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While answering the questions, candidate should adhere to the word limit as far as practicable.

15 Minutes of extra time has been allotted for the candidates to read the questions carefully.

This question paper is divided into two sections—SECTION - A and SECTION - B.

In SECTION — A there are 70 Ghjective Type Question, out of which only 35 objective questions be answered. Darken the
circle with blue/black ball pen against the correct option on OMR Sheet provided to you. Do not use Whitener/Liquid/Blade/

Nail on OMR paper; otherwise the result will be invalid

In SECTION - B, there are 20 Short Answer Type Question (each carrying 2 marks), out of which any 10 questions are be

answered.

Apart from this, there are 6 Long Answer Type Question (Each Carrying 5 marks), out of which 3 questions are to be answered.

Use of any electronic device is prohibited.

SECTION - A : Objective Ty‘pe Questions

Directions : There are 70 Objective Type Questions, out of

which only 35 objectives questions to be answered. For each
question, mark the correct option on the OMR answer sheet.

1.

" (A) Electric flux

35 x 1 =135
Which of the following physical quantities is a vector ?
(B) Electric potential
(C) Electric potential energy (D) Electric intensity
Van de Graff generator is an electrostatic machine which
produces :
(A) Only high current
(B) Ouly high voltage
(C) High current and high voltage
(D) Low current and low voltage

-

What is the angle between P the electric dipole moment P
and the electric field strength E when the dipole is in a
stable equilibrium 7

®r  ©35 OO

Which is used to produce polarised light ?

(A) Prism of flint glass (B) NaCl prism

(C) Nicol prism (D) Biprism

The coefficient of reflection for total internal reflection will
be :

(A) 0.5 ®) 1 © 0 D) =

The final image formed by a terrestrial telescope is :

(A) virtual and inverted compared to the object

(B) virtual and erect compared to the object -

(C) real and erect compared to the object

(D) none of these

A convex lens of focal length 40 cm and a concave lens of
local length 20 cm are in contact. The power of their
combination in diopter is : '

T
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10.

11.

12.

13.

14.

— — — — — — — — — — — —— ——— — —

(A) 2.5 B) -2.5

© 75 D) -15

The reason for the phenomenon of interference is :
(A) Phase difference (B) Change in amplitude
(C) Velocity change (D) Intensity change .
The function of moderation in nuclear reactor is to :
(A) Slow the speed of neutrons

(B) Fast the speed of neutrons

(C) Slow the speed of electrons

(D) Fast the speed of electrons

Diode is used as :

(A) An amplifier (B) An oscillator

(C) A modulator (D) A rectifier

If a dielectric is placed between two plates of a parallel plate
capacitor, the value of capacitance : ’

(A) increases (B) remains constant

(C) decreases (D) none of these

volt 9

Which of the following has unit
metre

(B) Electric potential
(D) Electric field

(A) Electric flux
(C) Electric capacity

In the figure, if net force on Q is zero then g q
value of £ is:
. q .-L.‘. r
RSN B 242 . Agbraiidy
1 1
© 272 D 77

The electric potential due to a small electric dipole at a
large distance » from the center of the dipole is proportional
to:

1 1
© 77 O =

1
@) r ® 7

. Which of the following ratios is constant for an isolated

conductor ?



16.

17.

18.

19.

20.

21.

22

23.

24.

25.

Total charge
Potential

Charge added
(B) “Potential difference

(GY)

. (Total chm‘ge)2
© Potential

The electric potential in equatorial position of an electric
dipole is : , o

(D) None of these

1 pcos@ 1
(A) dne, ®) dn e, 1’
L p
© Imegr D) Zero

S.1. unit of electric flux is :
(A) ohm. metre (B) ampere.metre

(C) volt-metre (D) (volt) (metre)™’
Surface density of charge is equal to :

(A) Total charge x Total area

Total charge
Total area

Total charge
B) ©)  Total volume

(D) Total charge x Total volume
Potential gradient is equal to :

dx

) dc-dV

@) i ®)

(©) % (D) None of these
One farad is equal to :

(A) 1CV ®) 1 cvt!

) 1cv? @) 1CV?

The specific resistance of a conductor increases with :

(A) increase of temperature

(B) Increase of cross-sectional area

(C) decrease in length

(D) decrease of cross-sectional area Ans. (A)
The algebraic sum of all currents meeting at any point in an
electrical circuit is

(A) infinite (B) positive

(C) zero (D) negative

The direction of the flow of current through electric circuit
is :

(A) from low potential to high potential

(B) from high potential to low potential

(C) does not depend upon potential value

(D) current cannot flow through circuit

The resistance of ideal ammeter is :

(A) Zero (B) very small

(C) very large (D) infinite

One ampere is equal to :

1 coulomb
A) 1 second B) 1 coulomb x 1 second
1ohm
(Cy 1 volt x 1 ohm ® Toon

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

[ 36.

37.

38.

39.

Voltameter measures:

(A) resistance (B) potential difference

(C) current (D) none of these

When magnetic moment of an oscillating magnet increases,
its time period will :

(A) increase (B) decrease

(C) remain unchanged (D) become half

The phase difference between electric and magnetic fields in
an electromagnetic wave is :

GVRY
©n

x
®) >
(D) anything
__)
The Torque (T) experienced by a current-loop of magnetic

:
moment (M) placed in magnetic field B is

_)
@A) T=M x B ®) 7=B x M
> M
" -
© T_E D T=MB

Tesla is a unit of :

(A) electric flux (B) magnetic flux

(C) magnetic field (D) electric field

SI unit of magnetic pole strength is :

(A) Ampere-metre ®) Ampere-metre2

©) Ampere?-metre (D) Tesla-metre

Instrument which converts mechanical energy into electrical
energy is :

(A) Induction-coil

(C) Transformer

Impedance of L-R circuit is :

B) Dynamo
(D) Motor

A) R+ oL? ®B) VR+aL
©) R+olL ®) VR* + 0212

Henry is unit of :
(A) Inductance (B) Magnetic fhux
(C) Magnetic field D) Electric field

The ratio of root mean square (rms) value and peak value of
an alternating current is :

. 1
w2 ®f
Hot wire ammeter measures

(A) peak value of ac
(C) rms. ac

1

© 3 D) 242

(B) average value of ac
(D) none of these

Unit of ' is unit of :

Lw .
) R ®) Lw
(C) Both ‘A’ and ‘B’ (D) None of these
Which of the following is not electromagnetic wave ?
(A) light waves (B) X-rays
(C) sound waves (D) infrared rays
Poynting vector is given as :

- - =

2 -9 = - —
AN ExH @M E/H () E.H ®)HIE



40. The direction of transmission of clectromagnetic wave
(A) Parallel to E (B) Parallel to B

(C) Panallel to Bx E (D) Parallel E X B

41. When light enters from one medium into another medium,
which quantity does not change ?
(A) Wavelength (B) Frequency
(©) Speed (D) Amplitude

42. Which of the relations is correct for the magnifying
compound microscope 7

1 ) ==ty n D
wuetfiep) o ueifirg)

D D
M=[1+— M=|1-—
ou-(1v2] o u-{1-2]

43. The magnifying power of magnifying glass of power 12
diopter is :
) 4 (B) 1200 ©3 D) 25
44. Mirage is a phenomenon due to :
(A) refraction of light
(B) reflection of light
(©) total internal reflection of light
(D) diffraction of light
45. Which one of the following has maximum refractive index ?
(A) glass (B) Water
© iron (D) diamon
46. The image formed by simple microscope 1s :
(A) Virtual and erect (B) Virtual and inverted
(©) Real and erect (D) Real and inverted

power of

47. Interference of light is the redistiibution of which of the

following physics quantitics?
(A) Frequency (B) Intensity
(©) Wavelength (D) Speed
48. The minimum value of the refractive index is :
(A) zero B 1
(C) less than 1 but not zero (D) more than 1
49. The refractive index of diamond is about :

A1 B) 1.42
© 242 D) 4.24
50. A person using a lens as a simple microscope sees an :
(A) inverted virtual image
(B) inverted real magnified image
(©) upright virtual image
D) upright read magnified image

51. The upper half of a convex Lense is blackned, size of image .

formed by it :

(A) Increases

(B) Decreases

(©) Becomes of less intensity

(D) None of these
52. To remove hyper metropia lens used is :

(A) Convex ®B) Concave

(© Cylindrical (D) Plano-covex
53. Which one of the following is deflected in electric field ?

(A) Gamma rays B) X-rays

(©) Ultraviolet rays D) Cathode rays

54. Who established that electric charge is quantised ?
(A) 1.J. Thomson (B) William Crookes

(©) R.A. Millikan (D) Wilhelm Rontgen
55. The energy of a photon of wavelength } is :

(A) heA B) /)

©) mile. D) A/ he

56. Transverse nature of light is shown by :
(A) Interference (B) Reflection
(©) Polarisation (D) Dispersion
57. Cathode rays are :
(A) electrons (B) neutrons
(C) protons (D) photons

58. The specific charge of electron is :
(A) 1.8 x 10" c/kg B 1.8 x 107 c/kg

©) 1.9 x 1077 c/kg (D) None of these
59. The energy of a photon of wavelength A is :

A
(A) heh ®) ke R D)=
A c hc
60. Full wave reftifier uses :
(B) three diodes

(A) two diodes
(©) four diodes

61. Density of nucleus is about :
(A) 2.29 x 107 kg m™? B) 2.29 x 107 kg m™

(©) 2.29 x 10" kg m™ D) 2.29 x 107" kg m™
62. The impurity doped in germanium to obtain n-type
germanium is :
(A) Tetravalent
(C) Pentavalent
63. Main gate (Basic gate) is :

(D) five diodes

(B) Trivalent
(D) None of these

(A) AND, OR (B) NAND, NOR
(©) OR, NOT (D) AND, OR, NOT
64. Donor impurity atom has valency:
(A3 B) 4
© 5 D) 6
65. For Binary number 10101, the number in decimal
representation will be :
(A) 31 B 21
© 11 D) 3

66. Diode is used as :
(A) An amplifier (B) An oscillator
© A modulator (D) A rectifier
67. Which frequency range is used for TV transmission ?
(A) 30 HZ - 300 Hz (B) 30 kHZ — 300 kHZ
© 30 MHz - 300 MHz (D) 30 GHz - 300 GHz
68. The most suitable metal for making permanent magnets is :
(A) iron ®B) steel
(© copper (D) aluminium
69. The magnetic flux linked with a coil is inversely proportional
to the
(A) magnetic field
.(©) number of turns

(B) area of cross section
(D) none of the above

70. Faraday constant :

(A) depends on the amount of the electrolyte

(B) depends on the current in the electrolyte

C) is a universal constant

(8) depends on the amount of charge passed through the
electrolyte



SECTION - B : Non-Objective Type Questions

SHORT ANSWER TYPE QUESTIONS

Directions : Questions Nos. 1 to 20 are of short answer type.

" Each question carries 2 marks. Answer any ten question on your

copy.

1.

2.
3.

9.

10.

11.
12

r-n

13.
14,
15.
L6.
17.
18.
19.

20.

10 x 2 =20

Under that condition will the magnifying power of a
microscope be maximum ?

What are eddy currents ? Give their one use.

What is the frequency of domestic alternating current
supply ? How many times does it become zero in one
second ?

Explain huygen’s principle for propagation of a wave
front.

State the postulates of huygen’s wave theory and draw

wavefront for parallel and converging or diverging
beams.

Explain the following terms :

(i) Ground waves (i) Space waves (jii) Sky waves
State two factors by which the range of transmission of
signals by a T.V. tower can be increased.

State some applications of y-rays.

Calculate the electric field intensity required to just
support a water drop of mass 10~ kg and having a
charge 1.6 x 107° C.

Define mutual induction.

Why the inductance coils are made of copper ?

The lense of focal length 10 cm placed S cm away from
a concave lense of focal length 20 cm. Find the
equivalent focal length.

Explain Copper-loss in a transformer.

Explain Electrical Resonance.

Define electric dipole and Dipole moment.

Show that a charge ‘q’ be divided equally into two parts
to have maximum force of repulsion between them.
Define equipotential Surface. Draw it for a point charge
and represent electric field.

Can the potential difference across a battery be greater
than its em.f. ? -

Why is the terminal voltage across a battery more than
the e.m.f. during recharging ?

What is the difference between an electromagnet and a
permanent magnet ? How is an electromagnet designed ?
State any two factors on which the strength of an
electromagnet depends.

LONG ANSWER TYPE QUESTIONS

Questions. Answer any 3 out of them.
21.

22.

Directions : Questions Nos. 21 to 26 are Long A;rswesr I)qng
X § =

Define self inductance and mutual inductance. Find an
expression for mutual inductance of two Co-axial
solenoid.

What do you understand by terms ‘average value’, ‘rm.s.
value’, ‘virtual value’ and maximum value of an
alternating current. Find expression for them.

24.

25.

26.

+ Derive expression for current in L-C-R series or parallel

circuit. What is the condition of resonance? What is
impedence of resonant frequency?

State Kirchoff’s law and use it to obtain condition of
balance of a wheatstone bridge.

What do you mean by joule’s heating effect ? Give the
laws of Joule’s heating and how can you verify it ?
State Biot-Savart’s law. Using this law, derive the
expression for the magnetic ficld due to a current
carrying circular loop of radius ‘R’, at a point which
is at a distance ‘x’ from its centre along the axis of the
loop. :
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SECTION - B

i

. The magnifying power of a simple microscope depends on

the ratio ? for a farsighted person. Here, D for a farsighted

person is greater than that for a normal person, but the value

of fremains the same. Therefore, the magnifying power of a .

simple microscope is greater for a farsighted person
compared to that for a person with normal vision.

Eddy Currents : Whenever a metallic piece is placed in
time varying magnetic field, the magnetic flux linked with it
changes, so the induced currents are produced;

these currents are called eddy X X X X X ;
oty
X X
X XXX X

The frequency of domestic ac supply is 50 Hz. It becomes
zero twice in each cycle and so it becomes zero 100 times

per second.

currents. These currents may be
so strong that they heat the metal

piece to red but.

. According to Huygen’s principle for propagation of

wavefront will be along all directions. All the points where
wave reach at same time is called wavefronts, Propogation of
wavefront stablished on the following two assumptions :
(i) Each point on a wavefront acts as a fresh source of
disturbance.
(i) The new wavefront of any later time is obtained by
taking the forward envelope of the secondary wavelets

at that time.

(i) Each point on a wavefront acts as a fresh source of

disturbance.

(i) The new wavefront at any later time is obtained by
taking the forward envelope of the secondary wavelets
at that time.

L G —

.Parallelbeam Convcrging beam  Diverging beam

6. (i) Ground waves : A radiowave that travels directly from
one point to another following the surface of the earth
is called ground wave or surface wave.

(ii) Space waves : A radiowave that travels directly from a
high trnasmitting antenna to the receiving station is
called a space wave.

(iii) Sky waves : A radiowave transmitted towards the sky
and reflected by the ionosphere towards the desired
location of the earth is called a sky wave.

7. (i) By increasing the height of the tower.

(ii) By increasing the height of the receiving antenna, so
that it may directly intercept the signal from the
transmitting antenna.

8. (i) They are used in radiotherapy to treat tumours and
cancer.

(ii) They (soft g-rays) are used to kill micro organisms in
food industry so as to preserve food stuffs for a longer
time.

(iii) They are used to produce nuclear reactions.

9. Here m=10"kg, ¢=16x 10" ¢

Let E be the strength of the electric field required to just

support the water drop.

Then, F=mg [~ F=geand g =¢]

Ee = mg
o ME_ 107 x9.8
e 16x107°

| E=6125x10"” NC™!

10. It is defined as the process of producing induced em.f. in
a coil by changing the current or magnetic flux linked with
the neighbouring coil.

11. The inductance coils made of copper have very small ohmic
resistance. Due to change in magnetic flux, a large induced
current will be produced in such an inductance and it offers
appreciable opposition to the flow of current due to the
applied e.m.f.

12. Here f;, =10 cm, f; = - 20 cm, d = 5 cm

focal length of eq. lense = F = ?

By using formula
11,1 d
F fi £ fHif
W P
T 10 =20 10x(-20)
Lol AL Ly 42, 3
10 20 40 40 40

. F=4—??cm=13.33 cm

13, Copper-loss—As the alternative current flows through the
primary and the secondary coil, heat is developed inside
the copper turns. This waste of energy is known as ‘Copper-
loss’.



14. Electric Resonance—The phenomenon of resonance
occurs in those systems which have a tendency to oscillate
at a particular froquency known as natural frequency of
oscillation of the system. When such type of a system is
driven by such a periodic energy source whose frequency
is oqual to the natural frequency of the system, then the
amplitude of oscillation becomes maximum and resonance
1s said to occur. For example, a swinging child has a natural
frequency of oscillation. If another child pushes the
swinging child at regular intervals such that frequency of
the pushes is ncarly the same as the natural frequency of
oscillation, then the amplitude of oscillation of the child
becomes maximum. Thus resonance has occurred.

15 Electric dipole : An electric dipole is a pair of equal
and opposite point charges ¢ and — ¢, separated by a
distance 2a.

Dipole moment : The dipole moment vector p of an electric
dipole is defined by

p=qx2p
16. Let ¢' and (¢ ¢') be separated by a distance r.
Now, the force of repulsion
1 44-9)

an €p r2

dF
For F to be maximum F=0
q

d|_1 (q'(q—q’)) -
dg’| 4n g r2

1
——lg-24]=0
or, 4n e r?
q9-29'=0
9=2q

4
252

Hence, charge ¢ must be divided equally for maximum force
of repulsion.
17. That surface on which potential be same at every point.

\
I<——Electric field line

4<——Equipotential surface
4

Equipotential surface for a point charge be spherical.

18. Normally not, But during the charging when the battery is
connected to the extemal source, the terminal potential
difference V is greater than E ie.,

Veppliea = E + IR

19. During recharging of the battery, the voltage across the
internal resistance (= Ir) and the em.f are in the same
direction, hence they get added up to give terminal voltage
So the terminal voltage is greater than the em. f

20. A permanent magnel is an object made from a matenal that
is magnetized and creates its own persistent magnetic field
An everyday example is a refrigerator magnet used to hold
notes on a refrigerator door.

An electromagnet is a type of magnet whose magnetic ficld

is produced by the flow of electric current. The magnetic

field disappears when the current passes.

Design of electromagnet : An electromagnet is made from

a coil of wire wrapped on a soft iron core which acts as a

magnet when an electric current passes through it, but stops

being a magnet when the current stops.

Following factors affecting the strength .of Electro-

magnet :

(i) the number of windings in the electromagnet.

(i) the amount of current supplied.

21.Self inductance : As we know rate of change of magnetic
flux through a coil be directly proportional to induced emf in that
coil as

d\

o 208
dt
7]

dt

Here, L is proportionality constant and is called coefficient of
self induction or self inductance.

Mutual inductance : Since flux in secondary coil depends
on the current in primary coil.

Hence, we can write

Goct
= o=M .. (D
where M 1s called coefficient of mutual induction or mutual
inductance.

Coefficient of mutual induction due to co-axial solenoid.

Consider two co-axial solenoid having radius r, and rg
placed such that there is no linkage of flux.

Consider N, and N be the number of terms in primary and
secondary solenoid respectively & let / be the current flow
through the primary solenoid. Hence magnetic field at the centre
of primary solenoid be given as

B=poNpI )]

Hence, the magnetic flux through the secondary solenoid be

given as

¢p = NsBAg
= 0p=Ng(HoNpl)y,
= 65 =poNpNgA,l )
As we know,

og=MI ... (i)

From eqn. (i1) and (ii1)
M= poNpNgAg



If Ip & Ig be the length of primary & secondary solenoid &

np &ng be the numbers of turms of primary & Secondary
solenoid.

Np ="P’P
& NS ="S’S

As =1tr52

M =ponpn, I nr?

22. Average valuc : It is an steady current which gives the

. T va g i .
same amount of charge in time 2 as1tis given by altemating

current to that circuit in time %
Consider on A.C.

I =1Igsinot
Let, dq be the charge given by the current in time *df’ to that
circuit.
-4
dt
dq = Idt
dq = IO sin @t dt
T
2 I
. —COSQ¥ |2-
=1y |sinaxdt = I,
q, oj 0 .
=TI
= =20 cosﬁxz—cosz—nxo
® r 2 T

—Io 2n
=—L2(1-p==2
w ( ) (0]

A
T

q_ﬂ_zm =06371I,
(0]

9 2y 2 _ 2, 2
I /== _ 0 2__<o 2
mYeT T2 T @ T 2I/IT T
_ 2o 21
an’ T
21,
Im:T

Root mean square values (rms value) or virtual value :

It is that steady current which produce the some heat in given
resistance in a given as is done by the alternating current when
passed through the same resistance for the same time.

Let the A.C. be represented by

I=Iysinet

Let, d, bethe amount of heat produced by this current is
resistance R in-an- infinitesimally small time d.

Then, 48 = y2pg4

The total quantity of heat produced over one complete cycle
of A.C. is given by

T
o= [1Ra
where T is the period of alternating current.

T
o = [Ugsinan? Rar
0

Now,

~

= [13 Rsin ot i

o

T .
= 13 Iif_[sin2 wt dt
0

2 1—-cosqwt
[Azcosqor
2

T
But Isinzrm_ dt =
0 0

O

T
l J‘ 052(0:
2°

°

_ Ly _l[siﬂzw‘ i
a=7 7320 |,

1 1 .

= —(T-0) - —(sin4® — sin0
2( ) 40)( )
T 1 T

= ———(0-0)=
2 4(.0( )=
2, T . :

0= IORXE _ - ()

If I, -be the virtual value of A.C. then,
= W:RT - @
Eqn: (2) and (1)

I*RT = IZR x %

=0.707 I,

T" = [T,=07071,

23. Consider a circuit having a resistance R, a coil of

inductance L & a capacitor of capacitance C are connection series
as shown in fig.

)
A
¢= SoSimedt
Let emf through the circuit
€= gqsinwt




a  Q
e =]R+L_+._
lero ] @ C

LdT Q
€osine = IR+ —— 4+ =
= 0t dt C

Let I = Asinow + Bcosox

Here, 44 & B arc constant
Differentiating eqn. (iii)

—= Awcosa¥ — Bsinwt
=P o=t
dr
From cqu. (iii)

d9 = (Asinax + Bcosax)dr
Integrating both side :

JdQ=jAsinmrdt +JBcosu)t dr

= af _coswt sinov
Q_A[ ® )+B( © )

Putting the value of /,

dar
__& . .o
dr Q in eqn. (i1)

R(Asinax + Bcosax) + L(Amcosat — Bwsinox) +

v (1)

(1))
.. (iii)

=) o)

= gpsinat
Initially let ox =0
sinaf =0 & cosax =1

RB + LAw +l(--‘-"‘-)=o
L\ @

when ¥ =

ST

sina¢ =1 & coswe =0

B
RA- LB +—=¢
oC 0

On solving eqn. (iv) & (V)
REO

2 1Y’

R +|eL-—
(-]
{=-d)e
& B= 2
2+(mL—L)

oC

From eqn. (iii)
I= Asinox + Bcosax

A=

. (V)

Y]

=
fee{osf

1= Iycos¢ sinax — sin ¢ cosax

| 1 = Iy sin(wx - ) |

and

=sin¢

€p -

(< {]

At resonant frequency

IO=

®g, X¢ = X & impedence is minimum

Z—\/R2+0 R

This impedence is called impedence of resonant frequency.
24.  Kirchoff’s law : To solve the comphcated circuit
Kirchoff suggested two rules that are :

(i) Kirchoff’s lst law/junction rule/current law :

In his 1st law Kirchoff tells that the algebraic sum of current
at a junction of circuit be always equal to 0

i’ﬁ

(a) Current going toward the junction' is_ \tnken as + we
whereas' current going away the junction taken as — ve.
Current towards the junction

= Current away the junction. T



« (i) Kirchoff's second law / Loop rule voltage law :
In his 2nd law Kirchofl state that the sum of potential drop
& total emf of a close loop of a circuit always be 0 i.c,

n n
S LR+
i=1 i=1
Applying Kirchoff’s second law for the loops (ABDA)

- hP-1,Ry +1,0=0 . (@)

For the second loop :

—(—I) R+ Uy +1) S+1I,R, =0
.

.. (i)

F - + = E
Now we adjust the resistance such that deflection of
galvanometer is O.

i.c., Ig =0
From equation (1)
= 11P=12Q

L ol 73
= 1, P
From eqn. (ii)
-y —I)R+(I, +1,)S+ IR, =0

= —([-0)R+([,+0)S+0xR, =0
= -IIR+1,5+0=0
=- I,S=1|R
= 11R=12S
L_S .
I—Z_E ‘ ... (IV)
Now, eqn. (1) & (iv)
e_s
P R
P_R
Qg s
P_Q
R §
S_R
Q P

This condition is called balance condition for wheatstone
bridge. It obtain when current through galvanometer is 0.

25. When an clectric current passes through a conductor the
clectrical resistance of the conductor opposes the current. In the
conductor electrons move from lower Potential end to higher
potential end. While moving from one end to the other inside a
conductor work is done cither on the charge or by the charge. In
the external circuit if a charge of Q coul. moves through a
potential difference of V" volt, energy gained or lost by the charge
is .V joule.

This cnergy appears in the form of heat inside the conductor. .
Hence heat energy produced is

H=Q V=1tV

o, H=ILIR or, H=PFRI e (D)

Where [ is the current passing through the conductor of
resistance R ohm for ¢ sec.

Joule’s laws—According to Joule, when a steady current of
I amp. passes through a conductor of fixed resistance and for a
fixed time, then heat energy produced is proportional to square of
the current

ie. Hal? ... (i)

If the current through the resistor remains constant and it
passes through different resistors for same time then the quantity
of heat produced is proportional to the resistance of the conductor

ie. HaR .. (i)

If same current is passed through a given conductor but for
different time then the quantity of heat produced is proportional
to time for which the current passes.

le. Hot

- Verification of Joule’s laws.

Joule’s laws are verified by the following experimental
arrangement.

Law of current—A Joule’s calorimeter is taken. It is

... (V)

. cleaned, dried and weighed. Some koil is taken into the

calorimeter and its mass is obtained. The initial temperature of
the colorimeter + kerosin o1l is noted with the help or a sensitive
thermometer. The electrical connection is completed as in the fig.
When a steady current is passed through the coil, heat is
produced. The temperature of the k, oil and the calorimeter, coil
increases. The increase in temperature of the system is recorded
by the thermometer in a fixed interval of time. The rise in
temperature of the system is proportional to the heat energy
produced.

~1— Calorimeter

~-1«—— Woodcn box

Now, the system is allowed to come to its original condition,
by switching off the circuit. Again a different current is passed



through the system for same time interval and the rise in

temperature is again recorded. If /| & /y be the current in two

cases and 8, and 8 be the fise in temperature then it is found
I} 9,

that 170,

This shows that 8o / but 8 a A and hence.

Similarly by taking two different coils, a constant current of
I amp is passed through the two different coils for same time. The
rise in temperature of the system is recorded. Let R, and R, be the

resistance of the two coils and 6, and 0, be the rise in
temperature, then it is observed that

K5

R, 8,

But 60 H andhence

The same current of I amp. is passed through the same coil
but for different time intervals. The rise in temperature of the
system is recorded. Let J amp of current is passed through a coil
of resistance R ohm for #; sec and ¢, see respectively. Let the rise

0o R

in temperature of the system in two different cases be 8,°C and
8 _1n

8,°C respectively. Then it is found that g == 7
2 b

But @ is proportional to H, hence

26. Consider a circular loop carrying a steady current I. The
loop is placed in the y-z plane with its centre at the origin O and
has a radius R. The x-axis is the axis of the loop. We wish to
calculate the magnetic field at the point P on this axis. Let x be
the distance of P from the centre O of the loop. '

Consider a conducting element d! of the loop. This is shown
in Figure. The magnitude dB of the magnetic field due to d/ is
given by the Biot-Savart law.

Y

_Bo Nidll X r

4an r @

Now, 2 = x? + R2, Further, any clement of the loop will be
perpendicular to the displacement vector from the element to the
axial point. For example, the element d/ in Figure is in the y-z
plane whereas the displacement vector 7 from d to the axial point
P is in the x-y plane. Hence |d/ x r| = rdl. Thus,

Ko Idl
g=to___©¢ _
4n (x* +R?)
The direction of dB is shown in figure. It is perpendicular to
the plane formed by 4! and r It has an x-component 4B, and a
component perpendicular to x-axis, dB; . When the components
perpendicular to the x-axis are summed over, they cancel out and
we obtain a null result. For example, the dB, component due to
dl is cancelled by the contribution due to the diametrically

opposite d! element, shown in figure. Thus, only the x-component
survives. The net contribution along x-direction can be obtained

by integrating dB_ = dBcos@ over the loop. For figure,
R
(x2 +R2)1/2

From Egs. (4.13) and (4.1),

dB

@)

(i)

cosB =

The summation of elements dI over the loop yields 27R,
circumference of the loop. Thus, the magnetic field at P due to
entire circular loop is

2
: KolR -
B=Bi=—F"—551
x 2(x2 +R2)3/2
As a special case of the above result, we may obtain the field
at the centre of the loop. Here x = 0, and we obtain,

_ Mol |
“ 2R’ M

The magnetic field lines due to a circular wire from closed
loops and are shown in figure. The direction of the magnetic field
is given by (another) stated below :

1

@)

B,
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