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OR

	 *	What is photo diode ? Briefly explain its working 
and draw its V-I characteristics.� 3

	Ans.	 Formation of depletion region: In the p-type 
semiconductor, holes are the majority carrier and in 
the n-type semiconductor, electrons are the majority 
carrier. 

		  When a p-n junction is formed, some of the 
electrons from the n-region which have reached 
the conduction band are free to diffuse across the 
junction and combine with holes. 

		  Filling a hole, makes a negative ion in p-side and 
a positive ion in the n-side. Thus, free charges get 
depleted and a depletion region is formed, which 
inhibits any further electron transfer.

		   
		  Applying forward bias, the depletion region reduces 

and again electrons can diffuse. 
	 30.	Calculate the de Broglie wavelength associated 

with the electron in the 2nd excited state of 
hydrogen atom. The ground state energy of the 
hydrogen atom is 13.6 eV.� 3

	Ans.	 The energy of the nth state of hydrogen atom   

                    
= = −

En
13 6

2
.

n

		  For ground state, n = 1 

		  When atom is in 2nd excited state, n =3 

		
∴             E =

−
−

13 6
3

1 512
.

. eV

		  Now, the de Broglie wavelength associated with an 
electron is 

		                   
λ = h

p �
...(i)

		   h = Planck’s constant 
		   p = Momentum of electron 
		  m = Mass of electron 

		  Also,       p = 2mE

		  Putting in equation (i)

		
Or 

           
λ = h

mE2

		

Putting values,

   
λ = ×

× × × × ×

−

− −

6 6 10

2 9 1 10 1 51 1 6 10

34

31 19

.

. . .

		

∴

                         
λ = × ×−6 6 10 10

6 631

34 25.
.

		                                 = 0.995 × 109 m
		                                 = 9.95 A°
	 32.	(a) �Two point charges + Q1 and – Q2 are placed r 

distance apart. Obtain the expression for the 
amount of work done to place a third charge 
Q3 at the midpoint of the line joining the two 
charges.

		 (b) �At what distance from charge + Q1 on the line 
joining the two charges (in terms of Q1, Q2 and 
r) will this work done be zero?� 3

	Ans.	 (a) �Potential at the mid point of the line joining the 
charges Q1 and –Q2 is

		                  

V k
Q
r

k
Q
r

= −1 2

2 2
		  � ( r is the distance between Q1 and –Q2)

		
Or,

   
V

kQ
r

kQ
r

= −2 21 2

		  Work done to place Q3 is W = V × Q3 

		

Or,

  

W Q= −





×2 21 2
3

kQ
r

kQ
r

		  ∴     W = −( )2
1 2 3

k
r

Q Q Q

	 (b)	 Work done will be zero when V = 0
		  �Let us consider that a point at a distance x from the 

charge Q1 where the potential will be zero.

		
So,

 

kQ
x

kQ
r x

1 2 0−
−

=

		
Or,

   

Q
x

Q
r x

1 2 0−
−

=

		
Or,

               

Q
x

Q
r x

1 2=
−

		  Or,    Q1 (r – x) = Q2x

		

∴  

                  
x

Q r
Q Q

=
+
1

1 2

	 	 �
So, at a distance 

Q r
Q Q

1

1 2+
 from charge Q1 on the line 

joining the two charges, the work done will be zero.
	 33.	An optical instrument uses an objective lens of 

power 100 D and an eyepiece of power 40 D. The 
final image is formed at infinity when the tube 
length of the instrument is kept at 20 cm. 

	 (a)	Identify the optical instrument.
	 (b)	Calculate the angular magnification produced by 

the instrument.	 3
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	Ans.	 (a) The instrument is compound microscope, 
because the focal length of objective lens is smaller 
than the focal length of eyepiece.

	     (b)	Power of objective = Po = 100 D 

		  ∴                      
fo =

 

1
100  

m = 1 cm 

		  Power of eyepiece = PE = 40 D 

		  ∴                     fE =
 

1
40  

m = 2.5 cm 

		  Length of tube = L = 20 cm 
		  D = least distance of distinct vision = 25 cm 

		  Angular magnification, m = 
L
f

D
fo R

×

		  ∴                                          =
 

20
1

25
2 5

200× =
.

Outside Delhi Set - I	 55/4/1

SECTION-A

		 Select the most appropriate option from those 
given below each question.

	 1.	A cell of emf E and internal resistance r is connected 
across a variable external resistance R. The graph of 
terminal potential difference V as a function of R is:

		         

V

E

O R

		  	 (a)	 (b)

		  � 1
		  	 (c)	 (d)
	Ans.	(b)

 

V

E

O R

	 2.	A uniform wire of resistance 2R is bent in the form 
of a circle. The effective resistance between the 
ends of any diameter of the circle is:

		 (a)	 2R	 (b)	 R

		
(c)

	

R
2 	

(d)
	

R
4 �

1

	Ans.	 (c) 
R
2

	 3.	A current I flows through a long straight conductor 
which is bent into a circular loop of radius R in the 
middle as shown in the figure.

O R

I

		 The magnitude of the net magnetic field at point O 
will be :

	
	(a)	 Zero	 (b)

	

µ π0

2
1

I
R

+( )

	
	 (c)	

µ
π
0

4
I
R 	

(d)	
µ

π
0

2
1

1I
R

−





� 1

	Ans.	(d)
 

µ
π

0

2
1

1I
R

−





	 4.	A circular loop of radius r, carrying a current I lies 
in y-z plane with its centre at the origin. The net 
magnetic flux through the loop is :

		 (a)	 directly proportional to r
	  	(b)	 zero
		  (c)	 inversely proportional to r
	  	(d)	 directly proportional to I� 1
	Ans.	 (b) zero
	 5.	The kinetic energy of a proton and that of an 

a-particle are 4 eV and 1 eV, respectively. The ratio 
of the de-Broglie wavelengths associated with 
them, will be :

		 (a)	 2 : 1 	 (b)	 1 : 1 
		  (c)	 1 : 2	 (d)	 4 : 1 � 1
	Ans.	(b) 1 : 1
	 6.	A photocell connected in an electrical circuit is 

placed at a distance ‘d’ from a source of light. As 
a result, current I flows in the circuit. What will 
be the current in the circuit when

 
the distance is 

reduced to
 
' '
d
2

?

		 (a)	 I 	 (b)	 2I 

	
	 (c)	 4I 	 (d)	

I
2 � 1

	Ans.	 (c) 4I
	 7.	A current of 10 A is flowing from east to west in a 

long straight wire kept on a horizontal table. The 
magnetic field developed at a distance of 10 cm due 
north on the table is :

		 (a)	 2 × 10–5 T, acting downwards
	  	(b)	 2 × 10–5 T, acting upwards 
		  (c)	 4 × 10–5 T, acting downwards
	  	(d)	 4 × 10–5 T, acting upwards� 1
	Ans.	 (a) 2 × 10−5  T acting downward
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	 8.	When a wave undergoes reflection at an interface 
from rarer to denser medium, adhoc change in its 
phase is :

	
	(a)	

p
2

	 (b)	 0 

	
	 (c)	 π 	 (d)

	

p
4 �

1

	Ans.	 (c) π

	 9.	Paschen series of atomic spectrum of hydrogen gas 
lies in :

		 (a)	 Infrared region

		  (b)	 Ultraviolet region

		  (c)	 Visible region

		  (d)	 Partly in ultraviolet and partly in visible region
� 1

	Ans.	 (a) Infrared region

	 10.	In the α–particle scattering experiment, the shape 
of the trajectory of the scattered α–particles depend 
upon:

		 (a)	 only on impact parameter

		  (b)	 only on the source of α–particles

		  (c)	 both impact parameter and source of α–particles

		  (d)	 impact parameter and the screen material of the 
detector � 1

	Ans.	 (a) only on impact parameter

		 Note : Fill in the blanks with appropriate answer.

	 11.	Torque acting on an electric dipole placed in an 
electric field is maximum when the angle between 
the electric field and the dipole moment is ______.
� 1

	Ans.	90˚

	 12.	A proton released from rest in an electric field, will 
start moving towards a region of ______ potential 
in the field.� 1

	Ans.	 lower

	* 13.	To minimise the percentage error in the 
determination of unknown resistance of a 
conductor in metre bridge experiment, the balance 
point is adjusted near _______of the wire.

OR

	 *	In potentiometer, a long uniform wire is used to 
_______ potential gradient along the wire.� 1

*	 14.	Unpolarised light of intensity I0 is incident on 
two crossed polaroids. The intensity of light 
transmitted by the combination will be_______.� 1

*	 15.	Name the particle emitted spontaneously in the 
following nuclear reaction :

		  15
32

16
32P S +→ +v _____ � 1

	 	Answer the following:
	 16.	The work done in moving a charge particle between 

two points in an uniform electric field, does not 
depend on the path followed by the particle. Why ?
� 1

	Ans.	 The work done to move a charge between two 
points in an electric field is W = qEd = qV 

		  where  q = magnitude of the charge,
		               E = Electric Field,
		               d = distance between the two points
		              V = �potential difference between the two 

points.
		  Hence, work done is independent of path following by 

the particle between the two points. It only depends 
on the difference of potentials of the two points.

*	 17.	Define magnetic declination at a place on Earth.� 1
	 18.	 �An A.C. source with variable frequency is 

connected to a parallel plate capacitor. How will 
the displacement current be affected with the 
decrease in frequency of the source ?� 1

	Ans.	 When variable frequency A.C. source is connected 
to a parallel plate capacitor, displacement current 
increases with decrease in frequency.

	 19.	An astronomical telescope may be a refracting type 
or a reflecting type. Which of the two produces 
image of better quality ? Justify your answer.� 1

	Ans.	 Reflecting type astronomical telescope produces 
better quality image since due to reflection there is 
no loss in intensity (I) of light.

	 20.	Can a slab of p-type semiconductor be physically 
joined to another n-type semi-conductor slab to form 
p-n junction ? Justify your answer.� 1

OR

		 In a p-n junction diode, the forward bias resistance is 
low as compared to the reverse bias resistance. Give 
reason.� 1

	Ans.	 No, a p-type semi-conductor slab cannot be 
physically joined with a n-type semi-conductor slab 
to produce a p-n junction.

		  If we physically join the two semi-conductor 
blocks, there will always be little microscopic gap or 
between the slabs due to roughness of the surfaces.

OR 

		  In a forward biased p-n junction, potential barrier is 
reduced and hence the electrons and holes can easily 
cross the junction. In reversed biased p-n junction, 
the potential barrier is raised and hence the electrons 
and holes cannot easily cross the junction. For this 
reason, forward bias resistance is low compared to 
reverse biased resistance of p-n junction.
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SECTION-B

	 21.	 �Find the total charge stored in the network of 
capacitors connected between A and B as shown in 
figure:

		

6 µF

2 µF

3 µF

4 µF

A B

3 V � 2
	Ans.	 6µF and 3µF are connected in series. Hence their 

equivalent capacitance is 2 µF.
		  4µF and 2µF are connected in series. Hence their 

equivalent capacitance is 4
3  

µF.

		
2 µF and

 

4
3

µF capacitors are connected in parallel. 

So, the equivalent capacitance = × −10
3

10
3

10 6µF= F
 

		                            We know Q = CV

		                                               
C F= × −10

3
10 6

		                                               V = 3 V

	 	 ∴                                         Q C= × × =− −10
3

10 3 106 5

	 22.	A wire of length Lo has a resistance Ro. It is 
gradually stretched till its length becomes 2 Lo.

	 (a)	Plot a graph showing variation of its resistance R 
with its length L during stretching.

	 (b)	What will be its resistance when its length becomes 
2 Lo?� 2

	Ans.	 (a) R vs. L graph :

Length

( )l

O

Resistance

( )R

	 (b)	 When length = L0
		                 Area = A0

		
    Resistance

 
= =R

L
A0

0

0
ρ

		  When length = 2L0 

		                 
Area =

 

A0

2

		            
Then

 
R

L
A

= ρ

		
Or,

              
R

L
A

L
A

R= = =ρ ρ2
2

4 40

0

0

0
0

	 23.	 �A resistor R and an inductor L are connected in 
series to a source of voltage V = Vo sin ωt. The 

voltage is found to lead current in phase
 
by

 

p
4

.
 

If the inductor is replaced by a capacitor C, the 

voltage lags behind current in phase by
 

p
4

. When 

L, C and R are connected in series with the same 
source,

		 Find the : 
		   (i)	 average power dissipated and
		 (ii)	 instantaneous current in the circuit� 2
	Ans.	 For LR circuit 

		                   

X
R

L

 
= tan 45˚ = 1

		  So,               Xl = R
		  For  CR circuit

		                   

X
R

C

 
= tan 45° = 1

		  So,               Xc = R
		  For  LCR circuit
	 	 When L, C and R are connected in series, then actually 

three R are connected in series. Equivalent impedance 
= 3R. Thus circuit is resistive.

		                      V = V0sin ωt 
		  and               I = I0sin ωt
	 	 (i) Average power dissipation P = VI 
		                       P = V0sin ωt × I0sin ωt 
		      Over full cycle

		                        
P

V I
AVG

m m= ×
2 2

	 	 (ii) Instantaneous current I = I0sin ωt
	 24.	Light of same wavelength is incident on three 

photo-sensitive surfaces A, B and C. The following 
observations are recorded.

	 (a)	From surface A, photoelectrons are not emitted.
	 (b)	From surface B, photoelectrons are just emitted.
	 (c)	From surface C, photoelectrons with some kinetic 

energy are emitted. 
		 Compare the threshold frequencies of the three 

surfaces and justify your answer.� 2
OR

		 If the frequency of light incident on the cathode 
of a photocell is increased, how will following be 
affected ? Justify your answer.

		   (i)	 Energy of the photo electrons
		 (ii)	 Photo current� 2
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	Ans.	 (a)  �From surface A, electron is not emitted. So, the 
value of threshold frequency more than the 
frequency of the incident radiation.

		  (b)  �From surface B, photoelectrons are just emitted. 
So, the value of threshold frequency is equal to 
the frequency of the incident radiation.

		  (c)  �From surface C, photoelectrons are just emitted. 
So, the value of threshold frequency is less than 
the frequency of the incident radiation.

		         �Threshold frequency is defined as the minimum 
frequency of light which causes electron 
emission from a metal surface. No electron 
emission, means that the frequency of the light 
is less than the threshold frequency and electron 
emission means that the frequency of the light is 
more than the threshold frequency.

OR
		  If the frequency of light incident on the cathode of a 

photocell in increased then
		  (i)  �Energy of the photo electron increases.
		  (ii)  �Rate of electron emission remains same. Hence, 

the current remains same.
	 25.	Briefly explain how a potential barrier is set up 

across a p-n junction as a result of diffusion and 
drift of the charge carriers.� 2

	Ans.	 When a p-n junction is formed, the hole 
concentration is more in P side as compared to N 
side and electron concentration is more in N side as 
compared to P side. So, diffusion of charge carrier 
from lower to higher concentration continues and 
an equilibrium is established forming a potential 
barrier. The barrier produces an electric field.

		  Drift of charge carriers due to the force exerted 
on charge carriers by the electric field. So, when 
a potential barrier is established, it opposes the 
diffusion of majority charge carriers from one region 
to other, but supports the drift of minority carrier.

*	 26.	(a) Why is a photodiode operated under reverse 
bias condition ?

	 (b)	Draw V-I characteristic curves of photodiode for 
incident light of intensities I1 and I2 (I1 > I2).� 2

OR
	 (a)	State the level of doping and biasing condition 

used in light emitting diode (LED).
	 (b)	Write any two advantages of LED over the 

conventional low power lamps.� 2
	 27.	  (a) Explain the formation of energy bands in 

crystalline solids.
	 (b)	Draw the energy band diagrams of (i) a metal and 

(ii) a semiconductor.� 2
	Ans.	 (a) Formation of energy bands in solid :
		  An isolated atom possesses discrete energies of 

different electrons. When two isolated atoms are 
brought very close to each other, then the electrons 
in the orbits of two atoms interact with each other 
and the energies of electrons do not remain in same 
level but changes from its original value. So, at the 

place of each energy level, a closely spaced two 
energy levels are created.

		  When large number of atoms are brought together 
to form a solid by interaction of electrons, a large 
number of closely spaced energy levels is created. 
These are known as bands of allowed energies. 
Between the bands of allowed energies, there are 
empty energy regions also, known as forbidden 
band of energies.

		  (b)

Conduction band

Valence band

(i) Metal (ii) Semiconductor

Forbidden band
Eg= 1.1 eV

Conduction band

Valence band

SECTION-C

	 28.	A hollow conducting sphere of inner radius r1 and 
outer radius r2 has a charge Q on its surface. A point 
charge –q is also placed at the centre of the sphere.

	 (a)	What is the surface charge density on the (i) inner 
and (ii) outer surface of the sphere ?

	 (b)	 �Use Gauss’s law of electrostatics to obtain the 
expression for the electric field at a point lying 
outside the sphere.� 3

OR
	 (a)	 �An infinitely long thin straight wire has a uniform 

linear charge density λ. Obtain the expression for 
the electric field (E) at a point lying at a distance x 
from the wire, using Gauss’s law.

	 (b)	Show graphically the variation of this electric field 
E as a function of distance x from the wire.� 3

	Ans.	 (a) �Charge placed at the centre of the hollow sphere 
is −q. Hence, a charge of magnitude + q will be 
induced to the inner surface. Therefore, total 
charge on the inner surface of the shell is + q. 
Surface charge density at the inner surface

s
pi

q
r

= =Total charge
Inner surface area

+
4 1

2
 

		  A charge of -q is induced on the outer surface of 
the sphere. A charge of magnitude Q  is placed on 
the outer surface of the sphere. Therefore, the total 
charge on the outer surface of the sphere is Q − q. 
Surface charge density at the outer surface

s -
pouter

Total charge
Outer surface area

Q= = q
r4 2

2
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	 (b)	 �Electric field at point lying outside the sphere at a 
distance r from the centre of the sphere: Applying 
Gauss theorem

		  	 ∫ .E dA 	= 
Qenc

e0

		  Since the electric field is radial and constant over the 
Gaussian sphere:

		  	 ∫ .E dA 	= E dA E r=∫ ( )4 2π


		  So,	 E × 4pr2	= 
Q q

n

−
ε

		  \	 E	= 
Q q

r
−

4 2
0π ε

OR 

		  (a)  �Electric field due to an infinitely long straight 
wire having uniform linear charge density λ :  
x = distance of the point P from the wire where 
the electric field is to be evaluated

		  E = electric field at the point P

		  �A Gaussian cylinder of length l, radius x is 
considered.

		  �An infinitesimally small area ds on the Gaussian 
surface is considered.

		  �Electric field is same at all points on the curved 
surface of the cylinder and directed radially 
outward. So, E and ds are along the same direction.

		  �The total electric flux (φ) through curved surface 
=∫Edscosθ 

		  �Since E and ds are along the same direction,

		           so θ = 0˚ 

		  So,         φ=E(2 πxl)
		  �The net charge enclosed by Gaussian surface is,
		               q = λl 

		  ∴ By Gauss’s law,

		               
φ

ε
= 1

0
q

	
	 Or, 

 
∴ = ( )1

2
0ε

q E xrl

		           
∴ =E

λ
π2 0xε �

λ =





q
l

	 	 (b) 

x

E

*	 29.	(a) Explain the principle of working of a 
potentiometer.

	 (b)	 �In a potentiometer, a standard source of emf 5 
V and negligible internal resistance maintain a 
steady current through the potentiometer wire of 
length 10 m. Two primary cells of emf E1 and E2 
are joined together in a series with (i) same polarity 
and (ii) opposite polarity. The combination is 
connected to the potentiometer circuit in each case. 
The balancing length of the wire in the two cases 
are found to be 700 cm and 100 cm, respectively.

		 Find the values of emf of the two cells.� 3
	 30.	(a) Differentiate between self inductance and 

mutual inductance.
	 (b)	 �The mutual inductance of two coaxial coils is 2 H. 

The current in one coil is changed uniformly from 
zero to 0.5 A in 100 ms. Find the :

		 (i)	 change in magnetic flux through the other coil.
		 (ii)	 emf induced in the other coil during the 

change.� 3
	Ans.	 (a) �In self inductance, the change in the strength of 

current in the coil is opposed by the coil itself by 
inducing an emf.

		  In mutual inductance, a pair of coils are involved. 
If current changes in one coil, the other near by coil 
opposes the change by inducing an emf in itself.

	 (b)	 Induced emf

 

= = = ×
×

=−e
d
dt

M V
I

10
2

0 5
100

103
.

		  Induced emf
 
= =e

d
dt
φ

		                       
10

100 3= −
dφ
×10

		  dφ = change in flux = 10 × 100 × 10 −3= 1 Wb
	 31.	Explain with the help of a diagram, the working of 

a step-down transformer. Why is a laminated iron 
core used in a transformer ?� 3

	Ans.	 Working of a step-down transformer:
		  A step down transformer converts a high voltage at 

the primary side to a low voltage at the secondary 
side.

		  Transformer work on the principle of “Faraday’s 
law of electromagnetic induction”.

		  The emf induced is determined by the number of 
turns in primary and secondary windings. This ratio 
is called as Turn ratio.

		  The voltage reduction capability of step down 
transformers depends on the turn ratio of the 
primary and secondary coils. As the number of turns 
in secondary coil is kept less as compared to the 
number of turns in primary coil, so the amount of 
flux linkage to the secondary coil of the transformer 
is less compared to the primary coil. Accordingly, 
the emf induced will be less in the secondary coil.
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N
N

V
V

S

p

S

p
=

		  Here,
		           Ns = number of turns in secondary coil
		          Np = number of turns in primary coil
		           Vs = Voltage in secondary coil
		           Vp = Voltage in primary coil
		  The number of turns in secondary winding is 

always less than the number of turns in the primary 
winding of the transformer, i.e. Np > Ns.

		  As the number of turns is less in secondary coil, so 
the induced emf (output voltage) in the secondary 
coil will be less than the primary input voltage.

		  Laminated iron core is used in transformers to 
reduce the Eddy current which prevents the 
efficient transfer of energy from the primary coil to 
the secondary coil and causes energy loss in form of 
heat generation in the core.

	 32.	Name the electromagnetic waves with their 
frequency range, produced in

	 (a)	some radioactive decay
	 (b)	sparks during electric welding
	 (c)	TV remote� 3
	Ans.	  (a) �Electromagnetic wave produced in some 

radioactive decay is γ-rays (frequency >  
3 × 1017 Hz).

		  (b)  �Electromagnetic wave produced in arc welding 
are UV (7.5 × 1014 – 3 × 1016 Hz) , IR (3 × 1012 –  
4.3 × 1014 Hz) and visible (4.3 × 1014 − 7.5 × 1014 
Hz) rays.

		  (c) �Electromagnetic wave produced in TV remote 
are IR rays.

	 33.	Two coherent light waves of intensity 5 × 
10–2 Wm–2 each superimpose and produce the 
interference pattern on a screen. At a point where 

the path difference between the waves is
 

λ
6

, λ 

being wavelength of the wave, find the
	 (a)	phase difference between the waves
	 (b)	resultant intensity at the point
	 (c)	resultant intensity in terms of the intensity at the 

maximum� 3

	Ans.	 (a)
 

∆ =
∆

x
λ

π
φ

2
,
 

where Δx = Path difference and 
 

Δφ = Phase difference 

		       
∆ =x

λ
6

		  ∴  ∆φ = phase difference
 
= × =λ

λ6
2 2

6
p p

	 (b)	 Resultant intensity
 
= = ∆

I I0
2

2
cos

φ

		
Or,

                           
I I= 0

2

6
cos

π

		
Or,

                           
I = × −5 10

6
2 2cos

π

		

Or,

                           
I = ×











−5 10
3

2
2

2

		  ∴                              I = 3.75 × 10−2  Wm−2

	 (c)	 Resultant intensity at maxima = Imax = 4I0

		  Resultant intensity
 
= =I

l
resultant

3
4

0

		                      

I
I

I
I

resul ttan

max
= =

3 4
4

3
16

0

0

		                 
∴ I Iresul t Maxtan =

3
16

	 34.	Two objects P and Q when placed at different 
positions in front of a concave mirror of focal 
length 20 cm, form real images of equal size. Size 
of object P is three times the size of object Q. If 
the distance of P is 50 cm from the mirror, find the 
distance of Q from the mirror.

	Ans.	 Using the mirror formula:

		  	

1
f 	

= 
1 1
u v

+

		  Substituting values for object P:

		  	

1
20- 	

= 
1
50

1
−

+
v

		  	

1
v 	

= 
1
20

1
50-

-
-

		  	 v	 = 
-100

3  
≈ –33.33 cm

		  We know that the magnification formula for a 
mirror is:

		  	 m	 = 
-v
u

		  For object P:	 mP	 = 
- -

-
( . )33 33

50

		  	 	 = 
33 33

50
.

		  	 	 = 
2
3

		  For object Q, since its height is one-third that of P, 
the magnification is:

		  	 mQ	 = 
1
3

mP

		  	 	 = 
1
3

2
3

×
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		  	 	 = 
2
9

		  Using 	 mQ	 = 
-v
uQ

		  	

2
9 	

= 
33 33.

uQ

		  Solving for uQ:	 uQ	 = 
33 33 9

2
. ×

 
= 30 cm

SECTION-D

	 35.	(a) �Show that a current carrying solenoid behaves 
like a small bar magnet. Obtain the expression 
for the magnetic field at an external point lying 
on its axis.

	 (b)	 �A steady current of 2 A flows through a circular 
coil having 5 turns of radius 7 cm. The coil lies 
in X-Y plane with its centre at the origin. Find the 
magnitude and direction of the magnetic dipole 
moment of the coil.� 5

OR

	 (a)	 �Derive the expression for the force acting between 
two long parallel current carrying conductors. 
Hence, define 1 A current.

*	 (b)	 �A bar magnet of dipole moment 3 Am2 rests with its 
centre on a frictionless pivot. A force F is applied at 
right angles to the axis of the magnet, 10 cm from 
the pivot. It is observed that an external magnetic 
field of 0.25 T is required to hold the magnet in 
equilibrium at an angle of 30° with the field.

		 Calculate the value of F.

		 How will the equilibrium be effected if F is 
withdrawn ?� 5

	Ans.	 (a) Let us consider a solenoid, whose

		                radius = a 

		                length = 2L

		  number of turns per unit length = n 

		  current passing through the solenoid = I.

2L

L

		  Let us consider a small element dx at distance x from 
O. 

		  Magnetic field at P (a point at a distance r from O) is

		                                       

d
ndx a

r x a
B =

µ0
2

2 2
3 2

2

I

−( ) +





		  Integrating

		                                         

B =
µ0

2

2 22
3 2

ndx a

r x a

I
l

+l

−( ) +





−∫

		  Putting
 

r x a r−( ) +



 =2 2

3 2
3

		                                         
B

l= ×µ0
2

3
2

2
n a

r
I � …….(i)

		  Now, magnetic moment, M = n × 2I × I × πa2 

		                        
∴ × ×n  2I I = 

M
πa2 � …….(ii)

		  Putting in the eqns (i)

		                         
B = = = 

M M Mµ
π

µ
π

µ
π

0
2

2
0 0

2 2
2

2
a

r x r x r3 3 3a

		  The same magnetic field is produced by a bar 
magnet.

		  Hence, a current carrying solenoid behaves like a 
bar magnet.

	 (b)	 Magnitude of magnetic dipole moment M with the 
circular current loop having n number of turns, 
carrying a current I and of area A is |M| = nIA. 
The direction of the magnetic dipole moment is 
perpendicular to the plane of the loop.

		  Here n = 5

		             I = 2A

		             r = 7 cm = 0.07 m

		  ∴ Area = A = pr2 = 3.14 x (0.07)2 m2

		  ∴ Magnetic dipole moment 

		  	 = 5 × 2 × 3.14 × (0.07)2 = 0.154 Am2

OR

	 (a)	 AB and CD are two straight very long parallel 
conductors, carrying currents I1 and I2 ,respectively, 
separated by a distance a..

		  The magnetic induction due to current I1 in AB at a 

distance a is:
         

B1
0 1

2
= µ

π
I
a �

…(i)
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inwards

A

a

C

B D

B1

B2

I2I1

F1F2

outwards

 
		  This magnetic field acts perpendicular to the plane 

of the paper and inwards. The conductor CD with 
current I2 is situated in this magnetic field. Hence, 
force on a segment of length l of CD due to magnetic 
field B1 is F1 = B1I2l. Substituting B1 from eqn (i)

		                                    
F =

I I L
21

0 2 1µ
πa

� ….(ii)

		  By Fleming’s Left Hand Rule, F acts towards left. 
Similarly, the magnetic induction due to current I2 
flowing in CD at a distance a is

		                                   
B

I
2

0 2

2
= µ

πa  
� …. (iii)

		  This magnetic field acts perpendicular to the plane 
of the paper and outwards. The conductor AB with 
current I1, is situated in this field. Hence, force on a 
segment of length l of AB due to magnetic field B2 is

		                                    F2 = B2I1L
		  Substituting B2 from eqn (iii),

		                                   
F

I I L
2

0 2 1

2
=
µ

πa �
….. (iv)

		  By Fleming’s Left Hand Rule, this force acts towards 
the right. These two forces, given in equations (ii) 
and (iv) attract each other. Hence, two parallel wires 
carrying currents in the same direction attract each 
other and if they carry currents in the opposite 
direction, repel each other.

		  Definition of 1 Ampere:
		  The force between two parallel wires carrying 

currents on a segment of length l is
 
F =

µ
π

0

2
I I L2 1

a

		  Force per unit length is
 

F
l

I I= µ
π

0 2 1

2 a

		  If I1 = I2 = 1 A and 'a' = 1 m

		
Then,

 

F
L

I I
a

= =
×

= ×
−

− −µ
π

π
π

0 2 1
7

7 1

2
4 10

2
2 10 Nm

		  So, 1 A is defined as that constant current which 
when flowing through two parallel infinitely long 
straight conductors of negligible cross section and 
placed in air or vacuum at a distance of one metre 
apart, experience a force of 2 × 10–7 N per metre of 
length between them.

	 36.	  (a) �Draw the ray diagram showing refraction of 
ray of light through a glass prism. Derive the 
expression for the refractive index μ of the 
material of prism in terms of the angle of prism 
A and angle of minimum deviation δm.

		  (b)	 A ray of light PQ enters an isosceles right-
angled prism ABC of refractive index 1.5 as 
shown in figure.

A

90˚

45˚

Q

B

P

C

		  (i)	 Trace the path of the ray through the prism.
		 (ii)	 What will be the effect on the path of the ray if 

the refractive index of the prism is 1.4 ?� 5
OR

	 (a)	 �Two thin lenses are placed coaxially in contact. 
Obtain the expression for the focal length of this 
combination in terms of the focal lengths of the 
two lenses.

	 (b)	 �A converging lens of refractive index 1.5 has a 
power of 10 D. When it is completely immersed in a 
liquid, it behaves as a diverging lens of focal length 
50 cm. Find the refractive index of the liquid.� 5

	Ans.	 (a)

		  OP is the incidence ray on the prism and QR is the 
emergent ray.

		    ∠i1  = angle if incidence

		    ∠i2  = angle of emergence 

		        A = angle of the prism
		          μ = refractive index of the material of the prism. 
		         δ = angle of deviation

		  For minimum deviation, ∠ = ∠ = ∠r r r1 2

		                                                 A r r= ∠ + ∠1 2

		  So,                                          A r r r= ∠ + ∠ = ∠2

                                                        
∠ =r

A
2

		  Also,                          ∠ + ∠ = ∠i i i1 2

                                                  A i im+ = ∠ + ∠δ 1 2

		  So,                                            i
A m=

+( )δ
2
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		  Now, from Snell’s law,

		                                                  
µ =

sin
sin

i
r

                                                          

µ =

+















sin
A

sin A

δm

2

2

	

(b)	 (i) 

C

A

B

Q

P

45°

90°

450

		  The critical angle qC =
 
sin− = °1 1

1 5
41 3

.
. .

		  So, the ray which is incident on AB surface will be 
reflected making an angle 45°.

		  The angle of incidence on AC surface is also 45°; so, 
the ray will be reflected making an angle 45°.

		  The ray is incident normally on the surface BC. So, 
there will be no deviation due to refraction.

	 (ii)	 If μ = 1.4, then

		  the critical angle q =
 
sin− = °1 1

1 4
45 23

.
. .

		  So, the ray will be refracted out from the AB face.
A

B C

Q

P

45°

90°

81.9
0

		  Angle of incidence (i) = 45° 

		            
∴ =µ

sin
sin

i
r

		  Or,    

1
1 4

45
.

=
°sin

sin r

	 	 Or,  sin r = 1.4 × sin 45° = 0.99

		  ∴           r = angle of refraction = 81.9°

		  So, the ray will be refracted out making an angle of 
refraction 81. 9°.

OR

	 (a)	 Consider two thin lenses L1 and L2 of focal length 
f1 and f2 are placed coaxially in contact with each 
other.

		  The lenses are so thin that their optical centres are 
assumed to coincide at point P.

I1

L2L1

IO
P

 
		  An object is placed at O on the common principal 

axis. The lens L1 produces an image at I1 and this 
image acts as the object for the second lens L2. The 
final image is produced at I as shown in the figure.

		  PO = u, object distance for the first lens (L1),

		    PI = v, final image distance and

		   PI1=v1, image distance for the first lens (L1) = 
object distance for second lens (L2).

		  For the image I1 produced by the first lens L1

		                  1 1

1 1 1
v u f

− = 	 …(1)

		  For the final image I, produced by the second lens L2,

		                   

1 1 1

1 2v v f
− = � …(2)

		  Adding equations (1) and (2), 

		                     

1 1 1 1

1 2v u f f
− = +

�
…(3)

		  If the combination is replaced by a single lens of 
focal length f such that it forms the image of O at the 
same position I, then

		                     

1 1 1
v u f

− =
�

…(4)

		  Comparing equations (3) and (4),

		                   

1 1 1

1 2f f f
+ =

	 (b)	 Refractive index of the medium of lens = 1.5 
		  Power of the lens = – 10 D

		  Focal length of the lens = fair = 
1

10  
= 0.1 m = 10 cm

		  In liquid, its focal length = fliquid = – 50 cm 
		  According to lens makers’ formula

		               

1
1

1 12

1 1 2f
n
nair

= −








 −









R R

		

Or,

        

1
10

1 5
1

1
1 1

1 2
= −





−










.
R R

		             
∴ = × −











1
10

0 5
1 1

1 2
.

R R
 
� …(1)
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		  In the liquid,

		            

1
1

1 12

1 1 2f
n
nliquid

= −








 −









R R

		

Or,

      

1
50

1 5
1

1 1

1 1 2−
= −









 −











.
n R R

� …(2)

		  Dividing equation (1) by equation (2),

		            

− =
−

1
10
1
50

0 5
1 5 1

1

.
.

n

		
Or,

  

1 5
1

1
101

.
n

− =

		  ∴ n1 = Refractive index of the liquid medium = 1.36
*	 37.	(a)   Derive the law of radioactive decay N = No e–λt.

	 (b)	The half life of 92
238 U  undergoing α-decay is 

4.5 × 109 years. Find its mean life.
	 (c)	What fraction of the initial mass of a radioactive 

substance will decay in five half-life periods ?� 5
OR

	 (a)	State the postulates of Bohr’s model of hydrogen 
atom and derive the expression for Bohr radius.

	 (b)	 �Find the ratio of the longest and the shortest 
wavelengths amongst the spectral lines of Balmer 
series in the spectrum of hydrogen atom.� 5

	Ans.	
OR

	 (a)	 Postulates of Bohr's model of hydrogen atom:
		  Postulate – I: The electrons revolve in a circular 

orbit around the nucleus. The electrostatic force of 
attraction between the positively charged nucleus 
and negatively charged electrons provide necessary 
centripetal force for circular motion.

		  Postulate – II: The electrons can revolve only in 
certain selected orbits in which angular momentum 

of electrons is equal to
 
the integral

 
multiple

 

h
2p

,
 

where h is Planck’s constant. These orbits are 
known as stationary or permissible orbits. The 
electrons do not radiate energy while revolving in 
theses orbits.

		  Postulate – III: When an electrons jumps from 
higher energy orbit to lower energy orbit, energy 
is radiated in the form of a quantum or photon of 
energy hv, which is equal to the difference of the 
energies of the electron in the two orbits.

		  Expression for Bohr radius :
		  Let us consider 
		           m = mass of an electron
		            r = �radius of the circular orbit in which the 

electron is revolving 
		            v = speed of electron
		         – e = charge of electron
		  From 1st postulate
		  Centripetal force = Electrostatic force

		      

mv
r

e
r

2

0

2

2
1

4
=

pe

		      
∴ =v

e
mr

2

0

21
4pe

� …. (1)

		  From 2nd postulate

		          
mvr

nh=
2π

		  Or,     
 
v

nh
mr

=
2p

		  Or,    
 
v

n h
m r

2
2 2

2 2 24
=

p
� ….(2)

		  Comparing equations (1) and (2),

		

1
4 40

2 2 2

2 2 2pe p
e
mr

n h
m r

=

	 	
Or,

      

1
4 40

2 2 2

2 2 2pe p
e
mr

n h
m r

=

		  ∴ Bohr radius = r
n h
me

= e
p
0

2 2

2

	 (b)	 Shortest wavelength in Balmer series: 

		            

1 1
2

1
2lS

= −
∞







R

		         
∴ =lS

4
R

		  Longest wavelength in Balmer series:

		         
∴ = −





1 1
2

1
32 2lL

R

		         
∴ =lL

36
5R

		  So, l
l

L

S
=

36
5
4

9
5

R

R

=
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Outside Delhi Set- II	 55/4/2

Note: Except these, all other questions are from Outside Delhi Set-I.

SECTION-A

		 Select the most appropriate option from those 
given below each question :

	 1.	An electron and a proton are moving along the 
same direction with the same kinetic energy. 
They enter a uniform magnetic field acting 
perpendicular to their velocities. The dependence 
of radius of their paths on their masses is :

		 (a)	 r ∝ m	 (b)	 r ∝ m

		  (c)	 r ∝ 
1
m 	

(d)	 r ∝
 

1
m

	 1

	Ans.	 (b) r m∝

	 4.	A photocell connected in an electrical circuit is 
placed at a distance 'd’ from a source of light. As 
a result, current I flows in the circuit. What will 
be the current in the circuit, when the distance is 

reduced to ' 'd
3

 ?

		 (a)	 I	 (b)	 6I

		  (c)	 9I	 (d)	
1
3

I � 1 

	Ans.	 (c) 9 I
	 6.	A current of 5 A is flowing from east to west in a 

long straight wire kept on a horizontal table. The 
magnetic field developed at a distance of 10 cm due 
south on the table is : 

		 (a)	 1 × 10–5  T acting downwards
		  (b)	 1 × 10–5 T acting upwards 
		  (c)	 2 × 10–5  T acting downwards
		  (d)	 2 × 10–5 T acting upwards� 1
	Ans.	 (b) 1 × 10–5 T acting upward
		 Note : Fill in the blanks with appropriate answer :
*	 11.	In β-decay, a neutron is converted into a proton, e– 

and_______.� 1
*	 12.	In a linearly polarised light, the electric vector 

oscillates along a direction perpendicular to the 
aligned molecules of the polaroid, called _______ 
axis.� 1

		 Answer the following :
	 19.	Depict equipotential surfaces due to an electric 

dipole.� 1
	Ans.	

	* 20.	Define ’angle of dip’ at a place on Earth. � 1

SECTION-B

	 21.	A uniform wire is cut into three parts with their 
lengths in the ratio 2 : 3 : 6. The ends of each of 
these three parts are connected across an ideal 
battery of 10 V. If a current of 5 A is drawn from the 
battery, find the initial resistance of the wire. � 2

	Ans.	 Consider that the resistance of a wire is R
		  So, the resistance of the three parts are 

2
11

3
11

6
11

R Rand R, , respectively.

		  They are now connected in parallel combination 
across a source of voltage.

		  So, the equivalent resistance Req

		           

1 1
2
11

1
3
11

1
6
11

R R R Req
= + +

		  ∴ 
      

R
R
11eq =

		    Current = I = 5 A 
		               V = 10 V 
		  Applying Ohm’s law, 

		               
10 5= ×

R
11

		  ∴          R = 22 Ω

SECTION-C

	 30.	Explain the principle of the device with diagram, 
which is used to provide electricity at the proper 
voltage for household purposes.

		 Briefly discuss loss of energy in it due to flux 
leakage and its minimisation. � 3

	Ans.	 A transformer is the device used to step up or step 
down the voltage for household electricity.

		  Principle: A transformer works on the principle 
of mutual induction, which states that when an 
alternating current flows through a primary coil, it 
creates a changing magnetic field. This changing 
magnetic field induces an electromotive force (EMF) 
in a secondary coil placed nearby.

Soft iron-core

S
e
c
o

n
d

a
r
y

P
r
im

a
r
y

		  Effects of Flux Leakage
	 •	 Reduces the efficiency of the transformer.
	 •	 Causes a lower induced voltage in the secondary 

coil.
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	 •	 Increases unwanted heat generation.
		  Minimisation of Flux Leakage in a Transformer
	 •	 Increasing Core Cross-Sectional Area
	 •	 Using Multi-Layer or Sandwich Winding
	 •	 Employing Magnetic Shields
	 •	 Using a Toroidal Core
	 •	 Shell-Type Transformer
*	 31.	(a) We feel the warmth of the sunlight but not the 

pressure on our hands. Explain.
	 (b)	 �Which out of wavelength, frequency and speed 

of an electromagnetic wave does not change on 
passing from one medium to another ?

	 (c)	A thin ozone layer in the upper atmosphere is 
crucial for humans' survival on Earth, why ?� 3

	Ans.	
		  (b) �Wavelength and velocity of electromagnetic 

wave change from one medium to another 
medium.

		  (c) �Ozone layer absorbs biologically harmful 
ultraviolet radiation coming from the sun. Hence, 
it is crucial for humans' survival on Earth.

	 33.	An object is placed in front of a concave mirror 
of focal length of 12 cm. There are two possible 
positions of the object for which the image formed 
is three times the size of the object.

	 (a)	Draw the ray diagram for the each case, and
	 (b)	Find the distance between the two positions of the 

object� 3
	Ans.	 (a) �When the object is placed between the pole and 

the focus, then a magnified, virtual and erect 
image is formed by concave mirror.

B’B O

A’

A

F

		  When the object is placed between centre of 
curvature and focus then a magnified, real and 
inverted image is formed by concave mirror.

	 (b)	 For virtual image; 

		                       

′
= − =h

h
v
u

3

		  ∴                   v = – 3u

	 	 Putting in mirror formula : 

		                  

1 1 1
v u f

+ =

		
Or,

      

1
3

1 1
12−

+ =
−u u

		                      ∴ = −u 8cm

		  For real image; 

		                       

h v
u

'
h

= − = 3

		  ∴                    v = 3u

		  Putting in mirror formula :

		                  

1 1 1
v

+ =
u f

		  ∴                    u = –16 cm

		  The distance between the two positions is 8 cm.

Outside Delhi Set- III	 55/4/3

Note: Except these, all other questions are from Outside Delhi Set-I and II.

SECTION-A

		 Select the most appropriate option from those 
given below each question.

	 1.	A photocell connected in an electrical circuit is 
placed at a distance ’d’ from a source of light. As 
a result, current I flows in the circuit. What will 
be the current in the circuit when the distance is 
increased to ‘2d’ ?

	(a)	 2 I	 (b)	
I
4

	
	 (c)	

I
2 	

(d)	 4 I� 1

	Ans.	 (b) I
4

	 2.	There are uniform electric and magnetic fields in 
a region pointing along X-axis. An α-particle is 
projected along Y-axis with a velocity v. The shape 
of the trajectory will be:

		 (a)	 circular in XZ plane
		  (b)	 circular in YZ plane
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		  (c)	 helical with its axis parallel to X-axis

		  (d)	 helical with its axis parallel to Y-axis � 1

	Ans.	 (c) helical with its axis parallel to X-axis

	 5.	A current of 10 A is flowing from east to west in 
a long straight wire kept on a horizontal table. 
The magnetic field developed at a distance 10 cm 
vertically above the wire is:

		 (a)	 1.2 × 10–5 T, acting towards south

	  	(b)	 2 × 10–5 T, acting towards north

		  (c)	 3 × 10–5 T, acting downwards

		  (d)	 2 × 10–5 T, acting upwards � 1

	Ans.	 (b) 2 × 10-5 T, acting towards north

	 6.	A uniform wire of resistance 4R is bent in the form 
of a circle. The effective resistance between the 
ends of any diameter of the circle is:

		 (a)	 2 R	 (b)	 R 

		  (c)	
R
2

	 (d)	 4R 

	Ans.	 (b) R� l

		 Note : Fill in the blanks with appropriate answer:

*	 13.	A neutron is bombarded on a 5
10B  nucleus and 

an alpha particle is emitted. The nuclear reaction 

involved is 0
1

5
10

2
4n+ B He +→  _______� 1

		 Answer the following:

	 18.	An astronomical telescope may be a refracting type 
or a reflecting type. Which of the two produces 
image of better quality ? Justify your answer.� 1

	Ans.	 Reflecting type astronomical telescope produces 
better quality images since, due to reflection, there 
is no loss in intensify of light (I).  

*	 19.	What is the change in the value of angle of dip 
when one goes from the equator to the north pole 
of Earth ?� 1

	 20.	A charged particle (+q) moves in a uniform electric 

field ( E
��

) in the direction opposite to E
��

. What will 
be the effect on its electrostatic potential energy 
during its motion ?

	Ans.	 Potential energy increases.

SECTION-B

	 23.	A wire of length Lo has a resistance Ro. It is 
gradually stretched till its length becomes 1.5 Lo.

	 (a)	Plot the graph showing variation of its resistance R 
with its length l during stretching.

	 (b)	What will be its resistance when its length becomes 
1.5 Lo ? � 2

	Ans.	 (a) R vs. L graph :

Length

( )l

Resistance

( )R

O

	 (b)	 When length = L0
		                 Area = A0

		       Resistance = R0 = r L
A

o

o

		  When length = 1.5L0 

		                 Area = 
A0

1 5.

		            Then R = ρ L
A

		
Or,

              
R

L
A

L
A

R= = =r r1 5
1 5

2 25 2 250

0

0

0
0

.
/ .

. .

	 24.	You are given three capacitors of 2 μF, 3 μF and 4 μF, 
respectively.

	 (a)	Form a combination of all these capacitors of 

equivalent capacitance 
13
3

F.m

	 (b)	 �What is the maximum and minimum value of the 
equivalent capacitance that can be obtained by 
connecting these capacitors ?� 2

	Ans.	 (a) 2μF and 4μF capacitors are to be connected in 
series. So, the effective capacitor will be 

		                   
Ceff = ×

+
=2 4

2 4
4
3

μF

		  With Ceff , the 3μF capacitor is to be connected in 
parallel. So, the equivalent capacitor will be

		                   
C Feqv = + =4

3
3

13
3

µ

	 (b)	 Maximum value of capacitance may be obtained by 
connecting the capacitors in parallel. In that case, 
the equivalent capacitance will be,  CP =(2 + 3 + 4) 
= 10μF.

		  Minimum value of capacitance may be obtained by 
connecting the capacitors in series. In that case, the 
equivalent capacitance will be CS.

		              

1 1
2

1
3

1
4

13
12CS

= + + =

		            
∴ =CS

12
13

μF
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SECTION- C

	 29.	(a)	 How are electromagnetic waves produced ? 
Depict an electromagnetic wave propagating 
in Z-direction with its magnetic field B

��
 

oscillating along X-direction. 
		 (b)	 Write two characteristics of electromagnetic 

waves.� 3
	Ans.	 (a) An electromagnetic wave can be created by 

accelerating charges; moving charges back and 
forth.

	 	 The electromagnetic wave propagating along the 
Z-axis : 

	 	 The magnetic field B
→

 will be along X-axis
		  BX =B0sin[kz–ωt]

		  The electric field E
→

 will be along Y-axis
		   EY = E0sin[kz–ωt]

	 (b)	 Characteristic of electromagnetic waves:
		   (i) �No medium is required for the electromagnetic 

wave to travel through.
		  (ii) �An electromagnetic wave, although it carries no 

mass, does carry energy. It also has momentum, 
and can exert pressure (known as radiation 
pressure).

	 	 (iii) �The energy carried by an electromagnetic wave 
is proportional to the frequency of the wave.

	 30.	A concave mirror forms a real image of an object 
kept at a distance 9 cm from it. If the object is 
taken away from the mirror by 6 cm, the image size 

reduces to
 

1
4

th of its previous size. Find the focal 

length of the mirror. � 3
	Ans.	 Initial object distance: u1 = –9 cm
		  Final object distance: u2 = –15 cm

		  Image size reduces to 
1
4

, meaning:

		  	 m2	= 
1
4 1m

		  Magnification formula:

		  	 m	= 
-v
u

		  For both cases:

		  	

-v
v

2

2 	
= 

1
4

1

1
×
−v
u

		  Substituting the values of u1 and u2:

		  	

v2

15 	
= 

1
4 9

1×
v

		  	 v2	= 
5

12 1v

		  The mirror equation is:

		  	

1
f 	

= 
1 1
v u

+

		  For the 1st case:

		  	

1 1
91v

+
− 	

= 
1
f

		  For the 2nd case:

		  	

1 1
152v

+
− 	

= 
1
f

		  Since we know that v2 = 
5

12 1v , substitute this in the
 

2nd equation:

		  	

12
5

1
151v

+
− 	

= 
1
f

		  On solving these equation, the focal length of the 
concave mirror is 7 cm.

	 32.	Draw the labelled diagram of an AC generator. 
Briefly explain its working and obtain the 
expression for the emf produced in the coil.

	Ans.	 AC generator:
		  Construction:
		  A coil of n turns rotates (called armature) between 

the magnetic poles by the means of an external 
agent (steam, running water, etc). The ends of the 
coils are connected to an external circuit through the 
means of carbon brushes and slip rings.

N

EMF generated

A

B1

B2

R1

R2

D
S

B C

		  Principle of working:
		  AC generator works on the principle of Faraday’s 

laws of electromagnetic induction. According to it, 
when there is change of magnetic flux through a 
conducting loop, an emf is induced across the ends 
of the loop.
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e

d
dt

= − fB

		  Working:
		  The strong magnetic field is created between the 

poles. The coil ABCD is rotated by external means in 
this field. As the coil rotates, the angle between the 
magnetic field and the coil changes which induces 
an alternating emf. The ends of the coil is connected 
to an external circuit by the means of carbon brushes 
(B1 and B2) and slip rings R1 and R2) . When the 
external circuit is closed, an alternating current 
flows through the coil.

		  Expression of emf produced:
		  B = The magnetic field produced by the magnet
		  The coil be placed such that at t = 0, the angle 

between the surface area vector of the coil and the 

magnetic field be 
p
2

.

		  ω = angular speed of the coil

		  Angle between surface area vector of the coil and 
the magnetic field after time t  is given by :

		                           θ = θ0 + ωt
		  Magnetic flux through the coil is then : 

		                         ΦB = B.dAò
		  Or,                 ΦB = BAcos θ 
		  Or,                 ΦB = BAcos (θ0+ωt)
		  By Faraday’s law of electromagnetic induction, 

magnitude of induced emf through a coil of n–turns 
is given by:

		                             
e n

d
dt

= fB

		   Or,                    e n
d
dt

=  [BAcos (θ0+ωt)]

		  ∴                     e  = nBAωsin (θ0+ωt)






