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FOREWORD

This small pocket book on numerical problems has been designed
to help students of Class Xll to improve their performance in
solving numerical problems, and improving their individual scores.
Numericals are an important part of Physics and many students
score less than their potential because of neglecting this area. This
book, prepared by Mr. M Gopala Reddy, PGT Physics of ZIET
Mumbai, can be used as a regular workbook irclass or can be used
as a resource book and kept in the library.

My earnest request to the Principals and teachers is to ensure that
this resource material reaches the individual student. Please do
send us your feedback so that the errors and shortcomingsif any,
can be overcome.

Wishing all my dear students of Kendriya Vidyalayas the very best
of luck for their crucial board exams.

USHA ASWATH IYER
DIRECTOR
KVS ZIET MUMBAI
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UNITS |6 ELECTROSTATICS

IMPORTANT FORMULAE

1. Electrostatic force between two charges

E 3A A 3A A
1 > Z" 'y »
For air, " ,
Fair = — &= s
Z > >
2. Electric field intensity due to a point charge, P 1 i J,

(0]
Sk
A
3. Electric field intensity due to infinite
Y |
r —Z 8
4. Electric field intensity near an infinite thin sheet of surface charge density

a
a
r -

For thick sheet g

5. Electric potential, 7 {1 i J, :

Electric potential due to a point charge, 78-:

|
Relation between electric field and potential | .—11 {(numerically)

Dipole moment, [P a8 @
Torque on adipole in uniform electric field, W «2 [P.
Potential energy of dipole, " w3 —rHl Pl
10 Work done in rotating the dipole in uniform electric field from orientation Q;
to Qqis
F T T —f“HT Pl CHI Pl
11.Electric field due to a short dipole

SRR

(i) at axial point, fre = y——8—

z »
(i) at equatorial point, [ 78:
12.Electric potential due to a short dipole
(i) At axial point, L, = ,—28:
(i) At equatorial point, gt
13.Dielectric constant, L — %‘_—'

14.Capacitance of parallel plate capacitor
L

. L. : . .
() F —a . in medium of dielectric constant K




(i) F -i—_ if space between plate partially filled with dielectric of
L

thickness t.
15. Combination of capacitors :-
i In series,- — — — , A Ah
® F F F F LI

~

A
(i) Inparalle, C f F Fha A A A T T T
16.Energy stored by capacitor

[ L
L
17.Electrostatic energy density

- - [, inair

‘ - =" F,in medium

18.Total electric flux, ¢ BRMoy — « Zdq]+ ol mim-{vgM g »B+im




NUMERICALS
LEVEL |

. What is the charge acquired by a body when 1 million electrons are transferred to
it?

. An attractive force of 5N is acting between two chargesof + 2. 0 £2C0& ¢ C
placed at some distance. If the charges are mutually touched and placed again at
the same distance, what will be the new force between them?

. Acharge of +3.0 x 10® C is 0.25 m away from a charge of -6.0 x 10°C.
a. What is the force on the 3.0 x 10° C charge?
b. What is the force on the -6.0 x 10° C charge?

. An electric dipole consist of a positive and a negative charge of 4uC each placed
at a distance of 5mm. Calculate dipole moment.

. Three capacitors of capacitances 2uF, 3uF and 4uF are connected in parallel.
What is the equivalent capacitance of the combination? Determine charge on
each capacitor, if the combination is connected to 100V supply?




. An electric dipole with dipole moment 4x10°C-m is aligned at 30° with direction
of electric field of magnitude 5x10*N/C. Calculate the magnitude of the torque
acting on the dipole.

. A point charge of 2uC is at the centre of cubic Gaussian surface 9.0 cm in edge.
What is the net electric flux through the surface?

. What is the amount of work done in moving a 200nC charge between two points
5 cm apart on an equipotential surface?

. How much work must be done to charge
difference between the plates is 500 V?

10.What is the equivalent capacity of the network given below?

10 uaF




LEVEL Il

. What is the work done in moving a charge

along the equatorial line of dipole?

. The given graph shows that variation of charge q versus potential difference V for
two capacitors C; and C,. The two capacitors have same plate separation but the
plate area of C; is double than that of C;. Which of the lines in the graph
correspond to C; and C, and why?

. Two point charges 5uC and i 4 uC are separated by a distance of 1 m in air. At
what point on the line joining the charges is the electric potential zero?

. Two charges +5uC and +20uC are placed 15 cm apart. At what point on the line
joining the two charges is the electric field zero?

. Two charges +16uC and ouC are placed 8 cm apart. At what point on the line
joining the two charges is the electric field zero?

. A 600 pF capacitor is charged by a 200 V supply. It is then disconnected and
from the supply and is connected to another uncharged 600 pF capacitor. How
much electrostatic energy is lost in the process.

o f



7.

9.

Keeping the voltage of the charging source constant, what will be the
percentage change in the energy stored in a parallel plate capacitor if the

separation between its plates were to be decreased by 10%.

Four charges are placed at the vertices of a square of side d as shown in the
figure.(i) Find the work done to put together this arrangement. (ii) A charge qois
brought to the center E of the square, the four charges being held fixed at its

corners. How much extra work is needed to do this?

A B
+q [~ 149
« p
~ 7
- e
»E
4 N
/ “~

L,
P ~
-q +
D c 4

If S; and S, are two hollow spheres enclosing charges Q and 2Q respectively as

shown in the figure

32
/// h

( P\
()
\_\ — Y,
e d

-
—

(i) What is the ratio of the electric flux through S; and S,?
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(i) How will the flux through the sphere S; change, if a medium of dielectric
constant 5 is filled in the space inside Sj.

100.A charge of 24¢C is given to a holl ow sp
(i) at the surface of the sphere, and
(i) at a distance of 0.1 m from the centre of the sphere.
(i at the centre

LEVEL I
1. A slab of material of dielectric constant khas the same area as the plates of a
parallel plate capacitor but has a thickness 3d / 4, where d is the separation of
the plates. How is the capacitance changed when the slab is inserted between
the plates?

2. A parallel plate capacitor with air between the plates has a capacitance of 8uF.
What will be the capacitance if the distance between the plates is doubled and
the space between them is filled with a substance of dielectric constant K=67?

3. Two dipoles, made from charges qand Q, respectively, have equal dipole
moments. Give the (i) ratio between the
charges (ii) angle between the dipole axis of these two dipoles.

11




4. The capacitors C1, and C2, having plates of area A each, are connected in
series, as shown. Compare the capacitance of this combination with the
capacitor C3, again having pl ashevninthe ar e
figure.

|
|

d 2d
C, C C,
5 A point charge +10eC is at a distance 5c

of side 10cm as shown in fig. What is the magnitude of flux through the square?

6. Calculate equivalent capacitance of the given network and determine the charge
and voltage across each capacitor.

12




7. Two identical charges ,Q each are kept at a distance r from each other. A third
charge g is placed on the line joining the two charges such that all the three
charges are in equilibrium. What is magnitude, sign and position of the charge q?

8. ABCD is a square of side 5m. Charges of +50C, -50C and +50C are placed at
A,C and D respectively . Find the magnitude of resultant electric field at B.

9. A cube with each side a is kept in electric field given by E = Cx as shown in the
figure where C is a positive dimensional constant. Find
(i) The electric flux through the cube, and Y

(i) The net charge inside the cube.

13




10. Two parallel plate capacitor X and Y have same area of plates and

same separation between them. X has air between the plates whereas Y has a

dielectric of constant k=4
(i) Calculate capacitance of each capacitor if equivalent capacitance i s 4
(i) Calculate potential difference between the plates of X and Y.
(i) What is the ratio of electrostatic energy stored in X and Y.

e F.

14




UNIT: | ELECTROSTATICS
ANSWERS
LEVEL |

Q =Ne 1.6 x103C

F=0

FAB = FBA:2.736N

P=2x10% C-m

9 uF, 0.02 uC, 0.03 uC, 0.04 pC
10“Nm

2,26x10°Nm?/C

W=0

. W=3J

10.C=15pF

©oNOAODNE

LEVEL Il
0
A

-& from 5uC charge

5 cm from 5 pC charge
24cm from -9 pC charge
6x10° J

11.11%

T W , O

pdoh » —
10. (i) 1.08x10°V (ii) 1.08x10°V (iii)1.08x10°V
LEVEL I

© © NoOgr W DDPE

3.g a=Q A or al A=Q/ ¢q d =

5. 1.88x10°Nm?/C

6. —n "@00 V, 50V, 50V, 200V,10°®C, 10°C, 10°C,2x10® C

15




7. Q/4, Positive, r/2
8. 2.7x10'N/C

9. a’C N-m%cC, a’Cf Coulombs.

10.C,=5¢ F =

2 0Cg f

16




UNIT- II- CURRENT ELECTRICITY
Important Formulae

1 Electric current = orl=-=—

2. In case of an electron revolving in a circle of radius r with speed v, period of
revolutionis T = —

Frequency of revolution, v=-=—, Current, | =ev=—
3. Ohmoéos -br&wlR R =

4. Current in terms of drift velocity (@) is | = enAD

5. Resistance of a uniform conductor, R=" - = ——

6. Resistivity or specific resistance, ? —_—=—
7. Conductance = —

8. Conductivity=——or {f=-=

9. Current density = orj=-=env

10. Relation between current density and electric field,

i = 0 FBjor E =
11. Mobility p = —
12. Temperature coefffi—g—zlijent of resistance,

13. The equivalent resistance 'Y of a number of resistances connected in series is given
by

Y=Y +Y+Y+ é.

14. The equivalent resistance 'Y of a number of resistances connected in parallel is
given by

17




15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29

X =

30. In a slide wire bridge, if balance point is obtained at | cm from the zero end, then

EMF of acell, E= —

For a cell of internal resistancer, theemfisE=V +Ir=1(R +r)
Terminal p.dofacell, V=IR=—

Terminal p.d. when a current is being drawn from the cell, V=E T Ir

Terminal p.d. when the cell is being charged, V = E + Ir

Internal resistance of acell, r=R [—]

For n cell in series, | = —

For n cells in parallel, | = —

Heat produced by electric current, H = 'ORt joule = e cal
Electric power, P=—=VI="0R = —

Electric energy, W = Pt = VIt = "ORt

Potential gradient of the potentiometer wire, k = -

For comparing e.m.f.s of two cells, —=—

XR

For measuring internal resistance of a cell, r =

. For a balanced Wheatstone bridge, — = -, If X is the unknown resistance —= - or

18




WORKSHEET (NUMERICALS) : LEVEL -1

1. What happens to the power dissipation if the value of electric current passing
through a conductor of constant resistance is doubled?

,,,,,

2. A cell of emf 2 V and internal résistance 0.1 W is connected to a 3.9 W external
resistance. What will be the current in circuit?

rrrrr

3. Calculate the resistivity of a material of a wire 1 m long, 0.4 mm in diameter and
having a resistance of 2 ohm.

rrrrr

4. In a potentiometer arrangement; a cell of emf 1.25 V gives a balance point at 35.0
cm length of the wire. If the cell is replaced by another cell and the balance point
shifts to 63.0 cm, what is the emf of the second cell?

,,,,,

/////////////////

5. A current is maintained in a conductor of cross-section 10 m?. If the number density
of free electrons be 9 x 10% m3and the drift velocity of free electrons be 6.94 x10 ' °
m/s, calculate the current in the conductor.

rrrrr

19




6. A silver wire has a resistance of 2.1 W at 27.5 °C, and a resistance of 2.7 W at 100
°C. Determine the temperature coefficient of resistivity of silver.

rrrrr

7. Three resistors 1 W, 2 W and 3 W are combined in series. (a) What is the total
resistance of the combination? (b) If the combination is connected to a battery of emf
12 V and negligible internal resistance, determine the total current drawn from the
battery.

/////

8. (@) Three resistors 2 W, 4 W and 5 W are combined in parallel. What is the total
resistance of the combination? (b) If the combination is connected to a battery of emf
20 V and negligible internal resistance and the total current drawn from the battery.

rrrrr

9. A Voltage of 30V is applied across a carbon resistor with first second and third rings
of blue, black and yellow colours respectively. Calculate the value of current in mA,
through the resistor.

rrrrr

10.In a meter bridge the balance point is found to be 39.5 cm from one end A, when the

resistor Y is of 12.5 W. Determine the resistance of X.
X Y

i_AM.
™ ME —

~
AL

20




LEVEL - I

1. A cell of emf 2 V and internal résistance 0.1 W is connected to a 3.9 W external
resistance. What will be the p.d. across the terminals of the cell?
Ansééeéceéeé.

/////

3. Acell of 6 V and internal resistance 2W is connected to a variable resistor. For what
value of current does maximum power dissipation occur in the circuit?

,,,,,

W?

5. Two heater wires of the same dimensions are first connected in series and them in
parallel to a source of supply . What will be ratio of heat produced in two cases?
Ans ééee.

6. Using data given in graph determine (i) emf (ii) internal resistance of the cell.
(iif) For what current, does maximum power dissipation occur in the circuit?

21




0 0.04 0.12 0.20 0.28
—&Current / (ampere)

rrrrr

7.You are given 6nd resistors each of resi
minimum possible resistance. In the second case these are again connected
differently to get maximum possible resistance. Compute the ratio between the
maximum and minimum values resistance so obtained.
8. Two primary cells of emf E; and E, (E;1 > Ey) are connected to the potentiometer
wire as shown in the figure. If the balancing lengths for the cells are 250 cm and
400 cm. Find the ratio of E; and E..

,,,,,

9. Two identical cells of emf 1.5V each are joined in parallel providing supply to an
external circuit consisting of two resistors of 13W each joined in parallel . A very high
resistance voltmeter reads the terminal voltage of the cells to be 1.4V. Find the
internal resistance of each cell.

,,,,,

10.Three cells of emf 2V, 1.8V and 1.5V are connected in series. Their internal
resistances are 0.05W, 0.7W and 1W respectively. If this battery is connected to an
external resistance of 4W, calculate :

22
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(i) the total current flowing in the circuit. (ii) the p.d. across the terminals of the cell of
emf 1.5V.

,,,,,

WORKSHEET (NUMERICALS): LEVEL -1l
1. What is the current flowing in the arm BD of this circuit.

10 <2 \%,2052

/////

2. A cylindrical metallic wire is stretched to increase its length by 5%. Calculate the
percentage change in its resistance.

,,,,,

3. Two <cell s of EMF 1V, 2V and internal
connected in (i) series, (ii) parallel. What should be the external resistance in the
circuit so that the current through the resistance be the same in the two cases? In
which case more heat is generated in the cells?

,,,,,

4. Calculate the temperature at which the resistance of a conductor becomes 20%
more than its resistance at 27°C. The value of the temperature coefficient of
resistance of the conductor is 2 x 10/ K.

,,,,,

5. Two metallic wires of the same material have the same length but cross sectional
area is in the ratio of 1:2. They are connected (i) in series and (i) in parallel.
Compare the drift velocities of electrons in the two wires in both the cases.

23
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6. Two wires X, Y have the same resistivity but their cross-sectional areas in the ratio
2:3 and lengths in the ratio 1:2. They are first connected in series and then in parallel

to a dc source. Find out the ratio of the drift speeds of the electrons in the two wires
for the two cases.

rrrrr

7. A room has AC run for 5 hours a day at a voltage of 220V. The wiring of the room
consists of Cu of 1 mm radius and a length of 10m. Power consumption per day is
10 commercial units. What fraction of it goes in the joule heating in the wires? What
would happen if the wiring is made7010°% Al
am, a32.7x10%q m]

,,,,,

8. Two cells of emf 1.5 V and 2V and internal resistance 1 Wand 2 W are connected in
parallel to pass a current in the same direction through an external resistance of 5 W.
(a) Draw Circuit Diagram. ( b)) Using Kirchhoffds | aws
each branch of the circuit and p.d. across the 5 Wresistor.

/////

9. E>=1.02V, PQ=1m. When switch S open, null position is obtained at a distance of 51
cm from P. Calculate (i) potential gradient (ii) emf of the cell E; (iii) when switch S is
closed, will null point move towards P or Q. Give reason for your answer.

24
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(n cells in cach rows)




resistance R; only, (iii) With resistance R, only, (iv) With both R; and R, used in
series combination and (v) With R; and R, used in parallel combination. The current
obtained in the five cases are 0.42A, 0.6A, 1.05A, 1.4A, and 4.2A, but not
necessarily in that order. Identify the currents in the five cases listed above and
calculate E, r,, R; and R».

Ans
LEVEL-I
Q.No. Expected Answers
1 P = |12R. When electric current is doubled | =21
Power becomes P'= | °R= 4|2R=4P
2
| = E = 0.5A
r+R
3 2 3 310°3)>2
r= Ré = RpD =283 314° (04210°7) =25310"Wm
I 4 431
4 . ’
5. I—1Y 1'25=3—5Y E, - 83, 1.25=2.25/
E, |, E, 63 35
S | =neAy, =9310%°31.6310 3103 6.94310° =10A
6 - : -
a =ﬁy a =& =0.0039C?
R(T,-T,) 2.1(100- 27.5)
7 (a) Total resistance Ry =R +R, +R, =1+2+3=6W
12
(b) Current drawn from the battery | =— = i 2A
8 : 1 1 1 1 1 1 1 19,,. 20
(a) Total resistance, —=— +— +— =—+—-+-=—WY R, =—W
R Ri R Rs 2 4 5 20 19
20
(b) Current drawn from the battery | =—=——=
2200
¢l9-+

27




° R=60x10%q b= o0 - =05310"A=0.05mA
R 60210
10 - Y = 395 , 125=8.16W
100- | 100- 395
ANSWERS: LEVEL -2
Q.No. Expected Answers
1
| = = = 0.5A. V=EiIR=19V
r+R
2 R=¥ Y R & .
The bulb marked 25W has higher resistance than the bulb marked 100W.
3 : o E
For maximum power dissipation, r = R = 2W. | = TR =15A
4 V = VPR = 7Volt,
5 v? V72
Hs= — and Hp= \ Hs :Hp=1:4
5 2R P 5 P
6 () Emf =1.4V
. : E-V
(ii) Internal resistance of the cell r = I =5W
(iiFor maximum power dissipation | = R = .14A
7 - : : r
To get minimum, resistors are connected in parallel. R, = n
To get maximum, resistors are connected in series. Rs= nr
% _ onr a7
ar o
3
% 9
8 El- E2 = 250 W

Ei+E;= 400 W

28




Y E1:E»=13:3

9 1571 Ir=131 and 14=157i1lIr Y 1Ir=0.1
Y |I= 14 A and 13q
13
2+1.8+41.5 — 53 —
10 ()1= oherdsita = 595 = 0.92A
(i) The p.d. across the terminals of the cell of emf 1.5V =E i Ir = 0.58V
ANSWERS: LEVEL -3
Q.No. Expected Answers
1 The Wheatstone bridge is a balanced because %:%. Hence there is no current
flowing
through arm BD..
2 Al=Al'Y A—@A
00
| , R _IA 2
R=r—Y —==—Y =(1.05
B moTRL (LO5)R,
% Change = R~ R C100=10.25%
3 5
For series combination, |g =33 and For Parallel combination, |, =53 = 25
—+R
3
Given Ig=1,Y R=2= 225 q
In series combination more heat is generated in the cells
4 R, =R[1+a(T,- T,)]Y R+0.2R=R{1+2310%(T,- 300|Y T, =130
5 I
() In series, current in both wires is same. Drift velocity v, =—, Var :i _Z
neA vy, A 1

29




. . : : eVt
(i) In parallel, p.d. across the both wires is same. Drift velocity v, = =

(i) When wires are connected in series: In series, the current remains the same; so we
_ém

use the relation i = neAvy, Resistivity, 7 =——-Y n= ueA\4i or
ne‘t et 1 [ €t
, .1 (v 3
:ﬂAVdY Vv, =\ M_i__
er r A (vy)y A 2

(i) When wires are connected in parallel: In parallel, the potential difference is same. In
this case we apply the formula for drift velocity.
etk _ etV }\ V) _ Iy _2

vV, =—— =—— For same temperature ¢ is same, so V,
m ml lo(vy)y I 1

Power consumption = 2 units/hour = 2kwW = 2000 J/s
| =P/V =9A
Power lossinwire=I’R=1>4 1/ A = 4 J/s =0.2% of total

Power | oss in AlmifFRi5lin= W25 % of total power
consumption

() 1=I3+l,, 51+ ;=15 and
5142, =2
Y 1=5/17 A
L =0.5/17 A and |, =4.5/17 A.

P. d. across 5 q resistance = 51 = 1. 47

30




, : : E "
(i) Potential gradient k = |—2 =0.02V/cm (i) emf of the cell E; =kl = 2V

When switch S is closed, null point is not affected because no current drawn from cell

E; at the
null point.
10
= E . 0. 2A IRAB—2x10 Wems E, = | WY 1, =60cm.
RAB+R AB
11 ABCD is a balanced Wheatstone bridge since there is no current in section AO
P R, 2 3, .
—=—=Y —=—Y X=6W, Ry, =3.6+2.4=06W, Current drawn by circuit = 1A.
Q S 4 X
12 Netemf=E,T E; =2V, Totalresistance=R+r;+r,= 8q
(I) | = 0.25A (II) Vag = Ez-Irp =3.5V (III) Vac = Ei+lrp =2.25V
13 Resistance of one row = nr,
: nr
Resistance of mrows R, = o
For max. current, R, =R_.Y —RY 05n=15mY n=3mé é é . ( 1)
Total cells = nméé.. (2)n=andm=2 On sol
14 X I X _ 60
Formula —=—— , —=—Y 2X=3Yééééé. . (1)
Y 100- | Y 40
When a resistance of 15Y is connected i1
X 50
==Y X=Y+15é6 éé ( 2) Onsolving (1)&( 2) , X = 45
Y+15 50
When a resistance of 30Y is connected [
X I -
= Y | =75m from end A.
Y+30 100- |

31
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. _E ... _E ... _
(')Il_T'(")Iz_ﬁn(”l)ls_ V)|4

E .
R ¢

This is clear that L>1g>1,>1,>1,.
Hence I, =42A1,=14A1, =1.05A1, =0.6A 1, =0.42A

Putting these values in (i) to (v) and on solving, E=4.2/,R =3W,R, =6W,r =1W
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UNIT i lll- MAGNETIC EFFECTS OF CURRENTS & MAGNETISM

Formulae

Biot-Savart law (Magnetic field due to current element)

I dising

2

dB:ﬂ
4p r

U Force acting on a charge moving in a magnetic field
F = qvB sin— or F= q(\%’» §)

U Magnetic field on the axis of a circular current loop
mN | a
2(r* + az)% :
U Magnetic field due to an infinitely long straight current carrying wire

B=

U Magnetic field at a point on the axis of a solenoid
B=mnl
U Motion of a charged patrticle in a uniform magnetic field
_ mv T 20m

- ﬁ gB
U Torque on arectangular coil in a uniform magnetic field

{ = NIBA sin—

U Force per unit length acting on each of the two straight parallel metallic
conductors carrying current

(B _mll,

I 20r

U Deflection in moving coil galvanometer

NBAI
a =

k

U Conversion of galvanometer into ammeter and voltmeter
1,G

>0)
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Q.2.

Q.3.

R=—-R;
IQ
El ements of Earthodés magnetic field
H =B. cosy V =B sing
P.E. of a magnetic dipole in a uniform magnetic field
U =- mBcogyy

Magnetic dipole moment of a revolving electron

Magnetising field intensity
H=nl

Intensity of magnetization

LEVEL |

The vertical component of Earth's magnetic field at a place is V3 times the
horizontal component. What is the value of angle of dip at this place?

A short bar magnet placed with its axis at 30° to a uniform magnetic field of 0.2 T
experiences a torque of 0.06 Nm. (i) Calculate the magnetic moment of the
magnet. (ii) Find out what orientation of the magnet corresponds to its stable
equilibrium in the magnetic field.

A solenoid has a core of a material with relative permeability 400. The winding of
the solenoid are insulated from the core and carry a current of 2 A. If the number
of turns is 1000 per meter, calculate (i) H, (ii) M and (iii) B.
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Q.7.

In the Bohr model of hydrogen atom, an electron revolves around the nucleus in
a circular orbit of radius 5.11 x 10 m at a frequency of 6.8 x 10*® Hz. What is
the magnetic field at the Centre of the orbit?

Two long parallel wires carrying currents 8 A and 5 A in the same direction are
separated by a distance of 4 cm. Estimate the force on 10 cm length of one wire
due to the other wire.

A solenoid of 500 turns per meter is carrying a current of 3 A. Its core is made of
iron of relative permeability 5000. Determine the magnitudes of magnetic
intensity and magnetic field inside the core.

A long straight wire carries a current of 35 A. What is the magnitude of magnetic
field at a point 20 cm from the wire?

A circular coil of wire consisting of 100 turns, each of radius 8 cm carries a
current of 0.4 A. What is the magnitude of magnetic field at its center?

A closely wound solenoid 80 cm long has 5 layers of winding of 400 turns each. If
the current carried is 8 A, estimate the magnetic field inside the solenoid near its
center.
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Q.10 A gal vanometer of coil r esi s tnafor a airrebto

Ansl.

ANS2.

ANs3.

Ans4.

AnNsS5.

ANS6.

Ans7.

of 5 mA. How can it be converted into a voltmeter of range 0 to 15 V?

SOLUTIONS FOR LEVEL--|

r_ 0.06 _ 0.06
Bsing 0.2sin60° 0.23 0.5

(i) The P.E. of a magnetic dipole in a uniform magnetic field is
U =- mBcosy
In stable equilibrium the P.E. is minimum, so cosg=1 or g=0°

() M = = 0.6 An?

Hence the bar magnet will be in stable equilibrium when its magnetic moment is
parallel to the magnetic field.

(i) H =nl =1000° 2=2000Am*
(i) B=nH =mmH =4p3 1073 400° 2000=1T
(i) M = ¢, H =(m- 1)H =(400- 1)2 2000=83 10° Am'*

B= ml _ mf e_4p® 103 6.8310"°31.6310"

=134T
2r 2r 23511310

o /mll,, _4p3107383530.1
201 2p* 0.04

=2310°N

Magnetic intensity H =nl=500x 3 =1500 Am™

Magnetic field inside the core B =/ = mmH =4p3 10’3 5000 1500=9.4T

Magnetic field due to a long straight wire is
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B = ml _4p3107335 _

35310°T

2pr 2p30.2

Ans8. Magnetic field at the center of a circular colil is
31073 3
B = mNI _4p310 10(2) 0.4:3-143 10T
2r 238310

Ans9. Turns per unit length of the solenoid

3

_ N _5°400_ 2500
I 0.8

Hence its magnetic field
B=mnl =4p31073 2500 8=25310°T

Ans10. The series resistance to be connected with galvanometer to
convert it into a voltmeter is
S R; = 15 5 - 50=2950W
Iy 5310
LEVEL Il

Q. 1. Two identical magnetic dipoles of magnetic moment 1Am? each are placed at a
separation of 2 m with their axes perpendicular to each other. What is the
resultant magnetic field at a point mid-way between the dipoles?

Q. 2. A magnetic dipole is under the influence of two magnetic fields. The angle
between the field direction is 60° and one of the field has a magnitude of 1.2 x
10 T. If the dipole comes to stable equilibrium at an angle of 15° with this field,
what is the magnitude of the other field?

Q. 3. The wire shown below carries a current I. Determine magnetic field at the centre.
Radius of circular section is R.

Q. 4. To increase the current sensitivity of a moving coil galvanometer by 50%, its
resistance is increased so that the new resistance becomes twice its initial
resistance. By what factor does its voltage sensitivity change?
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Q. 5. A voltmeter V of resistance 400 Wis used to measure the potential difference
across a 100 Wresistor as shown. What will be the reading of the voltmeter?
Also find the potential difference across the resistor before the voltmeter is
connected.
B4V
|
|

100 Q2 200 0
AN AN~
e
D,

Q.6. A compass needle of magnetic moment 60 Am?pointing geographical north at a
pl ace where the horizontal ¢ ompnV/mnt
experiences a torque of 1.2x10° Nm. What is the declination of the place?

Q. 7. A straight wire carrying a currant of 12 A is bent into a semicircular arc of radius
2 cm as shown below. What is the magnitude and direction of magnetic field at
the centre of the arc? Would the answer change if it bent in the opposite way as
shown in another figure?

) v

Q.8. A straight wire of mass 200 g and length 1.5 m carries a current of 2 A. It is
suspended in mid air by a uniform horizontal magnetic field. What is the
magnitude of the field?

Q. 9. Two magnets of magnetic moments M and M J3 are joined to form a cross. The
combination is suspended in a uniform magnetic field B. The magnetic moment
Mnow makes an angle d with the field

MA3
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Q. 10. The following figure shows the variation of intensity of magnetization versus the
applied magnetic field intensity for two magnetic materials A and B.

(1) 1dentify the materials.

(i) For the material B, plot the variation of intensity of magnetization versus

temperature.
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SOLUTIONS
LEVEL-II

Ansl. The situation is shown in the figure:
The magnetic fields of

the two magnets at the midpoint P are B, :BR 5
i Lﬁ:e '

N,

B, =B >+B, =/53107T

If the resultant field Bk makes angle g with B;, then

-7
tanq:i:&_ 5
B, 2310

g=2657°

ANS2.

Here, B, =1.2310°T, g, =15, g, =60"- 15’ =45’
In equilibrium t,=t,

mB Sing, = mB, Sing,
g = BiSing _12° 10°*sin15°
?  Sing, sin45°
_1.2310%30.2588
- 07071

Or, B, =4.4310°T

Ans3. As the circular portion is three-fourth of a circular loop. Therefore
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Ans4.

Ansb5.

ANSG.

ANs7.

_da
Current sensitivity I = I_
e a_ a I
Voltage sensitivity V,=—=——=-°5
V IR, R
N rrent sensitivit l'=1 +ﬂl §I
ew current sensitivity = letoagls =35
e o _31/2_3
So, new voltage sensitivity Vy'=—=—=—2—=—V
2R, 2R, 4

Thus voltage sensitivity becomes 75% of initial value or decreases by 25%.

Resistance of parallel combination of voltmeter and the resistor

R = 400° 100 _ 80
400+100
Total resistance of the circuit R=R +200=280W
Current in the circuit I -E_8 :EA
R 280 10

Reading of the voltmeter V =IR, = %3 80= 24V

Total resistance before the voltmeter is connected = 100 + 200 = 300 W
Current | = ﬁ = l

300 25
Potential difference across 100 W resistor,

v =IR=-"2100=28v
25

For a declination a, torque is
t =mBsina
3 -3
Therefore, sina = t :& = 1

Or a=30

The magnetic field at the centre of semicircular arc is
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_ml
4
43107312
43002
According to right hand rule, the field directs normally into the plane of paper.
If the arc is bent in the opposite way, the magnitude of the field remains the same
but direction will be opposite (normally out of the plane of the paper)

=1.9310*T

Ans8. For mid-air suspension, weight of the wire must be balanced by
the magnetic force. Hence
[IBsin90° = mg
3
_mg_ 0.23 98 —065T
I 1532

Ans9. The torque on a magnetic dipole # =M Bsing
In the equilibrium of the system, torques on both the magnets balance each

other. Thus
M Bsing = +/3M Bsin(90° - g)
tang = /3 Y g = 60°
Ans10. 0] The slope of I-H curve give susceptibility of the

magnetic material. As the slope of A is positive and larger, it is ferromagnetic.
The slope of B is positive and smaller, it is paramagnetic.

(ii) The I-T graph for paramagnetic material is shown below:

I

LEVEL 11l
Q. 1. A wire carrying a steady current is first bent in form of a circular coil of one turn
and then in form of a circular coil of two turns. Fine the ratio of magnetic fields at
the centers of the two coils.
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Q.2.

Q.4.

A galvanometer gives deflection of 10 division per mA. The resistance of
galvanometer is 60 W. If a shunt of 2.5 W is connected to the galvanometer and
there are 50 divisions on the galvanometer scale, what maximum current can this
galvanometer read?

A source of 120 V is connected to a large resistance X. A voltmeter of resistance
10 kW placed in series reads 4 V. What is the value of X? Why is voltmeter used

instead of an ammeter?
X0 100

AAA—V)-
4 V—

{ sl vf
- - —
120V K

Show that the magnetic field on the axis of a current carrying circular coil of
radius r at a distance x from the centre of the coil is smaller by the fraction 3x?/2r*
than the field at the centre of the coil.

A galvanometer can be converted into a voltmeter to measure upto

(i) V volt by connecting a resistance R; in series with coil.

(ii) V/2 volt by connecting a resistance R, in series with its coil.

Find the resistance in terms of R; and R, required to convert it into a voltmeter
that can read upto 062Vd volt.

A cail in the shape of an equilateral triangle of side 0.02 m is suspended from a
vertex such that it is hanging in a vertical plane between the pole pieces of
permanent magnet producing a horizontal magnetic field 5x10% T. Find the
couple acting on the coil when a current of 0.1 A is passed through it and the
magnetic field is parallel to its plane.

A metal wire of mass m slides without friction on two horizontal rails spaced at
distance d apart as shown. The rails are situated in a uniform magnetic field B,
directed vertically upwards and a battery is sending a current | through them.
Find the velocity of the wire as a function of time assuming it to be at rest initially.
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Q.8.

Q. 10.

Ansl.

ANS2.

A hollow cylindrical conductor of radii a and b carries a current | uniformly spread
over its cross section. Find the magnetic field B for points inside the body of the
conductor at a distance r from the axis.

A straight horizontal conducting rod of length 0.6 m and mass 60 g is suspended
by two vertical wires at its ends. A current of 5 A is set up in the rod through its
wires. What magnetic field should be set up normal to the conductor in order that
the tension in the wires is zero? What will be total tension in the wires if the
direction of current is reversed?

A beam of proton passes undeflected through a region of mutually perpendicular
electric and magnetic fields of magnitudes 50 kVvm™ and 100 mT respectively.
Calculate the velocity of the beam. If this beam of current | strikes a screen with n
protons per second, Find the force on the screen.
SOLUTIONS
LEVEL -1l
Let | be the length of the wire.
When it is bent in form of one turn circular coil,

| =2pr,

or n=—

Therefore B =—/—=—"—
When it is bent in two turn coil,
| =232pr,

_mNI _4mp|
2R [
Hence B;:Bx=4:1

or

Therefore B,

Current required for full scale deflection
lg= current for one division deflection x total number of divisions
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Ans3.

Ans4.

ANSS.

|, =1250=5mA
10

If I be the maximum current that a galvanometer can read, then
+9)I e I

R+, ¢ s 5= R

S é -1

| = (60+2.5)5

[(edeR o]

g

=125mA

Totalemf

Also | = ,

Totalresistance

120
X +10*
or X =293 10*'W
As the current is very small, the ammeter reading will be too small to be
measured accurately. Hence this is an unusual use of voltmeter.

So, 4310°=

_mNI _ mNIr?
Biaie— o and Baiai T2
-3/2
B r3 r’e x°o e 3x°9
\ axial = = 4+ = - ——_~
B I’2+X2 3/2 rsé‘ r2l,l Ql 2r2l,l
centre e u e u
The fractional decrease in the field
Bcentre_ Baxial :§X_2
B 2r?

centre

For voltmeter of range V,
= Il - Rg or Il =R+ Rg
9

For voltmeter of range V/2

_V AV
o, N g RIR
Dividing, we get
_R+R _
2= R, =R - 2R,
F\’2+Rg R

For a voltmeter of range 2V, the series resistance is
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R=2|—V- Ry =2(R +R,)- Ry =3R, - 2R,

g

AnsG6. As shown in figure

a
Area of the triangle
A= %3 base® height= %3 a3 asin60° = /33 10 * m?
Magnetic dipole moment of the coill
M =1A=013+/3310*=4/3310° An?
Thus torque acting on the coil £ =M Bsin90° = 5/33 107 Nm

Ans7. Force on the wire F =1 Bdsin90° =1 Bd

This force produces a constant acceleration in the wire. Thus
velocity of the wire

| Bd | Bdt
v=ut+at=o+ t=
m m
Ans8. Let us consider a cylindrical shell of radius r. Current enclosed by
this shell
I | (r?- a
|l= = = 3p(r2_a2)= (2 2)
p(b* - a%) (b”- a%)
}/ j4.f‘°' = L\*‘-\\
[ [¥ e E"\.
| |
Using Ampereds circuital |l aw
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BL=/ml'

| (r*- a®)
B32pr=m—=~
p ,76 (bz_ a2)
g /M- )
2pr (b* - a?)
ANs9. For tension to be zero,
) 31033
BIL=Mg Y BzGOlO—lO:O.ZT
5306

When the direction of the current is reversed, total tension is
T=BIL+Mg=04T

Ans10. For a charge particle to pass undeflected, qE=qvB.
3
Thus V:E:50—m::53105ms'1
B 100210

When the beam strikes the screen, its final momentum becomes
zero. Thus the force exerted,
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UNIT-IV- ELECTROMAGNETIC INDUCTION AND A.C.

Formulae at a glance

Physical Quantity

Formula

Sl unit

Dimension

Magnetic flux ()

Wb = Tm?

[ML?T2A™

Induced emf (e)

N df

Induced current i = =£-
R R dt

Induced charge g=1i eet- —';:Df

Motional emf induced in a straight
conductor
0] Linear motion = Blv
(i)  Rotation about one end = BI4 /2

Volt

[ML?T?A™Y

Self-inductance

7 and L_V
dt

Self- inductance of a long solenoid
g0 Al

Henry

[ML?T2A7]

Mutual inductance

_f, _ le)
M,, = /and M, = dl;
dt
Mutual-inductance of two long co-axial

solenoids
M =goniny,” FlLMp= &lyL

Henry

[ML?T2A7]

Magnetostatic
energy stored

U=2% LI

Joule

[ML?T?]

Alternating current
and voltage

e =E¢ sin (mt+2) or e = Eg CcOS
(Mt+2)
i =lpsin (Mt+2) or i = lp cos (Mt+2)

Irms = Io/ a 2 = OmndE@\Sk
Eo/ a2 = 9. 707

Phase relationship

For R : No phase difference bet" V and |
ForL: Vol tage | eads
For C: Current | eads
For LCR circuit: if f > f,
av, - V.o
f =tanm lgle)ig or f= tan'lgfic
g R - Q VR =
ax.- X
If f<f, F =tan aeTLg or
g -

!
1

Unit less

Dimensionless
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P LaV. -V, 8
=tan <=1
¢ "R *

Inductive reactance X, = aL
Capacitive reactance Xc = 1/a C

Reactance and | mpedance of LR+&3}rc 21 p -2
impedance Impedance of RC circuit Z = & {cX+ R%} O LBAr=es)
| mpedance of LCRI &d)?r
+ R4
f, = angular frequency
RESIIENSE 2RI Hertz, rad/s [T
frequency W = 1
e
1 /L w _wL 1
uality factor = —\/:= —=——= Unit less Dimensionless
Quality Q= RVc 0w R “wCR
In pure inductor and capacitor: Zero
Power dissipated in In pure resistive circuit: 1°R/2 23
ac circuit In a combination of L,C and R: R WIET
VimslimsCOS ¢
Power factor cos « =R/Z Unit less Dimensionless
Wattles current lims COS ¢ Ampere [A]
1
Frequency of LC f = Hertz [T
oscillations 2p/LC
Energy of ideal LC Y QUC + ¥ LI = Y5 QuIC Joule [ML2T?]
oscillator
Transformation ratio Vs _ Ng
and efficiency of v. N.
transformer : I : 5 Unit | o o
" % nit less imensionless
Efficiency:- d fl—s = FO
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NUMERICALS

LEVEL |

1. What is the self-inductance of a coil in which magnetic flux of 40mWb is produced
when 2A current flow through it?

ANS.

2. If the self inductance of an air core inductor increases from 0.01mH. to 200mH on
introducing an iron core into it. What is relative permeability of the core used?
Ans.

3. What is the power dissipated in an a.c circuit in which voltage and current are given
by V=230 2)i nadmdt =10 si n~x¥t
Ans.

4. When a lamp is connected to an a.c. supply it light with the same brightness as when
connected to a 12V d.c battery. What is the peak value of alternating voltage?
Ans.

5. Find the capacitance of the capacitor that would have reactance of 100 [J[Jwhen
used with a.c. source of frequency — kHz ?
Ans.

6. What is the average value of the emf for the shaded part of graph?
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Ans.

7. In a series LCR circuit the voltage across an inductor, a capacitor and a resistor are
20V, 20V and 60V respectively. What is the phase difference between the applied
voltage and the current in the circuit?

Ans.

8. A circular coil of radius 8 cm and 20 turns rotates about its vertical diameter with an
angular speed of 50/s in a uniform horizontal magnetic field of magnitude 3 x 102 T.
Find the max. and average value of the emf induced in the coil.

Ans.

9. The instantaneous current from an a.c. source is | = 5 sin (314 t) ampere. What are
the average and rms values of the current?
Ans.

10. An inductor L, a capacitor 20 ‘ F, a resistance 100].are connected in series with an
ac source of frequency 50 Hz. If the current is in phase with voltage, calculate the
Inductance L.

Ans.
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LEVEL 1l

Q1. A conductor of length 1.0 m falls freely under gravity from a height of 10 m so that
it cuts the lines of forceoftheh or i zont al component of @&arthd
Wbm™. Find the emf induced in the conductor.

Q2. A 0.4 m long straight conductor is moved in a magnetic field of induction 0.9 Wbm™
with velocity of 7 ms™. Calculate the maximum emf induced in the conductor.

Q3. A metal disc of radius 200 cm is rotated at a constant angular speed of 60 rads™ in
a plane at right angles to an external field of magnetic induction 0.05 Wbm™ .Find the
emf induced between the centre and a point on the rim.

Q4. Find the maximum value of current when an inductance of one Henry is connected
to an a.c. source of 200 volts, 50 Hz.
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Q5. What is the inductive reactance of a coil if current through it is
800 mA and the voltage across it is 40 V?

Q6. A transformer has 300 primary turns and 2400 secondary turns .If the primary
supply voltage is 230 V, what is the secondary voltage?

Q7. A transformer of 100% efficiency has 500 turns in the primary and 10,000 turns in
the secondary cail. If the primary is connected to 220 V supply, what is the voltage
across the secondary coil?

Q8. A capacitor in series with a resistance of 30 ohm is connected to a.c. mains. The
reactance of the capacitor is 40 ohm. Calculate the phase difference between the
current and the supply voltage.

Q9. Determine the impedance of a series LCR-circuit if the reactance of C and L are
250 ohm and 220 ohm respectively and R is 40 ohm.
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Q10. A series circuit with L=0.12 H, C=0.48 mF and R=25 ohm is connected to a 220 V
variable frequency power supply. At what frequency is the circuit current maximum?

LEVEL lli

1. A bul b of resi stance

10gqg, connected to

an ac source marked 100V, 50Hz. If the phase angle between the voltage and

current is % radian, calculate the value of L.

2. Figure shows how the reactance of an
inductor varies with frequency.

(a) Calculate the value of inductance of
the inductor using the information
given in the graph.

(b) If this inductor is connected in series to
a resistor of 8 ohm, find what would be
the impedance at 300 Hz.

0 100200 300 400
frequency(Hz)
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3.

I n a series RC circuit, R = 30 q, C =

0.

second. Find the current in the circuit and calculate the voltage across the resistor
and the capacitor. Is the algebraic sum of these voltages more than the source

voltage? If yes, resolve the paradox.

When an alternating voltage of 220V is applied across a device X, a current of 0.5A

flows through the circuit and in phase with the applied voltage. When the same
voltage is applied across another device Y, the same current again flows through the
circuit but it leads the applied voltage by “ /2 radians. (i) Name the devices X and Y,
(i) Calculate the current flowing in the circuit when the same voltage is applied

across the series combination of X and Y.

5. I n the series LCR circuit, suppose R

of emf 50 V, angular frequency 10,000 rad/s is connected across the combination.
Find the reactance X, and Xc, the impedance Z, the current amplitude I, the phase
angle G4, and the voltage amplitude across
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In a series RC circuit with an AC source, R =300 W, C =25nfF, eg =50V and n =

20 Hz, find the peak current and the average power dissipated in the circuit.

An inductor 200 mH, capacitor 5O0€®erieswitha r e
100 V, variable frequency ac source. Calculate the (i) frequency at which the power
factor of the circuit is unity; (ii) current amplitude at this frequency; (iii) Q-factor.

A resistor of resistance 400 W, and a capacitor of reactance 200 W, are connected in
series to a 220 V, 50 Hz ac source. If the current in the circuit is 0.49 A, find the (i)
voltage across the resistor and capacitor (i) value of inductance required so that
voltage and current are in phase.

Aresistorof200q and a capacitor of 15 € F are c¢
Hz ac source. (a) Calculate the current in the circuit; (b) calculate the voltage (rms)
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across the resistor and the capacitor. Is the algebraic sum of these voltages more
than the source voltage? If yes, resolve the paradox.

10. A town is situated 15 km away from a power plant generating power at 440V,
requires 800 kW of electric power at 220V. The resistance of the two wire line
carrying power is 0.5 ohm per km. The town gets power from the line through a
4000-220V step down transformer at a substation in the town.

0] Find the line power losses in the form of heat.

(i) How much power must the plant supply, assuming there is negligible power
loss due to leakage?

(i) Characterize the step up transformer at the plant.

11. An ac generator consists of a coil of 50 turns and area 2.5 m? rotating at an angular
speed of 60 rad/s in a uniform magnetic field B = 0.3 T between two fixed pole

pieces. The resistance of the circuit i
Calculate

() maximum current drawn from the generator. (i) maximum power dissipation in the
colil.

(i)  What will be orientation of the coil with respect to the magnetic field to have (a)
maximum, (b) zero magnetic flux? (iv) Would the generator work if the coil was
stationary and instead the pole pieces rotated together with the same speed as
above?

12. A circular coil having 20 turns, each of radius 8 cm, is rotating about its vertical
diameter with an angular speed of 50 radian/s in a uniform horizontal magnetic field
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of magnitude 30 mT. Obtain the maximum average and rms value of the emf
i nduced in the coil. | f the coil f orms a
power is dissipated as heat in it?

13. An athlete peddles a stationary tricycle whose pedals are attached to a coil having
100 turns each of area 0.1m”. The coil, lying in the X-Y plane, is rotated, in this
plane, at the rate of 50 rpm, about the Y-axis, in a region where a uniform magnetic

field, B = (0.01) € tesla, is present. Find the (i) maximum emf (i) average e.m.f
generated in the coil over one complete revolution.

Answers
Level |
1. 20 mH. 2. 1000 3. zero 4. 16.92V 5. 10°F
6. 200V 7. Orad. 8.-max= 06V;-4=0V 9. average value

of current =0, rms value of current= R A 10.2X 10°H]

Level Il
Q1:- 4.2x10% V , Q2:-252V , Q3:-6V, Q4:-0.9A, Q5:-50 ohm, Q6:-1.84kV,
Q7:- 4400V, Q8:- tan 4/3, Q9:- 50 ohm, Q10:- 21 Hz

Level lll
R 5 p R . , -
Ansl. Cos f=— Ycos = =——— Y XL=R YL=314x10 “H
Z 4 JR+X?
Ans2. (a) L :2>/(9Ln (b) at 300 Hz; Xt= 6 q, RYZ=gRaX> = 10 q
1 > P) . e 100
Ans3. Xc= ——=400 = JR°+X:= 500 5—=——=0.2A
" 2we 4 c 7 T 500
rms voltage dropon R = Vg = iims R =60 V; rms voltage drop on C = V¢ = ims Xc =
80V
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VL +Vc =140V > e; This paradox occurs because being phasor quantities, Vg and V¢
cannot be added algebraically.

Ans4. Since current and voltage are in phase, so, device X is resistor. R =
220_ 440w

0.5

For device Y, current leads the voltage in phase by ’% so, Y is a capacitor. X =
@= 440N

0.5

When R and C are connected in series then Lims =_Sm —03535A

JRE+XE
Ans5. X =wL = 600 q; Xc= %=200q . Z =\/R2+(XL- X)’= 500

o= imsv2 = 0.1414 A

Phase angle, f =cos'* — =cos ' (0.6); V, (across R) = i R =42.42V;  V, (across L)

N/

= io X = 84.84 V;
Vo (across C) = ip X¢c =28.28 V

Ans 6. Peak current = ip = S-S =0.1A;
z ,. 8418
R +&—0
gl/bC+

. : I, R
Power dissipated = €mms Irms COS f :T —°2 o2 = 1.5 Watt

Ans7. Power factor is unity when circuit is in resonance for which the frequency is
1

n= =159 Hz
20 LC
At resonant frequency, Z=R; Current amplitude = ip = % = % = efLR:/E:M.M
A
: 1L w,
uality factor = —|=-==——-=
Q J Q RVC 2Dw
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Ans8. (i) VR =ims R=196V, Ve =ims Xc =98 V (ii) If the circuitis LCR as V and |
are in phase then LCR circuit is in resonance for which X, = X¢ Y L = 0.628
H

1 : &, €, :
Ans9. Xc= ——=210i, 6Gr== ms__=0.76 A, rms potential drop on R =
2p € Z JR+X2

rms potential drop on C = V¢ = iims Xc = 159.6 V; Sum of V| and V¢ = 312 V which

is > than applied voltage 200 V; As Vg and V¢ are phasor quantities, so, they cannot
be added algebraically.

Ans 10. (i)Assuming transformer to be ideal, the current in the transmission line | =
800000/4000 = 200 A

Therefore line power loss = IR = (200)?x15 = 600 kW (ii) the plant should supply 1400
kW power (iii) the output voltage of step up transformer at the plant = 1400000/200 =
7000 V. therefore the characterization of step up transformer is 440 V i 7000 V

Ansl1l. (i) Maximum current i, :% :@:4.5 A; (i) Maximum power dissipation =

i’R = 10125 W

(iii) (a) For maximum flux, coil must be ~ to §; (b) for minimum flux, coil must be || to
B

(iv) If pole pieces are rotates then also, the flux of coil changes thus
generator works.

2 2
Ans12.e,.=0;€e,.= & - NBAW 4040 V; Power dissipated = ifmSR:h = S 18
V2 R R 2R

x10'3wW

Ans 13. (i) Maxi mum emf Oed wgFdb2W(ig The dverage
emf generated in the coil over one complete revolution = 0
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UNIT3 V-ELECTROMAGNETIC WAVES

GIST ,FORMULAE AND SHORTCUT FOURMULAE

1. Concept of displacement current
Displacement current is that current which appears in a region in which the

electric field (and hence electric flux) is changing with time.

Note- We have b=- — =- —(EA) ==- —(—A) == — =1
2. Modi fied Amperebés circuital Law
BO& o= 1+- —)
3. Electromagnetic Waves
We know, Maxwel | s equations i n vacuum
> Bona= — &~ BoRE' - —

These equations leads to the conclusion that, either of the electric or magnetic
fields change with time, the other field is induced in space. The net result of
these interacting changing fields is the generation of electromagnetic
disturbance, called electromagnetic waves which travel with the speed of light.

4. Mathematical Expression of EM waves

E=EOEJd -z7- B=B,OEqd* -z- Q
j

5. Properties of em waves
(i) E. M. waves are produced by accelerated charged particles.

(i) E.M. waves do not require any medium for their propagation. These waves can
propagate in vacuum as well as in a medium.

velocity of em waves in a free space is given by
0=0O=——==3X10%m/s
Velocity of em waves in a medium is given by

l‘)::

(i) E.M. waves are transverse in nature i,e, E E B are perpendicular to each other as
well as perpendicular to the direction of

propagation of the wav@. E & B are related as follows -
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(iv) E.M. waves carry energy, which is shared equally by electric and magnetic fields.

The average energy density of an em wave is given by

o o 0 =20 =20
Where 6 =-- 0 =-- B [¢- @]
=-- 8 — (6o —
e 60 =— =0
(v) E.M. waves carry momentum & exert a radiation pressure 0 - =-— &

momentum . —

(vi) E.M. waves transport energ)/. The rate of energy of em wave transported per unit
area is represented by a quantity called

Pointing vector (S) and is given by

> > >
S== 0X08)

(Vii) Electric vector of an em wave is responsible for optical effects, as O >> B,.

(viii) Intensity of an em wave is given by

l=-® 0 = —

LEVEL 1|
ONE MARK QUESTIONS

1. Write the expression for the displacement current?

2. The charging current for capacitor is 0.5 A. What is the displacement current
across its plate?

3. Write an expression for the speed of e.m. waves in free space.

4. For an electromagnetic wave, write the relationship between amplitude of electric
and magnetic fields in free space.

5. What was the range of wavelength of em waves produced by Professor

J.C.Bose?
TWO MARKS QUESTIONS

6. What is displacement current? Why was this concept introduced?
7. Give one uses of each of the following:

a. Microwave

b. Infra-red wave

c. Ultra violet radiation

d. Gamma rays
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8.

Identify the following electromagnetic radiation as per the wavelength given
below. Write one application of each.

a. 1Imm

b. 10°nm

THREE MARKS QUESTIONS

9.

S

12.

Identify the following electromagnetic radiation as per the wavelength given
below. Write one application of each.

10%?m

10“*m

10°m

.Name the electromagnetic radiation having the wavelength range from 1mm to

700nm. Give its two important applications.

.What is meant by electromagnetic spectrum? Give its four uses.

Answers
LEVEL -I

1. b=- — = - —(EA)

2. According to the property of conductivity,

The displacement current = Charging current. = 0.25A

3. The speed of an em wave in free space is

© =3

® Qo

25mm to S5Smm

The displacement current is that current which comes into existence, in

addition in to the conduction current, whenever the electric field and hence

the electric flux changes with time.

7. A.radar b. treatment of muscular complaints c. sterilizing surgical
instruments d. radiation therapy.

8. A. microwave used in radar system b. infra red used in treatment of muscular
complaints.

9. Identification:- a. gamma rays use- radiotherapy b. Infrared rays use i haze
photography c. long radio wave use in radio communication.

10. X-rays used in a. medical diagnosis and b. in study of crystal structure.

11. All the known radiation from the big family of electromagnetic wave which
stretch over along range of wavelengths. The orderly distribution of the
electromagnetic wave in accordance with their wavelengths or frequency in to
distinct group having widely different properties is called electromagnetic
spectrum. For example the X rays is one part of spectrum whose use are-

(i) used in detecting fractures in bones

(i) used in detecting faults,cracks,haws & holes in metal sheets

(i) used in studying crystal structure

(iv) used in radiotherapy

(v) used in detecting pearls, oysters etc.

An oscillating charge radiates electromagnetic waves and these waves carry

(o) [l 2=

energy.
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UNIT i VId OPTICS
ALL THE POSSIBLE FORMULAE

1 Relation between focal length and radius of curvature of a mirror/lens,
=R/2

f

=+

1 Mirror formula: = = =
1 Magnification produced by a mirror: m=--=- —
T Snel |l 65— |'@mw—
2 —
T
T n=-
1 If object is in medium of refractive index n, then n=
1 Apparentshift, ® 0 - o0p -
9 Ciritical angle for total internal reflection: sinC = =-
n
1 Refraction at spherical (convex) surface: For object in rarer medium and
real image in denser medium, the formulais — — —— where
¢ Q¢ arethe refractive indices of denser and rarer media.
M Lensformula: - - -
1 Linear magnification produced by alens: m=- -
f Lens maker 6s -fermywl @ = —=n p — —
1 Power of alens: P =- diopter (fisin metre)
1 Lensesincontact: - — — or P=P;+P;
I Focal length of lens in liquid: Q@ —— "Q
1 Refraction through a prism: r1+r,= A and i+ e =
angle of prigeodeviatbn. 0 i s an
I For minimum deviation, i=e=i and ry+r,= r Th=e2kA Oor e,
1 Refractive Index of the material of prism: ¢ —
T For a thin pad)Asm: a = (n
9 Angular dispersion =1 1
91 Dispersive power, ] =
1 Simple microscope: Magnifying power 0 p - (if final image is at D)

= (if final image is at

infinity)
1 Compound microscope:
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i) Magnification M=da a

ii) Magnification M= — p — - p - (for final image
at D)
ii) Magnification M= — — - — (for final image at
infinity)
1 Astronomical Telescope:
) M= — and L="Q "Q (for final image at infinity)
1)) M= — p — and L="Q ¢ (forfinalimage at D)

1 Resolving power:
i) For microscope: - The resolving power is the reciprocal of limit
of resolution or separation between two points such that they

are distinct. So, the resolving power is given by R.P.=-

Here, d = is limit of resolution, € i "Qéds-rumerical
apertur e aweldresdlved semi-argle of cone of light
rays of wavelength & entering

1)) For telescope: - The resolving power is the reciprocal of
angular limit of resolution or angle subtended between two
points such that they are distinct. So, the resolving power is

givenby R.P.=— =

Here,—8d—cﬁ ss= the angul ar | i mit

aperture or diameter of objective lens.
1 The distance for which ray optics is good approximation for an
aperture D an dcala ¥reshet distaricéd, given by

0w —.

1 Interference of light:-

i) If two waves of same intensity |, interfere, then the resultant
intensity will be I=41,AT © where «is the initial
phase difference between the waves.

i) Resultant intensity at a point in the region of superposition is

)y A A cAAAT &) ) ¢ )) AT Quhmere
)
A EOER OAT &E AN A
A EOERAl OAT &b &BOBA

iif) Condition for maxima: - Phase difference « = 2 n path &
di fference o= n @& where n =
V) Condition for minima: - Phase difference «=(2n-1) ’ &
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Path diff efrlpnwheergee N 2n 0, 1,

V) Fringe wi—dtwhere D =bdistance between the slits &
the screen,
d= separation between the sli
used.

vi)  Angular fringe width, T = — = —

vii)  Minimum amplitude, Amin=(ai11 az)

vii)  Minimum intensity, Imin= (227 a2)?’=) ) ¢ ) )
ix)  Position of " maxima, y,=—

X) Position of N minima, y,=(n-€¢ —
1 Diffraction of light: -

i) The condition for the position of """ mi ni ma : d si
where d is the width of slit,
wavelength of light used.

ii) Linear half-width of central maximum : y=—

i) Tot al l i near width gfor 2yentr al

1 Polarisation of light:- -

i) Br ewst errmo=gani,a wMaluslaw: 1= I, Al &

LEVEL T |

. An object is placed at the principal focus of a concave lens of focal length f.
Where will its image be formed?

(1)

. A prism of angle 60° gives a minimum deviation of 30°. What is the refractive
index of the material of the prism?

(1)

. An equi-convex lens has refractive index 1.5. Write its focal length in terms of
radius of curvature R. (1)

. Estimate the distance for which ray optics is good approximation for an aperture
of 4mm and wavelength 400nm.

(1)
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. What i s BangleWs dire¢orglass transition? Refractive index of glass =
1.5. (1)

.I'n Youngds double slit experiment the
screen is placed 1.4m away. The distance of 4™ bright fringe is measured to be
1.2cm. Determine the wavelength of light used in this experiment.

(@)

. An astronomical telescope uses two lenses of powers 10D and 1D. What is its
magnifying power in normal adjustment?

(2)

. Light of wavelength 500nm falls, from a distant source, on a slit 0.5mm wide.
Find the distance between the two dark bands, on either side of the central bright
band of the diffraction pattern observed, on a screen placed 2m from the slits.

(2

. Anilluminated object and a screen are placed 90cm apart. Determine the focal
length and nature of the lens required to produce a clear image on the screen,
twice the size of the object. (2
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10. The near vision of an average person is 25cm. To view an object with an angular
magnification of 10, what should be the power of the microscope?

(2)
LEVEL i Il

1. A mirror is turned through 15°. Through what angle will the reflected ray turn?

(1)

2. Velocity of light in a liquid is 1.5 x 10 ®m/s and in air, it is 3 x 10 ® m/s. If aray of
light passes from liquid into the air, calculate the value of critical angle.

(1)

3. Why does a convex lens of glass of refractive index 1.5 behave as a diverging
lens when immersed in carbon disulphide of refractive index 1.65?

(1)

4. Find the angular dispersion produced by a thin prism of 5° having refractive index
for red light 1.5 and for violet light 1.6.

(1)
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5. If a person uses spectacles of power +1.0D, what is the nearest distance of
distinct vision for him? Given that near point of the person is 75cm from the eye.

(2)

6. | n Y o doulgedsli experiment, light waves of wavelength 5.4 x 10’ m and
6.85 x 10 ® m are used in turn keeping the same geometry. Compare the fringe
width in the two cases. (2)

7.1 f the two slits in Youn 14 dedieetheeatiooment h
intensity at maxima and minima in the interference pattern.

)
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8. Figureshows across-s ecti on of a 0 laglapdfibre gf refpaetibe ma d e
index 1.68. The outer covering of the pipe is made of a material of refractive
index 1.44. What is the range of the angles of incident rays with the axis of the
pipe for which total reflections inside the pipe take place as shown.

3) ,
W ~

9. Three identical Polaroid sheets P;, P, and P53 are oriented so that the (pass) axis
of P, and P3 are at angles of 60° and 90° respectively, with respect to the pass
axis of P;. A monochromatic source, S, of intensity |, , is kept in front of the
Polaroid sheet P;. Find the intensity of this light, as observed by observers O ,
O, and O3, positioned as shown below. (3)

3

(O] O, 03

P1 P> Ps
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i nsi de med.iWhatis s wavelendth in medium 2?
3
ds
medium 1

d
/G medium 2
Ly

LEVEL i Il

. Aray if light is incident on a concave mirror after passing through its center of
curvature. What is the value of angle of reflection?

(1)

. What is the ratio of fringe width for
experiment? (1)

. A dentist uses a small concave mirror of focal length 16mm to view a cavity in the
tooth of a patient by holding the mirror at a distance of 8mm from the cavity.
Calculate the magnification. (2)
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. Show that for a concave mirror, a virtual object forms a real image which is
always diminished. (2)

. A point source of light is placed at the bottom of a lake with refractive index 4/3.
Show that only 17% light can emerge out of the water surface.  (2)

. Why does violet colour deviate more than red in prism? (2)

. A ray of light is incidenh anheasunfigte o
small angle O0A6 and it is found to emer gfp
the refractive index of the material of
incidence. (3)

.Calcul ate the number of fringes displ acell
and thickness 6t6 is introduced in the p

3)
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9. Afew coloured fringes, around a central white region, are observed on the
screen when the source of monochromatic light is replaced by white light in
Young6s double slit ex)peri ment. Gi ve

10. Light from two sources has intensity ratio 1:9 and is monochromatic. The lightis
made to superpose. What will be the resultant intensity obtained if the sources
are (i) incoherent & (ii) coherent? (3)
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KEY/ANSWERS TO NUMERICAL PROBLEMS (UNIT i OPTICS)

Level i |

1. Given:u =-f, and for aconcave lensf=-f, v=7?
Calculations: From lens formula, - - -

On substituting the values and on simplifying, we get, v = -f/2
That is image will be formed between optical Centre and focus of lens: towards
the side of the object.

2. Gi ven: ASB®OMA?

Calculations: Use the formula, n= ——— togetn=1.41

3. Using the formula, -= n p — — weget, - 15 p - —=-
Cf=R
4. The distance for which ray optics is good approximation for an aperture D and
wavelength & is called &r-esnel distance,
Given: D=4mm=4x10°m , &=400nm™m 46&?x 10
Calculations: Using the above formula, on substituting the values and
simplification, we get,
@ =40m
5. Given:n=15, i,=?

Calculations: Using the formula, n = tan i, , we get , i, =tan ' *(n) = tan ' *(1.5)
=56.3°

6. Given:d=0.28mm=0.28x10°m,D=14m,n=4,y,;=1.2cm=1.2x10°m , @&
=?
Calculations: Using the formula for the position of nth bright fringe,yo,= n D&/ d
we get,
> =zd/vD

On substituting the values and on

7. M=- — =-— — p T
8. The distance between two dark bands on either side of central bright bands is
equal to the total width @f+—bright band

Given: D=2m , o=5%0m,dm05mn5=0006x0°m0 ,5°? b
Calculations: On substituting the values and on simplifi c at i on wdxlQet ,
3 —
m =4 mm
9. Gi ven: u + v = 90cm e . . (i)
m = | v|] [/ Ju] = 2 or | v] = 2 |

v)
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From (i) and (ii), |u] =30cm, |v| = 60cm

By sign convention, u =-30cm, v = 60cm

Substituting the values in equation - - - and after simplification

we get,
f = 20cm (convex lens)
10.Given: D =25cm, M=10, P =?
Calculations: Using the formula, M=D /f, we get, f=D/M =25/10 cm =
0.025m
Now, P=1/f(inm)=1/0.025m = 40D

Level T 1l

1. 30°, as the reflected ray turns through twice the angle through which mirror is
turned.

2. n=c/v = 1/sinC , therefore, sinC =v/c=1.5x10%/3x10%=0.5
Now, C =sin ™ (0.5) = 30°

3. This is because n = — TS p

From | ens makeros formula, "f ' becomes
as a diverging lens.
4. Given: A=5°,¢ p®h &  p&®, angular dispersion = ?
Calculations: On substituting the values in equation, angular dispersion =
(¢ ¢ O6handon
simplification, we get, angular dispersion =0.5°=30'
5. Given: P =1D, f=100/P = 100/1 = 100cm, nearest distance of distinct vision u
=?;v=-75cm
Calculations: Using lens formula, we get, - - -

cC- - - — — ——=-7/300 or u=-42.9cm
6. Gi ven=54x8"m, ,=685x10°m, 4 ,HD
Cal cul at i enand gedetry s same i.e., D and d remain same,

therefore,
by 2B 1/o» 5.4 x 10 7/6.85 x 10 ® = 8 (approximately)
7. Intensity © width (w) of slit

Also, intensity ® square if the amplitude, ¢C— - — - or - = =
or b=2a
Now, -
8. Given: n,=1.68, n1=1.44, imax="?
Calculations: As n=—=— CsinC=— % =0.8571 So, C=sin™

(0.8571) =59°
75
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Total internal reflection would take place wheni > C i.e., i >59° or when r < rpnax
, Where
rmax = 90°- C = 90° - 59° = 31°
As —— pdp P CYQX p®H YY' Q& =1.68 x sin 31° = 1.68 x
0.5156= 0.8662
CQ =sin"(0.8662) = 60°
9. Intensity observed by O;=1,/2

Intensity observed by O,= (1o /2) cos® (60°) =(1o/2) x(1/2)*=1,/8

Intensity observed by Osz= (1, /8) cos? (90° - 60°) = (I, / 8) cos3(30°) =( 1, /
8) ( &83B/I) I,

10.Snel |l 6s |»swhARswpes p d v
The ratio of wavelengths is equal to the ratio of the speeds of light.
C 8‘1/ 2:6‘\/1/V2
Or, wavel ength in ,medeiumsiEn, & o

LEVEL T I

1. 0°. Aray of through center of curvature is incident normal to the surface of the
mirror.
2. 1:1, since the widths of bright and dark bands are equal.
3. Given: u=-8mm, f=-16mm, m="?
Calculations: - - - — — — C v=16mm
Now, |m|=v/u=16/8=2
4. - - -. Here, 'U'is positive, 'f'is negative, v =?
Giving signstou,vand f, wehave - - — or v= —— whichis

negative.
Also, |m|=]v/ul=——<1 Hence, the image is diminished.

5. The fraction of light energy that can escape is the fraction
of the solid angle which allows it to pass without total

internal reflection. \
Let the critical angle be C, sothat, shnC=-wher e 0n E’)\ IS
the refractive index of water. C
\N //
Fraction of solid angle=— p Al O# -Wp OE# =- —w’:fp— =

— —  p =017=17%
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6. For a priisyA andd & {n— E
As < @& n,>ng Henc e rili So, violet deviates more than red.

7. For refraction through a prism: we have
i+ e= A+ U

But, e=0
C i= A+ i
Al so, TWA = (n
C i=A+(ni 1)A=nA
C
8. Let the central maximum shift from P, to P',.
P

The sheet introduces an optical path nt and

o!ecreases air path by c’)té.‘

¢ path difference =S, P T S1Po=(ni 1) t e. (i)
From the figure, S; P'oi S Po=— —¢é. (i i)

I:)0

From (i) and (ii), — (n7 1)t 4 S2

<

C number of fringes shifted, N = -

9. For the centr al maXxi ma, path difference,

i ndependent of @o.
Hence , all the colours superpose constructively producing central white fringe.

For position of other maxima, X, =—

So, the position depends on a&.

A'S ed >api@, SO, the fringes closest to the central white are blue on either side
and farthest are red.

After a few fringes, no clear fringe pattern is observed.

10.As — - (intensity ratio)

Then, - — - (amplitude ratio)

If the sources are incoherent, the intensities add up.

i.e., the resultant intensity willbe 10. (=) ) A A

If the sources are incoherent, we get interference maxima and minima.
At minima, amplitude, amin =371 1 =2

Imin: (2)2 = 4
At maxima, amplitude, amax=3+1=4
Imax= (4)* = 16

So, the intensity will vary from 4 to 16.
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UNIT T VII- DUAL NATURE OF MATTER & RADIATION

LIST OF FORMULAE

1. Energy of a photon  E =hg =—

2. Number of photon emitted per second N = -

3. Momentum of photon P = mc =— ==

4. Equivalent mass of photon m=—=—=—

5. Work function Wo = hQo = —=

6. Kinetic energy of photoelectronisgi ven by Einsteinds photo
Kmax = 66 =h&-Wo=h(&- ) =h(-—)

7. If Vo is the stopping potential, the maximum kinetic energy of the ejected

photoelectron, K :%mv,fm:evo

8. Kinetic energy of De-Broglie Waves K = & ¢ = P?/2m
9. Momentum of De-Broglie Waves P =¢a 0

10. Wavelength of De-Broglie Waves A= —=— = o

11. Deii Broglie Wavelength of an electron beam accelerated through a potential

_ 8 _ 8 a0
7 =5 m=Eg—A

12. Dei Broglie Wavelength associated with gas molecules of mass m at

difference of V volts is A=

temper atur e Tm—k—e | v K =Bolizmann canstant
13.  The value of hc = 12400eV A°
14.  The Value of —=1240X 10 eV m

Level-l:- Numerical direct formula based (1 mark,2 mark)

1. If the maximum kinetic energy of electrons emitted by a photocell is 4ev.What is
the Stopping potential?

2. What is the energy associated in joules with a photon of wavelength 4000A°?

3. The photoelectric cut-off voltage in a certain experiment is 1.5V.What is the
maximum  Kinetic energy?
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4. Calculate the work function of a metal in eV.If its threshold wavelength is 6800A°?

5. What is the momentum of a photon of energy 120 MeV?

6. What is the de-broglie wavelength (in A% associated with an electron accelerated
through

a Potential of 100V?

7.Calculate the ratio of de-Broglie wavelength associated with a deuteron moving
with velocity 2V and an alpha particle moving with velocity V?

8. The work function of cesium metal is 2.14eV.When light of frequency 6 X 10** Hz
is incident on the metal surface, photoemission of electrons occurs. What is the (a)
Maximum kinetic energy of the emitted electron and (b) Stopping potential of the
emitted photoelectron?

9.In an experiment on photoelectric effect, the slope of the cut-off voltage versus
frequency

of incident light is found tobe 4.12X10™Vs . Cal cul ate the value
constant.
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10. The threshold frequency for a certain metal is 3.3 X10**Hz is incident on the
metal; Predicts the cut-off voltage for photoelectric emission.

LEVEL-2

1.An electron and an alpha particle have same kinetic energy. Which of these patrticles
has the shortest de- Broglie wavelength?

2.The de Broglie wavelength of an electron is 1 A. Find the velocity of the electron.

3.Determine the accelerating potential required for an electron to have a de-Broglie
wavelength of 1 A

4.An electron, an alpha particle and a proton have the same kinetic energy, which one
of these particles has (i) the shortest and (ii) the largest, de, Broglie wavelength?

5.In an experiment on photo electric emission , following observations were made;
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