, 1 . _ﬂ m
A4_I'I Ir»'-.q;::)“ L/‘:/ m N A o 22
—fm
Forr>>l B= =T 1,
LEVEL -3 (3M QUESTIONS)
Q.NO DETAILED SOLUTIONS VALUE
POINTS
5
Magnetic moment ‘ N,.2nR = N,.2n(R/2)
= NIA = N,Inr? N, = 2N, %+1/2
When radius of another coil = R/2
Then Magnetic moment of new coil
2
R R?
=N21 Xﬂ[?] = NZI ){'."[T v
Magnetic moment of new coil %
Magnetic moment of original coil
_ 2NjIxnR¥4 1 _ L 7i+1/2
NIxmRZ - 2 o Ratto=1:2
6 The moment of inertia of the bar magnet of mass m, length / about an axis
passing through its centre and perpendicular to its length.
_mi2 va
T 12
and magnetic dipole moment is M.
When the magnet is cut into two equal pieces perpendicular to length then
moment of inertia of each piece of magnet about an axis perpendicular to
length passing through its centre
m 12
r=z= =g 72
and magnetic dipole moment, M'=M/2 1
. . . . 2
Now, time period of oscillation,
; [ I
T 2?? 1|F.' ME 1/2

and time period of oscillation on each piece of magnet
T=T/2
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This is done by placing a small compass needle of known magnetic
moment m and moment of inertia | and allowing it to

_}
oscillate in the magnetic field B .

The torque on the needle is, _1; = ﬁ X ]_3)
In magnitude T = mB sin 8. Here 7 is restoring
torque and 8is the angle between m and B.
In equilibrium, Iot = -mB sin 6 [t = Te]
where [« is angular acceleration]

2 2
149 _ _,Bsine =122 _ _.Boe

0
di® di?
dt

2 -
or —d g = _mB L+ ]
dt I
This represents a simple harmonic motion.

The square of the angular frequency is «? =

B . . .
mT and the time period is

I
T =2ny7s

%+1/2

LEVEL -1 (5M QUESTIONS)

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS

a)

When a bar magnet of magnetic moment (M = m?z") is cut into two equal pieces
transverse to its length,

w2 m?

(i) The pole strength remains unchanged (since pole strength depends on number
of atoms in cross-sectional area).

Va

Va

Vo

Vo
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(ii) The magnetic moment is reduced to half (since M o length and here leng
halved).

b) Field in the core with Bismuth will be smaller because bismuth is
diamagnetic.
To shield a certain region of space from magnetic fields, the region
could be surrounded by soft iron rings. In such kind of arrangement,
the magnetic field lines will be drawn into the soft iron rings since they
offer the least reluctance path to the magnetic field lines.

Or
Keep it inside perfectly diamagnetic substance.

c)

LEVEL -2 (5M QUESTIONS)

Q.NO DETAILED SOLUTIONS VALUE
POINTS
2 a) A neutral point is a location near a magnet where the earth's magnetic field
is completely balanced by the magnetic field of the magnet
YA
M
The cross represents the neutral point
b) Given: Number of turns in the solenoid is 2000, cross-sectional area 1
of the solenoid is 1.6x 10 % m 2 and the current passing through the
solenoid is 4 A.
i) The magnetic moment along the axis of solenoid is given as,
m=NIA V2
Where, N is the number of turns, | is the current passing through
the solenoid and A is the area of the solenoid.
By substituting the given values in the above equation, we get 1441/2
m=2000x4x1.6x 10 4 =1.28 A-m ?
The direction of this magnetic moment will be along the axis of the solenoid
in the direction of the current (Using right hand screw rule to determine the
direction of magnetic moment.).
Thus, the magnetic moment associated with the solenoid is 1.28 A-m 2 . \
ii) Given: The magnetic field is 7.5x 10 2 T and angle between axis 7
of solenoid and magnetic field is 30°. 1
The torque acting on a solenoid is given as,
T=mBsinO
Where, B is the magnetic field and 6 is the angle between magnetic moment
Ya+1/2

and magnetic field of the solenoid.
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By substituting the given values in the above equation, we get

1=1.28%7.5% 10 2 xsin30° =1.28x7.5% 10 2 x0.5 =4.8x 10 2 Nm

The force acting on a solenoid is given as,

F =IL x B sinB

Where, F is the force acting on the solenoid, | is the current passing through
the solenoid and L is the length of the solenoid.

Since, magnetic field is uniform throughout the solenoid, so the force at any

small element of the solenoid comes out to be radially outweard and when 72
added vectorially it will be zero. Thus, the force acting on the solenoid is 0.
Thus, the torque and force on the solenoid is 4.8x 10 2 Nm and zero
respectively.
3 a)
The following are the four properties of magnetic field lines:
V2
i.  Magnetic field lines always form closed loops that are continuous.
i.  The direction of the net magnetic field at a given position is V2
represented by the tangent to the magnetic field line at that point.
iii.  The magnitude of the magnetic field increases as the number of field | 12
lines crossing per unit area increases.
iv.  Magnetic field lines do not cross. V2
b)The situation is as shown in the figure
N
By
2 [S
N J"’ N 1
g
Yz
As the point O lies on the mid way position with respect to both the
magnets. Therefore, the net magnetic field at point O is 1
2
Bnet = B1 + B2 + BH
Bnet=(uo/4m)(M1+M2)/r3 + Bnu v
Bnet=10"7(1.2+1)/(0.1)® + 3.6x10°5 2
Bnet = 2.56 x 10* Wb/m? 1
2
LEVEL -3 (5M QUESTIONS)
Q.NO DETAILED SOLUTIONS VALUE
POINTS
4 a) i) The thermal motion of molecules is random, and it becomes more
random as temperature rises. Because of this, dipole alignments are >

disrupted at high temperatures. This disruption is reduced as the
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temperature drops. As a result, when the temperature of a paramagnetic
sample is reduced, or cooled, the magnetization increases.

i) The induced dipole moment in a diamagnetic substance is always
opposite to the magnetising field in the presence of a magnetising field. As
aresult, a change in temperature that causes a change in the internal motion
of the atoms has no effect on a material's diamagnetism.

b)
Time period of oscillation is

e
f

=2 .' i 1A
VB

e o ;gq- — = 06655

V67 x107% x 0.01

Hence, time for 10 oscillations is t=6.65s.

1%

Y

%

The magnetic dipole attains stable equilibrium under the influence of these
two fields making an angle 81 = 30° with B1 and 62 = 75° — 30° = 45° with B:.
For stable equilibrium, net torque acting on dipole must be zero,

l.e., T1+12=0

T1=T2

mB1sinB1 = mB2sinG2

B2 = B1(sinB1/sinB2) = 15mT x (sin30%sin 45°)

— 15mT x (1/2) % /2 = 10.6mT = 11mT

Vo
V2
Va
V2

LEVEL -1 (NUMERICALS)

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS

x=05 1/T=10x103K"
using y = %C=50K

1
1

_ Fomym,
4 712

1 _ Ko 2mi2m, _
T am (r/2)? =16 F

LEVEL -2 (NUMERICALS)

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS

For short dipole
Baxial = -2 2% for P

M
Beoqut = Z" =2 for Q

Y

%
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" Bz R
| : ! 1
Prs-t -1t~ B1
S
tanf = 2 =22
B,y 2M;
8 =30° so using this % = E 7
M, 2
%
2 Length of wire = circumference of semicircle
L=1r so r=0.1m % +1/2
M=mx2r = 0.04Am?>. 1
3 N2S1=VI% + 12 =LV2
So M=pole strength x N2S1 %
%
N2 |m
\\
N ”
L
b
\
\‘
52 | m »
N1 51
M=m. LV2 %
LEVEL -3 (NUMERICALS)
Q.NO DETAILED SOLUTIONS VALUE
POINTS
1 For hanging i.e balanced position
Weight = magnetic force V2
mg== KoMz /2
= . 1
as magnetic moments is same so m; = m, 1/2
so after calculation 12
pole strength = 6.64Am
2 Both magnetic moments are equal so M=12.5Am? V2+1/2
For mid way r=5cm= 0.05m
0 2M; _ o My _
B, = Z—M—3- 0.02T B, = Z—M—3 =0.01T
Yz
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e
|
L --1 -

V2
B1 Yz
V2
B = /312 + B,?
calculation
B=0.0224T
tanf = %So angle = 26.6°wrt. B1.
Given, 8=600=11/3 rad
- —— &
I /
'\ 5;-_.":7
</
The new magnetic length of the dipole will be, I'=r 2
Now, M=m I and M'=m -I 72
~ M/M=I1"...(1)
V2
Now, angle in radians=arc length/radius )
~11/3=l/r = |=11r/3 %
i
In the equilateral triangle, marked by lines, I'=r y
2
=13 ...(2
(2) v,
From and, we get,
M/M'=11/3
&~ M'=3M/1
I
The arrangement of magnetic poles as shown in figure is equivalent to two
magnets of magnetic moments M1=M2=(mxa) inclined to each other at 60° i
1
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-m M =ma
~ Net magnetic moment is

M=y/M,% + M, + 2M, M, cos 6

Va

0 = 60°
calculating
M=ma+3=1-732(ma)
CASE BASED
Q.NO DETAILED SOLUTIONS VALUE
POINTS
1 (i)
(a) Zero 1
(i) (d) There are abundant sources or sinks of magnetic field inside 1
a closed surface.
(iii) (b) zero
(iv)  (a)Point P 1
1
2 :
1. ¢) Anti-clockwise direction 1
2. a) 88 x 10° C kg 1
3. ¢) Principal quantum number 1
4.c) eh/41Tm 1
OR OR
5.a) Am? 1
COMPETENCY BASED
Q.NO DETAILED SOLUTIONS VALUE
POINTS
1 (i) (a) Paramagnetic substances 1
(i) (c) %% : as M=m (2I), in this case new pole strengthof each 1
piece becomes m/5 and new length becomes (21)/4
(i)  (a)ls decreased : as permeability of a ferromagnetic material
decreases withthe increase in magnetising field intensity H.
(iv) (b) asxal1/T 1
CCT
Q.NO DETAILED SOLUTIONS VALUE
POINTS
1 (i) (b)Net magnetic moment per unit volume 1
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(i) (d) Magnetic permeability--------- Henry m 1
(i)  (b)2.5x 10° Am-" 1
I=1A,u, =500
Magnetic inlchsity. H=nI=500m"'x1A=500Am"
As w =1+ or y=(u -1)
Magnetisation, M = yH
= (u,-1) H=(500-1) x 500 A m™"
=2495x10°Am'=25x10°Am™
(iv)  (a)5999 1
Ky = U, — 1 = 5999,
SELF ASSESSMENT
Q.NO DETAILED SOLUTIONS VALUE
POINTS
1 c) Ferromagnetism 1
2 c) The curie temperature makes the transition from ferromagnetism to 1
paramagnetism in a material.
: M
3 Forshort dipole B.ouatorial = :‘_;E 1
L= -
g_Z = 27:1 hence (c)27:1
4 The magnetic moment of a diamagnetic atom is 1
C) Equal to zero
5 A 1
6 D 1
7 As no magnetic lines pass from X so its diamagnetic 1
As all the magnetic lines pass frm material so its ferromagnetic. 1
8 Any two difference. 1+1
9 M=15T"1;B=0.22T.
(@) W=-P E cosb
(i) W=-M B (cos90° —cos 0°) =1.5x0.22x 1 =0.33 J 1
(i) W =-MB (cos 180°—-cos 0°) =1.5x0.22 x 2 =0.66J 1
(b) (i) torqur =M B sin@ =M B sine 90° = 0.33 Nm V2
(i) Torque = M B sin 180° = 0 Nm V2
10 (@) T = MBsin6 Yz
m .yz

89




Since, 0 is small.

So, sinf=0 72
t.t t == m&
But t=lo
where, o = angular acceleration
M = magnetic moment of dipole.
= Jlo.=- MBO =&u=-[¥]& =0,0c— 0 e
= Angular acceleration e — Angular displacement
= Therefore, the needle executes SHM.
= 2—“.. = in orT=2n L 1,
(i}] MB J MB 1
\] I
(b)
(i) Diamagnetic
(ii) Paramagnetic
11 1. ¢) Anti-clockwise direction 1
2. a)88 x 10° C kg™’ 1
3. ¢) Principal quantum number 1
4.c) eh/41Tm 1
OR
OR
5. a) Am? 1
12 (a) Diagram vz
derivation. 2%
b)
Since x = C/T V2
=X1/x2=T2/T1 1
=1.2x10°/ 1.44x105=T2/300
=T2= 250K Z:

*kkkkkkkkkk
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UNIT IV — ELECTROMAGNETIC INDUCTION AND ALTERNATING

CURRENT
CHAPTER 6- ELECTROMAGNETIC INDUCTION
DETAILED ANSWERS
LEVEL-1 MCQ
Q.NO DETAILED SOLUTIONS VALUE
POINTS
01 | c) the rate of change of magnetic flux through the circuit 1
02 | b) Weber 1
03 | a) conservation of energy 1
04 | a) Fleming's right-hand rule 1
05 | b) the rate of change of current in one coil 1
06 | d) Henry 1
07 | b) A changing magnetic field 1
08 | d) all of the above 1
09 | c) the magnetic flux through the coil remains constant 1
10 | b) Faraday 1
11 | d) all of the above 1
12 | b) opposes the cause producing it 1
13 | ¢) 90 degrees 1
14 | ¢) LenZ's law 1
15 | a) a single coil due to a changing magnetic flux through it 1
16 | b) a changing current in the primary coil 1
17 | d) bothband c 1
18 | b) in the opposite direction to the motion of the magnet 1
19 | d) all of the above 1
20 | c) soft iron 1
21 | b) the square of the number of turns in the coil 1
22 | d) The resistance of the coil 1
LEVEL-2 MCQ
Q.NO DETAILED SOLUTIONS VALUE
POINTS
1 Given:
= Number of turns, N — 100
e Initial magnetic flux, &; — 5 Wb
e Final magnetic flux, ®; — 2 Wh
- Time interval, A+ — 0.2 s
Formula:
E = NZ2Z
Z);:t:nif P; = 2 Wb 5 Wb = 3 Whb
£ = 100 < 23t — 1500V
Answer: (a) 1500 VW
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According to Lenz's law, the induced current will always oppose the
change in magnetic flux through the coil.
Answer: (c) oppose the motion of the coil

When a magnet is dropped through a coil, the induced current will
create a magnetic field that opposes the motion of the magnet
(Lenz's Law).

Answer: (b) repel the magnet as it falls

Given:

e Rate of change of current, fT{ =2 A.;'I:s

e |nductance, . = 3 H

Formula:

_ gl
S_Lfflt

Solution:

E=3Hx2A/s =6V

Answer: (d) 6 V

Given:

e Initial current, I; = 5 A

e Finalcurrent, Iy = 0 A
e Time interval, At = 0.1s

e Inductance, L. = 4 H

Formula:
AT
E = LE
Solution:
Al =1y i =0A bA = 5HA
E= 4H < 22 =200V

Answer: (a) 200V

Given:

* Length of solenoid, I = 0.5m
e Number of turns, N = 1000

* Rate of change of current, ‘fo =4 Afs

Formula:

— rde _ rd(B-A)
8 - f\ dt j\ ot
dl

However, since the problem gives us = and we assume uniform solenoid characteristics:

dt
_ o qpd
=1L et
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First, we find the inductance, L:

NZA
L= po=

Here, pg is the permeability of free space, and A is the cross-sectional area, which is not given, so

we'll use:
L = Npgp, A
o 1

But we use L for the next step as it's proportional to N and [:

- d(B-A4)
£=-N dt

Hence,

_ dI

Solution:

£ = 1000 x 4 = 4000

The given options are not matching. Correct value might need area data.

£=-L4U

di

Checking option available with close values:

We will then assume induced EMF

&
E =8V

Hence. from correct formula:

£E=38

Answer: (d) 8V

Given:

¢ Inductance, L = 10 H

e Current, I =3 A

Formula:
E = %Ll2

Solution:

E=1x10Hx(3A)?=1x10x9=45]

Answer: (b) 45 J
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Given:

e Inductance, L = b H
e Initial current, I; — 4 A
e Final current, Iy = 0 A

e Time interval, At = 0.2s

Formula:
_ Al
E= L A7

Solution:
ATl =1I; I, =0A 4A = 4A
E= 5Hx 24 _ 100V

0.2s

Answer: (d) 100 V

Given:

e Mutual inductance, M = 0.2 H

e Rate of change of current, % =3 Alfs

Formula:

_agdl
£=-M4Y

Solution:
£E=02H x 3Alfs =06V

Answer: (d) 0.6 V

10

Formula:
_ Al
E =L A

Solution:
Al =1y I, =0A - 2A = 2A
£= 6Hx 24 =24V

.5s

Answer: Correct option closest is:
d) 24V

LEVEL-3 MCQ

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS

Induced e.mf. = Blv

1
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—_4 _4d 5.2 _ _
We have € = dt—dt(Zt 6t+5)=0
4t—-6=0
t—6—15
—4— DS

b) Less than g

Explanation: When Bar magnet falls through the coil, According to
Lenz’s law coil act as North pole. Hence, it opposes the magnet and
acceleration of magnet is decreased.

Using Faraday’s law

£ — dd

dt

For a coil with constant area A,the change in magnetic flux is due
to change in magnetic field is can be expressed as

AP =A-AB
AB=4B B =3B

Here,

Then change in magnetic flux is

AP = A-3B
The average induced EMF over the time interval t is:
_ Ad
8:11.':_{ - }

‘-c’lm':_{ - i
__ 3AB
Eave| = 1

a) Twice per revolution
The direction of the induced EMF changes twice during each
complete rotation of the loop. This is because during one half of the
rotation, the flux through the loop increases (positive EMF), and
during the other half, the flux decreases (negative EMF).

Using Lenz’s law
The direction of the induced current is along grpq.

The direction of the induced current is along prqp.

© |00 (N

The direction of the induced current is along yzxy.

The direction of the induced current is along zyxz

The direction of the induced current is along xryx.

—_— | -
- O

No current is induced since the field lines are lying in the plane of
the closed loop.
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LEVEL-1 (2 M QUESTIONS)

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS/
STEP
MARKIN
G

Faraday's first law of electromagnetic induction states that an EMF
(electromotive force) is induced in a conductor when it experiences
a change in the magnetic flux. In other words, any change in the
magnetic field within a closed loop of wire will induce an EMF in the
wire.

Faraday's second law of electromagnetic induction states that the
magnitude of the induced EMF is directly proportional to the rate of
change of the magnetic flux through the coil. Mathematically, this is
expressed as:

8 _ (P

dt

Where ¢ is induced emf and % is rate of change of flux

An EMF is induced in a coil when the magnetic field through it
changes because the change in the magnetic field alters the
magnetic flux through the coil. According to Faraday's law, this
change in magnetic flux induces an EMF in the coil. The induced
EMF creates a current in the coil if there is a closed path. The
direction of the induced EMF is such that it opposes the change in
magnetic flux, as described by Lenz's law.

The magnitude of the induced EMF in a conductor moving through
a magnetic field depends on several factors:

1. Speed of the conductor: The faster the conductor moves
through the magnetic field, the greater the induced EMF.

2. Strength of the magnetic field: A stronger magnetic field
results in a higher induced EMF.

3. Length of the conductor within the magnetic field: A
longer conductor within the magnetic field experiences a
greater induced EMF.

4. Angle between the conductor and the magnetic field: The
induced EMF is maximized when the conductor moves
perpendicular to the magnetic field lines.

Lenz's Law states that the direction of the induced current (and thus
the induced EMF) is such that it opposes the change in magnetic
flux that produced it. This law is significant because it ensures the
conservation of energy. By opposing the change in magnetic flux,
Lenz's Law prevents the creation of energy from nothing, thereby
maintaining the principle of energy conservation.

Example: Consider a bar magnet being pushed into a coil of wire.
As the north pole of the magnet approaches the coil, the magnetic
flux through the coil increases. According to Lenz's Law, the induced
current in the coil will generate a magnetic field that opposes the
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increase in flux. Thus, the coil will produce a magnetic field with a
north pole facing the approaching magnet, which opposes the
motion of the magnet. If the magnet is then pulled away, the coil will
generate a south pole facing the retreating magnet to oppose the
decrease in flux.

Self-induction is the phenomenon where a change in the current
flowing through a coil induces an EMF in the same coil due to the
change in its own magnetic flux.

Self-inductance of a coil is a measure of the ability of the coil to
induce an EMF in itself as a result of a change in current. It is
represented by the symbol LLL and is defined as:

_ &
L = dl [t

The physical significance of self-inductance in an electrical circuit is
that it quantifies the opposition to changes in current within the
circuit. A high self-inductance means the circuit strongly opposes
changes in current, leading to slower changes in current when an
external voltage is applied. This property is crucial in applications
such as inductors in filters, transformers, and in controlling the rate
of current change in various electronic devices.

Mutual induction is the phenomenon where a change in current in
one coil induces an EMF in a neighboring coil. This occurs because
the changing current in the first coil creates a changing magnetic
field, which then influences the second caoil.

Mutual inductance between two coils is a measure of the ability of
one coil to induce an EMF in the other coil as a result of a change
in current in the first coil. It is represented by the symbol MMM and
is defined as:

ar — &
M = el /i

LEVEL-2 (2 M QUESTIONS)

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS/
STEP
MARKIN
G

The change in magnetic field is AB=15T -05T=1T
Area of coil A = r? = ﬂ(0.1)3 — 0.01l7 m?
Change in magnetic flux

AP = AAB = 0.017 x 1 = 0.017

Average induced emf

Ad 0.01x -
£= 42 _ 0 _ 0057V~ 0157V

Average induced emfis — 0.157 V

2

Average induced emf
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£= N2 = 500 x %% = 500 x04=-200V
3 As the loop is moved away from the long straight wire, the magnetic 2
flux through the loop decreases. According to Lenz's Law, the
induced current in the loop will create a magnetic field that opposes
the decrease in flux. Therefore, the induced current in the loop will
flow in such a direction that it creates a magnetic field pointing
towards the long straight wire (increasing the flux back towards the
original state).
4 Induced emf
E= L% = 2x3= 6V
5 Mutual inductance
M=% =%=02H
LEVEL-3 (2 M QUESTIONS)
Q.NO DETAILED SOLUTIONS VALUE
POINTS/
STEP
MARKIN
G
1 Using Faraday’s law 2
— N A®
E= N%
£=-500% = 5V
04— °
2 According to Lenz's Law, the direction of the induced current will be | 2
such that it opposes the change in magnetic flux. As the metal ring
enters a region where the magnetic field is increasing upwards, the
induced current in the ring will create its own magnetic field to
oppose this increase. Therefore, the induced current will flow in a
direction that generates a downward magnetic field inside the ring,
which means the current will flow in a clockwise direction when
viewed from above.
3 Using 2
_ A
&€ =—-L%3
£ — 255
E — 2 = G
E — 12V
LEVEL-1 (3 M QUESTIONS)
Q.NO DETAILED SOLUTIONS VALUE
POINTS/
STEP
MARKIN
G
1 When a straight conductor moves through a uniform magnetic field, 3

an EMF is induced across the conductor due to the motion of the
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conductor through the magnetic field lines. This is a consequence
of Faraday's Law of electromagnetic induction and can be explained
by the Lorentz force acting on the free charge carriers in the
conductor.

As the conductor moves through the magnetic field, the magnetic
force causes the free electrons to move to one end of the conductor,
creating an electric field and thus an EMF. The magnitude of the
induced EMF is given by the formula:

£ = Blv

Example: Consider a scenario where a bar magnet is moved
towards a closed conducting loop with its north pole facing the loop.
As the magnet approaches, the magnetic flux through the loop
increases. According to Lenz's Law, the induced current in the loop
will flow in a direction that opposes the change in flux. Therefore,
the loop will generate a magnetic field that opposes the approaching
north pole of the magnet.

To oppose the increasing magnetic flux due to the approaching
north pole, the induced current must create a magnetic field with its
own north pole facing the approaching north pole of the magnet.
Using the right-hand rule, if you curl your fingers in the direction of
the induced current, your thumb points in the direction of the
magnetic field created by the loop. Thus, the induced current in the
loop will flow in a counterclockwise direction when viewed from the
side where the magnet is approaching.

Self-induction is the phenomenon where a change in the current
flowing through a coil induces an EMF in the same coil due to the
change in its own magnetic flux. This induced EMF opposes the
change in current, according to Lenz's Law.

Self-inductance is a measure of a coil's ability to induce an EMF in
itself as a result of a change in current. It is represented by the
symbol L and is defined by the formula:

[
L=£%

E is the induced EMF (in volts, V),

dl/dt is the rate of change of current (in amperes per second, A/s).
The role of self-inductance in an electrical circuit is to oppose
changes in current. When the current through a coil changes, the
self-induced EMF resists the change, thus smoothing out variations
in current. This property is used in applications such as inductors in
filters, transformers, and in controlling the rate of current change in
various electronic devices.

Materials:
e Acoil of wire
e A power supply with a switch
e Arresistor
e« An ammeter

99




e Aniron core (optional, to enhance the inductive effect)
Procedure:

1. Connect the coil in series with the resistor and the ammeter.

2. Connect the circuit to the power supply, ensuring the switch
is initially open.

3. Observe the initial ammeter reading (it should be zero since

the switch is open).

Close the switch to allow current to flow through the circuit.
Observe the ammeter reading as the current starts to
increase. You will notice that the current does not
immediately reach its maximum value but increases
gradually.

6. Open the switch again and observe the ammeter. You will
see that the current does not drop to zero instantly but
decreases gradually.

Explanation: When the switch is closed, the current through the coil
begins to increase, causing a change in the magnetic flux. This
change induces an EMF in the coil that opposes the increase in
current (Lenz's Law). The self-induced EMF delays the rise in
current, resulting in a gradual increase. Similarly, when the switch is
opened, the current decreases, inducing an EMF that opposes the
decrease, causing a gradual decline in current. This experiment
demonstrates the phenomenon of self-induction.

o s

Mutual induction is the phenomenon where a change in current in
one coil induces an EMF in a neighboring coil due to the change in
magnetic flux. This occurs because the changing current in the first
coil creates a changing magnetic field, which then influences the
second coil.

Mutual inductance between two coils is a measure of the ability of
one coil to induce an EMF in the other coil as a result of a change
in current in the first coil. It is represented by the symbol MMM and
is defined by the formula:

E

M = -7

i

where:

o e2is the EMF induced in the second coil (in volts, V),

o dl/dt is the rate of change of current in the first coil (in

amperes per second, A/s).

The mutual inductance depends on factors such as the number of
turns in each coil, the distance between the coils, the orientation of
the coils, and the presence of any magnetic materials between the
coils. The mutual inductance M indicates how effectively a change
in current in one coil induces an EMF in the other coil.
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LEVEL-2 (3 M QUESTIONS)

Q.NO DETAILED SOLUTIONS VALUE
POINTS/
STEP
MARKIN
G
¢ = LI-—(1) I |
In general ST ererreers:
S s (T
For solenoid
o soenos 1 m=N1 ’
¢ =nlugnl
¢ = pon’ll---(2)
Using equation (1) and (2)
L = pgn?l
2 We have
$21 = My Iy (1)

Magnetic field due to current in first coil is
By = ponly
Flux lined with second coil

¢21 = NyB1A; = Nyugnqi 11 Ay

¢21;;;;g = nylponi 1A,
21 = HonynyAq Ll - (2)
Using (1) and (2)
My, = ponyny Al

pal L / |

¢ = LI---(1) I |

In general ST erreers:

S s I
For solenoid

or sorenos 1 n=N1 ’
¢ = nluynl

¢ = pn?ll-—--(2)
Using equation (1) and (2)
L = pyn?l
L depends only on medium, dimension of inductor. It's independent
of flux and current
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LEVEL-3 (3 M QUESTIONS)

Q.NO DETAILED SOLUTIONS VALUE
POINTS/
STEP
MARKIN
G
1 When viewed from front (Only 3) 3
a) Clockwise, b) Anticlockwise, c) Clockwise, d) No induced current
2 Induced emf ® ® X X X ®
o] =20 :
dt
€] = B.mlL? x
el =— )
| | — B.T[LZ ® x ® x x x
21/ Metal rod rotating normally to the
Bwl? uniform magnetic field
lel =—;
3 We have
¢21 = Myy [ (1)
Magnetic field due to current in first coil is
By = uonly
Flux lined with second coill
$21 = N2B1A; = Naponi 1144
¢21;;;;; = nylpon, 1A,
$21 = UoNyNp Ay Ll - (2)
Using (1) and (2)
My, = uoninyAql
Similarly, If we find M12...
We will get M 12 = M 21 N, tumns
LEVEL-1 (5 M QUESTIONS)
Q.NO DETAILED SOLUTIONS VALUE
POINTS/
STEP
MARKIN
G
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a) The initial magnetic flux through the loop
e Formula:® =B - A
s Area of the loop: A = (side)? = (0.2m)? = 0.04m?
* Initial magnetic flux ® = B- A =0.3T-0.04m? = (

¢ Total initial flux for 50 turns: @, = 50 - 0.012 Wb =

b) The change in magnetic flux
 Final magnetic flux @, = 0 Wb
e Changein flux: AP = P50 Prna = 0.6 Wb — 0V

c) The induced EMF in the loop
¢ Formula: EMF = N%
¢ Number of turns: N = 50
e Timeinterval: At = 0.2s

* Induced EMF: EMF = 5020 — 150V

d) The direction of the induced current using Lenz's Law

e Lenz's Law: The induced current will flow in a direction
such that it opposes the change in magnetic flux.

« Direction: Since the magnetic field is decreasing, the
induced current will create a magnetic field in the same
direction as the original field (out of the plane). The induced
current will be counterclockwise when viewed from above.

LEVEL-2 (5 M QUESTIONS)

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS/
STEP
MARKIN
G
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a) Derive the expression for the magnetic flux through the coil as a function of time
e Formula: ®(¢t) = B(t)- A
« Area of the coil: A = 7% = 7(0.05m)? = 7.85 x 10 % m?

% 10772  1.57 x

o

+ Magnetic flux: ®(t) = (0.01#% + 0.02¢) - 7.85 x 10 ¥ m? = 7.8
10~ % Wh

b) Calculate the induced EMF in the coil at { — 2 seconds
e Formula: EMF = N%’
« Flux derivative: %7 = 7.85 x 10 °-2¢ + 1.57 x 10 *

o Att=2seconds: St =7.85 x 1077 -4+ 1.57 x 10 * = 3.14 x 10" * 4 1.57 x

107% = 4.71 x 10 *Wh/s
+ Induced EMF:EMF = 100 -4.71 x 10~* = -0.0471V

¢) Using Lenz's Law, determine the direction of the induced current
if the magnetic field is increasing

e Lenz's Law: The induced current will oppose the change in
magnetic flux.

« Direction: Since the magnetic field is increasing, the induced
current will flow in a direction to create a magnetic field
opposing the increase. If the external field is directed into the
plane of the coil, the induced current will be clockwise to
create an opposing field out of the plane.

LEVEL-3 (5 M QUESTIONS)

Q.NO DETAILED SOLUTIONS VALUE
POINTS/
STEP
MARKIN
G
3 a) Calculate the induced EMF in the solenoid

e Formula: EMF — L%
e Self-inductance: .. — 0.2 H

e Rate of change of current: % = 5"\_ =10 Afs

05s
¢ Induced EMF-EMF = - 0.2-10= 2V
b) Determine the total voltage across the solenoid and resistor during this time
e Ohm'sLaw: Vp = IR
e Current at maximum: J = 5 A
e Resistance: & = 102
* \Voltage across resistor: Vp = 5-10 =50V

e Total voltage: Va1 = Vi + |[EMF| = 50 + 2 =52V
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c) If another coil with a mutual inductance of 0.1 H with the solenoid is |
the induced EMF in the secondary coil during the same time period

il rimary
* Formula: EMF ¢econdary = M- T

* Mutual inductance: M/ = 0.1 H
* Rate of change of current: {H'T =10A/s

* Induced EMF in secondary: EMF..ongary = —0.1-10 = ~1V

LEVEL-1 (NUMERICALS)

Q.NO DETAILED SOLUTIONS VALUE
POINTS/
STEP
MARKIN
G
1 The induced emf is given by Faraday’s law: 2
d®
e=-N—
© dt
Change in magnetic flux Df is
AP =A.-(B;y  B)=0.1m*- (05T — 0.2T) = 0.1 x 0.3 = 0.03
wb
Induced emfis
0.03 Wh
g=-H30-— = -50-03= 15V
0.1s
2 The induced emf is given by 2
e =Blv
Substituting the given values:
e=02T-1m- 2111,55 =04V
3 The induced emf is given by 2
dP
e=-N.-—
dt
Rate of change of magnetic flux
d® dB ..
— = A-— =0.05m”-0.1T/s = 0.005
dt dt '
Induced emfis
e=-200-0.006 Wh/s = -1V
4 The induced EMF (g) in a solenoid due to self-induction is given 2

by:
dl
€= —L—
dt
dI  5A - 0A N
dt T 05s  LOA/s

e=-2H-10A/s= 20V
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LEVEL-2 (NUMERICALS)

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS/
STEP
MARKIN
G

dI 10A
dt  0.2s
Induced emf in coil B is

dl :
£ = Mraz 2H x50A/s = 100V

=50 A.;'IS

The energy transferred to coil B is given by:
1 _.
E=_-MI*
2
Substituting the final current in coil A:

E:%xlemzlmJ

3

The energy W stored in Coil X initially is given by:

1 .
W = —LyI?
5 X
Substitute the values:

1 :
IV:§X2HXHAV21M

The induced EMF ¢ in Coil Y due to the change in current in Coil X
is given by:

Rate of change of current in Coil X:
LIET SN
dt 0.2s :
Induced EMF in Coil Y:
e= 12H x20A/s= 24V
The energy transferred to Coil Y can be considered as the energy
initially stored in Coil X, which is 16 J, assuming ideal conditions

with no energy losses.

Given:

B=04T, [=05m, v=2m/s
1. Induced EMF:
The motional EMF ¢ induced in a conductor moving through a
magnetic field is given by:
e=B-l-v
Substitute the values:
e=04T-05m-2m/s =04V
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2. Induced Current:
The induced current (1) in the loop can be calculated using Ohm's

Law:
=

I= R
Given:
R=0.2Q
Substitute the values:
04V

2A
0.2Q

I =

3. Power Dissipated:
The power (P) dissipated in the loop due to the induced current is
given by:
P=I.R
Substitute the values:
P=(2A).02Q=4-02=0.8W

LEVEL-3 (NUMERICALS)

Q.NO DETAILED SOLUTIONS VALUE
POINTS/
STEP
MARKIN
G
1 The inductance L of a solenoid is given by: 3
NZA
L= po ]
- (1000)% x 0.01 - 10° x 0.01
L—drx 107 x Q0007 <001 o g7, 100 x 001
0.5 0.5
[ =81 x107°
The induced emf is
dl 3
£ = LE = -8 x 10" x15=—-0.127r ~ —0.38V
The energy stored in the solenoid at the final current is given by:
1. ..
E=_LI’
1 2
E =3 x8rx10 P 8% =4m % 10 x 64
= 0.2567 ~ 0.8J
2 The induced EMF (¢) is given by: 3

First, find the derivative of the current with respect to time:

I d
= —[5sin(100t)] = 5 - 100 cos(100t) = 500 cos(100¢)

dt
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The maximum value of cos(100t) is 1. Therefore, the maximum rate
of change of current is:

dl

E IIax
The maximum induced EMF is:

dl
Emax — L E = 0.5 x500= 250V
The magnitude of the maximum induced EMF is 250 V

— 500 A /s

3 The induced EMF ¢ in Coil B is given by: 3
dl
dt
Rate of change of current in Coil A:
dl 5A ,
L 22 _50A/s
dt 0.1s '
Induced EMF in Coil B:
e=-3Hx50A/s= 150V
The energy W dissipated as heat in Coil B is given by:
W= el
R
Substitute the values:
5 0.1
W = (150)"— = 1500J
1.5
CASE BASED
Q.NO DETAILED SOLUTIONS VALUE
POINTS/
STEP
MARKIN
G
1 B.0.5T/s 1
2 B. 0.05 1
Induced EMF ¢ is given by Faraday's Law of Induction:
_dP
T at
Rate of change of magnetic flux:
d® dB ) , o
— =A- — =0.006m" x 0.5T/s = 0.0025 Wh/s
dt dt '
Induced EMF:
d®
e=—=-0.0025V =0.06V
dt
3 B. Counterclockwise, looking from above 1

According to Lenz's Law, the induced current will flow in a direction
such that its magnetic field opposes the change in the magnetic flux.
Since the magnetic field is increasing, the induced current will create
a magnetic field opposing the increase, which requires a
counterclockwise current when viewed from above.
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A.0.5A

The induced current (1) can be calculated using Ohm's Law:
=

==

R
Substitute the values:
0.05V
R _ =
I'=31q ~ 054
COMPETENCY BASED
Q.NO DETAILED SOLUTIONS VALUE
POINTS/
STEP
MARKIN
G

Rate of Change of Current in Coil A:
dl 4 ATy 5A - 0A ,
— — — A. .,-'ll b
dt At 1s '

1

Induced EMF in Coil B:
ep = —M—=
Y dt
Substitute the given values:
ep= 1Hx5A/s= -5V
The magnitude of the induced EMF is 5V

Induced Current in Coil B:
The induced current (Is) in Coil B can be calculated using Ohm's
Law:

IU:E

Substitute the values:

5V
In=2Y —95A
5= 350 ’

Total Energy Transferred to Coil B:
The power (P) dissipated in Coil B due to the induced current is
given by:
P=1I;-R
Substitute the values:
P = (25 A)2 x 20 =620 x2=125W
he total energy (E) transferred to Coil B over the 1 second is given
by:
E=Pxt
Substitute the values:
E=125W x1s=12.51J]
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CCT

As the magnet falls through the copper pipe, it will experience a
deceleration due to the induced currents (eddy currents) in the
copper pipe. According to Lenz's Law, these induced currents create
a magnetic field that opposes the change in magnetic flux caused
by the falling magnet. As a result, the magnet falls slower than it
would in the absence of the pipe. The experimental observation
would be that the magnet takes a longer time to pass through the
pipe than expected due to the opposing magnetic force.

When the magnet is moved towards the solenoid, the ammeter will
show a current in one direction, and when the magnet is moved
away, it will show a current in the opposite direction. According to
Lenz's Law, the direction of the induced current will be such that it
creates a magnetic field opposing the change in flux. Therefore, as
the magnet approaches, the solenoid generates a current that
produces a magnetic field opposing the magnet's approach. When
the magnet moves away, the induced current direction reverses to
oppose the reduction in magnetic flux.

When the current in the solenoid is suddenly turned on, an induced
current is generated in the aluminum ring. According to Lenz's Law,
the direction of this induced current will be such that it opposes the
change in magnetic flux. This results in the ring experiencing a force
that pushes it upwards, away from the solenoid. Conversely, when
the current is turned off, the sudden decrease in magnetic flux will
induce a current in the ring in the opposite direction, again producing
a magnetic field that opposes the change. The ring may experience
a downward force, but due to inertia, it is more likely to simply fall
back after the initial upward push.

If the copper pipe is replaced with a plastic pipe, the magnet will fall
through it with no significant deceleration. This is because plastic is
a non-conducting material and does not allow for the formation of
eddy currents. Without these induced currents, there is no opposing
magnetic field to slow down the magnet, and therefore Lenz's Law
does not apply in this scenario. The experimental observation would
be that the magnet falls at the same rate as it would in free air,
experiencing only the acceleration due to gravity.

SELF ASSESSMENT

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS/
STEP
MARKIN
G

a) A changing magnetic field induces an electromotive force (EMF).
Explanation: Faraday's First Law states that a change in the
magnetic field within a closed loop induces an electromotive force
(EMF) in the wire.

1
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b) Weber

WIN

b) It opposes the cause of its own production.

Explanation: Lenz's Law states that the direction of the induced
current will be such that it opposes the change in magnetic flux that
produced it.

d) All of the above.

Explanation: The induced EMF in the secondary coil depends on
the number of turns in the primary coil, the rate of change of current
in the primary coil, and the distance between the coils.

a) Both Aand R are true, and R is the correct explanation of A.
Explanation: Lenz's Law indeed describes how the direction of the
induced current opposes the change causing it, and this opposition
is a manifestation of the conservation of energy.

a) Both Aand R are true, and R is the correct explanation of A.
Explanation: Self-inductance increases with the number of turns,
and it is indeed proportional to the square of the number of turns in
the coil, which explains why an increase in turns increases the self-
inductance.

Faraday's Law of Electromagnetic Induction states that the
electromotive force (EMF) induced in a closed circuit is directly
proportional to the rate of change of magnetic flux through the
circuit. Mathematically, it can be expressed as:

dd
dt
where ¢ is the induced EMF, and d®/dt is the rate of change of the

magnetic flux ®. The negative sign indicates that the induced EMF
opposes the change in flux, as described by Lenz's Law.

- —
E =

Mutual induction occurs when a change in current in one coil
induces an EMF in a nearby coil. The principle is based on
Faraday’s Law of Induction. When the current in the primary coll
changes, it alters the magnetic field around it. This changing
magnetic field induces an EMF in the secondary coil that is placed
close to the primary coil.

Common axis

o]
L
zll'u'J \ N
<..

Rheostat setting
being changed
Explanation:
e When the current in Coil A (primary coil) increases or
decreases, the magnetic field around it changes.
e« This changing magnetic field passes through Coil B
(secondary coil), inducing an EMF in Coil B.
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o The magnitude of the induced EMF in Coil B depends on the
rate of change of current in Coil A, the number of turns in both
coils, and the mutual inductance between them.

9 b) Faraday's Law of Electromagnetic Induction 1
10 | b) The direction of the induced current 1
11 c) The deflection will increase 1
12 | d) The resistance of the coil 1
13 | Derivation: 5
The self-inductance L of a solenoid is given by:
1 j\"TEA
I — Ho :
(Refer NCERT derivation)
Factors Affecting Self-Inductance:
1. Number of Turns (N): The self-inductance increases with
the square of the number of turns. More turns result in a
higher inductance because there are more loops for the
magnetic field to interact with.
2. Cross-Sectional Area (A): A larger, L is larger
3. Length of solenoid (I): Inversely proportional to length
4. Medium (mo): Depends on medium between the coil
14 | Lenz's Law: 5

Lenz's Law states that the direction of the induced electromotive
force (EMF) and the resulting induced current in a conductor is such
that it opposes the change in magnetic flux that caused it. This law
is a consequence of the conservation of energy and is
mathematically expressed as:

dd

) dt
The negative sign indicates that the induced EMF always acts to
oppose the change in magnetic flux.
Example:
Consider a simple example involving a coil of wire and a bar
magnet:

1. Initial Setup:

o A coil of wire is connected to a galvanometer to
measure the induced current.

o Abar magnet is positioned near the coil.

2. Scenario 1: Moving the Magnet Towards the Coil:

o As the north pole of the bar magnet approaches the
coil, the magnetic flux through the coil increases.

o According to Lenz's Law, the coil will generate an
induced current that creates its own magnetic field
opposing the increase in flux. In this case, the induced
magnetic field will be directed away from the
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approaching north pole (i.e., it will have a north pole
facing the approaching north pole).

o The galvanometer will show a deflection indicating the
presence of an induced current.

3. Scenario 2: Moving the Magnet Away from the Coil:

o When the magnet is moved away, the magnetic flux
through the coil decreases.

o The induced current will now create a magnetic field
that opposes the decrease in flux. Here, the induced
magnetic field will try to retain the original flux, and
hence, it will act to attract the departing north pole.

o The galvanometer will show a deflection in the
opposite direction compared to when the magnet was
moving towards the coil.

Significance in the Conservation of Energy:
Lenz's Law is significant in the context of energy conservation
because it ensures that the principle of conservation of energy is
upheld in electromagnetic systems. Here’s how it connects to
energy conservation:

1. Opposition to Flux Change:

o The induced current generated by Lenz’s Law acts to
oppose the change in magnetic flux. This opposition
requires energy, which comes from the mechanical
work done to move the magnet. For instance, if you
push the magnet towards the coil, you need to do work
against the induced magnetic field that opposes the
motion.

2. Energy Transfer:

o The work done on the magnet is converted into
electrical energy in the coil. This electrical energy is
manifested as the induced current, and the energy
conservation principle ensures that the work done
(mechanical energy) is equal to the electrical energy
generated in the coil.

3. System Behavior:

o If Lenz’s Law were not in effect, it would imply that
energy could be created from nothing or that the
system could violate energy conservation principles.
By ensuring that the induced current always works to
oppose the initial change, Lenz's Law prevents such
violations and maintains the balance of energy.

Conclusion:

Lenz’s Law is a fundamental principle that reflects the conservation
of energy in electromagnetic systems. It ensures that induced
currents always act in a direction to oppose changes in magnetic
flux, which aligns with the conservation of energy and prevents the
creation of energy from nothing.

* Answers are given in explanatory way. Student will try to limit answer as per requirement
of questions i.e. as per 2 marks, 3 marks, 5 marks.
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UNIT IV — ELECTROMAGNETIC INDUCTION AND ALTERNATING

CURRENT
CHAPTER 7- ALTERNATING CURRENT
DETAILED ANSWERS

LEVEL- 1 MCQ

Q. DETAILED SOLUTION VALUE
NO POINT
1 B) In dc ammeter, a coil is free to rotate in the magnetic field of a fixed 1

magnet.

If an alternating current is passed through such a coil, the torque will

reverse it's direction each time the current changes direction and the

average value of the torque will be zero.

2 D) AC can be easily generated, changed voltage and lower energy loss 1
3 A) Keeping the current low reduces power loss due to the resistance of 1
the conducting wire. To keep the output power close to the input power,

the voltage needs to be kept high.

4 B) The equation of voltage and current are given as, 1
V =V, sinwt
[ =ip,Sin (wt - E)
Difference between V and i is n/2

5 C) from equations of V and i of AC through inductor and capacitor having 1
phase difference 90°. So in L and C, voltage and current are out of phase.

6 | C)Power factor = cosp =2 = —= 1

z  J®Z+Xc-X1)?

At resonance Xc=XL, so power factor is 1.

7 B) principal of transformer is mutual induction 1

8 C) the relation between rms value and peak value of current is given as 1
Lrms = I\/_n%

9 B) capacitive reactance is given by X, = ﬁ and w=2nY 1
Reactance and frequency are inversely proportional

10 | D) AC through resistor, inductor and capacitor gives relation between v 1
andi

11| A) At resonance, XL = Xc. The reactance of the inductor (XL) is equal to 1
the reactance of the capacitor (Xc), allowing the resistance to play a role
in the circuit.

12 | A) inductive reactance, X.=wL, X. a 9 1

13 | B) When the average power consumed in the circuit is zero. 1
Power =i’R and If R=0, then P=0

14 | D) Dimension of LC=[ML?T-2A?] X[M-'L-?T*A?]=[T?] 1

15 | A) P = Vpolrmscos®. For wattles P=0, so cos®=0, $=90° 1
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16

A) At resonance, the inductive and capacitive reactance’s cancel each
other out, leaving only the resistive impedance and circuit behave like a
pure resistive circuit.

17

B) Power delivered is maximum when capacitive reactance and inductive
reactance cancel out each other.

18

A) the source emf is greater than the back emf, so more current is drawn
in the primary coil.

19

C) transformer converts high voltage to low voltage or vice versa

20

C) In transformer voltage changes. Change in voltage cause change in
current.

LEVEL- Il MCQ

_wWo _ 1
C)ﬁO_Zn_Zn\/E

w=1\LC

For, w=constant —»\LC=constant

Therefore, C is inversely proportional to L

So, if C is made 4C then L should be reduced to L/4 to keep w constant.

A) When a bulb and a capacitor are connected in series to an AC source,
then on increasing the frequency the current in the circuit is increased,
because the impedance of the circuit is decreased. So the bulb will give
more intense light.

B)

B) € = NBAw sinwt Now if we double w, € will be doubled.

o~ w

D) Leclanche cell works on direct current and thus gives out direct
current. The ratio given here won't work since the transformers work on
alternating current not on direct current. Thus the voltage developed in
the secondary would be 0V.

B) Vs = I;R = 0.5 x 200 = 100 V

Vs Ng Vs

2= 2105V, =— =10V
v, Np BECARET)
N5 051, =10%05=54
—_——= —= el = X V.0 =
I Np P

7

8

9

10

D) Xc=1/wC= 100/n MHz

LEVEL- Il MCQ

1

D) w? = 1/LC

A) w? = 1/LC

C) 1=V/Z

B) Power factor = cos@ = 2 = R

[ N RS N [T ) R N

Z  J®*+(Xc—X)?
B) 2ndL = 1/2m9C

D) P = Vimsirmscos®

B) Poutput=V|

0N B WIN

& Ns Ip
e Np g

—_ [ -
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9 O 1
10 | D) 1
LEVEL- | (2M QUESTIONS)

1 (i) Root mean square is that value of current which produces the same 1
heating effect in a given resistor as is produced by the given alternating
current when passed for the same time.

It is denoted by Irms. 1
(ii) Ims = % = 0.7071I,,
2 1 mark
;! ll for
X : each
f — r —

3 | (i) On increasing capacitance, current will increase. It also increases the 1
brightness of bulb. As capacitance increases, capacitive reactance
decreases, impedance Z decreases, hence current increases.

(ii) There will no flow of current and hence bulb will not glow. 1
4 (i) Capacitor reactance is the resistance offered by a capacitor, when it is 1
connected to ac circuit. Sl unit: ohm
(i) (a)AC voltage can be stepped up and stepped down as per the 1
requirement.
(b) energy loss in transmitting over long distances is negligible as
compare to DC

5 Principal: Mutual induction 1

Large scale transmission of electric energy over long distances for a.c. 1
power is done at highest possible voltage so that line current is less and
consequently power loss during transmission is least possible.

6 For energy losses in transformer are 1 mark
(i) Eddy current loss for
(i) Flux leakage each
(iii) Copper loss (Any

. . two)
(iv) Humming loss
(v) Hysteresis loss
7 | A metal detector works on the principal of resonance in ac circuit. When 2
we walk through a metal detector, we are walking through a coil of many
turns. The coil is connected to a capacitor tuned so that the circuit is in
resonance. When we walk through with some metal in our pocket, the
impedance of the circuit changes, resulting in significant change in current
is detected and the electronic circuit sounds as an alarm.
8 | (i) The power factor (cos @) is the ratio of resistance and impedance of an 1
ac circuit i.e., Power factor, cos ¢= R/ Z
(i) Maximum power factor is 1 when Z = R i.e., when circuit is purely 1

resistive.
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Minimum power factor is 0 when R = 0 i.e., when circuit is purely
inductive or capacitive

LEVEL- Il (2M QUESTIONS)

Since, average power consumption in AC circuit is given by vz

P = Vipsirmscos@

But in pure capacitive circuit, phase difference between voltage and
current is given by, ¢ = = Y
~P=0 1
Thus, no power is consumed in pure capacitive AC circuit.

The impedance of a series LCR circuit is given by %

Z = R0 _ Xy

or For Z to be minimum, X, =X_ (orm=- 1_.} A

: : \.-'II__C

For wattless current to flow, circuit should not

have any ohmic resistance, i.e. R = (.

Alternatively, Power =V, I _cosd

for d == 90 = /2 1

Power =0
Wattless current flows when the impedance of the circuit is purely
inductive/capacitive or the combination of the two.

(i) Principal of Transformer: A transformer is based on the principal of 1
mutual induction.

(i) No, transformer cannot be used to change DC voltage because DC 1
voltage is constant and cannot change flux linked with primary of
secondary coils

1 Mark
INDUCTIVE REACTANCE CAPACITIVE REACTANCE each
Opposition offered by the inductor | Opposition offered by the capacitor (any
in flow of current in flow of current Two)
Depends directly on frequency of | Depends inversely on frequency of
ac ac.
Allow de Block de
Impedance offered by series LCR circuit, 1
|
Z === (R + (Xc - X,)?
m
And voltage,
Vo = VI = [V + (Ve =
As Vc and VL are the voltage applied across capacitor C and inductor L.
Vc or VL may be greater than V.
The situation may be shown in figure,
1
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Lo, .
4usin wi, ! Iy
. i i
/T ™\ et ¥ : | / .
- 0 wt, x\ fom . Wi
L sin{ wt,+71/2) /

LEVEL- il (2M QUESTIONS)

False, an alternating current produces a magnetic field whose magnitude
and direction changes periodically.
Due to magnetic effect of current magnetic field is produced.

& Ng
ep  Np
220 Ng

2200 3000
Number of turns in the secondary winding, Ns=300 turns

Vo

Vo

When a dielectric slab is introduced, the capacitance C increases. The
capacitive reactance decreases. Consequently the current increases
hence the glow of the bulb increases.

LEVEL- | (3M QUESTIONS)

Inductive reactance is the opposition offered by the inductor in flow of AC.

It is denoted by XL.
Let V =V, sinwt be the emf of AC source connected with inductor in the
circuit, then an alternating current flows through the inductor, a back emf

—L % is set up which opposes the applied emf.

Net instantaneous emf =V — LZ—E

But this emf must be zero because there is no resistance in the circuit
V =V, sinwt
V—L Z—i =0 (using Kirchhoff’s rule)
di 'V V, .
% = Z = TSlTl(Ut
di Vi ]
adt = T_f sinwtdt

V
i = ——"coswt+C
wlL

Over the time period T, cos wt = 0 and average value of | must be 0 so ,
integration constant = 0 hence
Vin

i = imsin (0t =2)  (in =
—m 2 m = oL
Inductive reactance, X; = wL

Va

Vo
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Capacitive reactance is the opposition offered by the inductor in flow of 1
ac. It is denoted by Xc.
Let V =V, sinwt be the emf of ac source connected with inductor in the
circuit
Due to the continuous charging and discharging of capacitor plates, a
continuous but alternating current exist in the circuit.
At any time t, Potential difference across the capacitor plates = applied
emf
=4 Y
C
Vpsinwt = 1
'—dq—d(CV inwt) = wCV, t
[ = dlt/ =7 mSinwt) = wCV,,cosw
m . T L T
= —_— = —_— 1
1/ sin (wt + 2) lLySin (wt + 2)
wC .
Capacitive reactance, X, = —
1 v ‘yz
T.ﬂ_ﬁin i,
RN Ao
i sinl ol +m/2)
R remains unaffected because it is independent of 9 1
inductive reactance get tripled because X.=wL=2ndL (XL a J) and 1
capacitive reactance become one third of the original value (Xc a 1/3) 1
1
RESISTANCE REACTANCE IMPEDANCE 17:(an
: : s y two
Itcanbe seeninboth ac | It can be seen only in ac It can be seen only in ac point)
and dc circuits circuits circuits
Happen due to resistor | Happen due to inductor or | Happen due to resistor
in a circuit capacitor in a circuit and inductor or capacitor
or both in a circuit
Represented by R Represented by X Represented by Z
It doesn’t have a phase | It has a phase angle It has a phase angle
angle
LEVEL- Il (3M QUESTIONS)
We know that, an AC voltage V = V,,sinwt applied to a series LCR circuit
drives a current in the circuit given by I = ,,,;sin (wt + 0).
Instantaneous Power = Instantaneous Voltage X Instantaneous Current
P = VI =V, sinwt X I,,,sin (wt + @) 1
Vini
P = % [2sinwtsin(wt + @)]
Vini
pP= mzm [cos® — cos(Qwt + 0)] 1
Viim Vi im
P= cosp = ——cosQ
2 V242
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P = Vipsirmscos@
True power = virtual power X cos®
P = 1?Zcos®

The impedance of the LR circuit,

Z, =vR? + w22 1
When a capacitor is connected in series with the LR circuit, the impedance
becomes
Z= [Rew (wb ) 1

2T wC
Clearly Z2<Z1, i.e. the impedance decreases. Hence when a capacitor is
connected in series with a series LR circuit, the current in the circuit 1
increases.
Principle: Rotating coil kept in magnetic field produce ac current. Yz

N A
Construction: It consists of the four main parts:
Field Magnet: It produces the magnetic field.
Armature: It consists of a large number of turns of insulated wire in the
soft iron drum or ring. It can revolve round an axle between the two poles
of the field magnet. The drum or ring serves the two purposes: (a) It serves
as a support to coils and (b) It increases the magnetic field due to air core
being replaced by an iron core.
Slip Rings: The slip rings are the two metal rings to which the ends of
armature coil are connected.
These rings are fixed to the shaft which rotates the armature coil so that
the rings also rotate along with the armature.
Brushes: These are two flexible metal plates or carbon rods) which are 1
fixed and constantly touch the revolving rings. The output current in
external load RL is taken through these brushes.
Expression for induced emf
When the coil is rotated with a constant angular speed w, the angle 6
between the magnetic field vector B and the area vector A of the coil at any
instant tis 8 = wt (assuming 8 = 0° at t = 0). As a result, the effective area
of the coil exposed to the magnetic field lines changes with time, the flux
at any time tis
The flux at any time is,
@ = B. A=NBA cos 8=NBA coswt
The induced emf is,
do d(NBAcoswt)

TTa T dt 1
V =& =—-NBAwsinwt
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LEVEL- 11l (3M QUESTIONS)

(i) We know that if the number of turns in the inductor decreases, then
inductance L decreases. So, the net resistance of the circuit decreases and
hence, the current through the circuit increases, increasing the brightness
of the bulb.

(i) If the soft iron rod is inserted in the inductor, then the inductance L
increases. Therefore, the current through the bulb will decreases,
decreasing the brightness of the bulb. lrms=Vms/XL

(iii) If the capacitor of reactance XC=XL is connected in series with the
circuit, then Z=R. This is a case of resonance. In this case, the maximum
current will flow through the circuit. Hence, the brightness of the bulb will
increase.

(i) f=fr occurs when X =Xc.
Then the circuit becomes purely resistive. So, current and voltage will be
in the same phase.

(i) Xe=2rfL and X, = ﬁ . when f<fr, XL is small and Xc is large.

The circuit is capacitive, so current leads the voltage in phase.
(iii) when f>fr, XL is large and Xc is small.
The circuit is inductive. So current lags behind the voltage in phase.

LEVEL- | (5M QUESTIONS)

(i)

INDUCTIVE REACTANCE CAPACITIVE REACTANCE
Opposition offered by the inductor | Opposition offered by the capacitor
in flow of current in flow of current

Depends directly on frequency of | Depends inversely on frequency of
ac ac.

Allow de Block de

(i) Z2=R?+X?, If frequency of applied signal is decreased, the term
XL=wL also decreased and as a result value of impedance decreased
consequently.

LEVEL- Il (5M QUESTIONS)

(i) Device X is a capacitor.
As the current is leading voltage byg
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Xe
f —»
(iv)
| v
L sin wi,
ry I""‘R_“ ot
i sinl w i+ 2E)

LEVEL- 1l (5M QUESTIONS)

(i) Device X is a capacitor. As the current is leading voltage by /2

(i) Curve A represent power, Curve B represents voltage and curve C
represents current.

As I = I;sinwt

V =V, sinwt

As in the case of capacitor,

. . . 7T
i =ipsin (wt + E)

Average power, P= Vi=Vmimcos®/2

(iii) as, Capacitive reactance, X, = ﬁ

So reactance or impedance decreases with increase in frequency.

T

Xc
[ —=
(iv) for a capacitor
V=g/c or g=CV
=YL oy sinwt) = wCV cosot
i = dlt/ =7 mSinwt) = wCV,,cosw
V. AN n
= 1/ sin (wt + E) = 1lp,Sin (wt + 2)
wC

LEVEL- | (NUMERICALS)

Comparing it with V =V, sinwt
w = 50m
2nY = 50m
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9 =25Hz

Vm=280 V
V. 280
Vims = —= = — = 140V2 V
rms \/E \/E 1
v, 140v2
Lims = Tg“" =—0 = 3.5V2 4 1
2
(i) Resistance of the bulb, R = V? = % = 322.7Q 1
. Vims 220
(II) Irms = T = m =0.684 1
& _Ns Z
&p  Np
220 N Ve
2200 3000
Number of turns in the secondary winding, Ns=300 turns 1
1
for = 1 |L N
Q — factor = A
_ 2 Z
10 (2 x 10-°
=100 1
LEVEL- Il (NUMERICALS)
(i) Reactance = |a)L - i| = |100 x80x103 ——— | = |8 -
wC 100x250x10~3
7.96
Vims 240
I = = = 30.154 2
"™MS  Reactance  7.96 1
(ii) The total average power consumed by circuit zero.
X, = wL = 2m9L = 1000
Z=J(R)? + (X, — X,)? = 100v2Q 1
Irms=Vims/Z== %\; = 1.54 1
Pdissipated= Vimsirms=318.2W 1
(i) Efficiency of transformer,
Output power
= X 100%
Input power
90  Output power &l
100 Input power  &plp
9 90
Output power = Too Vplp = Too X 2.5x 103 x 20 = 4.5 x 10*W 1
(ii)
& Ng
Ep B Np
1 1
ES:EXZ'SX 103 =250V

(iii)
Output power = 4.5 x 10*W
o ggls = 4.5 x 10*
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_45x10*  45x10*

Is = =180 4
s & 250

LEVEL- lll (NUMERICALS)

(i) To draw maximum current from a series LCR circuit, the Circuit at
particular frequency, X, = X,
1

=39.80 Hz

19 = =
2nVLC  2Xx3.14XV8X2x107°

This frequency is known as resonance frequency.
200

ey . _K
(i) Lm—R—wO—ZA

(iii)

4

|

L] (1) =

(iv) It is define as the ratio of the voltage developed across the inductance
or capacitance at resonance to the voltage developed across the
resistance.

0 1 |L
" R|C
Circuit become more selective if the resonance is more sharp, maximum

current is more, the circuit is close to resonance for smaller range of
frequencies. Thus the tuning of the circuit will be good.

(i) Ns/Np = 100, Ns = 100 x 100 = 10000
(ii) Is=Pi/Vp = 1100/220 = 5A
(iii) Vs= (Ns/Np) X Vp = 100 X 220 = 22000 V
(iv) is=Po/Vs = 1100/22000 = 1/20 A
(V) Ps = Po = Pi = 1100W
1 1

=50rad s

. 1

(i) w, = VIC _ Vax100x10-6 _ 2x10-2
(II) Irms = vims/R= 240/60= 4A

(III) Vims = ImsXL=lmswL= 4X50X4=800 V

—_ AW

CASE BASED

(1) Copper loss, Eddy current loss, Hysteresis loss, flux loss
(2) Eddy current losses are reduced by using a laminated core.
(3) Choosing a material having small Hysteresis loop area

(4) Step down transformer.

_ A

COMPETENCY BASED

(i) rms
(i) T/4
(i) O

-
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(iv) 2202 1
2 | ()1F 1

(i) f 1

(iii) O 1

(iv) 1/314 C 1

CCT
1 (1) In LCR series circuit when inductive reactance become equal to 1
capacitive reactance then the current in a circuit become maximum
called resonance.

(2) Resonance frequency depends on value of inductor L and capacitor C 1

(3) Graph should be sharper for unique resonance frequency. 1

(4) At resonance impedance is minimum i.e. Z= R 1

SELF ASSESSMENT

1 (B) voltage leads the current by % 1
2 (D) May lead or lag behind or be in phase with the voltage 1
3 [(B)0O4A 1
4 | (B)4.5A 1
5 |A 1
6 |A 1
7 (i) X — an inductor, Y — a capacitor 1

(i) maximum (= X; = X, cosp = 1) 1
8 |é& _Ns Iz

e Np

220 Ng V2

2200 3000

Number of turns in the secondary winding, Ns=300 turns 1

OR

Vims = brmsR = 196V, 1

Vims = brmsXc =98V 1
9 Inductive reactance is the opposition offered by the inductor in flow of AC. Ve

It is denoted by XL.
Let V =V, sinwt be the emf of AC source connected with inductor in the
circuit, then an alternating current flows through the inductor, a back emf

—L Z—i is set up which opposes the applied emf.

Net instantaneous emf =V — LZ—i

But this emf must be zero because there is no resistance in the circuit
V =V, sinwt
V- LZ—i =0 (using Kirchhoff’s rule)
di V. V, .
a = Z = Tsmwt
di Vi ]
Edt = Tj sinwtdt

V
i = ——"coswt +C
wL

Over the time period T, cos wt = 0 and average value of | must be 0 so
integration constant = 0 hence
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i = isin (@t =2) (i =2) 17
Inductive reactance, X; = wL
_____________________ Voo
o <o 1
L sSire o el
P smiref oo b- :i':_.-"z:l
OR Y
Capacitive reactance is the opposition offered by the inductor in flow of ac. 2
It is denoted by Xc.
Let V = V,sinwt be the emf of ac source connected with inductor in the
circuit
Due to the continuous charging and discharging of capacitor plates, a
continuous but alternating current exist in the circuit.
At any time t, Potential difference across the capacitor plates = applied emf
q
V==
¢ q
VnSinwt = C
'—dq—d(CV inwt) = wCY, t
i= d]t/ = = (CVnsinwt) = wCVycosw
_ Ym LAV E
= 1/ sin (a)t + E) = [;pSin (a)t + 2)
wC .
Capacitive reactance, X, = —
1 sin wi . ; 11/2
I""*"f-ii:f Aot,
i, sinf wi+7m/2) 1
10 i — L — 1 — 1 = -1 1
() wr = VIC = V4x100x10-6  2x10~2 S0rads 1
(II) Irms = vims/R= 240/60= 4A 1
(III) Vims = ImsXL=lmswL= 4X50X4=800 V
11 | (i) rms 1
(i) T/4 1
(iii) O 1
(iv) 2202 1
12 Principle: Rotating coil kept in magnetic field produce ac current. Va
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Construction: It consists of the four main parts:

Field Magnet: It produces the magnetic field.

Armature: It consists of a large number of turns of insulated wire in the
soft iron drum or ring. It can revolve round an axle between the two poles
of the field magnet. The drum or ring serves the two purposes: (a) It serves
as a support to coils and (b) It increases the magnetic field due to air core
being replaced by an iron core.

Slip Rings: The slip rings are the two metal rings to which the ends of
armature coil are connected.

These rings are fixed to the shaft which rotates the armature coil so that
the rings also rotate along with the armature.

Brushes: These are two flexible metal plates or carbon rods) which are
fixed and constantly touch the revolving rings. The output current in
external load RL is taken through these brushes.

Expression for induced emf

When the coil is rotated with a constant angular speed w, the angle 6
between the magnetic field vector B and the area vector A of the coil at
any instant tis 8 = wt (assuming 8 = 0° at t = 0). As a result, the effective
area of the coil exposed to the magnetic field lines changes with time, the
flux at any time tis

The flux at any time is,

@ = B. A=NBA cos 8=NBA coswt
The induced emf is,
do d(NBAcoswt)

Cdt dt
V = ¢ = —NBAwsinwt
The emf produced is alternating and hence the current is also alternating.
Current produced by an ac generator cannot be measured by moving coil
ammeter; because the average value of ac over full cycle is zero
OR
@ (@A

(b) Zero

(c) L or C or LC Series combination of L and C
(ii) (@) R=V2/P=(220X220)/150=322.7 Q

(b) Irms=Vrms/R=220/322.7=0.68A

E =

i

_ A A
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UNIT V — ELECTROMAGNETIC WAVES
CHAPTER 8- ELECTROMAGNETIC WAVES
DETAILED ANSWERS

L1-MCQs

MARKS

ANS:

1 (c) It is a transverse wave

2 ( b) no monopole exist

3 (c)itis property of e.m. wave

4 (d) Both electric and magnetic field vectors are parallel to each other.

5.(a) LC oscillations is produced by oscillatory circuit

6.C

Explanation: Ratio = 1 because the speed of an electromagnetic wave
in vacuum is independent of its wavelength or frequency. Therefore,
the ratio of speed of infrared and ultraviolet rays in a vacuum is one.

[ N N R NN YN SN

7. A as per frequency spectrum

8.C

9. A frequency and wavelengths are reciprocal to each other.

10 .C It travels with speed of light

—_ | -

L-2 MCQ

1. (d) c=E/B

-_—

2. (a) C =Eo/Bo

3. (d) E and B are perpendicular to each other and direction of
propagation.

4. (d) E and B are perpendicular to each other and direction of
propagation

L3 - MCQs

1(a) c= 1V u0e0

2(b) ¢ = E0/BO

3.(C) frequency independent of medium

4.(C) u =clv

[N N N Y

L-3 HIGHER ORDER QUESTION(NEET/JEE)

1.(b) Beta rays stream of electron not e.m.waves

-_

2.(b) X- rays are used to investigate the structure of atom

3.(b) E lies between 100 e V to 100keV so that e.m.wave are X ray

4 (a) In e.m. wave energy densities of electric and magnetic fields are
equal. So both the field contribute equally to the intensity of the
e.m.wave

5.(a) For complete absorption of energy E, momentum transferred is
p=E/c when radiation is totally reflected ,momentum transferred is
2p=2E/C

6.(d) An accelerating charge produces a propagating e.m. wave

7.(c) Z =vR2 + Xc? = V1002+1002 = 200v/2

Id max= Vmax/ Z = 220v/2/100+/2= 2.2A
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8.(c) (u0£0)"2 = 1//u0s0 =c =LT"

ANSWER TO ASSERTION AND REASON QUESTION

1. (a) 1
2. (c) 1
3. (b) 1
4. (b) 1
5. (a) 1
6. (d) 1
7. (b) 1

ANS TO L1 SHORT ANSWER QUESTIONS (2 MARKS)
1. Infrared waves are known as heat waves because they produce 2M
heat.
When Electromagnetic waves hit body the mass is lost by the
momentum is conserved that is transferred from Electromagnetic
waves to the body.
2. Infrared red waves are the waves which are having frequency lower 2M
than the frequency of visible light range. This infrared wave causes the
electrons, whole atoms or molecules also of that material. Due to such
increased vibrations the internal energy of the material gets increased
and thereby increases in the temperature of the material and heat is
generated. Because of this reason infrared waves are also called the
heat waves.
Visible rays come next to infrared radiation in electromagnetic
spectrum having shorter wavelength.
ANS L-2 SHORT ANSWER QUESTIONS (2 MARKS) MARKS
3. As we know that, the direction of electromagnetic wave is 2M
perpendicular to both electric and magnetic fields. Here,
electromagnetic wave is travelling in z-direction, then electric and
magnetic fields are in xy-direction and are perpendicular to each other.
Frequency of waves, n = 30 MHz =30 X 108 Hz
Speed, ¢ = 3X108 m/s

Using the formula, ¢ = n.A
Wavelength of electromagnetic
waves, A = ¢/ n = (3x108)/ (30 x10°%) =10 m
Thus, the wavelength of electromagnetic waves is 10m.
4.(a) 2M
(DMicrowaves range-1GHz-2GHz

(iUV rays-range 1015-1017 Hz
(b) UE=1/2e0E? UB=B?%2;
c= 1~ poeo
E=BC ; Thus ,UE = 1/2€0(BC) ? = B%/2 po

L-1 SHORT ANSWER QUESTIONS (3 MARKS)

1.(i) Consider a plane perpendicular to the direction of propagation of 3M

the wave. An electric charge, on the plane will be set in motion by the
electric and magnetic fields of EM wave, incident on this plane. This is
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only possible, if EM wave constitutes momentum and energy. Thus,
this

illustrates that EM waves carry energy and momentum.

(i) Microwaves are produced by special vacuum tube like the klystron,
magnetron and Gunn diode. The frequency of microwaves is selected
to match the resonant frequency of water molecules, so that energy is
transformed efficiently to increase the kinetic energy of the molecules.
Thus, facilitating the food to cook properly.

(iii) Uses of infrared rays (a) In knowing the molecular structure and
therapy to heal muscular pain. (b) In remote control of TV, VCR, etc.

ANS L-2 SHORT ANSWER QUESTIONS (3 MARKS)

MARKS

2. Microwave It is produced by special vacuum tubes such as klystron,
magnetron and gun diode.

The frequency range of microwaves is 109 Hz to 1011Hz. These waves
undergoes reflection can be polarized. It is used in radar system for
aircraft navigation, speed of the vehicle, microwave over for cooking
and very long-distance wireless communication through satellite.

% X-Ray It is produced when there is sudden stopping of high-speed
electrons at high atomic number target, and also by electronic
transitions among the innermost orbits of atoms. The frequency range
of X-rays is from 1017 Hz to 1019 Hz. X-rays have more penetrating
power than

ultraviolet radiation. X-rays are used extensively in studying structures
of inner atomic electron shells and crystal structures. It is used in
detecting fractures, diseased organs, formation of bones and stones,
observing the progress of healing bones. Further, in a finished metal
product, it is used

to detect faults, cracks, flaws and holes.

% Radio Waves They are produced by accelerated motion of charges
in conducting wires. The frequency range is from a few Hz to 109 Hz.
They show reflection and diffraction

3M

ANS L-3 SHORT ANSWER QUESTIONS (3 MARKS)

MARKS

ANS 1.(i) The decreasing order of wavelengths of electromagnetic
waves is

Microwaves > Infrared >Ultraviolet radiation > y -rays

(i) Microwaves -They are used in RADAR devices.

y -rays- It is used in radio therapy.

3M

ANS: 2
1.Given: By=8 x 10°%sin [2x 10" t+ 300 mx] T

(i) Standard equation is,
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B, = By sin {2n[%+%”
= B}, = By sin [£+ ZEI}
T

A
Comparing it with the given expression:
2% _300% . A= —— m =067 cm
A 150

(i) Speed of light, C = %

E{]=C><Bu=3x133x8x][l‘°

= 2400 Vm™1
E, = Eysin (2 x 1011 t + 300 & x) Vm™?
E, = 2400 sin (2 x 101 ¢ + 300 x x) Vm!

The oscillations of E—~ and B— fields are perpendicular to each
other as well as to the direction of propagation of the wave. So we
take electric field in z-direction because oscillating magnetic field

is in y-di recti on and propagation of the wave is in x-direction.

ANS 3 3
. (@) We compare the given expression with
E_.,r = E, sin (%Et+%x)
2m 2m
= =3 —
o ; 00 © = A 300
rae. L] |- — ‘z.n_
= A= 150 m K § 3 cm
(b) B; = By sin (2 x 101t + 300 nx), C = %
0
E 30
B, = 2= =107 T
7 C_ 3x10®
Bz = 1077 sin (2 x 10" ¢ + 300 mx) T
ANSWERS TO CASE STUDY -1
1.b 1
2b 1
3.a 1
4.b 1

ANSWERS TO CCT QUESTIONS

1 (b) 54MHz to 890 MHz

-

2. (d) microwave oven

3 (d) 700 — 400 nm

4. Because they heat up the objects which are coming in their path.
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OR

The very harmful ultraviolet rays coming from the sun are absorbed by
the ozone layer in the atmosphere which is at an altitude of 40 — 50 km
from the earth's surface. And due to which very less ultraviolet light
rays from the sun reach the earth. Ultraviolet rays are very harmful to
humans which may cause skin cancer. In this way, the ozone layer in
the atmosphere plays a very protective role.

ANS TO COMPETENCY BASED QUESTION

1.b)Infrared waves because it has heat waves to generate energy

2.(d) radio waves

3. (c) cathode rays

4. (a)

ANSWERS TO SELF ASSESMENT QUESTIONS

ANS 1. The wavelength of infrared region is 8 x 10—° cm g ™
3 x 10~3 cm. So maximum wavelength of infrared region
=8x10—9cm 10~4cm. ~
2.Radiowaves are reflected by ionosphere ™M
3.a)lL.R. 1M
4.(d) Displacement current arises when electric field in a region is
changing with time,
5.(a) 1M
6. (a)X rays - used in in detection of fractures in bones. 2M
(b)Gamma rays- used in radio therapy for treatment of cancer.
7.i)andii) UV rays 2M
8. Conduction current is converted into electric field 2M
For detail answer refer NCERT text book
9. IR radiation: 3M
* It is used in infrared photography
*TV remote as a signal carrier
*Heat therapy
for muscular pain or sprain.
Microwaves :
* It is used in Radio and Television communication system
* It is used in cellular phones (Voice communication)
UV radiation:
* It is used to destroy bacteria in sterilizing the surgical instruments.
* ltis used in
Burglar alarm
* It is used to detect the invisible writing, finger prints.
10.Refer NCERT text book/GIST of this chapter 3M

CASE BASED QUESTION

Q

)

a)Greenhouse effect is due to infrared rays.

) Greenhouse effect is due to infrared rays.

1.(
2.(
3.(a

4 (b) The atmosphere of earth is richest in infrared radiation.
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FIVE MARKS QUESTION

1. a) (i) Microwaves are suitable for RADAR systems that are used in
aircraft navigation. These rays are produced by special vacuum tubes,
namely klystrons and magnetrons diodes.
(ii) Infrared rays are used to treat muscular strain. These rays are
produced by hot bodies and molecules.
(iii) X-rays are used as a diagnostic tool in medicine. These rays are
produced, when high energy electrons are stopped suddenly on a
metal of high atomic number.

b) LASER-Light amplification by stimulated emission of radiation
RADAR-Radio detection and ranging.

c) Whenever changing the electric flux (PE) in the region encircled
by loop, then magnetic field is induced.

3M+1+1
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UNIT VI - OPTICS
CHAPTER 9- RAY OPTICS AND OPTICAL INSTRUMENTS

DETAILED ANSWERS
SN ANSWERS Ma
rks
LEVEL-1 (MCQ ANSWERS)
1 c) 1D 1
P=P1+P2
4-3=1
2 | c) When an object approaches a convergent lens from the left of the lens with a | 1

uniform speed of the image moves away from the lens with a non-uniform
acceleration.

b)

A=60°,n= V3
sin(A2+6)

in&
sing

where n is the refractive index, dm is
the angle of minimum deviation, A is
the prism angle

: 43
- sm(AT*f’) = 73

AT"é=6O° = 06=60"

a) 10cm

We can use mirror formula as follows:
1 1 1

=+
v ou, f
+

=

1 —
(-20) 20
1

~ 10
= v=10cm

e ]

S =

(c) u—v curve is a rectangular parabola

(b) Air bubble in water behaves as a concave lens.

The refractive index of water is greater than that of air,
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nwater>nair.

This implies that, water is a denser medium than air.

Let us consider that a light ray passes through water and enters an air bubble.
So, the light ray enters from a denser to rarer medium. So, a ray diagram can be
drawn as given below.

The ray of light entering the air bubble will diverge, since the ray of light entering
from a denser to rarer medium bends away from the normal.

Hence, it behaves like a concave lens.

(@)

. . 1
Refractive index n = = sinC = —
n

s1n

. C =sin 1(%) .............. (1)

Here light ray enter from to water, so relative refractive index will be taken.

g 1.5
SM=— = ——
T 1.33

1 133 8
‘mn 15 9

8
From equation (1), C = sin 1(5)

(b)

In a spherical mirror, when a beam of light passing through Focus falls on the
mirror, the ray after reflection from the mirror becomes parallel to the principal
axis of the mirror.

The ray number (2) travels parallel to the principal axis after being reflected and
remains on the same side of the incident ray. The ray number

(4) is not possible because the ray cannot travel on the opposite side of the mirror
after reflection.

Hence, option (b) is correct.

(c) Rainbow is formed due to dispersion of sunlight by raindrops ,refraction and
total internal reflection inside the raindrop.

When sunlight falls on the drops of rain formation of a Rainbow occurs in the sky.
These droplets work as a prism for the rays coming from the sun. When the
sunlight gets through these droplets, it results in refraction and dispersion in
seven colors known as VIBGYOR. Then it goes to total internal reflection. This
happens due to combined phenomena of Dispersion, Refraction, and Total
Internal reflection in the atmosphere.
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Dispersion and
refraction

Bcam of
white light

Rainbow

Total internal
reflection

Violet
Refraction

Observer
(on ground) Red

10

(c) Distance between object and image =0.5+0.5=1.0m

The image formed by a plane mirror is as far behind the mirror as the object is in
front of it. Therefore, if the object is at a distance of 0.5m in front of plane mirror,
then the distance between the object and image is 1.0m.

11

(d) In normal vision, length of telescope L = fo + fe

12

(d)

(d) Focal length of the combination
1

F
P

1 1

80  (-50)

.
FZ

=—075D

8 3
7
1
ANS: F

13

a)QR parallel to BC
£AQR=60
£MQR=(90-60)
=30

£LQR=(5°-30)

=20

Similarly
<LRQ=20
06=20+20=40

or Aliter:
D=2i-A=100-60=40

14

a) convergent lens of focal length 100cm
P=P1+P2

15

a) 0°

Incident ray is always parallel to emergent ray

16

d) Infinity

17

a)infinity
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u=-Xx
V= + X
put in mirror formula

18

a)become infinite

19

Speed of lightin glass, v, -C -
Ug

Speed of lightin water is -g- times speed of light in glass
c)

20

b) Intensity of image is halved

if you cover half of a convex lens with black paper, the image formed will be
complete, but its intensity will be reduced. This is because the black paper stops
refraction through the lens, which decreases the area of the lens that's
responsible for refraction. The rays that were previously passing through the
covered region are no longer passing, so the intensity of the image will be
reduced.

LEVEL-2 (MCQ ANSWERS)

a)
This graph obeys the lens equation
1 1

u f

where f is a positive constant for a given convex lens.

1
v

this equation should be satisfied, u is always negative.

(a)
m= D/F
1/F=P
So
m= DP

(b) n1<n
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(d) 2f

Solving by l;ens formula
taking R1= infinity for plano convex lens
R2=-R

(d) 5/3

pa=1

Mg=1.5

P1=+5D

P1=1/f=(ug/ua-1)(1/R1-1/R2)=+5D. . . . .. (1)

Now, When convergent lens immersed in a liquid of refractive index y,
convergent lens act as a diverging lens of focal length —100cm

P2=1/f=(ug/u-1)(1/R1-1/R2)=-100/100=-1D. . . . .. (2)
Divide equation (1) by equation (2), we get
P1/P2=(ug/pa—-1)/ug/u—1=-5

M/p1==3(ug/u-1)

1.5-1=-5(1.5/pu-1)

0.55=—(1.5/u-1)

N=5/3

(b) V3

60°1 60°

(d) 4000
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Aa,ir
(R.1.)

medium —

om0 s 105

2000 2000

5000 A

(b) 3.72 D

When the lens is in air

When lens is in water,

o= TH <) = 4L
fll' #u' Rl R:,

1 _ (18-13Y(1 _ 1 s
sl e ( 1.33 ) (Rl RQ) (1))

Divide (i) by (ii), we get

: 1.33
or 55 = (1-5 o 1) (1> 1.33)

or, fu = 20 x 0.5 x F = 78.2cm

The change in focal length = 78.2 — 20 = 58.2cm

(d) 2f

at 2F, M=1
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10

n+r =A

0. +0. =60

[oc =30°

By applying Snells law at AB
1 sin 90 = p sin B¢
1 1 1

M= sine. T sin30 1/2

p=2

LEVEL-3 (MCQ ANSWERS)

1 B
For a biconcave lens, power P - (n — 1){ LI - 2n — 1) ul for
' (-B) (+B) R
a verlically splitted lens, power P= (n -1) {7 %} = - (n}; D = g
2 B. The light undergoes minimum deviation through the prism (i.e., r1 = r2).
3 D. Increase in the focal length of the objective and decrease in the focal length
of the eye piece.
4 | A (p+t1)*f/p

EXPLANATION

Size of the image

Size of the object a

We have given

In case of concave mirror, if the image is real then it must be inverted.
—v
Som= —n=—
u
v

orm=mn= —
U

From mirror fomula , we get

1+1710r1+u U
U v f v f
1 1
orlJr—Eoru(nJr )f
n f n
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5 C. Statements Il and IIl are correct.

6 A. The image moves slower initially and faster later on, away from the mirror
As the object moves from infinity to centre of curvature the image formed by a
concave mirror would be real and is moving from focus to centre of curvature but
as the object crosses centre of curvature and moves towards focus the image is
still real but moves from centre of curvature towards infinity and when the object
is at focus the real image would be formed at infinity So image speed is smaller
in beginning when the object is moving from infinity to centre of curvature and
increases thereafter.

7 From figure it is clear that TIR takes place at surface AC A and BC
i.,e. 450 >C
=sin45 > sinC
=>1V2>1p =2p>\2
Hence pleast=~2 77

C B

8 :a) Snell’'s law for each of the interfaces:
nsinB; =n/5.sin(90) =n/5x 1
sinB:=1/5
61 =sint (1/5)

9 D. Assertion is false but reason is true.

Explanation: If the refractive index is the same for two mediums, then the light
wave will travel in a straight line without any bending.

10 | a) When a ray of light travels from a medium to another medium having different
refractive index, the ray bends. Since in the above figure, ray of light passes
through the first lens without deflection, this means that
p1=p2

LEVEL-1 (2 M ANSWERS)

1 The phenomenon by which rays of light proceeding from an object in the denser
medium return back to the same medium when incident at an angle greater than
the critical angle for the pair of media is called total internal reflection.
Conditions for TIR
Objects should be placed in the denser medium.

Angle of incidence in the denser medium should be greater than the critical angle
for the pair of media.
M= Sin ic
2 | a)NO change in focal length
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b) If v1 and v2 denote the velocity of light in medium 1 and medium 2 respectively
and A1 and A2 denote the wavelength of light in medium 1 and medium 2.

f=v/\

The above equation implies that when a wave gets refracted into a denser
medium (v1 > v2) the wavelength and the speed of propagation decreases but
the frequency v (=v/A) remains the same

m = positive and greater than 1

In general, any given value of deviation 0, (except for i= e ) corresponds to two
values i and e. This is expected from the symmetry ofiand e as d=i+e —A, i.e,,
0 remains the same if i and e are interchanged.

Point P is the point of minimum deviation. This is related to the fact that the path
of the ray as shown in Figure can be traced back resulting in the same angle of
deviation. At the minimum deviation dm, the refracted ray inside the prism
becomes parallel to the base.

Linear magnification

Also known as lateral or transverse magnification, this is the ratio of the length
of the image to the length of the object. It's constant for all objects and takes into
account everything about the image.

Angular magnification

This is the ratio of the tangents of the angles subtended by an object and its
image from a given point. It only considers the size of the field of view that the
image occupies

m= size of image/ size of object= h2/ h1
Total magnification,
M=m1"m2*m3=2*3*10=60

The relationship between the focal length f and the radius of curvature R = 2f.
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a 7 \
C 5 /E /o
Consider a ray of light QP’, parallel to the principal axis and incident on a
spherical mirror at point P’. The normal to the surface at point P’ is CB and CP =
CP’ = Ris the radius of curvature. The ray AB, after reflection from a mirror, will
pass through F (concave mirror) or will appear to diverge from F (convex mirror)
and obeys the law of reflectioni.e.i=r.

From the geometry of the figure,
<«CPQ=06=i

In2CPF,06=r
~BF = FC (because i =r)
If the aperture of the mirror is small, B lies close to P, and therefore BF = PF

OrFC=FP=PF

OrPC=PF+FC=PF+PF

OrR=2PF =2f

Orf=R/2

Similar relation holds for convex mirror also. In deriving this relation, we have
assumed that the aperture of the mirror is small.

(A) Spherical Aberration: It is the defect of lens due to which, all the parallel rays
passing through the convex lens are not focussed at a single point on the
principal axis and hence, the image of a point object formed by the lens is blurred.
This is called spherical aberration.

(B) Chromatic Aberration: It is the defect of lens due to which the image of a
white object formed by a lens is coloured or blurred. This is called chromatic
aberration

Spherical aberration can be minimized by using stops. In this method either
paraxial or marginal rays are cut off by putting black paper on the lens so that
rent of the rays comes to a point focus.

Va

Va

a)No. A convex mirror always forms a virtual image which cannot be obtained on
a screen.

b)When a light ray passes from water into an air bubble, it enters from a denser
to a rarer medium. This causes the light ray to bend away from the normal, or
diverge, and behave like a concave lens.

Vo

Vo

Vo

Vo
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LEVEL-2 (2 M ANSWERS)

Power of the convex lens increases, because Px(u-1) and pv > ur
M < 1/ wavelength

wavelength of violet is less than that of red light.

A
20",
Q T
H
\\ ‘l\‘\ﬁ:.z
4_519\ ,’I
5% # /45
B 4 c

a)speed of light wave = frequency X wavelength

v=f X wavelength

Reflection and refraction arise through the interaction of incident light with the
atomic constituents of matter. Atoms may be viewed as oscillators that take up
the frequency of the external agency (light) causing forced oscillations. The
frequency of light emitted by a charged oscillator equals its frequency of
oscillation. Thus the frequency of scattered light equals the frequency of incident
light.

b)Benefits of using a lens combination

any two points Increasing the image’s magnification.

Increasing the sharpness of an image by reducing the flaws generated by a
single image.

Giving the constructed image about the thing.

Expanding the field of view.
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ot
Object |
2F

+

i) Convex —-The lens is concave because it diverges the light ray.

i) Concave

A

The line AB represents a concave lens because rays converging towards O,
diverge to meet at I.

LEVEL-3 (2 M ANSWERS)

(a) The scattering of light by the atmosphere is colour dependent. According to
Rayleigh’s law, the intensity of scattered light, lc1A4

Blue light is scattered much more strongly than red light. The blue component of
light is proportionately more in the light coming from different parts of the sky.
This gives the impression of the blue sky.
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(b) As refractive index of prism is different for different colours, therefore, different
colours deviate through different angles on passing through the prism. As Aviolet
< Ared therefore pviolet > pred. Hence dviolet > dred maximum deviation is of
violet colour. That is why violet colour, is seen at the bottom of the spectrum
when white light is dispersed by a prism

Advantages of reflecting type telescope over refracting type :

Chromatic aberration-Reflecting telescopes use mirrors instead of lenses, so
they don't suffer from chromatic aberration, which is the dispersion of light
according to wavelength.

Size and weight-Mirrors can be made larger and thinner than lenses, making
reflecting telescopes lighter and easier to support mechanically.

Image brightness-Reflecting telescopes produce brighter images than refracting
telescopes.

Cost-Reflecting telescopes are cheaper to build, especially large ones.

Spherical aberration-Reflecting telescopes can use parabolic mirrors to reduce
spherical aberration.

Tube length-Reflecting telescopes have shorter tubes than refracting telescopes
of the same diameter, which reduces costs

Nt
]

[t

>

5*"’ . the lens will behave as plane glass when n1=n2

:

T

LEVEL-1 (3 M ANSWERS)
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AN

Bwvw lens maker formula,

i a1 1
= “—L—l’[ﬁ—m]

F
A _ 20— 1)
F R
R\ f'/ < = oo
1 1 1
—_ — — 1 —_—
L (e )[R (—=)
N e i
f'* R 2F
Focal length of each part, F' = 2F

AABC and AA'B'C are similar triangles.

Concave Mirror

AB _CB
A'B' C'B'

Similarly, AABP, and AA'B'P are also similar triangles

AB _PB

AB' PB’

Thus, combining both the relations we get,
AB/A'B'=CB/CB'=PB/PB'

~CBI/CB'=PB/PB'

Measuring all the distances from the pole (P) we get,
CB=PB-PC

CB'=PC-PB'

Putting the values of CB and CB' in the above equation, we get,
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PB—-PC/PC—-PB'=PB/PB’
Using cartesian sign convention, we get,

PB=—u
PC=—-R
PB'=—v

Here, u is the object distance, v is the image distance, and R is the radius of
curvature.

Now, substituting the values of PB,PB' and PC in the above equation, we get,
—Uu—(—R)—R—(—v)=—u—v

~—u+R—R+v=uv

Now, by simplifying the equation, we get,
v(—u+R)=u(—R+v)

—vu+vR=—uR+uv

or

uR+vR=2uv

Now, dividing both the sides by uvR, we get,
1/v+1/u=2/R

But we know that, f=R/2

Al 1u=11f

1 1 1
-tz -x)
l:(m_l)(i_i)
f Ly Ry R,
Um 1.25

1, 133

Hm

— =0.98

Hw

The value of (u — 1) is negative and ‘f will be negative. So it will behave like
diverging lens.

b) Figure shows a convex lens placed in contact with a plane mirror. An axial
point object is placed at a distance O at a distance, OC = 20cm. As the image |
of the object coincides with O, the rays refracted first from the lens and then
refracted by the plane mirror must be retracing their path. This would happen
when rays refracted by the convex lens fall normally on the mirror l.e, the
refracted rays form a beam parallel to principal axis of the lens. Hence the object
O must be at the focus of the convex lens. f = CO =20 cm.
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Let us consider the two thin lenses A and B forming the image I and I

respectively, from the object (O) For | the distance is u and for I the distance is
.

Where v1 is the image distance, u is the object distance

For lens 'B', the lens formula is :

1 11

f2 v vl

On adding both

in the case of minimum deviation,

149




2r1=2r2=1£r
0=i1-rmM+i2-r2

0=i1+i2-(r1+r2)
r=A/2

iM+i2=A+0

i1+i1=A+dm

2i1=A+dm
i1=A+0dm/2
M = sini/sinr

Therefore, we get

s A 0]
2

K= = A
in 5

This is the required prism formula for a thin prism.

LEVEL-2 (3 M ANSWERS)

Medium a
Al B
Medium &

C.I
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refractive index of air 7,

" refractive index of denser medium ns

1 h
Rl h_;[ . Forair n; = 1]
ho real depth
o=t

- hi  apparent depth

real depth ho

.. Apparent depth h; = — -
refractive index of denser medium n

n(denser) apparent depth
Remember : =
n(rarer) real depth

For a convex mirror, f > 0 and for an object on left, u < 0
From mirror formula,

1 1 1

v f u
As f is + ve and u is — ve, so
>0~.v>0

Thus, a convex mirror always produces a virtual image, independent of the
location of the object

Object

Principal Axis ------decoomrscccmmmeacpon e g g

a)Changes in the angle of deviation as we increase:

(i) The wavelength of incident light

As we increase the wavelength, the angle of deviation decreases.

(i) The refracting angle of the prism

The angle of deviation increases with the increase in the angle of the prism

b) Refractive index of a glass prism is given by

151




sin(A + 6,,)
N
_ sin 5

p_
When the prism is held in water,

If a glass prism is dipped in water then relative refractive index decreases. So
minimum deviation angle will also decrease

c) This happens when the prism is immersed in transparent medium having
refractive index greater than that of the prism material.

LEVEL-3 (3 M ANSWERS)

: b
N e

\ C A F R

o
ii) It states that, on reversing the path of a ray of light suffering a number of
reflections and refractions, the ray of light retraces its original path.

Let us consider plane XY separating two-media Medium (say 1 and 2) of different
refractive indices.

When ray of light travels from medium i to medium 2,

The refractive index n12=

Sini/Sinr ... 0]

When ray of light travels from medium 2 to medium I.

The refractive index n21= Sinr/Sini  ........ (ii)

Multiplying equation (i) and (ii),n21xn12=sinisinr/sinr sini

n21=1/n12

i)Telescope: L1 as objective and L2 as eyepiece

Reason: The objective should have large aperture and large focal length while
the eyepiece should have small aperture and small focal length. Then the light
gathering power and magnifying power will be larger.

(i) Microscope: L3 as objective and L2 as eyepiece

Reason: Both the lenses of the microscope should have short focal lengths and
the focal length of the objective should be smaller than that of the eyepiece.
Magnifying power will be larger for short focal lengths of objective and eyepiece.
i) The aperture is preferred to be large so that the telescope can collect as
much as light coming from the distant object as possible.
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a)The two most important factors considered to increase the magnifying power
of an optical instrument like a telescope or microscope are:

1. Focal Length of the Objective Lens: A larger focal length for the objective lens
directly translates to higher magnification. This is because the objective lens
gathers light and focuses it to form an enlarged image. A longer focal length
allows for greater bending of light rays, resulting in a bigger image.

2. Focal Length of the Eyepiece: Conversely, a shorter focal length for the
eyepiece contributes to increased magnification. The eyepiece acts like a
magnifying glass, further enlarging the image formed by the objective lens. A
shorter focal length allows the eyepiece to magnify the image to a greater extent.

Additional factors:

While the focal lengths are the primary factors, other aspects can also influence
magnification, such as:

Aperture of the objective lens: A larger aperture allows for gathering more light,
resulting in a brighter and potentially more detailed image.

Distance between objective and eyepiece: Adjusting this distance can fine-tune
the magnification.

Quality of the lenses: High-quality lenses with minimal aberrations provide
sharper and clearer images, enhancing the perceived magnification.

It's important to remember that increasing magnification alone doesn't
necessarily guarantee better image quality. Other factors like resolution and
image clarity also play crucial roles in the overall viewing experience.

b) i)The objective lens of a telescope collects and focuses light from distant
objects. It should have a large focal length to form a clear and magnified image.
Lens B has a focal length of 20 cm, which is larger than lens A's 5 cm focal length.
Therefore, lens B should be selected as the objective lens1.

ii)Distance Between Lenses:

To achieve normal adjustment, the distance between the lenses should be equal
to the sum of their focal lengths.

So, the distance between lenses = focal length lens A + focal length of lens B
=5cm+ 20 cm=25cm.

iif) The magnifying power of a telescope is given by:

Magnifying power=Focal length of objective lens/Focal length of eyepiece lens.
=20/5=4

LEVEL-1 (5 M ANSWERS)

i) derivation

If an object (at a medium with refractive index p2) is placed at a distance u, in
front of a spherical surface of refractive index p2, having a radius of curvature R,
an image is formed at a distance v from that surface such that,
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an Wardarniasnianchas
3 7

0, u EL S D N g

0 Ji'rJT-—."
n Iy

For refraction at the first surface, object distance OC = OP = - u and
image distance is =v'. The radius of curvature is R1. Then the object-image
relation due to refraction at the first surface gives,
! n Ha _ U2 — g

u vl R1
he intermediate image serves as the object for the second surface. Therefore,
the object distance is =v' and the final image distance is =v. The radius of
curvature is negative, i.e. -R2. Applying the object-image relation due to
refraction at the second surface,

K M1 M1~ U2
vl v R2

adding these two equations

Hi o M1 _ K2 Ty +H1_#2
v u R1 R2
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ii)Assumptions made in derivation of Lens — maker’s formula:
(i) Aperture of the lens used should be very small
(ii) The thickness of the lens should be less

(iii) Object should be point sized and placed on the principal axis.

LEVEL- 2 (5 M ANSWERS)

a)
Evepiece
je——ug—m»i 1—;;) — > u.

" Objective ' .
B T i
Al . Fo i : "
A", : A B : e
' . ¥ '

- -

b)Derivation

Now we can calculate the magnification due to the objective lens as follows:

B
™M, = 7
In the figure we notice that tan 6@ = i = E = E = £ Using this, we get
foo L h fo

L
m, = E
Now magnification due to eye piece is given as

D D

m, = 1: =1+ —€ (Here we have used the lens formula)

Now the total magnification is given as

memn= () (4 7)
B e f[) fe
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VU D
m=——|—|—
UD fe

normal adjustment and

m:—v—0[1+fEJ—>

UU e

final image at D.
i)Explanation
Now for large magnification, mis to be large, so fe should be small and uo should
be small. Now object is placed at a distance uo from the objective which is
slightly greater than its focal length fo. So for uo to be small, fo should also be
small.
ii)When we place our eyes too close to the eyepiece of a compound microscope,
we are unable to collect much refracted light. As a result, the field of view
decreases substantially. Hence, the clarity of the image gets blurred.

LEVEL -3 (5 M ANSWERS)

i)The above figure shows the geometry of formation of image / of an object O
and the principal axis of a spherical surface with centre of curvature Cand radius
of curvature R.

Assumptions:
(a) The aperture of the surface is small compared to other distance involved.

(b)SP will be taken to be nearly equal to the length of the perpendicular from
the point N on the principal axis.

Rarer (n,) / Denser (n,)

B

At point O, a point object is placed on the principal axis of the concave surface.

The ray OS, incident at the point S of the concave surface, travels along SR after
refraction. As n2 > n1, the refracted ray bends towards the normal CSN. Another
ray OP, incident normally on the concave surface, is undeviated. The two
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refracted rays do not intersect in reality but appear to meet at point | in Medium
1.

Thus, | is the virtual image of the object placed at O.
In Figure,i=2OSC,r=2NSR=£ISC,

PO= object distance =-u,

Pl=image distance =-v

and radius of curvature =PC=-R.

Let SCP=,£SIP= and SOP=. Snell’s law is applied at the point of refraction S,

Making this assumption, we can write as
n1{i=nar

If Medium 1 be air n1=1 and Medium 2 has a refractive index n2=n, then we can
write the above Equation as

n'v—-1u=n-1/R

Mo m Mg — Ny

v u R
1.5 1 _Ls-1 1

= - =
vV (-100) 20 40
15 1 1 5-2 3

V 40 100 200 _ 200

1.5 x 200
=v= 3

= 100cm

Hence, the image is formed 100 cm in the denser medium

LEVEL-1 (NUMERICALS)

From figure r=30°, u=v3
M=sini/sinr

sini =3 sin30
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i=60

Givenf1 =+30cm, f2=-20cm

The focal length (F) of combination of given by

1/F=1/f1+1/f2

F =f1f2/f1+f2 = 30 x-20/30+(-20) = -60cm

Hence, the focal length of the combination of lenses is 60 cm. The negative sign
indicates that the system of lenses acts as a diverging lens.

n
=1/sinic

=1/sin45
=12

Yes, critical angle for a pair of media depends on wavelength, because n=a+b/A2
where a and b are constants of the media.

Here it is given that
R1=10m,R2=15cm and f=12cm. As per sign convention followed for a convex
lens, f and R1are +ve but R2 is -ve.

. 1 1 1
Hence, applying lens maker.s formula — = (n — 1)(— — —) we have
f Ry, Ry

T =035 )
:(n—l)(%+%):(n—l)x%
1

=Mn-1)=—F=—-o0on=1+_-=—-=15

LEVEL-2 (NUMERICALS)

Using lens maker formula

TR VN e U

u v1 R1

u=-30cm.R=+20cm
1.5v-1-30=1.5-120=140
=1.5v=140-130=3-4120=-1120
=v=-180cm

i.e in the air side
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Given, A =75, u = /2
#’2:7.'(‘.

1

sin 2.

1 1
fr-iczsin_l(—) =sin ! — | = 45°
I V2

=71 +rp=A

As, p =

=7 =A—1ryg =75 —45° = 30°

sin %
As, =p

sin

= sini = g x sinr; = /2 x sin 30"

.. Value of i is 45°

f= + 10cm
uw = -+ 1lbem

. 1 1 1
lens equation — = — — —
I v U

11 1
10 v +15
1 1 1 3+2
v 10 ' 15 30
5
v 30
v = 60cm
LEVEL-3 (NUMERICALS)
Angle of incidence at face ac for all three colours, i=45°

Refractive index corresponding to critical angle 45°

a

]
¥

45"

[x]

m
3

159




1

“:

sinC
- 1
M= sin 45°
p= 2= 1.414
p= 1.414

The ray will be transmitted through face “ ac’ if i <ic.
This condition is satisfied for red colour (u=1.39).
So only red ray will be transmitted, Blue and Green rays will be totally reflected.

Focal length of the objective lens, fo = 1.25 cm

Focal length of the eyepiece, fe =5 cm

Least distance of distinct vision, d = 25 cm

Angular magnification of the compound microscope = 30X
Total magnifying power of the compound microscope, m = 30

d
me: 1+f_

(1.5
- 5
=i

The angular magnification of the objective lens (mg) is related to m, as:

Mg Mg = M

The angular magnification of the eyepiece is given by the relation:

Image distance for the objective [ens(vo)

Object distance for the objective lens(—u, )

11 1

fO o VO uO
TR 1

1.25  —5Bu, Ug

_ —6

~ 5Bu
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Ue = Object distance for the eyepiece

11 1
ue _Ve fe
-1 1
25 5

- 95

SUe = =417 cm
Separation between the objective lens and the eyepiece = ‘ue‘ + ‘VO ‘
=417 + 7.5

= 11.67

Therefore, the separation between the objective lens and the eyepiece should be 11.67 cm.

i)

focal length of the objective lens, fo=140cm

Focal length of the eyepiece, fe=5cm

the angle subtended by the tower at the telescope.

Formula used:

a=h1/u

Height of the tower,

h1=100,

u=Distance of the tower (object) from the telescope=3km =3000 m

The angle subtended by the tower at the telescope is given by, a=h1/u
=100/3000 =1/30rad

Let h2 be the height of the image formed by the objective.

The angle subtended by the image produced by the objective lens,
a=h2/fo=h/2

But the angle subtended by the tower at the telescope and the angle subtended
by the image produced by the objective lens are equal.

Therefore,

1/30=h2/140

h2=140/30

=4.7cm

Final answer:

4.7cm

i)
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Given focal length of eye piece,fe=10cm
focal length of objective,fo=100cm
D=25cm

Magnifying power M= M = —f0/fe(1+fe/D)
M=-100/10(1+10/25)

M=-14

CASE STUDY

i) a) 1 cm and 10 cm respectively

m= —100, fo + fe = 10lem, fo =7, fe = 7
m = —?: — 100 . fy = 100f,
e

Now fy + f. = 101
100f, + f. = 101,
fe - ]-cmr

fo = 100f. = 100cm.

ii) The correct option is D The magnifying power of microscope will decrease but
that of the telescope will increase

A microscope consists of a lens of small focal lengths. A telescope consists of an
objective lens of a large focal length.

For a microscope,

m=(L/f0) X(D/fe)

and

FOr telescope,

m=fo/fe

Therefore, The magnifying power of microscope will decrease but that of the
telescope will increase.

iii)a) 18 cm, 2 cm

fo/ fe =9, fO = 9fe

Also fO+ fe= 20 (because final image is at infinity)
9fe + fe= 20, fe= 2cm, f0= 18cm

iV) a) 5 Compound microscope M = mg X me
T + Fy =
1/4
= 95 = /

S ——— 1
—1/38+1/4

95
= 95 = 19m, ém,a:ﬁ:5
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COMPETENCY BASED QUESTION

i) (a)The incidence angle is smaller than the critical angle. The refracted light will
therefore deviate from the normal due to normal refraction from denser to rarer
material.

ii) (b)

! M
S
hsind
R:htanﬂ‘::L
cosﬂc
. R-— hsin®

||| . 2
1-—sin Bc

Since STnElc =l :
LL

area =1 R?

iii)No.

Because in its derivation the formula Sin i/sin r = y has been used and keeping
the angles i and r very small, the approximation sin i = tan i, and sin r =tan r have
been taken. When viewed from a position quite away from the normal these
approximations do not hold good. Hence the formula "Real depth/ Apparent
depth=p" is not valid.

iv) ¢) He has to direct the beam at an angle to the vertical which is slightly less
than the critical angle of incidence for total internal reflection
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Critical angle
1

Total ifiternal
reflection

i) b) Both Assertion and Reason are correct but Reason is not a correct

explanation of the Assertion.

_______________

(real)f O (virtual)

ii) No, it will behave as a diverging lens.
Using thin lens maker formula

On using convention R1 =+ Ve, R2 =- Ve and

Hence fw =- Ve So it behaves as a diverging lens.

iii) c) 10.5

Real depth
Apparentdepth
Refractive index (u)=1.5

Apparentdepth =2+5=7¢cm
Realdepth

Refractive index (4 =

So, 15=

o Real depth =15x7=105
iv) b) d/2
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The lens formula can be written :
1 1 1

f v u

Given, v=4d

For equal size image
bl = fu| = <

By sign convention, y=-d
1

&
J

ale. o=
o -

or f=

CCT BASED QUESTION

i) d) 11
L D
max. magnification = 1 + 7
i 2D
m=1t35

m=1+10=11
m =11

ii) a) 0.05

As we know,
m=1+D/f
=6=1+25/f
=f=5cm=0.05m

iii)a) 0.1Tmm
The human eye can distinguish the two objects as close as 0.1 mm distance
apart. So the resolving power of a human eye is 0.1 mm

iv) a)
D 25
F F

SELF ASSESSMENT ANSWERS

d) Intensity of image will be reduced

165




c) Assertion is correct but the reason is incorrect

d) Assertion is incorrect but the reason is correct

b) P/2

a)40°

Here, f = — 20ecm. As the image may be real//virtual, therefore,

-
m= +3=—0Fv= +3u
U

ko 1 X % .3 1
v o ow  f T 43u w20
p 288 L. 6F —8u — 40 or 50
= - — — U = or
3u 20
— 40 — 80
LU = em ora = cm.
i= %A=—x60=45
r =45-15 = 30¢
As = S_im— 2
smr
o £ 3x10° =21 % 10° m/s
v = " \]Ir?—' = 4

Angle of incidence at face ac for all three colours, i=45°
Refractive index corresponding to critical angle 45°
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45"

_ 1
M= sin C
_ 1
M= sin 45°
M= V2= 1.414
pu= 1.414

The ray will be transmitted through face ‘ ac’ if i <ic.
This condition is satisfied for red colour (u=1.39).
So only red ray will be transmitted, Blue and Green rays will be totally reflected.

10

from Snell's Law, sin i/ sin ri= v2/3

i=45°

r1=60°

Let deviation for first ray be L1 and deviation for second ray be L2
L1=60-45= 15

Similarly,

L2=15

~ Angle between emergent rays

=15+15 =30

11

i).c) 13.5

d=2f/3

=3d/2=3x12/2= 18 cm

equivalent focal length = 3f/4= 13.5 cm

AB A'B’ L, 2x1.4x10°
9710117 5 :\,ABf—lo11
— 2.8
fe—— 2 m —
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iii) c)
Since intensity « (Aperture)?, so intensity of image will decrease but no change
in the size occurs.

iv) C)

12

- Objective | S o | Eyepiece

LI,

>

(5

G =tan 8 = —

fe
Where h is image height and f; is focal length of eyepiece.
a = tana = E

fo

Where f, is focal length of objective lens.

Hence, we get magnifying power m as,

ke fo
- h/f.  fe

The magnifying power of a refracting type astronomical telescope is defined as
the ratio of angle subtended by the final image at eye to the angle subtended by
the object at eye.

ii) a)We know that,

Magnification,

m = fo/fe =Pe/Po

Therefore, the lens of 0.5 D should be used as objective and the lens of 10 D
should be used as eye-piece in order to achieve higher magnification.
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b) The aperture of the objective lens is made larger so, that it receives as much
light as coming from the distant object and the resolving power of the telescope
increases.

i) The portion of the tube within water will shine like a mirror due to total internal
reflection. If the tube is partially filled with water, the portion of tube containing
water will no linger show this effect
ii) d) 2f

R’\ F / R

By lens maker formula,

1 1 1
?:(“71)[57(7R)j|
1 2(p—1)
F R
R\ f'/R'zoc
1 1 1
F=(Fl71)|:ﬁ7(7w):|
1 p-1 1
f' R 2F
Focal length of each part, f'=2F
iii) d) 30°
iv) d) 5/3

3k 3k >k >k 3 3k 3k %k %k %k %k %k k
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UNIT VI OPTICS
CHAPTER 10-WAVEOPTICS

LEVEL -1 MCQ
Q.No. DETAILED SOLUTIONS VALUE
POINTS
1 B 1
2 A 1
3 A 1
4 Wavelength of light, 1'=1/u=6000/1.5=4000A 1
B
5 D 1
LEVEL -2 MCQ
Q.No. DETAILED SOLUTIONS VALUE
POINTS
6 d 1
7 w; 81 1
w, 1
Wy I aq aq 9
~L=d=l g0 2L=-
WZ 12 a22 a,
8 1
9 1
10 1
a
LEVEL -3 MCQ
Q.No. DETAILED SOLUTIONS VALUE
POINTS
11 - D 1
B= d
b
12 C 1
13 C 1
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14 D 1
15 D 1
ASSERTION AND REASON
16 B 1
17 A 1
18 D 1
19 D 1
20 B 1
LEVEL-1 (2M QUESTIONS)
Q.No. DETAILED SOLUTIONS VALUE
POINTS
1 (a) In the interference pattern the bright fringes are of the same 1
width, whereas in the diffraction pattern they are not of the same
width.
(b) In interference all bright fringes are equally bright while in 1
diffraction they are not equally bright.
2 There will be an interference pattern whose fringe width is the 1
same as that of the original. But there will be a decrease in the
contrast between the maxima and the minima, i.e. the maxima will 1
become less bright and the minima will become brighter.
3 Given, A =600 nm =6 x 107" m,
D=0.8m,y2=15x103m
To calculate: Width of the slit ‘d’
Calculations: y2 = s/2xAb/d 1
d=5/2x6x10"7x0.8/15%1073 Y
= Distance, d =8 x 10° =80 um Ys
LEVEL-2 (2M QUESTIONS)
Q.No. DETAILED SOLUTIONS VALUE
POINTS
4 (i) Working of an optical fibre is based on the principle of total 1
internal reflection.
(i) (a) Light should travel from a denser to a rarer medium.
V2
(b) Angle of incidence should be more than critical angle given
by ic = sin”' (1/y) Yo
5 Coherent sources have a constant phase difference and, 1

therefore, produce a sustained interference pattern.
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These sources are needed to ensure that the position of maxima
and minima do not change with time.

Interference pattern Diffraction pattern

1+1

Diffraction is due to the
superposition

of the secondary wavelets
coming from different parts of
the same wavefront.

Interference is due to the
superposition of two distinct
waves coming from two coherent
sources.

Interference fringes may or may |Diffraction fringes are not to
not be of the same width. be of the same width.

The intensity of minima is The intensity of minima is
generally zero never zero.

All bright fringes are of uniform  |All bright fringes are not of
intensity. uniform intensity.

Diffraction from each slit is related to an interference pattern in a
double-slit experiment in the following ways:

The intensity of minima for diffraction is never zero, while for
interference it is generally zero.

All bright fringes for diffraction are not of uniform intensity, while
for interference, these are of uniform intensity

LEVEL -3 (2M QUESTIONS)

Q.No.

DETAILED SOLUTIONS

VALUE
POINTS

Waves from the distant source are diffracted by the edge of the
circular obstacle and these diffracted waves interfere
constructively at the centre of the obstacle’s shadow producing a
bright spot

1

1

Coherent sources of light. The sources of light, which emit
continuously light waves of the same wavelength, same
frequency and in the same phase are called Coherent sources of
light.

The interference pattern is not obtained. This is because the
phase difference between the light waves emitted from two
different sodium lamps will change continuously.

10

Conditions for interference. The important conditions for obtaining
interference of light are:

« The two sources of light must be coherent. i.e. they should
exist continuous waves of the same wavelength or
frequency.

o The two sources should be monochromatic.

« The phase difference of waves from two sources should be
constant.

« The amplitude of waves from two sources should be equal.

e The coherent sources must be very close to each other.

1+1
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LEVEL-1 (3M QUESTIONS)

Q.No. DETAILED SOLUTIONS VALUE
POINTS
1 Ify, and v, are the speeds of light in media 1 and 2 respectively, then distance V2
travelled by light 1 a small ime mternal T two media will BC = v, T and 1
AE = v.1 respectirel}: . V2
- D Incident wavelfmnt
In AdBC, sin: = % =% 1) Yo
In MEC, sinr i = Hgl. 1) — Yo
AC AC R AN
Combining eguzlttions E]ﬂ'] and (1), we get PMGdi“m1 Ai i = 1,
5‘111 : = 1:“., Medium 2 "\k;uf,-f/<
siny Yy - ' Refracted Ya
The above relation 15 known as Snell’s law. <y, E wavefront
2 A wavefront is the locus of all points oscillating in same phase. V2
A figure showing reflection of a plane wavefront using Huygen’s Iz
construction is given below. In the figure AB is incident wavefront \
and CD is reflected wavefront. /2
Incident wavefront
~D/Reflected V2
i wavefront
Ve
L i ¥ V2
Pz’!a’f’qffff/x’fffffff’ C/ffffffﬂ

If vis speed of the wave in the medium and t is the time taken by
the wavefront to cover distance BC, then

BC =
GI}‘;i::msl}‘. AD = ot
As AdBC and AADC are congruent.
' S = Lr
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3 Two indepenclent meonochromatic sources YA
cannot mamntain a constant phase difference,
therefore, the mterference pattern will also
change with time. sl
Consider a pomnt P on the screen. Suppose T \ A
waves from the slits 3, and 3, superpose at d| s
the pomnt to produce maximum intensity. Now, l Ol
path difference between the waves to produce s, M
maxima would be . D N
AP =n) (2]
Here AP = 5P -5 P =5M A
From AS,MS,. S,;M = §, &, sin B (v 8,8, =d)
SM=dsmnf V2
As the angle 15 very small, 1.e. sin 8 = tan 0
c AP =dtan 8
From A POO": tan 6 = % v,
2 2
AP = ({(_HJ (a2
From equations () and (), we get that 2™ maximum is obtained at
e = 2
The separation between two conrsecuti\'e maxima or miuma 15 called frmge
width. So, fringe width 15 gven by ) Yo
AITEN o Imax ﬂ
p=1, B = d
4 . A 1
Caven: ¥y = a1
- 5l
As ﬂn.P=:i,—r;r:‘=.£P=%or aq::“’;T”
- N on@ I 1
I = ID cos”- AD = ID (r.‘.:}!-; 3 ) = 1
\ s 1
LEVEL 2 (3M QUESTIONS)
Q.No. DETAILED SOLUTIONS VALUE
POINTS
5 When a plane wavefront is incident on a single slit, all the point 1
sources of light constituting the wavefronts are in same phase.
The wavelets coming out from the wavefront might meet over the
screen with some path difference, i.e., a phase difference is
introduced between them. 1
The brightness at a point on the screen depends on the phase
difference between the wavelets meeting at the point. We imagine
that the slit is divided into smaller parts and the wavelets coming 1

out from these portions meet and superpose on the screen with
proper phase difference.

The wavelets from different parts of the wavefront, incident on the
slit, meet with zero phase difference to constitute a central
maximum. In case of secondary maxima, there are some
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wavelets meeting the screen out of phase, thus, reducing intensity
of secondary maxima.

Intensity (1)
— !

of the screen = 15mm = 15X103m

e TS NS N NN
—2 e —d e (0] ] 20
Angle (8)
6 The resultant mtensity 1s gi\'enl by s
I.=1+1,+ 2,/ 11, cos ¢, where I =LI,=1+ ol
At maxima, cos ¢ = 1 V2
I =1+ 1+ 81+ 2/I(1+8])
I =20+ 21 =4] (v 8 << I V2
At minima. cos ¢ = -1
1. =1+1+38- ix.-"'j{f-f—]ﬁf} V2
(B R [ L ] y
.\'eglecting the higher power, we get I . = E(ﬂ)j = Lﬂ A
min g\ 4 1 2
7 Linear width of central maximum B= 2DAN/d V2
Angular width of central maximum (3/D= 2A/d Va
(i) When slit width d decreases, angular width V2
increase. Va
(ii) When distance D between the slit and screen is 1
increased, angular width does not change.
When light of smaller wavelength is used, angular width decrease
8 A=550 nm,d=0.1mmD=1.1m, w=?,="7
using w = 206= 2\/d, we get w=.011 rad 1
using B=2AD/d ,we get 3 =12.1 mm 1
When the screen is moved to 2.2 m from the slit, the 1
angular width will not change, linear width will
increase.
LEVEL 3 (3M QUESTIONS)
Q.No. DETAILED SOLUTIONS VALUE
POINTS
9 A=6000 A, a=1X10“m, D=1.5m
The distance between two dark lines on either side of 1
central maximum = width of central maximum
= 2A\D/a= (2X6000X10-1°X1.5) / (1X104) 1
=1.8X102m= 1.8cm
10 A=600nm , D=0.8m
The distance of second order maximum from the centre 1
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nAa nAD

~sinf x
_ (2x600x1079x0.9) — 6.4x10-5 Vat+1/2
T qsx103 e
11 (a)y3 = n. D\/d A
=3x1.2m x 6500 x 10"°m / 2 x 10°3m V2
=0.12cm
(b) Let nth maxima of light with wavelength 6500 A coincides
with that of mth maxima of 5200A. 1
m x 6500A0 x D/d = n x 5200A° x D/d 72
m/n = 5200/6500
= 4/5 2
Least distance = y4=4.D (6500A0)/d v,
=4 x6500x10"°x1.2/2x10°m
= 0.16cm.

12 =D Va
B== 12
substituting values and calculate 1

A=6x10"m %
D doubled then fringe width is doubled 1/2
D doubled then fringe width is halved.
LEVEL-1(5M QUESTIONS)
Q.No. DETAILED SOLUTIONS VALUE
POINTS
1 (a) According to the Huygen’s principle, each point of the Yz
wavefront is the source of secondary disturbance and the
wavelets emanating from these points spread out in all
directions with the speed of the wave. A common tangent
to all the wavelets in the forward direction gives the new
position of wavefront at a later time
S
\\ =] Rarer medium
; spaad of light v,
N %
| N\ &
= 1,
vptll i I.I Densar madium i_'.:l" 2
- :A*"..I spoad light v, i 1‘. "
- v 1
Yz
V2
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o BB uX 7
From AABB', sini = AT (1)
1 1.' 't-qulf %
From AAA'B', sinr = T= '1 7 (1) iz
sini _ 4
sin ¥ Uy
: ( (
We know ny = = and n, = =
! L
where n, and n, are the refractive indices of the 1* and 2% medsa.
So, Ny S 1= My SN
which 15 Snell's law of refraction.
(b) (i) Frequency remains the same. When the light of
particular frequency is incident it interacts with the atoms
of the matter, which further causes forced oscillations. As
the frequency of charged oscillator and the frequency of
wave emitted by charged oscillator is same, therefore the
frequency of reflected and refracted light is same.
(i) No, energy carried by a light wave does not depend on
its speed. Instead it depends on its amplitude
(@) (i) Light waves originating from two independent V2
monochromatic sources, cannot have a constant phase
difference. Therefore, sources will not be coherent, hence, they V2
will not produce a sustained interference pattern.
vz
1
Yz
Yz
Yz
VZ
V2
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(12) According to the superposition principle,

o (9
Y=y t), =acosof +acos(0f+¢) =2 t‘.:}s;ms(mHH)

y =4 cos (mt‘l'%)

where A 15 the amptitucle of resultant clisplacement.

=9 =
A = 2a cos 5

- - . a9
The ntensity of resultant wave will be I = kda” cos”

ro| =

9. . . . .
If Iﬂ = ka” 15 the intensity of light emitted from each source, then

I=410cos?%

(b) The path difference of & corresponds to a phase difference of 21, that 15
why. the mtensity at a pomnt would be

k= 4a” (~ Here I =#)
= 2k
!

: A . 2n :
Path difference of 3 corresponds to phase difference of R that 1s why, the

intensit}-' at a point would be
B oo 2m k
I'=4x =S 5 = =T
1 3 -

When waves from the slits meet at

(a]

a point on the screen with same s
phase. the maxima are obtained ]
and with a phase difference of
T. the minima are obtained.
Accordmg tothe Young'sexpeniment,
the path difference between the
waves 15 given by

— — 3 Screen
AP =5,0-8,0=5M

Va

i

i

i

i

V2
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L&, sin B = m

. ¥
From AQOQ', tan 6 = T
) . Ya
For a small angle, sin 0 ~ tan 6 1e. AP = T

For bright fringes, AP = nk

nil
il

Al . .
Thus, f_ = nh = Iﬂ =

S

For dark fringes, AP = (2n - 1)
Y'a

T

Thus, —— = (2n - lfI% =V, =

ro|

(2n - 1) DA
i 2n

The separation between two consecutive dark or bright fringes 1s called fringe
width.

D (n=-1)AD D

il il il

Le. B=Y -V =

Here P 1s the fringe width.

: : ‘rmiu g I] -
Given: For an mterference pattern. 7 =55 T =°F
2

aF

Al

-

ImAax

i v
& 2
1
lz-1)
min \ Gy !

2
4

Here — = — and =
ay

max (E . ])f

U
=8
I
x
I
=
I
|
I
I
[
e

]
=

2
oy 1

V2

V2

LEVEL 2 (5M QUESTIONS)

Q.No.

DETAILED SOLUTIONS

VALUE
POINTS

179




l]};

Secoudary Maxima: These are found at 8 = (n +3 -
For n™ secondary maxima, we can imagine as if the shit 15 divided 1nto
(2n + 1) parts.

L - . th
The contributions from 2 parts of the sht get cancelled. Only (2n + 1) part
of the shit contributes to the intensity at a pomt between two mimma,

With an mecrease 1n n, the secondary maxima become weaker.

Secondary Minima: These are found at 6 = .

lh - . . . . - - . - .
Forn™ munima, we can imagime as if sht 1s divided into 2n parts. The separation

. . . il
between two pomnt sources on consecutive parts will be o
= (i
As AP = By [ | =—
-1’_ ) S Iy
nh o A
AP = X9y =%

The path difference of - corresponds to phase difference of 7 (1.e. waves

meet out of phase). There are even number of parts so net intensity 13

zero at the pomt on the screen.
(b) Condition for st mummum on the screen 15 s 6, = A

As angle 15 very small 1e. s 6~ 0
(a) Consider two coherent sources §, and S,. Suppose waves from these two
sources meet at a point on the screen with a phase difference ¢ between

therr displacements.

Ifthe clisplacement 1)1‘oc|uced b}'S ) 5 y; = acosof and displacement producecl
by Sy 15y, = a cos (ot + 0) then, then resultant displacement will be

L R

y = afcos of + cos (0f + ¢)] = 2a cos 0/2 cos (0f + ¢/2)
From the above equation, we find that the amplitude of resultant displacement
54 =2a cos (0/2).
~. Intensity at the pomt,
I=id’
I=rh4acos® /2 = 41 cos” 42 [+ ]

, = ka’l

Therefore,
(1) For constructive mterference leading to maximum intensity,
0 =0, 2m =47, ...

(1) For destructive mterference leading to zero intensity,

0=xmEin 5.

Va

Ya

Va

Va

Va

i

i

i

Va

Va
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.-%ccording to the Young's experiment. the path d ifference between the waves s
AP = 5,0 - SIQ = S,M
AP

Le. sin B = — Q
d
j
From AQOO',  tanf = D y
For a small angle, sin 6 ~ tan 6 v
. vd 0
LE, AP = F
(1) For bright fringes. AP = nk
Yd . g
Thus, — =nh=2V = #AD e
D L d
. . o D .
(i) For dark fringes, AP = (2n-1) 7
Vd . (2n=1)Dh
Thus, D= {en—l)? =] - T

The separation between two consecutive dark or bright fringes 15 called fringe
width.
nihD  (m=1)AD D

B:Y-‘?_}ﬁ‘lz f d i

Here P 1s the fringe width.

(5) When we close one of the shits, we obtain a diffraction pattern. With both the
slits open, we get an interference pattern. It proves that the mterference
pattern 15 the superposition of two diffraction patterns.

[eyn=10,d = 1 mm

9D wiD 9D

np = :

l d l
a = size of aperture of each slit, d = sepafation between the slits
A A d |
l—=2== g=—=—=02mm
d a hoh

(a) To explain a diffraction pattern in case of a single slit
(iluminated by monochromatic source), we divide the slit
into much smaller parts and add their contributions at any
point ‘P’ on the screen with proper phase differences.
[Using Huygen'’s principle

Va

V2
V2

V2

V2
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We treat each point on the wavefront at the shit, as secondary sources [Usng
Huygen's princple]. _
o . . Meeting at
As the mcomuing wavefront 1s parallel to paint P

the plane of the slit, these soureces are

i phase [using Huygen's prmnciple].
The path difference between the waves

coming out from the two eclges of a

the slits 15 § S,P - §,P = §,M. \ Meeting aF
: M [ central point C

S;'I=a51119.~‘saﬁ Szl >

Forany mopomt sources, 5, and Snm the
plane ‘of the slit havi g a separ ation
y. the path difference would he

SoP - §\P = _1;'9 re. AP xjae

As the mitial phase difference 1s zero, the phase difference between the waves

[We are {aking parallel beam of light
because angles are very small

15 introduced only due to this path difference.
For the central point on the screen. 8 = 02 AP =0
Le. Ao =0
All the parts of the slit contribute 1n phase. So, the maximum mtensity 1s
obtamned at C.

Secondary Maxima: These are found at 6 = (r: +l)‘:—1
For n™ secondary maxima, we can mmagine as if the sht 15 divided mnto
(2n + 1) parts.
The contributions from 2n parts of the slit get cancelled. Only (2n + 1]Eh part
of the shit contributes to the intensity at a pomt between two mumuma.

With an increase in n, the secondary maxima hecome weakey.

. ni
Secouﬂary Minima: These are found at § = v

Forn ™ numma, we can IMAgine as 1f slit 15 divided mnto In parts. The separation

. . . fl
between two pont sources on consecutive parts will be o

{l

As L\.P=8_‘|;_ _ [=§
_ WA a4 A
AP = T

The path difference of - corresponds to phase difference of 7 (1.e. waves

meet out of phase). There are even number of parts so net mtensty 1s
zero at the pomt on the screen.
(b) Condition for 1st minimum on the screen 1s @ sin 6, =

As angle 1s very small 1.e. sn B~ B

V2
V2

Ya

Vo
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i 20d minimum
=7 ,\<
ol - 9) ‘ <7 8, ™Y 1% minimum
For 2 munimum, 6, = == Y Jrg
- gobugtoim el ] .
iR 5
- 5t : R M
Angular width of 1™ secondary maximum, 1 = s minimum
"}. :J ;’ .J'!"-L,\ .-;j
=L Lo 0, . (
@ a a ) 5

o 4 - -
The central fringe Lies between 1™ muma

on hoth sides of the central maximum. Hence, the angular width of

central fringe 15 gven by 26 = %
Hence, the angular width of central fringe 15 twice the angular width of first
fringe.

(t) The maxima hecome weaker and weaker with increasing #. This 1s because
the effective part of the wavefront, contrilmting to the maxima, becomes

smaller and smaller, with mcreasing n.

6 (a) (i) Interference is the superposition of light waves from two 1
different wavefronts originating from the same source, while the
diffraction is the interaction of light waves from different parts of
the same wavefront. 1
(ii) In an interference pattern, fringes may or may not be of the
same width, while in diffraction pattern, they are never of the same 1
width.
(iii) In an interference pattern, bright fringes are of uniform 1
intensity, while in diffractions pattern, they are of varying intensity. :/2
(b) Given: L = 5 X 107" m.D=1m, y =25 X 107°m /2
We know that the half of the width of the central maximum, V= %:’.3
=25 % 107 = %{]_,X
©a =92 %107 m or 200 pm
LEVEL 3 (5M QUESTIONS)
Q.No. DETAILED SOLUTIONS VALUE
POINTS
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The wavelength of imcident light should he
comparable to the aperture of the slit/
opening or size of the obstacle.

We consider asingle stAB on whichaplane & ¢ Y i

wavefront 1s madent. The sht width 1s so ‘ "}JE]}'A;’

small 1n comparison to the distance of the EE" Dk
screen from the slit that the rays coming P

out of it, can be considered almost parallel.

According to the Huygen's principle, each pomt on the sht
will behave like a fresh source of secondary wavelets, The
waves from the different parts of the same wavefront reach
a point on the screen and superpose to form a diffraction

pattern.
For n” secondary mimmum, a sin 8, = nk, wheren =1,2, 3 e

a sin O, 15 the path difference between the waves reaching a point on the
screef.

We can mmagme as 1f the shit 1s divided nto 2n parts.

The separation between two adjacent parts of the shit 1s
a/2n. For a separation of 4, the path difference 1s nk. So,

for a separation of a/2n, the path difference between the
waves will be AP = 14 a ‘:
_ ) a  2n 2

re. the phase difference, Adp = m will be there and the

waves will superpose clestructively. We find the fringes
of minimum intensity on the screen.
th - car _ g S _ a9 a
For n° maximum, a sin 0= (2n + 1) 7 wheren =1, 2, 3, ..........
We can imagine as 1f the sht 1s divided mto odd number of parts (e.g. 3. 5,
7, etc.).
. . th A . .o
In this case, only (2rn+1)" part of the shit illuminates the screen. This 1s the
reason why the intensit}; of secondary maxima falls 1"apic|l§-‘.
The pattern given below shows the variation of mntensity (1) with angle (8).

1
2

< /\/\/ /\/"\

=2hla  =a 0 Wa 2hla

Intens!

Angle (8)

Va

Va

Va

Va

Va

Va

Va

Va

Va

Va
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(a) According to the question, A
1
X, ==B
R _} ‘yz
_ L
4 iz
o _
Path clﬂmence 1 1
Phase difference,
S Y %
¢ o4 2
I'=4l, cos’ 2 = 4, cos’ X = 2, V2
2 +
(6) If1, and I, be the mtensities of waves from the sources, then the net intensity will V2
bel =1 +1I,
. , Y
(€) 8= 10% ['.'Ea,,zﬂ
: d "od
: - th : %
8 = angular fringe width of 107 maxima A
8= fE (independent of n)
(d) x," — x,™" = 5::) —(2x5-1 |%%
o
=0-51
= 925 }‘i
T od
gy (1) & = 5Hm
I = 4708”2 = 0
Therefore. dark fringe will be formed.
() & = 2n
L 1= 4lcos® 2 = 4
Therefore, the colour of fringe will be bright red.
(a) At the first minimum, n = 1 in equation [ a sin® = nA, for Ve
n=1.223,..1]
. . 1
Solving for a, we then find 72
a=nA/sin@ = (1) (650 nm) / (sin15°) v,
=2511 nm=2.5pum
Therefore, the value of a the first minimum for red light of 1
A =650 nm be at 6 = 15° would be 2.5 ym. For the incident
light to flare out that much (£15°) the slit has to be very fine
indeed, amounting to about four times the wavelength. 72
1
Note that a fine human hair may be about 100 ym in 1;2
diameter. 2
(b) This maximum is about halfway between the first and 1
second minima produced with wavelength N'. we can find
it without too much error by putting n = 1.5 in equation Va
[a sinB = nA, forn=1,2,3,...], obtaining a sinB = 1.5 \' V2

Solving for A' and substituting known data give
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AN =asin6/1.5 = (2511 nm) (sin15°)/1.5 = 430 nm

From the above observation we conclude that, the wavelength A'
of the light whose first side diffraction maximum is at 15° would
be 430 nm. Light of this wavelength is violet. The first side
maximum for light of wavelength 430 nm will always coincide with
the first minimum for light of wavelength 650 nm, no matter what
the slit width. If the slit is relatively narrow, the angle 6 at which
this overlap occurs will be relatively large, and conversely

LEVEL -1 (NUMERICALS)

Q.No. DETAILED SOLUTIONS VALUE
POINTS
1 a=A and b=2A, 6=11/3
R =+a? + b2+ 2abcos 6 Y%
Substitution & calculation 11
R=AV7 Y%
2 _ 2D VZ
B = 12
Substitution and calculation v,
B=0.5mm 2
LEVEL -2 (NUMERICALS)
Q.No. DETAILED SOLUTIONS VALUE
POINTS
1 dsin® = (2n+1)3 11/2
onn = 1 substitution and calculation 1,
d=1.5x 10m 2
2 For first secondary maxima position x= 3\/2a Ve
_ 311 %
x1 -
2a
312
X2 =S, Y
Spacing = x2-x1= _(30(12—/11) 72
=9x10%m
LEVEL -3 (NUMERICALS)
Q.No. DETAILED SOLUTIONS VALUE
POINTS

If a=b
11 = 12|e az = bZ
when one slit is covered by glass

b2_50 2b_a
1007 T2
a.,
I a+ b)? (a+7)
max_( ) _ V2 — 33.94

Lnin B (a— b)z - (a— %)2

i
V2

1

1
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CASE BASED

Q.No. DETAILED SOLUTIONS VALUE
POINTS
1 (i) a 1
i) a 1
(i) a 1
(iv) d 1
2 i d 1
i) ¢ 1
(i) ¢ 1
(iv) c¢ 1
COMPETENCY BASED
Q.No. DETAILED SOLUTIONS VALUE
POINTS
i
1 Baoubie stit = FD 72
2
Bsingle slit = % A
10Baoubie siit = .Bsingle slit
Substitution and calculation iz
a=0.2mm 1
Ve
CCT
Q.No. DETAILED SOLUTIONS VALUE
POINTS
1 In air angular width 6, = g =2° 1
i — £ — i =
In water angular width 6,, = D= 13 0.15° 2
SELF ASSESSMENT TEST
Time allowed: 1 hour Max. marks: 25
Q.No | QUESTIONS MARK
. S
1 (d) same frequency, phase and amplitude 1
2 (d)0.15cm 1
3 a) the wavefront is spherical 1
4 (d) 0.6 nm 1
5 d 1
6 C 1
7 That phenomenon is called as diffraction. Va
Diffraction occurs when the dimensions of diffracting body have a
size equivalent to the size of the wavelength of light. 1
Diffraction has application in holography, grating and more.
Ve
8 The distance of the nth minimum from the centre of the screen

is, xn=nDA/a
where, D = distance of slit from screen
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A= wavelength of the light
a = width of the slit

For first minimum, n =1 Va
xn=3%103m
A=600%10"°m V2
D=12m
3x1073=1x1.2x600%x107%a
a=1x1.2x600x107°/ 3x1073 V2
a=0.24mm
9 a) Let the intensity through one of the slit be 11=l.
So, intensity of light through the slit covered by glass 12=0.5I 2
Maximum intensity Imax=(\l1+l2)2 72
= Imax=(I1+V0.51)2=2.9I y
Minimum intensity Imin=(11—VI2)2 ’
= Imin=(N1-V0.51)2=0.086| 1
Thus ratio of intensities Imaxlmin=2.9: 0.086=33.8
b) If white light is used instead of monochromatic light, then a 1
white fringe is observed at the center of the screen and the
coloured fringes are formed at different positions of the
screen.
10 Ap = 590nm = 5.9 x 10 'm
Wavelength of another light beam, A — (2) = 596nm = 5.96 x 10 "m iz
Distance the slits from the screen = D = 1.5m
Distance between the twoslits & = 2 x 10~ *m
For the First secondary maxima, J
sinf = 3 - 1
20 V2
- 3nD and ya = 3MD
2cx - 2cx
*. Separation between the positions of first secondary maxima of two sodium
lines A
X1— X2 = %(AE_’\IJ 5
= 3X1% (506x107 5.9 x1077) 12
2x2x 1[1r
= 6.75 x 10 °m
11 i) B 1
i) A 1
iii) D 1

iv) Wave nature
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12 {a) When waves from the shts meet at Q
a point on the screen with same s
. . 1
phase. the maxima are obtained v A
and with a phase difference of
7, the minima are obtained. o~
According tothe Young'sexperiment,
the path difference between the
waves 15 given by YA
= - 1 Screen
AP =5,0-8,0=35M
< 5 >
Le. sin B = —
@
From AQOO', tan 6 = 24
: D
) . Ya
For a small angle, sin 8 ~ tan 6 1e. AP = j
For bright fringes, AP = ni.
nt . v nAD
Thus, o nh = Iﬂ ==
. . .
For dark fringes, AP = (2n - L5
Ya A (9n -~ 1)D
Thus, % =m-1==2VY, = —on
2 & %
The separation between two consecutive dark or bright fringes 1s called fringe
width.
. B-y _¥ nhp m=1)AD  )p
llE| . = — = P EEEE— = —_—
n n-1 1 a (I ‘yz
Here B 1s the fringe width.
L : j-miu 9 j-] -
(5) Given: For an interference pattern, 7 =95 T °
max o= 2
. ¥ v
2 {—— l}
Ir] a] i v a’! !
Here A and = =
9 ay - é
2 @ max (_] +1 ] »yz
\dy
l § 5
o} @
) fy ]
2 L _ 9 2 _3 A
_] } | _]+] J 'yz
a1, -
- 3 ’+1'] '(a] 1) > =4
— = hl=—= —
| & | @ .
2 2 ) A
2 .
aJ_ 4 _16 ,
I gl V2
3k 3k sk 3k sk %k kok sk k
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UNIT VIl DUAL NATURE OF RADIATION AND MATTER
CH 11 DUAL NATURE OF RADIATION AND MATTER

LEVEL-1 MCQ
Q.NO DETAILED SOLUTIONS VALUE
POINTS
1 Answer: (c) Work function 1
Explanation: minimum energy required to remove an
electron
2 Answer: (b) X-rays emission 1
Explanation: they are due to transition is the inner energy
levels of the atom
3 Answer: (a) UV radiations 1
Explanation: The ultraviolet photons have
enough energy to knock the electrons out of the
metal
4 Answer: (d) Cadmium 1
Explanation: Cadmium is not sensitive to visible light.
5 Answer: (d) None of these 1
Explanation: Because photos are chargeless
6 Answer: (d) X-Ray Emission 1
Explanation: The emission of electrons does not take
place in X-Ray Emission
7 Answer: (a) It varies with the frequency of light. 1
Explanation: The kinetic energy of the emitted electrons
varies with the frequency of light.
8 Answer: (a) Converts light energy into electricity. 1
Explanation: A photoelectric cell is a device that
converts light energy into electricity.
9 Answer: (a) Electrons 1
Explanation: A cathode ray consists of electrons.
10 Answer: (c) R.A Millikan 1
Explanation: R.A Millikan gave the theory of
quantization of electric charge.
1" Answer: (d) Cadmium 1
Explanation: Cadmium is not sensitive to visible light.
12 Answer: (b) Photocurrent 1

Explanation: Wave theory can explain diffraction,
polarization and interference but could not explain the
photoelectric effect. The photoelectric effect is
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explained by a quantum theory which treats light as a
particle.

13

Answer: (d) None of the above
Explanation: None of the given options deflect photons.

14

Answer: (a) Energy
Explanation: The photoelectric effect is based on the law
of conservation of energy.

15

Answer: (c) Rest Mass
Explanation: Photon do not possess rest mass.

16

Answer: (b) h/A
Explanation: By de-Broglie hypothesis

17

Answer: (a) 4V

Explanation: Stopping potential is the negative potential
applied to stop the electrons having maximum kinetic
energy.

18

Answer: (b) h/e
Explanation: v=hvo+K.E
at stopping potential KE=eV
=hv=hvo+eV

V=h/e (v-vo)

19

Answer: (a) wave like behavior of light.
Explanation: light is a particle containing energy
corresponding to their wavelength.

20

Answer: (a) electron.
Explanation: electron is faster because proton needs
much more energy to get up to same speed.

LEVEL-2 MCQ

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS

Answer: (b) work function of surface
Explanation: This is minimum energy required to
remove photo electron.

1

Answer: (c) 3000 A°
Explanation: W.(eV)=12375/ Ao
=>N0=12375/ 4.125=3000 A°

Answer: (a) 1V
Explanation: KE = eV,

Answer: (b) electron
Explanation: At constant velocity, wavelength (A) is
inversely proportional to mass of the particle.

Answer: (c) 1:3
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Explanation: K.E. = Photon energy — Work function.
~K-E2/K-E1=(1-0.5)/ (2-0.5)=0.5/1.5=1/3

Answer: (d) 3A.
Explanation: by using Einstein’s photo electric
equation.

Answer: (c) decrease by 4 times
Explanation: by using formula A = 12.27 / VV

Answer: (d) 1.82x107'5 m s—1
Explanation: Aparticle=Aelectron
h/mpVp=h/meVe

or, mpVp=meVe

Answer: (a) < 2.75x10™% m
Explanation:

=34
P - 6.63x10 =2.668x10° m

2mKE V2x9.1x107 x0.21x1.6x107"
, 267%10%m

]
1l

10

Answer: (d) hc/2A

Explanation:

Kmax2=3Kmax1 .2hcA-$0=3(hcA-¢0)
=3p0-p0=3hcA-2hcA

=2¢0=hcA

=¢0=hc2A

LEVEL-3 MCQ

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS

Answer: b

Explanation: %2 mv? = 3hvo
v2=6 hvo/m
v =6 hvo/m

1

Answer: b
Explanation: vmax=\/]2m (KEmax) |= \/]2m (Eph—W)|
vi/vo=N0.3/2.7=N1/9=1:3

Answer: c
Explanation:
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E nhvo n he
P = — I — I — —
t t t A
1519
Pl . 1.04x10 Xl~40=2.48)<]0l5
520
15
Pz _ 1.38x10 XI240=3.72X1015
460

P,  3.72x10" _
P, 2.48x10'®

Answer: a
Explanation:
n he

A

n PL 38x10%x550x10"° 4
Sm—m— =1x10
t he  6.6x10**x3x10%

Answer: b
Explanation:

he _ (6.6::10‘3“xsxlo”)fl.exm""J_]zm

E=hv= =
A 410x107° 410

E=304eV

Answer: d

Explanation: Incident Frequency<Threshold frequency
Therefore, no photoelectrons will be emitted.

= Incident Frequency>Threshold frequency then,
n«|

'n’ is the number of emitted photoelectrons

-~ Photoelectric current will be "Zero’

Answer: b
Explanation: wO=hc/A....... (1)
2w0=hc/A1...... (2)
2(hc/A) = he/A1
A=A/ 2

Answer: c
Explanation: KE1=hv-WO0.....(1)
When frequency is doubled.
KE2=2hv-WO0.....(2)
i.e., (2hv=-W0)>(2hv-2WO0)
So, kinetic energy of the photoelectrons will be more
than doubled

Answer: b
Explanation: A=h/ \2mKE
Ax1/NKE.

193




if we double the kinetic energy,
Ax<1N2KE
Acc1/N2

10

Answer: d
Explanation: Maximum kinetic energy of the emitted
electrons from the photosensitive plate is given by,

K = % i I.:v'narc _.Iz =hv—¢,

max

Hence, maximum velocity depends on frequency of
incident light and work function of plate both.

LEVEL-1 (2 M QUESTIONS)

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS/STEP
MARKING

E = hc/A
Ex1/a

clearly when wavelength 1 is doubled,
Energy of photon reduces to halved.

1

1

Wavelength is inversely proportional to work function,
so metal A with lower work function has higher threshold
wavelength

)\=h/p:h/\/2mK,
Ae > \p

B line represents particle of larger mass because slope
1/Am

Gain in K.E =qV %2 mpvp 2 =qp V, %2 mava 2 =qa V %
mava 2/ %2 mpvp? = qa
Va?/Vp?=qa/gax mp/ma=2/1x1/4=1/2

Va /Vp = 172

K.E. of photoelectron KEmax==h (v—v0) KEmax = h(cA
- ¢A0) = mv2 max/2, vmaxx 1 VA

As the wavelength of incident light decreases, the
velocity of photoelectrons increases.

E = hc/A = 6.6x10734x3x108 / 330 x10° = 3.767eV ¢o =
4.2eV Since E < WO no photo electric emission.

Since electron ejection is difficult from copper than
sodium, so copper has greater work function than
sodium.

As threshold wavelength is inversely related with work
function, so sodium has higher threshold wavelength
than copper.
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LEVEL-2 (2 M QUESTIONS)

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS/STEP
MARKING

Since photoelectrons are not emitted by yellow light, so
electrons will not be emitted by red light.

Since green light is able to emit electrons so blue light
will emit electrons with large velocity.

A a 1/Am ma > mp = mn > me,
Ae < Ap =An > Aa

Non-metals have high work function.

No, energy of photon is less than work function.
_ 6.6x10x3x10
~ 6800x10x1.6x10
=1.8Ev

No, most electrons get scattered into the metal.
Only a few come out of the surface of the metal.

LEVEL-3 (2 M QUESTIONS)

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS/STEP
MARKING

(i) From Einstein photoelectric equation,

eVO0 = hv- ¢0 — VO =hv/e - $0/e

= slope of the line AB = AVO/Av = h/e

the threshold frequency of Metal A is greater than
the Metal B,

Therefore the work function of Metal A is more
than Metal B

(i) Intercept on potential axis = - ¢ole

1

M2.

The momentum of a photon having energy (hv) is given
as:

A=h/p .... (i)
De Broglie wavelength of the photon is given as:
A=h/mv But, p = mv
Therefore,
A=h/p...(ii)
From equations (i) and (ii), it can be concluded that the
wavelength of the electromagnetic radiation and the de
Broglie wavelength of the photon is equal.

195




LEVEL-1 (3 M QUESTIONS)

Q.NO DETAILED SOLUTIONS VALUE
POINTS/STEP
MARKING
1. The photoelectric current increases proportionally with 1
the increase in intensity of incident radiation.
Larger the intensity of incident radiation, larger is the 1
number of incident photons and hence larger is the 1
number of electrons ejected from the photosensitive
surface.
2. Metal B will yield more photo electrons. 1
Work function of Metal B is lower than that of A for the
same wavelength of light. 1
Hence metal B will give more electrons. 1
3. Photo current
———— l]
—1, 3
7 ——
: 1 /
v Collector potential
4.
vy = xvy | intensity samea |
,-Jo::_?jf_——_:i-*
/ | 3
1 | saturated current
e,
—* potential
5. Definitions. 1
From Einstein’s photoelectric equation, eV0 = hv — ¢0
for v > vO0. 1
Cut off voltage VO = (h/e) v — (90/e) h/e is the slope of
the graph. 1
v0 = ¢0/h
LEVEL-2 (3 M QUESTIONS)
Q.NO DETAILED SOLUTIONS VALUE
POINTS/STEP
MARKING

(a)Einstein photoelectric equation can be used to
determine the plank's constant 'h'. We know, the slope
of the graph is plank’s constant h= ml/2n

1
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(b) From the graph 2do/m = | 249 Hence, the work
function will be 0 = ml/2
(c)The threshold frequency is the intercept on horizontal
axis

a) No kinetic energy or photoelectrons depends on the
energy level from which it comes out. Electrons from
different energy levels beer different kinetic energies.

b) No kinetic energy depends on the energy of each

photon only and not on the number of photons (i.e.
intensity of light).

c)The number of photoelectrons depends on the

intensity of incident light.

(i) X as has smaller threshold frequency

(i) Since Y > X so KEy > KEx Therefore x gives out
electrons with large KE

(i) no change

LEVEL-3 (3 M QUESTIONS)

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS/STEP
MARKING

(@) 1 and 2 correspond to same intensity but different
material.

(b) 3 and 4 correspond to same intensity but different
material. This is because the saturation currents are
same and stopping potentials are different. Intensity of
light photoelectric current

(@) 1 and 3 correspond to different intensity but same
material.

(b) 2 and 4 correspond to different intensity but same
material.

This is because the stopping potentials are same but
saturation currents are different

(i) Slope is determined by h and e (or slope is
independent of the metal used).
(ii) Intersect of lines depend on the work function.

1%

1%
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h
g = —— 1
N 2myq Vi
1
Ay = J__
quqVB
Ay _ ZmquB msz
Ay 2myqV i Va
1
. B’.‘\ = ?“B
NAA
ml<m2
Therefore, mA <mB
LEVEL-1 (5 M QUESTIONS)
Q.NO DETAILED SOLUTIONS VALUE
POINTS/STEP
MARKING
1. i)
A 2
photoelectric
current /
0 intensity
ii
) o _‘JL 2
‘g § >1
5 S
-V, Anode Potential (V) —b‘; 1

Retarding Potertial

ii)

Photoelectric current —>

5= Frequency
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LEVEL-2 (5 M QUESTIONS)

Q.NO DETAILED SOLUTIONS VALUE
POINTS/STEP
MARKING
1. (1) de Broglie wavelength
LI _, f : 1
P2 mqV
For same V, A a _l
y my 1
A b Mgy ",."4m/’ 9%
}\_u B \ m,q, B ‘\ m, e 1
= xﬁ = 2\2
Clearly, &, >4,
Hence, proton has a greater de-Broglie wavelength.
(iz) Kinetic energy, K =gV 1
For same IV, K o q
i > ql = B0 1
K, gq, 2 2
Clearly, K, < K,,.
Hence, proton has less kinetic energy.
LEVEL-3 (5 M QUESTIONS)
Q.NO DETAILED SOLUTIONS VALUE
POINTS/STEP
MARKING
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(1) Intensity of incident radiation I = nhv
where [ is number of photons incident per unit time
per unit area.
For same intensity of two monochromatic
radiations of frequency v, and v,)
mhv, = nyho,
As v, >0, = N1, > m
Number of electrons emitted for
monochromatic radiation of frequency
vy, will be more than that for radiation of
frequency o,.
(i) ho = ¢, + K.
For given ¢, (work function of metal)
K|, iNcreases with v
 Maximum kinetic energy of emitted
photoelectrons  will be more for
monochromatic light of frequency v, (as
vy > Uy).

LEVEL-1 (NUMERICALS)

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS/STEP
MARKING

Energy E=1 MeV = 1.6 x 10 137,
p = E/c=5.33x 10"2°2Kg m/s

1

A1=1227/\V A0forV=4V,
1=12.27/V4 A =6.1354°

A =1.227AV nm = 1.227/N100 =1.227A0 X rays

KEmax =3 eV => 3eV =eV0 =>V0 =3V

LEVEL-2 (NUMERICALS)

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS/STEP
MARKING

v=6x10¥“Hz, P=2x10°W
i) Energy of photon = E = hv = 6.6x10** x 6 x10%4 =
3.98 x101°J
i) If N is the number of photons emitted per second by
the source then
Power = N x energy of photon
P =NE N =P/E =2x10°/3.98 x 10*° =5 x 10%°
photons per second

Vs =3V and Kmax = eVo, so Kmax = 3 eV

(i) A = 2000 A = 2 x 10-"m. Energy of incident photon
=hc/A=6.6x103x3x108/2x107=6.20 eV
W =E - Kmax = 3.2 Ev.
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Kmax = hv — ¢0

i) 6.63x10-34x 6 x1014/1.6x10-19 — 2.14eV = 0.314eV
ii) eV0 = Kmax = 0.314eV VO = 0.314V iii)345.8
X 103 m/s

LEVEL-3 (NUMERICALS)

Q.NO DETAILED SOLUTIONS VALUE
POINTS/STEP
MARKING
1. Ans:
Given wavelength is A = 2000A° = 2x10™" m, ¢o=
4.2eV. 1
The kinetic energy is K.Emax = 1/2mv?max = 1
hv-12 mV?max
= hc/A-¢o = (6.6x10734x3x108 /2x1077) — 4.2 V2 1
mV2 max = 2eV. This is the K.E of the fastest
electron is 2eV
The velocity of the slowest electron would be zero, hence
the kinetic energy it possesses is also zero
2.

According to Einstein’s
photoelectric equation,

. ho 0
Vo=V ‘?ﬂ
In the given graph :

Stopping potential, V, = 1.23 V
Change in frequency, Av = (8 x 101 - 5x 1014)

=3 x10¥ Hz
Slope of the line = g
v
gbﬁ%: 3:1‘?;14’ v e=16x101C
-19
= 2R 5= 66 x 1M S
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3. Given : A = 5460 nm = 5460 x 10° m &g =? 1
Energy of the photon (K) = mn (D)
. h h .
de-Broglie wavelength, (Ag) ; W A1)
Ag = h E 1
- | he - \}2?1‘?(‘
2m.—
VR
1
| (6.63x107#) x (5460 x 10°) |2 1
T 2%(9.1x10731) x (3% 108)
=2575x 1070 m
CASE BASED
Q.NO DETAILED SOLUTIONS VALUE
POINTS/STEP
MARKING
1. i) d 1
i) b 1
i) 1
iv) b 1
COMPETANCY BASED
Q.NO DETAILED SOLUTIONS VALUE
POINTS/STEP
MARKING
1. i) a 1
ii) a 1
iii) b 1
iv) a 1
2. i) b 1
i) d 1
iil) ¢
iv) a 1
CCT
Q.NO DETAILED SOLUTIONS VALUE
POINTS/STEP
MARKING
1. i) b 1
ii) a 1
iii) a 1
1

iv) a
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SELF ASSESSMENT

Q.NO

DETAILED SOLUTIONS

VALUE
POINTS/STEP
MARKING

lectron

e
3

e
1

3A
decrease by 4 times

b.
C.
d.
C.
D
B

— | | -

N WINI~

Energy of incident photon E=72400 eV / A (in A°)

So E=12400/6800=1.82 eV

Since the energy of photon is less than the work function of
sodium.

So sodium does not show photoelectric effect for orange
light.

eVo=hv—hwvo
On comparing with the Y=mX+C

We can observe that more the intercept on the Y-axis
or VO more is the frequency (vo).

Hence from the graph, the threshold frequency of Metal A is
greater than the Metal B,

Hence the work function of Metal A is more than Metal B.

a. Mass of the deuteron is twice the mass of the
proton, hence the proton will have a greater
value of De-Broglie wavelength associated with
it.

b. Since, proton has a greater value of De-Broglie
wavelength associated with it, hence it will have
less momentum as compared to the momentum
of deuteron.

1%

1%

10

0 hv_E_ﬁ.ﬁS x 1073 x 3 x 10°
BV 4x10°7

49725 %107 1?
=4 197
9725 x 107" 16<10-0 eV

=3,108 eV
;. Voe=hv—¢=3108-18=1308 eV

Va
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(ii) Voe= %I“Hﬂzm

V2
v = 2Vqe
Vv m
- _\/Exl.SﬂBxl.ﬁxlﬂ_’g 1
Coma 9.1 x 10~ 3!
= 6.782 % 10° m/s
11 i) a. diffraction and photo electric effect 1
i) d. become half 1
iii) b. Momentum 1
iv) d. v = h/ Am L
12 a. Definition. 1
Any two characteristics. 1
b. Correct Graph 1 1
Correct Graph 2 ?I
Correct Graph 3
OR 2
a. Correct derivation 1Y%
b. i) correct explanation 17

ii) correct explanation

3k %k %k % 3k %k %k %k %k %k %k k
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UNIT VIII ATOMS AND NUCLEI
CH 12 ATOMS
Level 1(MCQ QUESTIONS)

Q.NO DETAILED SOLUTIONS VALUE POINT
ISTEP
MARKING
1 B) Thomson 1
2 B) Atoms have a nucleus 1
3 C) Protons and neutrons 1
4 B) Negative 1
5 B) Fixed orbits 1
6 B) Emits energy 1
7 B) Balmer series 1
8 B) Negative 1
9 A) Quantized 1
10 B) 1 1
11 C) Bohr’s model 1
12 C) The constant used in calculating the wavelengths 1
of spectral lines
13 B) Balmer series 1
14 C) Rutherford 1
15 C) Electron 1
16 B) Quantized 1
17 C) Neutral 1
18 A) First orbit 1
19 A) Could not explain atomic spectra 1
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20 C) Ultraviolet 1
Level 2 (MCQ QUESTIONS)
Q.NO DETAILED SOLUTIONS VALUE POINT
ISTEP
MARKING
1 A) Electrons in higher orbits have higher energy. 1
2 A) Lyman series 1
3 A) Energy level of the electron 1
4 B) Electrons do not radiate energy while moving in 1
orbits
5 A) The wavelength of light emitted or absorbed 1
6 c)—34eV 1
7 c) % 1
8 (b) the presence of neutrons in the nucleus. 1
9 a) Lyman series 1
10 b) decreases 1
Level 3 (MCQ QUESTIONS)

Q.NO DETAILED SOLUTIONS VALUE

POINT

ISTEP

MARKING

1 .b) 10 1

2 c)—3.4eV 1

3 c) 9/4 1

4 a) Lyman series 1

5 b) unstable 1

6 a) such that the angular momentum should be 1

integral multiple of h.
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7 a)a 1
8 a)3E/4 1
9 - ¢) Angular momentum of electron 1
10 c)40.8 eV 1
Level 1(2M QUESTIONS)
Q.NO DETAILED SOLUTIONS VALUE
POINT /STEP
MARKING
1 lonisation energy : The energy required to knock out an 1
electron from an atom is called ionisation energy of the
atom.
" 1
For hydrogen atom it is 13.6 eV.
2 Bohr’s radius in_ hydr_ogen atom, 1
7
o= 2~ 0529%101° m
e 1
3 Radius of Bohr's stationary orbits, r = THZH—-: 1
4r-mKe=
Clearly, r o« #* and in ground state, n = 1
For 1% excited state, n = 2
22 4 1
Ratio of radii of the orbits = =71 =4:1
4 As the revolving electron loses energy continuously, it 2
must spiral inwards and eventually fall into the nucleus.
So it was not able to explain the atomic structure.
5 For the third excited state, n2=4,and n1 =3, 2, 1 1
Hence there are 3 spectral lines. ’
6 This model could not explain scattering of alpha particle 2
through large angles.
7 Paschen series ,Brackett series and pfund series. 2
8 13.6V 2
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Level 2 (2M QUESTIONS)

Q.NO

DETAILED SOLUTIONS

VALUE POINT
/STEP
MARKING

The first excitation potential of the hydrogen atom is -
3.4-(-13.6) = 10.2¢eV.

And 12.09 eV

1. The two series of hydrogen spectrum lying in the
ultraviolet and visible region are —

1. Layman series in ultraviolet region
2. Balmer series in visible region

we know that mass of an alpha particle is 6.64x10 -27
KG is much more than the mass of a hydrogen 1.67-%’
KG. Therefore, scattering angle would not be large
enough. There for alpha particle would not bounce back.
The size of a nucleus cannot be deter mind.

The minimum energy required to remove an electron
from atom to infinitely for away is called the ionisation
energy.

The ionisation energy for hydrogen atom is 13.6eV.

Level 3 (2M QUESTIONS)

Q.NO

DETAILED SOLUTIONS VALUE POINT
ISTEP MARKING
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Given : For 3™ excited state n, =4
For ground state, n, =1 R = 1.097 x 107 m™!

We know ‘}:=R[l2=-l2]

nyoo on3

1 1 1 15
= I R[ﬁ—?]—RXE
16 1 16
A= R*T " o107 <15
=097 x 107 m
=97x10%m =97 nm =970 A

or

V2

V2

Transition emitting wavelength A = 496 nm The
given wavelength lies in visible region (Balmer
series) when,

a) Transition emitting wavelength A = 496 nm The given wavelength

es in visible region (Balmer series) when,
m=n=4

7=R{—- ] R = 1.097 x 107 m"!)

l=1.097x1(y'(l,- ]:1.097x107x3
) 2 16

1
2
16107

=) /.-Txm=486nm=4%nm

V2

11/2

Here A = 102.7 nm = 102.7 x 10 m
The energy of the emitted photon is,
g MC _ 6626x107% x3x10°
A 1027 x 1072

=26
- L98T8x10T ) oaes 108

102.7 % 107°
1.9355x 10718

Energy corresponds = ———— > __ oV’
&Y ponds l6x10° °©

= 12,097 eV = 12.1 eV
This energy corresponds to the transition D for
which the energy change

= -15-(-13.6) = 12.1 eV
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Level 1 (3 M QUESTIONS)

Q.NO DETAILED SOLUTIONS VALUE POINT
ISTEP MARKING
In Balmer series, an electron jumps from higher 1
orbits to the second stationary orbit {n;: 2).
We know that = R[J?_Lz]
A ng on
and in this particular case i= eri___l_
PR P
For the shortest wavelength n; = =
1_R
A 4
4 4
A= m= e =4 %107
R 107 x 107 m 2
The scattering of alpha particle occurs due to 3
the electrostatic field of the nucleus. That is
why the charge in a nucleus enter the
expression for the impact parameter not its
mass.
. . . L G nZh 1
Radius of Bohr's stationary orbits, r = ———
’ 4n?mKe?
Clearly, r == #*> and in ground state, n = 1
For 1% excited state, n = 2
. e . 22 4
Ratio of radii of the orbits = —=—=4:1
12 1 2
r=n2x53x10"" m 1
Radius of second excited state (n = 3) is :
r =3P x533x10 " m=9%x53x10"m
=477 %101 m
2

Postulates of Bohr.s theory of hydrogen atom :

(i) In an atom, the electrons revolve around the
nucleus in certain definite circular paths called
orbits or shells.

(il) Each shell or orbit corresponds to a definite
energy. Therefore, these circular orbits are also
known as energy levels or energy shells.
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Level 2 (3 MQUESTIONS)

Q.NO DETAILED SOLUTIONS VALUE
POINT /STEP
MARKING
1 Kinetic energy, Ke =+ T.E. = 13.6 eV 1
Potential energy, Pe =2 T.E. =2 (-13.6) = - 27.2 1
eV 1
2 Important limitations of Rutherford Model : 1
1. According to Rutherford model, electron
orbiting around the nucleus, 2
continuously radiates energy due to the
acceleration; hence the atom will not
remain stable.
2. As electron spirals inwards; its angular
velocity and frequency change therefore
it. will emit a continuous spectrum.
3 The two series of hydrogen spectrum lying in the 1
ultraviolet and visible region are
1. Lyman series in ultraviolet region 1
2. Balmer series in visible region 1
Level 3 (3 M QUESTIONS)
Q.NO DETAILED SOLUTIONS VALUE POINT

ISTEP MARKING

The limitations of Bohr’s atomic model are:

(1) It does not give any indication regarding the
arrangement and distribution of electrons in an
atom.

(2) It could not account for the wave nature of
electrons.

211




Definition of ionization energy : “The minimum
energy, required to free the electron from the
ground state of the hydrogen atom, is known as
lonization Energy.”

The ionization energy is given by

me?

= ——— je, E,ocm
0 8ein

lonization Energy will become 200 times,

~~ the mass of given particle is 200 times.

When an electron moves around hydrogen
nucleus, the electrostatic force between electron
and hydrogen nucleus provides necessary
centrepetal force.

=]

2 2
v 1 ¢ _ &
Tr T dme, 2 or mv’r = 4n €, ---(0)

Also we know from Bohr’s postulate,

nh 2 nth? ..
mor = or mvir? = pre: ()

Dividing (ii) by (i), we have
n’h?  An g

4n? 2

2&2

4mime?

mr =

r= dne, o.oroen?

Level 1(5 M QUESTIONS)

Q.NO

DETAILED SOLUTIONS

VALUE POINT
ISTEP
MARKING
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1 () ny=2, n;=3 Balmer series 1

n; =2, e = 1 Lyman series
"3 Balmer Series
n=2 : 2

Lyman Series
n=1 A
g L_f[L_1]_gl1_1]_5
(if) Fe R[zz 32] = RL 9] = 36R
..where Ag is the wavelength for Balmer series.
[}'L is the wavelength for Lyman series.

1 1 1 1 11 3

and 3T & ?]_R[T‘EJ‘ ri

Ap _36 3_27

A 574 5
* Ratio=Ag: M =27:5
2
Level 2 (5M QUESTIONS)
Q.NO DETAILED SOLUTIONS VALUE POINT
ISTEP
MARKING

These transitions belong to :
1. Balmer series,

2. Lyman series

R | 1 1 3
@) E'R[Tﬁ}ﬁ“
1 1 1 3
— —_——— =—R
AL R[iz 22} 4
Ag 163
A 0.2 g
w31

-.where[, is the wavelength for Balmer series.
A is the wavelength for Lyman series.

) 'Ratio=lﬂ:lL=4:1
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Level 3 (5M QUESTIONS)

Q.NO

DETAILED SOLUTIONS

VALUE POINT
ISTEP MARKING

Rutherford's model proposed the negative
charge electron surrounded that is nucleus of an
atom He also claimed that the electrons
surrounding the nucleus revolve around it with
very high speed in circular paths. He named
these circular paths as orbits.

e The atom consists of a positively charged
center called the nucleus.

e Most of the mass of the atom is concentrated
in the nucleus.

e The size (or volume) of the nucleus is very
small as compared to the size (or volume) of
the atom.

e The nucleus is surrounded by negatively
charged electrons.

His model failed to explain the stability of atom .
The arrangement of electrons in a circular path
was not defined. Any particle that is moving in a
circular path would undergo acceleration and
radiates energy. Thus, the revolving electron
would lose energy and finally fall into the
nucleus.

Level 1Numericals

Q.NO

DETAILED SOLUTIONS

Total energy E = to -13.6 electron volt
Kinetic energy is T= - 13.6 electron volt
Potential energy V = -2T = - 2x13.6

= 27.2eV

En=-13.6/n%? eV when n = infinity

r2/r1=n22n12=22/12=4:1

r3/r1=n32/n12=32/12=9
r3=9r1=9x53x10"9%m
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Level 2 Numericals

Q.NO

DETAILED SOLUTIONS

Energy of photon wavé]ength 275 nm

he _ 6.63x107* x3x10°
= 3 T <0 xtexio® o - eV
This componds to transition ‘B
(i) Element A has radiation of maximum
wavelength 621 nm.
(#i) Element D has radiation of minimum

wavelength 155 nm.

We have, -

E, _, = const.

and E_ |
Ratio=3:1

, = const. [—-z;-—-l—\|= canst. l
i 2.. 4

Kinetic energy, Ke =+ T.E. = 13.6 eV

Potential energy, Pe =2 T.E. =2 (-13.6) =—27.2 eV

Level 3 Numericals

Q.NO

DETAILED SOLUTIONS

(@

(i)

1
@) E, = —

(b) Energy of first excited state

E -13.6
= E;E=T =-34 eV
(c) Energy required = [(-3.4) - (-13.6)]
= 10.2 eV
(a) Kinetic energy of first excited state
= —Energy of first excited state

=-(-34) =34 eV
(b) Orbital radius of first excited state
T, = n? =2

or r, =rg?=(053)x (2 =212 A
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(@) 275 nm corresponds to ultraviolet radiation.
Using E = —'ij-? and h = 4.14 x 10715 eV

p = HC _ 414x10eV x3x 108
E E
_1242x1077

E
hC 1242 x10°7
Ay = ==X

= 6.21 >2< 107 m = 621 nm
_ 1242 x107 2484 %1077
by = a5 9
= 2.76 x 1077 = 276 nm
Ay corresponds to 276 nm.

12.42 x 1077 _2484% 1077

25 5
= 4,968 x 107 m = 496.8 nm

-7
Ap= 2T 1552 x 107

= 155.2 nm
(b) The maximum wavelength of the emission
corresponds to the radiation due to the
transition A.

2

and P.E. of electron=—
r T

We know kinetic energy of electron =

P.E. = — 2(Kinetic energy)

In this calculation, electric potential and hence potential energy is zero at
infinity.

Totalenergy =P.E. + K.E. = —2KE+ KE= — KFE

(a) In the first excited state, total energy

= 34V o KE = — (— 34V = - 34V

(b) P.E. of electron in this first excited state

= —2KE= —2%x34= —6.8V

(c) If zero of potential energy is changed, K.E. does not change and
continues to be +3.4 eV. However, the P.E. and total energy of the state
would change with the choice of zero of potential energy.

2
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Case based study question

Q.NO DETAILED SOLUTIONS VALUE
POINT
ISTEP
MARKING
1 d)-13.6 Ev 1
2 b) L = nh/21 1
3 b) 364.6 nm 1
4 c)n=1 1
Competency Based Question
Q.NO DETAILED SOLUTIONS VALUE POINT
/STEP MARKING
1 Each element has a unique set of energy levels, and 4
thus emits or absorbs light at specific wavelengths
characteristic of those energy levels. By analyzing
the spectral lines observed in the light from distant
stars, astronomers can determine which elements
are present. This is done using spectroscopy, where
the light from a star is split into its component
wavelengths, and the resulting spectrum is
compared to known spectra of elements. The
presence of specific spectral lines indicates the
presence of particular elements in the star.
2 The Balmer series is significant because it lies in the 4

visible region of the electromagnetic spectrum,
making it easily observable with optical telescopes.
This series corresponds to electron transitions from
higher energy levels (n = 3) to the n = 2 level in
hydrogen. The distinct lines of the Balmer series
serve as a key tool in identifying the presence of
hydrogen in astronomical objects. By observing
these lines in the spectra of stars and other celestial
bodies, astronomers can determine the hydrogen
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content and infer other properties such as
temperature, density, and chemical composition of
these objects. The Balmer series also provides
insights into the redshift or blueshift of spectral lines,
helping in the study of the motion and distance of
galaxies.

CCT BASED QUESTION

Q.NO

DETAILED SOLUTIONS

VALUE POINT
ISTEP
MARKING

1.Relation to Hydrogen Emission Spectrum:**

- The wavelength of 656 nm corresponds to the red
line in the Balmer series.

- The wavelength of 122 nm falls in the ultraviolet
region and corresponds to the Lyman series

2. - Bohr's model explains these transitions by
quantized electron orbits. Electrons can only occupy
certain allowed orbits with fixed energies.

- The transition from (n =3 ) to (n =2 ) involves the
electron moving to a lower energy level, emitting a
photon in the visible spectrum.

- The transition from (n =2 ) to (n =1 ) involves the
electron moving to the ground state, emitting a photon
in the ultraviolet spectrum.

- Bohr's model was able to successfully explain the
discrete spectral lines of hydrogen, validating the idea
of quantized energy levels in atoms. However, it could
not explain more complex atoms or account for fine
structure and other quantum mechanical phenomena.

%k 3k 3k 3k 3k 3k 3k 3k %k %k % %k *k *k *k
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UNIT VIIl ATOMS AND NUCLEI

CH 13 NUCLEI
LEVEL 1
1 B
2 C
3 C
4 D
5 D
6 D
7 D
8 B
9 B
10 C
11 B
12 D
13 D
14 A
15 A
16 C
17 B
18 A
19 C
20 D
LEVEL 2
1 B
2 D
3 C
4 A
5 C
6 C
7 C
8 D
9 B
1 A
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LEVEL 3

1 (a)
By conservation of
momentum m1v1 = mavz
" vi 8 m :
Q@/’ = E_I_m_i ...... (i)
@ no (A (1)1
Q@\ Also from re AY? = i:[_lj :[_j -z
Lo A, 8 2
V2
2 (b) Am =1 -0.993 = 0.007 gm
- E=Amc?=0.007 x 103 x (3 x 108)2 =63 x 10"0 J
3 (c) oY » 0% +,nt
.. Energy required = Binding of 0'" — binding energy of
O =17 x7.75-16 x 7.97 = 4.23 MeV
4 C
5 C
6 B
7 A
8 C
9 C Radius of each nucleus R =R,(A)}!'® =1.2(64)"/® = 4.8 fm
Distance between two nuclei (r) = 2R
. k-q2 9x10? x(1.6 x10 7% x 29)?
So potential energy U = = =126.15 MeV.
P % r 2x4.8x107% x1.6x107Y )
10
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LEVEL 1
Short Answer Type (2 MARKS )

1) Define Atomic Number and Mass Number.

ANS- The total number of protons present in the nucleus of an atom is called the
atomic number. The total number of protons and neutrons present in the nucleus of
an atom is called the mass number

2) What is nuclear fission, and provide an example of a fission reaction?

ANS-The process in nuclear physics in which the nucleus of an atom splits into two
daughter nuclei. When Uranium-235 atom is bombarded with a neutron, it splits into
two lighter nuclei Barium and Krypton.

3) Explain the concept of binding energy per nucleon and its significance.

ANS- Binding energy per nucleon basically tells the stability of a nucleus. Larger the
binding energy per nucleon, the greater the work that must be done to remove the
nucleon from the nucleus, the more stable the nucleus.

4) What are isotopes? Give two examples.

ANS-An element that have different atomic masses but same atomic number. For
example, there are three isotopes of carbon: Carbon-12, Carbon-13, and Carbon-
14.

5)Two nuclei have mass number in the ratio 1 : 3. What is the ratio of their nuclear
densities?

ANS - As the nuclear density is independent of the mass number, so the ratio of
nuclear densities of the two given nucleiis 1 : 1

LEVEL 2
Short Answer Type (2 MARKS )

1)Calculate the energy equivalent of 1amu in MeV.
ANS-

1 u=1.66x10"%" kg

1eV =1.602x10"°J

The energy equivalent to 1 u of mass = mc?
=(1.66x10727)(2.998x108)

=1.492x10-10J

=(1.492x10719/1.602x107"%) eV

=931x108 eV

=931 meV

2) Distinguish between nuclear fission and nuclear fusion.
ANS
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Fission Reaction Fusion Reaction

A fission reaction is splitting up of a Fusion is the process of combination
large atom or a molecule into two or  of two or more lighter atoms or

more smaller ones. molecules into larger ones.

Fission reaction doesn’t occur normally Fusion reaction process occurs in the
in nature. stars, like in the sun, etc.

This reaction produces highly Few number of radioactive particles
radioactive substances. are developed by the process of a

fusion reaction.

Neutrons must be slowed down by This process requires high-
moderation to increase their capture  temperature, high-density
probability in fission reactors. environment.

3) State the necessary condition for nuclear fission.

ANS- Extremely high energy is required to bring two or more protons close enough
that nuclear forces overcome their electrostatic repulsion

4)Define atomic mass unit.

ANS-An atomic mass unit is defined as accurately 1/12 the mass of a carbon-12
atom

5) Write the number of proton and neutron in s6 Ba'44.
ANS- PROTON-56 NEUTRON-88

6)Two nuclei have mass number 3:9 what is their nuclear redii ratio.
ANS -The relation between mass number A and nuclei radius R is given
by R=RoA'3

So, R1/ R2=A 1"3/A 23=(3/9)"3=(1/3)"3

LEVEL -3
Short Answer Type (2 MARKS)

1) When 4, U%* undergoes fission. 0.1% of its original mass is changed into energy.
How much energy is released if 1 kg of 4, U**® undergoes fission

ANS-By using E =Am.c? = Ez(loo;;xlj(Bxlos)z =9x108

Level 1
Short Answer Type 3 MARKS

1) Write any three characteristic properties of nuclear force.

ANS-(i) It does not depend on the electric charge. (ii) It is the strongest force in
nature. (iii) It is a very short range force.
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2) Show that the nuclear density is independent of mass number.

let the volume of nucleus be =V, the mass of
the nucleus be M, and the mass of nucleon =
m

Vi=ig o

3
density =p = —:—[ \

M = %m’3p
As we know r = 7’0Al"3

= rnA

As we know mass of nucleon =mA-=-=------ (ii)
equating eqs (i) and (ii) we get
__ & =3
m = 3 Tryp
__ 3m
4w

Hence nuclear density is independent to mass
number (A).

3) Plot a graph showing the variation of potential energy of a pair of nucleons as a
function of their separation. Write its two characteristic properties.

ANS- POTENTIAL ENERGY CURVE

1) shows how the potential energy of two
_-‘ ‘ molecules and

the force between them changes with
their separation.

2) The force at any point is found from
taking the gradient of he potential energy curve, in other words F = -
dVv/dr, where V is the potential energy.

LEVEL 2
Short answer type (3 MARKS)

1) The sun radiates energy in all directions. The average radiations received on
the earth surface from the sun is 1.4 kilowatt/m? . The average earth- sun distance

is 1.5x10"metres . Find the mass lost by the sun per day.
(1 day = 86400 seconds)

Energy radiated =1.4 kw /m?
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14k seem? o LAK _ 1.4x86400

1 day m? ~ daym?

86400
Total energy radiated/day
_ 47mx(1.5x10M)" x1.4 x86400 kJ

1 day

~E=mc?=m :E2

C

Level 3

Short answer type (3 MARKS)

1) Calculate the energy released in MeV in the following nuclear
reaction:

238 23 4
U — %oeTh + JHe + Q
[Mass of ) U=238.05079 u,

Mass of 23;“ = 234.043630 u,
Mass of :He= 4002600 u, 1u=9315 MeV/c?]

Answer:
Nuclear reaction
lin — 2?:]'1‘11 + ;I—Ie +Q
Energy released, Q = Am(C?
= (M, - M, -M_)C
= 0.00456 x 931.5 MeV
= 4.25 MeV

LEVEL -1
Long answer type(5 MARKS)

1) Using the curve for the binding energy per nucleon as a function of mass number
A, state clearly how the release of energy in the processes of nuclear fission and

nuclear fusion can be explained.
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we move from the heavy nuclei region to the middle region of the plot, there is a
gain in the overall binding energy and hence release of energy. This indicates that
energy can be released when a heavy nucleus (A = 240) breaks into two roughly
equal fragments. This process is called nuclear fission.

Similarly, when we move from lighter nuclei to heavier nuclei, we again find that
there is a gain in the overall binding energy and hence release of energy. This
indicates that energy can be released when two or more lighter nuclei fuse together
to form a heavy nucleus. This process is called nuclear fusion

2) Calculate binding energy per nucleon of 209Bi83 nucleus. Given that mass of
209Bi83 = 208.980388u, mass of proton = 1.007825u, mass of neutron = 1.0086
MeV665 u and 1 u =931 MeV.

ANS- 83Bi209 has 83 protons and 126 neutrons (209-83=126)
~ Mass of 83Bi209=83x1.007825+126%1.008665
=210.741265 a.m.u.

Mass defect of 83Bi209=210.741265-208.980388

=1.760877 a.m.u.

=~ Binding energy of 83Bi209

=1.760877x931 M eV

So B.E./nucleons =1.760877x931209

=7.844 M eV/A.

Level -2
Long answer type(5 MARKS)

1l)a) Suppose, we think of fission of a 56Fe26 nucleus into two equal fragments,
28Al13. Is the fission energetically possible? mass of 56Fe26 = 55.934939u, mass
of 28Al13 = 55.934939u

b) How is the size of a nucleus experimentally determined? Write the relation
between the radius and mass number of the nucleus is independent of its mass
number
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ans -lt is given that The atomic mass of Fe = 55.93494.0 u

The atomic mass of Al = 27.98191 u

The Q value of this nuclear reaction is given as AM = [(Mass of Fe ) —(2 mass of Al
)] c2

=[565.93494 - 2 x 27.9819119] c2

AM = (-0.02888 c2) u

But we know that 1 u = 931.5 Mev/c2 AE = -0.02888 x 931.5 = -26.902 MeV

The Q value of the fission is negative. Therefore, fission is not possible. For a
possible fission reaction, the Q value should be positive

LEVEL -3
Long answer type(5 MARKS)

1) A star initially has 10 deuterons. It produces energy via the processes
H2+H? 5 H34+p
(H? +H?® 5,He* +n
The masses of the nuclei are as follows :

M(H?) = 2.014 amu; M(p) =1.007 amu;

M(n) =1.008 amu; M(He*) = 4.001 amu

If the average power radiated by the star is 10w ,the deuteron supply of the
star is exhausted then find the order of time

ANS- m ass defect =3x2.014 - 4.001 -1.007 —1.008
=0.026 amu =0.026 x931x10°® x1.6x107°J
=3.82x10712)
Power of star =10"6W/
1016

Number of deuterons used = Ny =0.26 x102%8

. 1040
Deuteron supply exhausts in——— =10%s..
bply 0.26 x10%8

NUMERICALS

Level 1

1) Solution
Binding energy of sLi"=7 x 5.60 = 39.2 MeV
Binding energy of :He*=4 x 7.06 = 28.24 MeV

Energy of proton = Energy of [2(.He*)- sLi7]
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=2 x28.24 -39.2=17.28 MeV

Level 2

1) Solution

As (vilvz) = 8/27; (rilr;) = ?

Using law of conservation of linear momentum, 0 = myv; — m2v:
(As both are moving in opposite directions)

Or mi/m2 = va/vi= 27/8

p(@13)r 13 p(413)mr3=27/8
Therefore, (ri/rz) = 3/2

Level 3

1)  Kinetic energy of molecules of a gas at a temperature T is 3/2 kT

. To initiate the reaction %kT =77x10") = T=3.7x%x10°K.

CASE BASE STUDY

3k 3k %k %k %k >k 3k %k %k k %k
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UNIT IX ELECTRONIC DEVICES

Chapter—14: Semiconductor Electronics: Materials,

Devices and Simple Circuits

MCQ LEVEL-1

Q | Correct EXPLANATION

option

1 C All of the electrons in insulators are tied up in interatomic bonds. To remove
these electrons from their bonds it takes a large amount of energy, several
electron volts,

2 C At absolute zero there are no electrons in conduction band

3 B Doping is the process of adding some impurity atoms in a pure or (intrinsic)
semiconductor so as to increase the conductivity of a semiconductor.
Doping can be done in two ways:

4 B Gallium is trivalent impurity provides holes for pure semiconductor

5 A The pure semiconductor has less number of thermally generated charge
carriers. But when it is doped with pentavalent or trivalent impurity atoms,
the number of charge carriers i.e. electrons and holes increases. So
conductivity increases.

6 A o metal >0 semiconductor > o insulator

7 B Aluminum: It is from IlI-A group gives acceptor impurity in terms of holes

8 A Both (i)and(ii) : Doping inverses number of charge carriers and
temperature gives energy to charge carriers to jum to conduction band

9 C Movement of electrons to the p-type side exposes positive ion cores in the
n-type side while movement of holes to the n-type side exposes negative
ion cores in the p-type side,

10 B photodiode is a semiconductor device that converts light into current. The
current is generated when photons are absorbed in the photodiode. For
this purpose, a p-n junction is reverse biased. When small amount of light
falls on it, due to sensitivity to voltage changes in reverse bias, there is
sudden change in current detected.

1" A In an extrinsic semiconductor, there are both types of charge carriers i.e. holes
and electrons. Therefore, total current in the semiconductor is equal to the sum
of current due to holes and electrons.

12 B The barrier potential develops a barrier field in the direction n to p side.

This barrier field immediately pushes the electron towards the n- side and
holes towards the p- side, and then a current is set up by the barrier field
from n to p side. This current is known as drift current.
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13 A When a p-n junction is reverse biased, then the majority charge carriers
cannot cross the junction. So, no forward current flows. But in reverse
direction, a feeble current flows which is known as reverse saturation
current.

14 D The resistivity of semiconductor decreases with increase in temperature
as more electrons jump into conduction band increasing its conductivity.

15 A The resistivity of semiconductor decreases with increase in temperature
as more electrons jump into conduction band increasing its conductivity

16 A We know that nenn=ngi
this formula is biased on law of mass action.

In p-type semi conductor nn>ni
SO0 ne<ni
MCQ LEVEL-2

Q | Correct EXPLAINATION

option
B P side is at lower potential as compared to N-side

2 A the holes have a higher effective mass since they are close to each other.
and the electrons have a low effective mass due to the loosely held. and
electrons which are loosely held have a low effective mass. This is the
reason why the mobility of a hole is less compared to an electron.

3 B FOR Germanium band gap is 0.7 ev

4 C The required voltage for semiconductor is low

5 C When a forward bias is applied to a p-n junction, it lowers the value of
potential barrier. In the case of a forward bias, the potential barrier opposes
the applied voltage. Hence, the potential barrier across the junction gets
reduced.

6 C A full-wave rectifier rectifies both the half cycles of the AC input i.e., it
conducts twice during a cycle. Output frequency is double to that of input
frequency.

7 A Electrons move from lower energy level to higher energy level in the
conduction band due to external electric field.

8 A for a given semiconductor the electron mobility (un) is always higher than
the hole mobility (up). pn>up (for a given semiconductor) we know that,
the conductivity of a given n-type semiconductor

9 D Both are incorrect In n-type semiconductors, the doped atom has 1 more

valence Electron than silicon.
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MCQ LEVEL-3

Q | Correct EXPLAINATION
option
C no of holes in valance band represent P-type semiconductor
2 A temperature provides energy to electrons in valance Band to cross the
forbidden band
3 A depletion region decrease with increase in forward biased voltage
4 B rectifier is device used to convert AC into DC
5 C P-side is at negative potential and N-side is at positive potential
6 A Since the diode is reverse biased, so it will not conduct. So, potential
difference across A and B will be same across the circuit is 6 V.
A electron is lighter than hole
A Study of junction diode characteristics shows that the junction diode offers
a low resistance path, when forward biased and high resistance path when
reverse biased. This feature of the junction diode enables it to be used as
a rectifier.
9 A A photodiode is a semiconductor device that converts light into current.
The current is generated when photons are absorbed in the photodiode.
For this purpose, a p-n junction is reverse biased. When small amount of
light falls on it, due to sensitivity to voltage changes in reverse bias, there
is sudden change in current detected.
2 MARK QUESTIONS
LEVEL-1
1 | The four valence electrons of carbon are present in second orbit while that of
silicon in third orbit. So, energy required to extricate an electron from silicon is
much smaller than carbon.
2 1) a-TYPE SEMICONDUCTOR 2) p-TYPE SEMICONDUCTOR
$
E, lm%i.=‘ i E D ——
Cogiev ™ : [

Electron energy

~
=0.01 - 0.05 ¢V
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input
Vollage
—_————
o

Output
Volitage

AC voltage to be rectified is connected to the primary coil of a step-down
transformer. Secondary coil is connected to the diode through resistor load
resistance, across which output is obtained.

Working: During positive half cycle of the input AC, the p-n junction is forward
biased. Thus, the resistance in p-n junction becomes low and current flows.
Hence, we get output in the load. During negative half cycle of the input AC, the
p-n junction is reverse biased. Thus, resistance of p-n junction is high and
current does not flow. Hence, no output in the load. So, for complete cycle of
AC, current flows through the load resistance in the same direction.

S.NO| INRINSIC EXTRINSIC SEMICONDUCTOR
SEMICONDUCTOR

1 Pure form of Impure form of semiconductor.
semiconductor.

2 Conductivity is low Conductivity is higher than

intrinsicsemiconductor.

3 The no of holes is In n-type, the no. of electrons is
equal to no offree greater than that of the holes and
electrons inp-type, the no. holes is greater

than that of the electrons.

4 The conduction The conduction depends on the
depends on concentration of doped impurity
temperature. andtemperature.

P-type semiconductor is formed by doping it with trivalent impurities. These
impurities or dopant takes the atoms in the crystal and its three electrons take
part in chemical bonding with three electrons of intrinsic semiconductor or pure
semiconductor, whereas the last bond are left free. Since, as whole atom is
electrically neutral, so p-type semiconductor is also neutral.
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2 MARK QUESTIONS

Forward bias Reverse bias

Positive terminal of battery is Positive terminal of battery
connected to p -tvpe and is connected to n-type and
negative terminal to n-tvpe negative terminal to p-type
semiconductor. semiconductor.

Depletion laver is very thin. Depletion laver is thick.
p-n junction offers verv low p-n junction offers very
resistance. high resistance.

An ideal diode have zero An ideal diode have infinite
resistance. resistance.

VMoltage,  W=0.5 W for current of 10 s
.o
Soforsma. = *3=0.25 W

A
mResistance, f=" = 0.25 =s00
r S=10-2
(MEor=—20V wehave
Ff=—1pfA= —1=10-54
— A= =0 =2.0=107 1}
A=10—5

The technique of adding impurities to a pure semiconductor is known as doping
and the added impurity is called doping agent. Doping in the semiconductor
improves conductivity of semiconductor because no of charge carriers are
improved due to doping.

The difference in resistivity between conductors and semiconductors is due to
their difference in charge carrier density. The resistivity of semiconductors
decreases with temperature because the number of charge carriers increases
rapidly with increase in temperature, making the fractional changes i.e. the
temperature coefficient negative.

Yes it is better to use Full wave rectifier than half wave rectifier because of
following advantages

The rectifier efficiency of a full-wave rectifier is high

The power loss is very low

Number of ripples generated are less
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3 MARK QUESTIONS
LEVEL-1

Ans :

>

Ge-diode

Si-diode

=10

mA)

o)
(=]
T 1 1.1 =

(

Milliampere

10 |-
30
V(Reverse bias) 20 K
28 s 5 OF. 2
T r r

L L
3 0.5 I Volts
—-1.0
By 1 Cut-in voltage
Breakdown  —1.57

Microampere

\ ] (nA)

T

When the half side of the intrinsic semiconductor is doped with trivalent (p-type)
impurity and remaining half side is doped with pentavalailnt (n-type) impurity
then the boundary between p-type and n-type semiconductor is called as p-n
junction. The concentration of electron in n-type and hole in p-type
semiconductors is very high. The natural tendency of the charge carriers to flow
from high concentration area to low concentration area this process is called as
diffusion. The diffusion of electron from n-type to p type leaves +ve charge at n-
type semiconductor near the junction and diffusion of holes from p type to n-
type leaves negative charge in p-type semiconductor near the junction, these
opposite charges will neutralize each other due to recombination. This develops
the potential difference bg’gyy%gn p-type anq\]n[-_\tgpe is called as potential barrier

o o oole el @ o e e
| | ——> Free electrons
“—TOoO O O O | & ® | ® © o e
Holes | |
o O OO|@ .|. ® e e
oo cooleo|el e e e e
- —

Depletion layer

and the region across the junction where diffusion of electrons and holes take
place is depletion layer as shown in figure
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3 MARK QUESTIONS
LEVEL-2

(i) D1 diode is forward biased, hence current will flow in B1 bulb and D2 is reverse
biased, so there will be no current in B2 . Hence, B1 will glow

(on the basis of diagram any two distinguish features)

@ N Overlapping
= & conduction band
oo I Conduction 20
g E. band S (E{l = (
o o
§ | By § E,
E’. | l Valence E Ecy Valenc
= band m | band
)] (i1)
(a)
Empty
E. conduction
& band
B 2T |
g E,>3 eV %t' E,
g g E, <3 eV
S = s
8 E. v 5]
g = Ey,
= Valence 2
> band 5]

(b) ()

(i)Two important processes that occur during the formation of p-n junction are
diffusion and drift. (ii) explanation of formation of depletion region and potential

barrier.

}'—
speed of light

Sol. The energy band gap is given by, E, = hv =

h = Planck’s constant, c
A = wavelength at which solid absorbs energy.

where,

and

On putting the values of h, ¢ and 2., we get
£ (6.626 > 1075 J-s)(3 > 10% m / s)

= (10000 > 107 m)

1.98x 107" ]

_1.98> 107" N

T 1.6x 107

1.24 eV

3 MARK QUESTIONS

LEVEL-3
i)
Sr. . .
No P-type semiconductor n-type semiconductor
1 Obtained by adding trivalent impurity to | Obtained by adding pentavalalnt impurity to
" | pure semiconductors pure semiconductors
2. | Trivalent impurity accepts the electron pentavalalnt impurity donates the electron
3. | Electrical conductivity is due to holes Electrical conductivity due to electrons.
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4. | The majority charge carriers are holes The majority charge carriers are electrons

The impurity atoms (holes)are present just | The impurity atoms (electrons)are present just
above the top of valance band below the bottom of band

6. | Ex. GeAl Ex. GeAS, GaAsP

ii)At absolute zero temperature (0 K), conduction band of semiconductor is
completely empty. Hence the semiconductor behaves as an insulator. At room
temperature, some valence electrons acquire enough thermal energy and jump
to the conduction band where they are free to conduct electricity. Thus the
semiconductor acquires a small conductivity at room temperature.
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Waveform at A
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Y
*

Oufput waveform - Wayeform at B

During the first half of the cycle, if Ais at higher potential with respect to centre-
tap and B is at lower potential, the diode D1 being forward biased conducts and
the diodeD2 being reverse biased does not conduct. The current flows through
the load in the sense H to L .During the second half of the cycle, conditions get
reversed and only diodeD2 conducts Again, the current flows through the load
in the sense H to L. Thus, in the output we get a unidirectional current.

5 MARK QUESTIONS
LEVEL-1

V-I characteristics of p-n junction diode is as shown below

Forward

bias
Current(mA) A I

—

Voltage(V)
Reverse

bias

I) under the reverse bias condition, the holes of p-side are attracted towards the
negative terminal of the battery and the electrons of the n-side are attracted
towards the positive terminal of the battery. This increases the depletion layer
and the induced potential barrier is also increased. However, the minority
charge carriers are drifted across a junction producing a small current. At any
temperature, a number of minority charge carriers is constant, so there is the
small current at any applied potential.

This is the reason for the current under reverse bias known as reverse
saturation current, which is almost independent of applied potential. At the
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certain level of voltage, avalanche breakdown takes place which results in a
sudden flow of large current.

(ii) At the critical voltage, (the voltage at which breakdown takes place), the
holes in then-side and conduction electrons in the p-side are accelerated due
to the reverse bias voltage. These minority carriers acquire sufficient kinetic
energy from the electric field and collide with a valence electron. Thus, the bond
is finally broken and the valence electrons move into the conduction band
resulting in enormous flow of electrons and thus formation of electron-hole
pairs. Thus, there is a sudden increase in the current at the critical voltage.

I) under the reverse bias condition, the holes of p-side are attracted towards the
negative terminal of the battery and the electrons of the n-side are attracted
towards the positive terminal of the battery. This increases the depletion layer
and the induced potential barrier is also increased. However, the minority
charge carriers are drifted across a junction producing a small current. At any
temperature, a number of minority charge carriers is constant, so there is the
small current at any applied potential.

This is the reason for the current under reverse bias known as reverse
saturation current, which is almost independent of applied potential. At the
certain level of voltage, avalanche breakdown takes place which results in a
sudden flow of large current.

(ii) At the critical voltage, (the voltage at which breakdown takes place), the
holes in then-side and conduction electrons in the p-side are accelerated due
to the reverse bias voltage. These minority carriers acquire sufficient kinetic
energy from the electric field and collide with a valence electron. Thus, the bond
is finally broken and the valence electrons move into the conduction band
resulting in enormous flow of electrons and thus formation of electron-hole
pairs. Thus, there is a sudden increase in the current at the critical voltage.

5 MARK QUESTIONS
LEVEL-2

i) When a trivalent impurity like aluminum, indium, boron, gallium etc. is doped
with a pure germanium (or silicon), then the conductivity of the silicon increases
due to deficiency of electrons i.e., and such a crystal is said to be p-type
semiconductor while the impurity atoms are called acceptors.

ii) This means if energy 1.1 eV is given to an electron in the valence band, it will
jump to the conduction band.

iii) An ideal diode is one which behaves as a perfect conductor when forward
biased Under this situation, the forward resistance of diode is assumed to be
zero and potential barrier is neglected.
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iv) Diode D1 is reverse biased so on current flows through it due to majority
carriers. And diode D2 is forward biased. So a current flows through D2 and the
resistance R as i shown in the figure.

5 MARK QUESTIONS
LEVEL-3

Adding a particular impurity in pure semiconductor is called as doping.

The main goal of doping is to change the electrical properties of the
semiconductor by adding impurities, which change the concentration of charge
carriers or other electrons (n-type) or holes (p-type). This affects the conductivity
of the material and hence its electrical properties.

For N-type semiconductor, pentavalent impurities like Arsenic, Antimony and for
P-type semiconductor, trivalent impurities like gallium, indium etc, are used.
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CASE BASED STUDY

LEVEL-1

Q.1

i) i) iii) iv)
Definition of extrinsic 1:1 to increase holes
semiconductor conduction

Q.2
i) i) iii)) iv)
C B A B
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CASE BASED STUDY

LEVEL-2
Q.1
i) ii) iii) iv) V)
D D A D A
CASE BASED STUDY
LEVEL-3
Q.1
i) ii) iii) iv)
B C A C
Q.2
i) ii) i) iv)
C C D C
COMPETENCY BASED QUESTIONS
MCQ
Q. | OPTION EXPLAINATION
1 D both diodes are connected with same polarity
2 D From figure, ideal diode D1 is reversed biased whereas ideal diode
D2 is forward biased. Thus D1 acts as an open switch while D2 as
a closed switch as shown in the equivalent circuit.
3 D Eg=1.1 for Si
4 B A p-n junction is a device in which current flows through the

junction when it is forward biased whereas when reverse biased,
it conducts a very small current (almost zero) untill the output
voltage equals the breakdown voltage. Moreover, current through
the intrinsic as well as extrinsic semiconductor does not depend
on the polarity of the battery.
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COMPETENCY BASED QUESTIONS
2 MARK QUESTIONS

Q. EXPLAINATION
1 i =3
T ROE éﬁ- L
2 ki %: ]
— =
N\.r:,-:iz = RS Rax = A,
2 | . . .
The concentration of the holes never becomes equal in the p-region and n-
region and hence diffusion current does not become 2ero. (1 mark)
This is because as the holes diffuse into the n-region they recombine with the
electrons. Hence, the decrease in the concentration of holes from the p-region
to the n-region is maintained by the recombination of holes and electrons. (1
mark]
3 In circuit | :
Vo1=0.3V
Vo2=0.7 V

50Vo=10-Vp1 -V =10-0.3-0.7=9V
lg=V./R=9/(4x10%) =2.25mA

[0.5 mark for correct value of WV, and Ig]

In circuit II:

D; is forward biased whereas Ds is reverse biased, this means that the owverall
circuit is open circuit.

Solp=0
"u"u=ﬂ

[0.5 mark for correct value of Vs and Ig]
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a. Electric field = V/d

V=E.d=16x 10°x 500 x 10° volt = 0.8 volt
[0.5 mark for the correct value]

b.

i. if the junction is unbiased :

KE required = eV =0.8 eV

ii. if the junction is forward biased at 0.5 V
KE required = (0.8=0.5) eV =0.3 eV

iii. if the junction is reverse biased at 0.5V

KE required = (0.8 +0.5) eV =13 eV

[0.5 mark for the correct value of each of the KE values]

S a. Given is the drift current = 20 pA and forward biasing current of 4 x 20 = 80 p#
In case of unbiased condition,
Diffusion current = drift current = 20pA
[0.5 mark for the correct value]
b. In case of reverse biased,
Diffusion current =0
[0.5 mark for the correct value]
. In case of forward biased,
Diffusion current = drift current = Biasing current
Diffusion current — 20 = 80
COMPETENCY BASED QUESTIONS
3 MARK QUESTIONS
| Q. EXPLAINATION
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(a) Intrinsic concentration = n; = 10'? ¢m3
Since the doped atom is pentavalent, majority charge carriers are electrons.

Concentration of electrons (majority charge carriers) n. = doping concentration
=10% cm3 (0.5 marks)

Concentration of holes (minority charge carriers) nn= ni/ne = 10%%/10%° = 10° cmr
3 (0.5 marks)

(b} o= pnee (0.5 mark)

Since the concentration of holes is much less than the concentration of
electrons, conductivity can be calculated assuming only electron concentration.

1 = 1200 cm?/Vs for the given doping concentration of 10%* cm™. (0.5 mark)
O = [nee

0=1200x 10" x 1.6 x 10°*®

o=1920x 10 5/cm (1 mark)

a. i. Forward biasing

ii. Decreases.

Holes are pushed through the pn junction in the direction opposite to the
electric field across the barrier potential of the depletion region.

[0.5 mark for each point]

b. i. Reverse biasing

ii. Increases.

Holes are swept through the pn junction in the direction same as the electric
field across the barrier potential of the depletion region.

[0.5 mark for each point

(a) The potential drop across the 30 Q resistor = 30 x 10 x 10-6 V = 300 x10-6 =
0.0003 V (0.5 marks) Potential drop across the diode = 3 - 0.0003 =2.9997 V (0.5
marks) (b) The diode is reverse-biased in the circuit (1 mark)

1|W 30 0
| VIAAS

i

1 mark for circuit diagram.)
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COMPETANCY BASED QUESTIONS
5 MARK QUESTIONS

Q. EXPLANATION
1 During the positive half cycle, diodes D1 and D3 conduct while D2 does not. The
circuit can be redrawn as follows:
2R
VWA
R
R
A
A
&
Total resistance = R (1 mark) Power delivered = 1/2(V2 /R) (0.5 marks) During the
negative half cycle, diodes D1 and D3 do not conduct while D2 conducts. The circuit
can be redrawn as follows:
2R
R
&
Total resistance = 3R (1 mark)
Power delivered = 1/2(V3/3R) (0.5 marks)
Total power delivered = 1/2(V3/R) + 1/2(V2/3R) = 2V2/3R (1 mark)
2 |(@)C=40uF;V=2500V E=CV2/2E =40 x 10-6 x 2500 x 2500/ 2 E=125J

(1.5 mark)

(b) 60% of E = 125 x 60/100 = 75 J (0.5 marks) Power = E/t Power = 75/(3 x 10-3)
= 25000 W ( 1.5 marks)

(c) Power = 25000 W V = 2500 V | = P/V = 25000/2500 = 10 A (1 mark)

(Please note this is a really high current which can be fatal in general. But in the
case of a defibrillator, the current passes for an extremely small interval of time and
can help save a person.)

(d) R=V/l1 =2500/10 = 250 ohm (1 mark)
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COMPETENCY BASED QUESTIONS
5 MARK QUESTIONS
CCT/SOURCE BASED QUESTIONS

EXPLANATION

Only region | the ratio of majority charge carrier to the donor atoms is denoted in
graph

Ne<Nh No of holes are more from the graph

Region —llIl Because of increase in temperature

With increase in temperature of extrinsic semiconductor, minority charge carriers
increase because of bond breakage and minority charge carriers may become
almost equal with majority charge carriers. Thus, extrinsic semiconductor behaves
almost as an intrinsic semiconductor with increase in temperature.

SELF ASSESSMENT PAPER

TOTAL MARKS 25
SECTION A

MARK

01

(b) Hole is a vacancy created when an electron leaves a covalent bond. 01

The concept of hole describes the lack of an electron at a position where
one could exist in an atom or atomic lattice. If an electron is excited into a
giher state, it leaves a hole in its old state.

02 | B) 01
V U3 "
‘ -1
B===—— =3x1fVm
d 1yl
03 | The breakdown in a reverse biased p-n junction diode is more likely to 01

occur due to

(a) large velocity of the minority charge carriers if the doping concentration
is small

When it comes to he breakdown in a reverse biased PN junction diode, it
will probably happen only because of the accumulation of the higher
charge at the biased region and large velocity of the minority charge if the
doping concentration is small. This is the main cause the breakdown

04

(c)36V 01
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Here, input Vi, = 20V,
peak value of input voltage,
Vo = V2V, = 2 x 20 = 28.28V

Since the transformer is a step up transformer, having transformation
1:2, the maximum value of output voltage of the transformer applied 1
diode willbe,
V) =2xVp=2x28.28V

2V 2x2x2828

-.D.C. Voltage = =
= (22/7)

= 36V

05

A

In half wave rectifier, the one diode is biased only when ac is in positive
half of its cycle. For negative half of the ac cycle the diode is reversed
biased and there is no output corresponding to that. Since for only one-
half cycle we get a voltage output, because of which it is called half wave

Rectifier

01

06

B

A reverse bias on a p-n junction opposes the movement of the majority
charge carriers thus stopping the diffusion current. It makes the free
electrons and holes to drift cross the junction. Therefore a small current in
mA flows even when the p-n junction is reverse biased. The drift current is

due to the thermal excitations of the electrons and holes.

01

SECTION B

07

(i) During the formation of p-n junction, the holes diffuse from p-type
semiconductor to the n-type, and electrons diffuse from n-type to p-
type. This is because of the concentration gradient across p-side and
n-side.

Hole Electron

/’_'vr_“\ n_ |

R EEIEEE
° o |l |@m® o o |°
® o o |@®® ° f7
S

o o _ SIS of
> Sl . l

. O
Depletion layer

Eledtron Hole

When a hole diffuses
from p to n type, it leaves an unmovable negative charge. Similarly,
when an electron diffuses from n to p type, it leaves an unmovable
positive charge. When the diffusion of holes and electrons takes place
continuously across the junction, a layer of unmovable positive and
negative charges are developed on either side of the junction. This
layer is called the depletion layer or the depletion region and the
potential difference across the region is called the barrier potential.

01 MARK

DIAGRAM
1 MARKS

1 MARK
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08

When a pure semiconductor is mixed with a small amount of impurities
i.e., elements having number of valence electrons slightly different, the
concentration of charge carries changes.
The process of addition of impurity is called doping.

The size of the dopant atom should be equivalent to the size
of Si or Ge. So that the symmetry of pure Si or Ge does not disturb,
and dopants can contribute the charge carrier on forming covalent
bonds with Si or Germaniumatoms. As the silicon and germanium
belongs to XIV group so similar size of atom will be XIlIl and XV group
of modern periodic table.

02

SECTION C

08

t is given that the input frequency is 50 Hz.

In the case of half wave rectifier, the output frequency will be equal to
input frequency.

The output frequency for half wave rectifier is,

f hw =50 Hz

In the case of full wave rectifier, the output frequency will be twice the
input frequency.

So, the output frequency for full wave rectifier is,

f fw =2x50 =100 Hz

Thus, the output frequency in the case of half wave rectifier is 50 Hz
and the output frequency in the case of full wave rectifier is 100 Hz.

01

01

01

09

Sr.

NG n-type semiconductor

P-type semiconductor

1.

Obtained by adding trivalent impurity
to pure semiconductors

Obtained by adding pentavalalnt
impurity to pure semiconductors

Trivalent impurity accepts the electron

pentavalalnt
electron

impurity donates the

Electrical conductivity is due to holes

Electrical conductivity due to electrons.

The majority charge carriers are holes

The majority carriers are

electrons

charge

The impurity atoms (holes)are present
just above the top of valance band

The impurity atoms (electrons)are
present just below the bottom of band

Ex. GeAl

Ex. GeAS, GaAsP

CB.

A

cB.

---------- -

W%%}//}; V.B.

p-type semiconductor

e -

.~ Acceptor
energy level

/

...............

n-type semiconductor

™~ Donor

level

02

01
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CASE BASED

C) Nh>> Ne
no of holes are more than no of electrons

c) insulators
At T=0K no electrons in conduction band

c) insulators

above 3 eV it is not possible for the electron to jump to forbidden

band

d) Aluminum
Al is from I1I-A group gives holes in valance band

SECTION E

11

(i) No, the key to semiconductors is maintaining pristine interfaces.

Physically putting together n and p type semiconductors would
produce an uncontrolled interface. Remember that the p an n type
doping are measured in parts per million. There are one million silicon
atoms for every dopant atom. Physical welding of semiconductors
would produce interface defects in the parts per thousand. That’s
one thousand times larger than the dopants! Growing an n type
semiconductor on a p type semiconductor in ultra high vacuum is the
only way to “put together” p and n type materials. The other method
is to introduce the dopant into a pure semiconductor with diffusion or
ion implantation.

(il) n forward bias the thickness of depletion region decreases and
barrier potential is lowered and consequently forward bias resistance
is low as compared to the reverse bias condition in which depletion
region broadened and barrier potential is raised.

03

02

3k 3k 3k 3k 3k %k sk k ok ok sk k
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SAMPLE PAPER-I
DETAILED SOLUTIONS

SAMPLE PAPER-1 ANSWER KEY

Q.No. Answer Marks
1 A 1
2 A 1
3 B 1
4 D 1
5 C 1
6 D 1
7 A 1
8 B 1
9 C 1
10 B 1
1 B 1
12 A 1
13 C 1
14 C 1
15 A 1
16 B 1
17 Repulsive ball 2,3,4,5 charged with explanation. 2
18 Rg=40 ohm 2
19 A= 60 degree 2

20 4800 Angstorm unit 2

21 Si & Ge 1/2
CdS, GaAs 1/2
Polyrrole 1

22 Vd-Va= 18 X108V 1

W=18X108J
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Time =2.08 days

23 Diamagnetic 0<= ur<1 1/2
Paramagnetic O<ur< e+1 1/2
liYdiagram 1
lii)diagram 1

24 I)Derivation 1
liYOpposite Lorentz force 1
[Il)Power required to rotate rod 1

25 [)v>v0 1
li)v -vO 1
[11) value of Ao 1

26 Equation of B.E. 1
And derivation of Value for given mass =104.66 MeV 2

27 Two statement 2
Explanation of Non stability 1

28 Half Wave Rectifier 1/2
Full Wave Rectifier 1/2
Circuit diagram 2

29 i)A 1
ii)C
iii) C 1
iv) D 1
OR

1
V) B
1

30 1) B 1
1) B
Il Real ,inverted and Magnified. 1
OR
focal lengths of both objects and eye - piece are 2

decreased.

31

Equations by using Laws

Correct solutions
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) 3
I 2
32 Correct diagram 2
Derivations 3
OR
Diagram Of AC generator 2
Explanation 3
33 Correct diagram 2
) 1
I 1
OR
) 2
I 3

%k k %k 3k sk sk sk k ok kok
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SAMPLE PAPER-4
DETAILED SOLUTIONS

Q.NO SAMPLE QUESTION PAPER 2025 Marks
Distribution
1 c) Zero 1
2 ¢) Ohmic conductors 1
3 b) Decreases 1
4 a) Total internal reflection 1
5 d) Electromagnetic induction 1
6 b) By connecting a low resistance 1
shunt in parallel to the galvanometer
7 c) The surface of a charged conductor 1
is equipotential
8 b) Ultraviolet Rays 1
9 a) Be < By <Po 1
10 a) 6557 x 1019 m 1
11 b) —Q/4 1
12 b) 104 H 1
13 B 1
14 D 1
15 B 1
16 A 1
17 Correct diagram, 1
correct expression. 1
18 Any two points of each 1+1
19 Correct diagram, 1
correct expression. 1
20 Microwaves or Radio waves 1
1
(b) X-rays
21 Formula and Value substitution 1
Ans = -8j 1
22 Formula 1
R1=82.14 Q and 1
R2=71.87Q 1
T2=8675°C
23 Correct statement 1
Correct diagram 1
Expression 1
24 Correct statement 1
Diagram 1
Correct expression 1
25 Diagram 1
Explanation 1
Correct expression 1
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26 Formula 1
Value substitution 1
Emax== 51TV 1
27 Correct graph representation 1+1/2
Correct explanation 1+1/2
28 Correct diagram 1+1/2
Correct expression 1+1/2
29 A 1
d 1
b 1
d 1
30 b 1
d 1
c 1
d 1
31 Correct circuit diagram 1
correct expression for voltage 1
correct relation of current with 1
turns ratio 1
Formula 1
Ans Is=4.5 A
OR 1
Correct circuit diagram 1
correct expression for voltage 1
correct relation of current with
turns ratio
Formula
ANS Emax = 157 kV.
32 Diagram 1
Explanation 1
Correct expression 1
Formula 1
Ans u=-40/3 and u = -80/3 1
OR
Diagram 1
Explanation 1
Correct expression 1
Formula
Ans d=45°
33 Diagram 1
Explanation 1
Correct expression 1
Any two points of each 2
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SAMPLE PAPER-5

DETAILED SOLUTIONS

4-
AB

5-C

7-C

12-
D

13-
D

14-

15-

SECTION -A

SECTION -B

Q.17

Yes the net magnetic field acting on the wire carrying steady current is
constant
F=1dIB

Q.18

Magnetic field lines can be entirely confined within the core of a toroid
but not within a straight solenoid. since no two magnetic field lines can
intersect, and they are originating and ending at the same point (as it is
in a ring) thus they are confined to the core of toroid.

Q.19

Infrared waves are produced by hot bodies and molecules. They are
referred as heat waves because they are readily absorbed by water
molecules in most materials which increases their thermal motion so they
heat up the material. Use: For therapeutic purpose and long distance
photography.

Q.20

A concave lens behaves as a diverging lens, when it is placed in a
medium of refractive index less than the refractive index of the material
of the lens and behaves as a converging lens, when it is placed in a
medium of refractive index greater than the refractive index of the
material of the lens. In the given case, concave lens is immersed in a
medium having refractive index greater than the refractive index of the
material of the lens (1.65 > 1.5). Therefore, it will behave as a converging
lens.

Q.21

When the phase difference between the two vibrating sources changes
rapidly with time, the two sources are incoherent and the intensities just
add up. This is indeed what happens when two separate light sources
illuminate a wall.

OR

When a tiny circular obstacle is placed in the path of light from a distant

source, a bright spot is seen at the centre of the shadow of the
obstacle. This is because light waves are diffracted from the edge of
the circular obstacle, which interferes constructively at the centre of
the shadow.
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SECTION -C

Q.22
Let r be the centre distance between the alpha particles and the nucleus (Z
= 80). When the alpha particle is at stopping point, then
o 1 (Ze)ze)
(on)is — chrlsc. . &j
| 9% 10% x 2 x 80 x (1.8 x 10 %)7
Q.23
S.NO INRINSIC EXTRINSIC
SEMICONDUCTOR SEMICONDUCTOR

1 Pure form of Impure form of

semiconductor. semiconductor.

2 Conductivity is low Conductivity is higher
than intrinsic
semiconductor.

3 The no of holes is equal to In n-type, the no. of

no offree electrons electrons is greater than
that of the holes and inp-
type, the no. holes is
greater than that of the
electrons.

4 The conduction depends The conduction depends

ontemperature. on the concentration of
doped impurity and
temperature.
Q24 In -éz;rallel combination of capacitors, the total charge.

(] 4+ Qe+ Qs

As potential difference across each capacitor is same, therefore

Since. Ceg 'y 4+ Cs + 'y
- e 21 Qs Qa
Hence. P.D. Vv Ch - C=2 105 [ap Fan Ca

Hence. Charge on (7.

C-'
Q1 O+ e+ «Q

Charge on Cu, (Ja ﬁ%

Charge on Cs, (s ﬁ@
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Q.25

Electromagnetic wave produced by oscillating charged
particle.
Mathematical expression for electromagnetic wave travel
along #-axis.
E. = E,sin(kz — wi) For electric field)
B, = Bysin(kz — wt) [For magnetic field)
Properties
1.  Have oscillating clectric and magnetic fields along
mmtually perpendicular direction.
2. Transverse nature,

Q.26

The twinkling of stars is due to atmospheric refraction of star-light. The
atmosphere is made of several layers and the refractive indices which
keep on changing continuously due to this path of light rays from the star
keep on changing their path continuously. As a consequence the number
of rays entering, the pupil of the eye goes on changing with time and the
stars appear twinkling.

Q.27

P-N JUNCTION.

The device obtained by bringing a p-type semiconductor crystal into close
contact with n-type semiconductor crystal is called a p-n junction. It
conducts in one direction only. It is also called a junction diode

Depletion layer. It is a thin layer formed between the p and n-sections and
devoid of holes and electrons. Its width is about 10-8 m. A potential
difference of about 0.7 V is produced across the junction, which gives rise
to a very high electric field (= 10° V/ m).

Potential Barrier: The difference in potential between p and n regions
across the junction makes it difficult for the holes and electrons to move
across the junction. This acts as a barrier and hence called ,potential
barrier*.Potential barrier for Si is nearly 0.7 V and for Ge is 0.3 V. The
potential barrier opposes the motion of the majority carriers.

P-tyvpe N-type
o o o ole el @@ o o e
| | | —+—— Free electrons
HOIESE O O O O : (S} (] : ® © e o
o O O O | [&] + | ® ® ® o
oo ool!lo|ele e e e
- —

Depletion layer
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Q.28

The interaction between proton and neutron inside the nucleus due to
constinuous exchange of particle called mesons which gives rise to nuclear
forces.

The force between neutron (n) and proton (p) is due to exchange of

charged meson (r' and = ) between them i.e.

pt+7 =n

n+at =pt
Proton and neutron continuous exchange their nature by absotbing and
emitting « — mesons thus,

n+p* +7 and pt = "+

OR

¢ Controlled chain reaction

1. In the controlled chain reaction, the number of neutrons released is maintained to be one, This is achieved by absorbing
the extra neutrons with a neutron absorber leaving only one neutron to produce further fission.

2, Thus, the reaction is sustained in a contrelled manner. The energy released due to a contrelled chain reaction can be
utilized for constructive purposes.

3. The controlled chain reaction is used in a nuclear reactor to produce energy in a sustained and controlled manner.
* Uncontrolled chain reaction:

1. In the uncontrolled chain reaction, the number of neutrons multiplies indefinitely and causes fission in 3 large amount of
the fissile material.
2. This results in the release of a huge amount of energy within a fraction of a second.

3. This kind of chain reaction is used in the atom bomb to produce an explosion.

&% _
o OTGS
20’ 9~
4N ™
vrle L @@
. ‘%‘# <
LAY,
@s-

Uncontrolled chain reaction

SECTION -D
Q.29
i) i) iii) iv) V)
C B A d B
Q.30
i) i) iii) iv)
Definition of 1:1 to increase Holes
extrinsic conduction
semiconductor
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SECTION -E

Q.31

1. Electric field intensity is the strengthof an electric field at any point.
It is equal to the electric force per unit charge experienced by a test
charge placed at that point. The unit of measurement is volts per meter
or newtons per coulomb.

2.

Electrie Dipale
We have to caleulate the ficld intensity £ at a point & on

the axial line of the dipole and at s distance OOF = ¢ fromm
the centre € of the dipole.
1 B e, K. oy
- — - ——m - - — - - ——— -
- o + I
I 21 P— [— 1 —

Electrie field on axial line of an electric dipale.
Resultant electric field intensity at the point P,

H..r- = .F'..--.1 =+ f';:.'r

The vectors Ka and Fe are collinear and opposite.

Ep — Eg— Eq

+ 1 q
Here, Fa = - -
L Sl 5 | -'l‘ﬁq":_h {_)'—'— I!':l_
At H.' = -'11‘::!._'.” = |:_.- —q].-fl'?
S I | L) _ q
Henee, F, -ir-E'..I{_]: 0% " (x4 1]3]
_ 1 . gk
= A=z, I::.'-L: — .!.ﬂ] 2
Hence, Ep— -1 . ..Ep'r'-. 5 [Since, p = g = 2]
Awen (a — f‘]'
In vector from. o — 1 . 2pr

mea (o — £y
If dipole is short, fe, 20 << &, then
2 pl|

E, = _— "1 1)
! lwepa’ ()
The direction of Fe is along BP prodoced.
Clearly, Epal

OR
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Charge, g=5uC=5x10%C

Side of the hexagon, I=AB=BC=CD=DE=EF=FA=10cm

Distance of each vertex from centre O, d =10 cm
Electric potential at point O,
Ll
dne, d
Where,

g,= Permittivity of free space

dn e

1 ; 4
=9x10°NC*m™

o

-y _6x9x10"x5x107°

0.1
=2.7x10° V

Therefore, the potential at the centre of the hexagon is 2.7 x 108 V.

Q.32

Let us consider a uniform magnetic field of induction B acting along the Z-
axis. A patrticle of charge g and mass m moves in XY plane. At a point P,

the velocity of the particle is v (figure).
The magnetic lorentz force on the particle is
—F=q(—vx—B)

Hence F acts along PO perpendicular to the plane

containing —v and —B. Since the force acts perpendicular to its velocity,
the force does not do any work. So, the magnitude of the velocity remains
constant and only its direction changes. The force F acting towards the
point O acts as the centripetal force and makes the particle to move along
a circular path.

At points Q and R, the particle experiences force
along QO and RO respectively.

Since -vand —-Bare at right angles to each other
q(—vx—B)=Bqvsin900=Bqv

This magnetic lorentz force provides the necessary centripetal force.
Bgv=mv2r

r=mvBq ....(1)

It is evident from this equation, that the radius of the circular path is
proportional to (i) mass of the particle and (ii) velocity of the patrticle.
From equation (1),

vr=Bgm

w=Bgm ....(2)

This equation gives the angular frequency of the particle inside the
magnetic field.

Period of rotation of the particle,
T=21TW0
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T=2mmBq ....(3)

From equations (2) and (3), it is evident that the angular frequency and
period of rotation of the particle in the magnetic field do not depend upon (i)
the velocity of the particle and (i) radius of the circular path.

AL
Ba
B v B
k4
Q . 1R
‘*-LQ AF Navw -
. B -
Fr. Y
- P
X p*

OR

(@)
According to Ampere's circuital law, the line integral of magnetic field
induction along a closed curve is equal to the total current passing through
the surface enclosed in the closed curve times the permeability of the
medium.

$—B.—dl=pol enclosed
Applying ampere's law for the given toroid,

B(21r)=poNI

But, N=211rn

B=ponl

(b)
The observer sees south pole as shown in the attached figure.

Magnetic moment due to a loop is given by:

m=iA

For N turns, i=NI

m=NIA

Q.33

1. An atom consists of a small and massive central core, called
nucleus around which planetary electrons are revolving. The
centripetal force required for their rotation is provided by the
electrostatic attraction between the electrons and the nucleus. While
revolving in the permissible orbits, an electron does not radiate
energy. These non-radiating orbits are called ‘stationary orbits'.

2. According to the second postulate the electrons are permitted to
revolve only in those orbits in which the angular momentum of an

electron is an integral multiple of % h being Planck’s constant.
3. An atom can emit or absorb radiation in the form of discrete energy
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photons only when an electron jumps from a higher to a lower orbit or
from a lower to a higher orbit, respectively. If and are the energies
associated with these permitted orbits. Then the frequency v of the
emitted of absorbed were radiation is given by,

Eﬂg—Eﬂ.]:h‘UZ—

Hydrogen Speclrum or Line Specira of Hydrogen Alom
Hyolropen speectmim oonsists of discrete hwight lines in
dark backgronmnod and it is specifically known as hydroge
cmission speoctrum. Thore is one more typoe of hyvdroge
spoctrum that oxists where we get dark lines on the brigl
backgronnd. it is known as absorption spectriiin.

Blaaner fowmnod an ernpiarical formmala by the observation of
small part of this spoctruin and it s reproescnted b

L= (k- )

wr bncares e — 3,4, 5. ...

Aaral, i = is a constant called Rydberg constant and ity
value is L0997 = 107 1n |

S, 1 = 1.522 > 10%m !

= G568 e Tor e — 3
Orther series of spectra for hyvdrogen were subsecguentd

discovered and known by the name of their discoverars. T
lines of Balmer series are fonrmed in the wvisible part of th
spaectrinm. Other series were fonmod in the invisible parts o

the spectriam.

ez Lyrmman serics i the nltraviolet region and Pascher
Brackott and Pfoand in the infrarvoed region.

The wavelength of line in these scorics can be oxprossocd b
the following formnvlae:,

OR
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For Lyman Series :

where, n =367, ..
| R 1 1 For Pfund Series :
A ( : n“) L _pfl_1
where, n = 2.3.4, ... A (5’ nz)
For Balmer Scrices : where, n =6,7,8,..
1 1 1 eri
}' = R( 22 ng) Tonised atom b]::‘rﬁﬁs
0 . '-*‘E
= . =
— 245 1 T vty _F
where, n 4, 1"" 2 T Brackett n=4
For Paschen Series : 3 P:pﬂ'.:" e " 2
4 alrnar
% -r(F-1) Z stlf] e Plued
3 1 7 b7
. R
where, n =4,5,6,... z 8
g
For Brackett Series : 10
1
1 i 1 1 12
N T S
A (4' n‘) 13 ]
fi=
L4 Lyman
BEres

The line with the longer wavelength of the Balmer series is
called H,.

1

X =Rz

where, A = wavelength

R =1.097 x 10'm™" (Rydberg constant)
When the electron jumps from the orbit withn=3ton=2

We have,
t-ahd
The frequency of photon emitted is given by,
v = % =X %R
=3 x 10° X = x 1.097 x 107Hz

36
= 4.57 x 10" Hz

*khkhkhhkkkk
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