
SURA B
OOKS

[Time : 3 hours]      PHYSICS [XII] (With key) [Marks : 150]

Part - I
Note :  (i) Answer all the questions.
 (ii) Choose the most suitable answer 

from the given four alternatives 
and write the option code and the 
correspoding answer. [30 × 1 = 30]

1. In Newton's experiment the radii of the 
mth and (m+4)th dark rings are respectively 

5  mm and 7 mm. What is the value of m?
 (a) 2 (b) 4

(c) 8 (d) 10
2. The resting frequency of FM transmitter 

is 98.5 MHz. The allowed minimum and 
maximum frequency on either side of the 
centre frequency are respectively:
(a) 98.400 MHz and 98.600 MHz
(b) 98.450 MHz and 98.550 MHz
(c) 98.425 MHz and 98.575 MHz 
(d) 98 MHz and 99 MHz.

3. Arrange electron (e), proton(p) and  
deutron(d) in the increasing order of their 
specific charge:

 (a) e, p, d (b) d, p, e
  (c) p, e, d (d) d, e, p
4. Phosphor-bronze wire is used for suspension 

in a moving coil galvanometer, because it 
has:
(a) high conductivity
(b) high resistivity
(c)  large couple per unit twist
(d) small couple per unit twist

5. An LCR  series circuit is connected to 240 V 
A.C. supply. At resonance, the values of VR′ 
VL and VC are respectively :
(a) 80 V, 80 V and 80 V 
(b) 120 V, 60 V and 60 V
(c) 240 V, 120 V and 120 V
(d) 180 V, 40 V and 40 V.

6. Transformer works on :
(a) AC only (b) DC only
(c) Both AC and DC
(d) AC more effectively than DC.

7. A DC of 5 produces the same heating effect 
as an A.C. of :
(a) 50 A rms current (b) 5 A peak current
(c) 5 A rms current (d) none of these.

8. The radio-isotope used in agriculture is :
(a)  15P

31 (b)  15P
32

(c) 11Na23 (d)  11Na24

9. In a given thermocouple, the neutral 
temperature :

 (a) is a constant
 (b)  depends on the temperature of cold 

juction
 (c)  depends upon the temperature of 

inversion
 (d) both (b) and (c).
10. In Raman effect, the wavelength of the  

incident  radia t ion is  5890 Å.  The  
wavelengths of Stokes′ and anti-Stockes′ 
lines are respectively:
(a) 5880 Å  and 5900 Å
(b) 5900 Å  and 5880 Å
(c) 5900 Å  and 5910 Å 
(d)  5870 Å  and 5880 Å

11. The photoelectric effect can be explained on 
the basis of :
(a) corpuscular theory of light
(b) wave theory of light
(c) electromagnetic theory of light
(d) quantum theory of light

12. A hollow metal ball carrying an electric 
charge produces no electric field at points :

 (a)  outside the sphere
 (b)  on its surface 
 (c)  inside the sphere 
 (d)  at a distance more than twice.
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13. The emitter base junction of a given transistor 
is forward biased and its collector base 
junction is reverse biased. If the base current 
is increased, then its :
(a) VCE will increase  (b) IC will decrease
(c) IC will increase  (d) VCC will increase

14. In a Bainbridge mass spectrometer positive 
rays of the same element produce different 
traces. The traces correspond to : 
(a) isotopes  (b) isobars
(c) isotones  
(d) none of the above

15. The energy of electron in the first orbit of 
hydrogen atom is −13.6 eV. Its potential 
energy is :
(a) 13.6 eV   (b) 27.2 eV
(c) −27.2 eV  (d) −6.8 eV

16. Point charges q1 and q2 are placed in air at a 
distance 'r'. The ratio of the force on charge 
q1 by charge q2 and force on charge q2 by 
charge q1 is :

 (a) 
q1
q2

   (b) 
q2
q1

 (c) 1   (d) 
q
q
1

2

2









17. The RF channel in a radio transmitter 
produces :
(a) audio signals
(b) high frequency carrier waves
(c) both audio signal and high frequency 

carrier waves
(d) low frequency carrier waves.

18. The nuclei 13AI27 and 14Si28 are examples of:
(a) isotopes (b) isobars
(c) isotones (d) isomers

19. In a Colpitt's oscillator circuit :
(a) capacitive feedback is used
(b) tapped coil is used
(c) no tuned LC circuit is used
(d) no capacitor is used

20. In hydrogen atom, which of the following 
transitions produce a spectral line of 
maximum frequency?
 (a) 6 → 2 (b) 2 → 1
(c) 4 → 3 (d) 5 → 2

21. The mass defect of a certain nucleus is found 
to be 0.03 amu. Its binding energy is :
(a) 27.93 eV (b) 27.93 keV
 (c) 27.93 MeV (d) 27.93 GeV

22. The colour code of a carbon resistor is, 
Brown, Black, Brown and Red. The value 
of the resistor is:

 (a) 10 Ω ± 5% (b)  1 kΩ ± 2%
 (c)  100 Ω ± 2% (d) 10 Ω ± 2%
23. Light from a source is analysed by an 

analyser. When the analyser is rotated, the 
intensity of the emergent light :
(a) Does not vary 
 (b) Remains uniformly dark
(c) Varies between maximum and zero
(d) Varies between maximum and minimum

24. The electric  field at a point 2 cm from an 
infinite line charge of linear charge density 
10−7 cm−1 is : 
(a) 4.5 × 104 NC−1 (b) 9 × 104 NC−1

(c) 9 × 102 NC−1 (d) 18 × 104 NC−1

25. Which of the following quantities is scalar?
(a) dipole moment (b) electric force
(c) electric field intensity 

(d) electric potential
26. Since the input impedance of an ideal 

operational amplifier is infinite : 
 (a) its input current is zero
 (b) its output resistance is high
 (c)  its output voltage becomes independent 

of load resistance
 (d) it becomes a current controlled device
27. The energy of a photon of characteristic X-ray 

from a Coolidge tube comes from :
 (a)  the kinetic energy of the free electrons of 

the target 
 (b) the kinetic energy of the ions of the target

(c) the kinetic energy of the striking electron 
 (d) an atomic transition in the target

28. The refractive index of the medium, for the 
polarising angle 60º is :
(a) 1.732 (b) 1.414
(c) 1.5 (d) 1.468
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29. The part of the AC generator that passes the 
current from the coil to the external circuit 
is : 
(a)  field magnet (b) split rings
(c) slip rings (d) brushes

30. The threshold frequency of a photosensitive 
surface is 5 × 1014 Hz. Then which of the 
following will produce photoelectric effect 
from the same surface?
(a) Sodium vapour lamp
 (b) Ruby laser
(c) He-Ne laser (d) Both (b) and (c).

Part - II
Note : Answer any fifteen questions.  

 [15 × 3 = 45]
31. What is an electric dipole? Define electric 

dipole moment.
32. Why is it safer to be inside a car than standing 

under a tree during lightning?
33. State Ohm's law.
34. How much time 1020 electrons will take to 

flow through a point in a conductor so that 
the current is 200 mA [e = 1.6 × 10−19 C]?

35. State Faraday's laws of electrolysis.
36. What are the characteristics of heating 

element used in electric heating device?
37. State Fleming's right hand rule.
38. An a.c. generator consists of a coil of 10,000 

turns and of area 100 cm2. The coil rotates 
at an angular speed of 140 rpm in a uniform 
magnetic field of 3.6 × 10−2 T. Find the 
maximum value of the emf induced.

39. Write any three uses of infrared  radiations.
40. A 300 mm long tube containing 60 cc of 

sugar solution produces a rotation of 9º  
when placed in a polarimeter. If the specific 
rotation is 60º. calculate the quantity of sugar 
contained in the solution.

41. Write any three medical applications of 
X-rays.

42. The Rydberg constant for Hydrogen 
is 1.097 × 107 m−1. Calculate the short 
wavelength limit of Lyman series.

43. State the postulates of special theory of 
relativity.

44.  Define curie.
45. Write any three properties of neutrons.

46. Define bandwidth of an amplifier.
47. Draw the circuit diagram of a summing 

amplifier using an operational amplifier.
48. What is an intrinsic semi conductor? Give 

two examples.
49. A galvanometer of resistance 100 Ω which 

can measure a maximum current of 1 mA is 
converted into an ohmmeter by connecting a 
battery of emf 1 V and a fixed resistance of 
900 Ω in series. When an external resistance 
is measured the current reading is 0.1 mA. 
Calculate the value of the resistance.

50. What are the different types of radiowave 
propagation?

Part - III
Note : (i) A n s w e r  q u e s t i o n  n u m b e r  5 4 

compulsorily.
  (ii) Answer any six of the remaining 11 

questions. [7 × 5 = 35]
 (iii) Draw diagrams wherever necessary.
51. Deduce an expression for the capacitance 

of a parallel plate capacitor. 
52. Obtain the condition for bridge balance in 

Wheatstone's bridge.
53. How can e.m.f of two cells be compared using 

potentiometer ?
54. A stream of deutrons is projected with a 

velocity of 104 ms−1 in XY-plane. A uniform 
magnetic field of induction 10−3 T acts 
along the Z-axis. Find the radius of the 
circular path of the particle. (Mass of 
deutron is 3.32 × 10−27 kg and charge of 
deutron is 1.6 ×10−19 C).

(OR)
 A circular coil of radius 20 cm has 100 turns 

wire and it carries a current of 5 A. Find the 
magnetic induction at a point along, its axis 
at a distance of 20 cm from the centre of the 
coil.

55. Obtain an expression for the self-inductance 
of a long solenoid.

56. State and explain Brewster's law.
57. Write any five properties of cathode rays.
58. Derive an expression for de-Broglie's 

wavelength of matter waves.
59. Write any five applications of photo electric 

cells.
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60. A reactor is developing energy at the rate of 
32 MW. Calculate the required number of 
fissions per second of 92U

235. Assume that 
energy per fission is 200 MeV. 

61. State and prove De Morgan's theorems.
62. A 10 MHz sinusoidal carrier wave of 

amplitude 10 mV is modulated by a 5 kHz 
sinusoidal audio signal wave of amplitude 
6 mV. Find the frequency components of 
the resultant modulated wave and their 
amplitudes.

Part - IV
Note : (i) Answer any four questions in 

detail.
(ii) Draw diagrams wherever necessary. 

 [4 × 10 = 40]
63. State the principle and explain the construction 

and working of Van de Graaff generator.
64. Derive an expression for the magnetic 

induction at a point due to an infinitely long 
straight conductor carrying current. Write 
the expression for the magnetic induction 
when the conductor is placed in a medium 
of permeability 'µ'.

65. A source of alternating e.m.f. is connected 
to a series combination of a resistor R, an 
inductor L, and a capacitor C. Obtain with 
the help of a vector diagram and impedance 
diagram, an expression for (i) the effective 
voltage (ii) the impedance (iii) the phase 
relationship between the current and the 
voltage.

66. Derive an expression for bandwidth of 
interference fringes in Young's double slit 
experiment.

67. Draw a neat sketch of Ruby Laser. Explain 
its working with the help of energy level 
diagram.

68. Explain the construction and working of a 
Geiger-Muller Counter.

69. What is meant by feedback? Derive an 
expression for voltage gain of an amplifier 
with negative feedback.

70. Explain the principle and working of RADAR 
with neat block diagram.



Answers
Part - I

1. (d) 10
2. (c) 98.425 MHz and 98.575 MHz
3. (b) d, p, e
4. (d) small couple per unit twist
5. (c) 240 V, 120 V and 120 V
6. (a) AC only 
7. (c)   5 A rms current
8. (b) 15P

32

9. (a) is a constant
10. (b) 5900 Å and 5880 Å
11. (d) quantum theory of light
12. (c) inside the sphere
13. (c) IC will increase
14. (a) isotopes
15. (c) –27.2 eV
16. (c) 1 
17. (b) high frequency carrier waves
18. (c) isotones
19. (a) capacitive feedback is used
20. (b) 21
21. (c) 27.93 MeV
22. (c) 100 Ω ± 2%
23. (a) Does not vary
24. (b) 9 × 104NC–1 

25. (d) electric potential
26. (a) its input current is zero
27. (d) an atomic transition in the target
28. (a) 1.732
29. (d) brushes
30. (a) Sodium vapur lamp

Part - II
31. Two equal and opposite charges separated by 

a very small distance constitute an electric 
dipole. Two point charges +q and −q are kept 
at a distance 2d apart.

 The magnitude of the dipole moment is given 
by the product of the magnitude of the one of 
the charges and the distance between them.

 ∴ Electric dipole moment, p = q2d of 2qd.
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2d

-q +q
p

 It is a vector quantity and acts form −q to +q. 
The unit of dipole moment is C m.

32. i)  The metal body of the car provides 
electrostatic shielding.

 ii) So Electric field inside car is zero.
 iii)   During lightning the electric discharge 

passes through the body of the car.
33. At constant temperature, the steady current 

flowing through a conductor is directly 
proportional to the potential difference 
between the ends of the conductor.

 I ∝ V  V = IR

34. �Given data :

 n  = 1020 ; e = 1.6 × 10−19 C ;

 I = 200 mA 

  = 200 × 10−3  A
Solution:

 I = q
t

ne
t

=

 
t ne

I
= = × ×

×
= × =

−

−
10 1 6 10
200 10

1 6 10
2

160
2

20 19

3

2. .

  
    

t ne
I

= = × ×
×

= × =
−

−
10 1 6 10
200 10

1 6 10
2

160
2

20 19

3

2. .

          t = 80 s

35. (i)  First Law : The mass of a substance 
liberated at an electrode is directly 
proportional to the charge passing 
through the electrolyte. m α E.

 (ii)  Second Law : The mass of a substance 
liberated at an electrode by a given 
amount of charge is proportional to the 
chemical equivalent of the substance.

36. Nichrome which is an alloy of nickel and 
chromium is used as the heating element for 
the following reasons.

 1) It has high specific resistance
 2) It has high melting point
 3) It is not easily oxidized.
37. The forefinger, the middle finger and the 

thumb of the right hand are held in three 
mutually perpendicular directions. If the 
forefinger points along the direction of the 
magnetic field and the thumb is along the 
direction of motion of the conductor, then 
the middle finger points in the direction of 
the induced current. 

38. �Given data :

 N = 10,000      A = 102 cm2 = 10−2 m2.
 V = 140 rpm = 140

60
 rps,   

 B = 3.6 × 10−2 T       E0 = ?

 Solution:

  E0 = NABω = NAB 2pv

       = 104  × 10−2 × 3.6  × 10−2  × 2π × 
7
3

  
E0 = 52.75 V

39. (i)  Infrared lamps are used in physiotherapy.

 (ii)  Infrared photographs are used in weather 
forecasting.

 (iii)  As infrared radiations are not absorbed by 
air, thick fog, mist etc., they are used to 
take photograph of long distance objects.

40. �Given data :

 l = 300 mm =  30 cm  = 3 decimeter.
 θ= 9º ; S = 60º ; υ = 60 cc; m = ?

 Solution:

 S=  
θ θ
l c l m×

=
×( / )u

 m = 
θ. u
l s×

=
×
×
9 60
3 60

 m= 3g  
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41. (i)     X-rays are used as a diagonistic tool in 
medicine.

 (ii)     It is used to study the crystal structure 
in solids.

42. �Given data :

 R = 1.097 × 107 m−1

 For short wavelength limit of Lyman Series,
 n1 = 1, n2 = ∞, λs = ?

 Solution:

 The wave number for Lyman series is,

 
 

v
n n

= −








R 1 1

1
2

2
2

 For short wavelength limit,

 
 

vs
s

= = −
∞









 =1 1

1
1

2 2λ
R R

( )

 or λS = =
×

=1 1
1 097 10

911 67R
A
o

.
.

        λs = 911.6Å

43. i)    The laws of Physics are the same in all 
inertial frames of reference.

 ii)    The velocity of light in free space is a 
constant in all the frames of reference. .

44. Curie is defined as the quantity of a radio 
active substance which gives 3.7 ×1010 

disintegrations per second or 3.7 × 1010 

becquerel. This is equal to the activity of one 
gram of radium.

45. i) Neutrons are neutral in nature.
 ii) Neutrons are stable inside the nucleus. 

But outside the nucleus they are non-
stable.

 iii) They are neutral so they pentrate the 
nucleus easily.

46. It is defined as the frequency interval between 
lower cut-off and upper cut-off frequencies.

  ∴  B.W = fH – fL.
47. 

Summing amplifier

48. A semiconductor which is pure and contains 
no impurity is known as an intrinsic 
semicircular. In an intrinsic semiconductor 
the number of free electrons and holes are 
equal. 

 Example: Pure germanium and silicon.
49. Ig = 1 mA      V = 1v G = 100 ohm
 R = 900 ohm  G+R = 1000 ohm

 I = 
V

exR
=

1
1000  = 10−3A

 I1 =  
V

exR
=

1
1000  Rex =  V

I1 4

1
1 10

=
× −

 = 104 ohm

  Rex = 10000 ohm

 
G+R+R1 =  10,000 ohm

 R1 = 10000 −1000 = 9000 ohm.
50. Radiowave is  propagated from the 

transmitting to the receiving antenna in three 
different ways depending on the frequency 
of the wave. They are: 

 (i)  Ground wave propagation 
 (ii)  Space wave propagation 
 (iii) Sky wave propagation.

Part - III
51. Capacitance of a parallel plate capacitor : 
 The parallel plate capacitor consists of two 

parallel metal plates X and Y each of area A, 
separated by a distance d, having a surface 
charge density σ (figure). The medium 
between the plates is air. A charge  +q is given 
to the plate X. It induces a charge –q on the 
upper surface of earthed plate Y. When the 
plates are very close to each other, the field 
is confined to the region between them. The 
electric lines of force starting from plate X 
and ending at the plate Y are parallel to each 
other and perpendicular to the plates.
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+q

-q

+     +     +      +     +     +

-     -      -       -      -      -

X

Y

d

      Parallel plate capacitor

-   -

 By the application of Gauss’s law, electric 
field at a point between the two plates is,

 
E = 

o

σ
ε

 Potential difference between the plates X and 
Y is

 
V = 

0 0

  
o o

d d

d
E dr dr

σ σ
ε ε

− = − =∫ ∫
 The capacitance (C) of the parallel plate 

capacitor

 
C = 

q
V

= / o

A
d
σ

σ ε =  o A
d
ε

 
[since , σ = 

q
A

]

 ∴ C = o A
d
ε

 The capacitance is directly proportional 
to the area (A) of the plates and inversely 
proportional to their distance of separation 
(d).

52.  Wheatstone’s bridge  : 
 An important application of Kirchoff’s law 

is the Wheatstone’s bridge figure. 

G

E

D

C

B

A

P Q

SR

I

I 1

I 2

I G

I 3

I 4

Wheatstone’s bridge

 Wheatstone’s network consists of resistances 
P, Q, R and S connected to form a closed path. 
A cell of emf E is connected between points A 
and C. The current I from the cell is divided 
into I1, I2, I3 and I4 across the four branches. 
The current through the galvanometer is Ig. 
The resistance of galvanometer is G. 

 Applying Kirchoff’s current law to junction B,
 I1 – Ig – I3 = 0  ...(1)
 Applying Kirchoff’s current law to junction D
 I2 + Ig – I4 = 0  ...(2)
 Applying Kirchoff’s voltage law to closed 

path ABDA
 I1 P + IgG – I2 R = 0  ...(3)
 Applying Kirchoff’s voltage law to closed 

path ABCDA
 I1P + I3Q – I4S – I2R = 0  ...(4)
 When the galvanometer shows zero 

deflection, the points B and D are at same 
potential and Ig = 0. Substituting Ig = 0 in 
equation (1), (2) and (3)

 I1 = I3  ...(5)
 I2 = I4  ...(6)
 I1P = I2R  ...(7)
 Substituting the values of (5) and (6) in 

equation (4)
 I1P + I1Q – I2S – I2R = 0
 I1 (P + Q) = I2 (R+S)  ...(8)
 Dividing (8) by (7)

 

21

1 2

( )( ) I R SI P Q
I P I R

++
=

P Q R S
P R
+ +

∴ =

1 1
Q S
P R

+ = +

Q S
P R

∴ = or  
P R
Q      S
=

 This is the condition for bridge balance. If 
P, Q and R are known, the resistance S can 
be calculated.
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53. Comparison of emfs of two given cells 
using potentiometer :

 The potentiometer wire AB is connected in 
series with a battery (Bt), Key (K), rheostat 
(Rh) as shown in the figure. This forms the 
primary circuit. The end A of potentiometer 
is connected to the terminal C of a DPDT 
switch (six way key−double pole double 
throw). The terminal D is connected to the 
jockey (J) through a galvanometer (G) and 
high resistance (HR). The cell of emf E1 is 
connected between terminals C1 and D1 and 
the cell of emf E2 is connected between C2 
and D2 of the DPDT switch.

  comparison of emf of two cells

HRG

BA

Bt K

J
E1

C

C2

D

D2

C1 D1

E2

Rh
I

(   )

 Let I be the current flowing through the 
primary circuit and r be the resistance of the 
potentiometer wire per metre length.

 The DPDT switch is pressed towards C1, D1 
so that cell E1 is included in the secondary 
circuit. 

 The jockey is moved on the wire and 
adjusted for zero deflection in galvanometer. 
The balancing length is l1.  The potential 
difference across the balancing length

 l1 = Irll. Then, by the principle of potentiometer, 
  E1 = Irll  ...(1)
 The DPDT switch is pressed towards E2. 

The balancing length l2 for zero deflection 
in galvanometer is determined. The potential 
difference across the balancing length is

 l2 = Irl2, then
  E2 = Irl2  ...(2)
 Dividing (1) and (2) we get,

 
1 1

2 2

E l
E l

=

 If emf of one cell (E1) is known, the emf of 
the other cell (E2) can be calculated using the 
relation,

 
2  = E 1

2

1

l
l

E

54. �Given data :

 v = 104 ms−1, B = 10−3T,   m = 3.32 × 10−27kg
   e = 1.6  10−19 C, r = ? 

 Solution:

 
Bev = mv

r

2

 
∴ = = ×

× ×
= ×

− ×

− −
−r mv

Be
3 32 10
10 1 6 10

2 08 10
27 104

3 19
1.

.
.

    r = 0.208 m

(OR)
54. �Given data :

 a = 20 cm = 20 × 10−2  m ; n = 100 ; I = 5A
 x = 20 cm =  20 × 10−2  m ;  B = ?
 Solution:

 Magnetic induction at a point, along its axis 
at a distance from the centre of the coil is 

 B = µ µ0 0n a
a x

n a
a

I I2

2 2 3 2

2

2 3 22 2( ) ( )/ /+
=

 {∴ a = x = 20 × 10−2  m

 = 
µ µ0 0

2

32 2 2 2 2 2
n a
a

n
a

I I
( ) ( )

=

 = 
4 10 100 5
4 2 20 10

10 5 5
2

7

2

5π π× × ×
× × ×

=
× × ×−

−

−

     B =  5.552 ×10 −4 T

55. Consider a solenoid of N turns with length l 
and area of cross section A. It carries a current 
I. If B is the magnetic field at any point inside 
the solenoid, then

 Magnetic flux per turn = B × area of each turn
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    But, B 
NIo
l

µ
=

 Magnetic flux per turn oNIA
l

µ
=

 Hence, the total magnetic flux (f) linked with 
the solenoid is given by the product of flux 
through each turn and the total number of 
turns. 

  
oNIA

N
l

µ
φ= ×

 i.e.  
2

oN IA
l

µ
φ=  ..... (1)

 If L is the coefficient of self induction of the 
solenoid, then 

  f = LI ..... (2)
 From equations (1) and (2),

 LI = 
2

oN IA
l

µ

∴  L  = 
2

oN A
l

µ

 If the core is filled with a magnetic material 
of permeability µ,

 then, L = 
2N A

l
µ

.

56. Brewster’s law :
 Sir David Brewster conducted a series of 

experiments with different reflectors and 
found a simple relation between the angle of 
polarisation and the refractive index of the 
medium. It has been observed experimentally 
that the reflected and refracted rays are at right 
angles to each other, when the light is incident 
at polarising angle.

 Polarisation by reflection

 From Figure, 
 ip +90º + r = 180º
          r = 90º –  ip
 From Snell’s law,

 

sin
sin

pi
r
= µ

 where μ is the refractive index of the medium 
(glass) 

 Substituting for r, we get

 

pisin
=  ;   cos ip =

sin(90−ip)
µ µsin ip

 ∴tan  ip = µ.
 The tangent of the polarising angle is 

numerically equal to the refractive index of 
the medium.

57. Cathode rays have the following properties:
 (i)  They travel in straight lines.
 (ii) Cathode rays possess momentum and 

kinetic energy.
 (iii) Cathode rays produce heat, when allowed 

to fall on matter.
 (iv) Cathode rays produce fluorescence when 

they strike a number of crystals, minerals 
and salts.

 (v) When cathode rays strike a solid substance 
of large atomic weight, X-rays are 
produced.

58.  de Broglie’s wavelength of matter waves :
 de Broglie equated the energy equations of 

Planck (wave) and Einstein (particle).
 For a wave of frequency ν, the energy associated 

with each photon is given by Planck’s relation,
  E = hν  …(1)
 where h is Planck’s constant. 
 According to Einstein’s mass energy relation, 

a mass m is equivalent to energy,
  E = mc2  ...(2)
 where c is the velocity of light.

 If, hν = mc2
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 ∴
hc
λ

 = mc 2 (or) λ = 
h
mc  ...(3)

 (since v = 
c
λ )

  For a particle moving with a velocity v, if c = v 
 from equation (3)

 λ = 
h
mv  = 

h
p   …(4)

 where p = mv, the momentum of the particle. 
These hypothetical matter waves will have 
appreciable wavelength only for very light 
particles.

59. (i)    Photoelectric cells are used for 
reproducing sound in cinematography.

 (ii)   They are used for controlling the 
temperature of furnaces.

 (iii)  Photoelectric cells are used for automatic 
switching on and off the street lights.

 (iv)   Photoelectric cells are used in the study 
of temperature and spectra of stars.

 (v)  Photoelectric cells are also used in 
obtaining electrical energy from sunlight 
during space travel.

60. �Given data :

 Required energy = 32 × 106 J per second
 Energy per fission (200 MeV) = 200 × 106 eV
 = 200 × 106 × 1.6 × 10–19J
 Solution:

 Let N be the number of fissions per second to 
produced the required power 

 Energy per fission × N = Required energy.
          200 × 106 × 1.6 × 10–19 × N = 32 × 106

        ∴ 
6

18
13

32 10N 1 10
200 1.6 10−

×= = ×
× ×

        N = 1018

61. The two De Morgan’s theorems are very 
important in dealing with NOR and NAND 
gates. They state that a NOR gate that 
performs the A + B function is equivalent 
to the function A . B and NAND gate, that 
performs the A . B function is equivalent to 
the function A . B.

 First theorem:  
 “The complement of a sum is equal to the 

product of the complements.” If A and B are 
the inputs, then.

 A + B = A . B
Truth table of NOR gate

Inputs Outputs
A B Y = A + B
0 0 1
0 1 0
1 0 0
1 1 0

 Second theorem: 
 The theorems can be proved, first by 

considering the two variable cases and then 
extending this result as shown in the table 

 Truth table to prove De-Morgan’s theorems

A B A B A B . A + B A B+ A ⋅B

0 0 1 1 1 1 1 1

0 1 1 0 1 1 0 0

1 0 0 1 1 1 0 0

1 1 0 0 0 0 0 0

62. Given data :
 Frequency of the carrier = fc = 10 MHz
 Frequency of the signal =  fs = 5 kHz 
   = 0.005 MHz
Amplitude of the carrier signal  = Ec = 10 mV
Amplitude of the audio signal = Es = 6 mV
Frequency components of modulated wave = ?
Amplitude of the components in the modulated 
wave = ?
Solution:
The modulated carrier wave contains the following 
frequencies:
i) Original carrier wave of frequency
  = fc = 10 MHz
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ii) Upper side band frequency, fc + fs 
  = 10 + 0.005
  = 10.005 MHz
iii) Lower side band frequency fc – fs
  = 10 – 0.005 
  = 9.995 MHz

The modulation factor is, m = 
E 6 0.6
E 10

s

c

= =  

∴ Amplitude of USB = Amplitude of LSB

   = E 0.6 10
2 2

cm ×= = 3 Vm

Part - IV
63.    It is a device which produces large  

electrostatic potential difference of the 
order of 107 V.

 Principle:
 Electrostatic induction and action of points.
 Construction: 
	   It consists of a hollow metallic sphere A 

mounted on insulating pillars.
	   A pulley B is mounted at the centre of the 

sphere and another pulley C is mounted 
near the bottom.

	   A belt made of silk moves over the 
pulleys.

	   Two comb shaped conductors D and E 
are mounted near the pulleys.

	   The comb D is maintained a positive 
potential of the order of 104 volt.

	   The upper comb E is connected to the 
inner side of the hollow metallic sphere.

Working:
	   Because of the high electric field near the 

comb D, the air gets ionized. 
	   The negative charges in air move towards 

the needles and positive charges are 
repelled towards the belt due to action 
of points.

	   The +ve charges stick to the belt moves 
up end reaches near the comb E.

	   E acquired negative charge and the 
sphere acquires positive charge due to 
electrostatic induction.

	   The acquired +ve charge disturbed on the 
outer surface of the sphere.

	   Thus the machine, continuously transfers 
the positive charge to the sphere.

	   The leakage of charges from the sphere 
can be reduced by enclosing it in a 
gas filled steel chamber at a very high 
pressure.

	   The high voltage can be used to accelerate 
positive ions for the purpose of nuclear 
disintegration.

64. Magnetic induction due to infinitely long 
straight conductor carrying current: XY is 
an infinitely long straight conductor carrying 
a current I (Figure). P is a point at a distance a 
from the conductor. AB is a small element of 
length dl. θ is the angle between the current 
element I dl and the line joining the element 
dl and the point P. According to Biot-Savart 
law, the magnetic induction at the point P due 
to the current element Idl is

 

 dB = o
2

I sin
4

dl
r

µ ⋅ θ
π

 ..... (1)
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AC is drawn perpendicular to BP from A.
 ∠OPA = f,    ∠APB = df  

In ∆ ABC, sin θ = 
AC AC
AB dl

=  

   AC = dl sin θ  ..... (2)
From  ∆ APC, AC = rdf ..... (3)   
From equations (2) and (3), 
 rdf = dl sin θ ..... (4)
Substituting equation (4) in equation (1)

 dB =  o o
2

I I
4 4

rd d
r r

µ µφ φ=
π π

  ..... (5)

In ∆ OPA,  cos f =  
a
r

 ∴ r = 
cos

a
φ

 ..... (6)

Substituting equation (6) in equation (5)

 dB = o 1
4 a
µ
π

 cos f  df

The total magnetic induction at P due to the 
conductor XY is

 B =  
2 2

1 1

oI
dB cos

4
d

a

φ φ

−φ −φ

µ
= φ φ

π∫ ∫

 B = oI
4 a
µ
π

 [sin f1 + sin f2]

For infinitely long conductor, f1 = f2 = 90o

 ∴  B = oI
2 a
µ
π

If the conductor is placed in a medium of 
permeability µ,

 B = I
2 a
µ
π

.

65. Resistor, inductor and capacitor in series:  An alternating source of emf e is connected to a series 
combination of a resistor of resistance R, inductor of inductance L and a capacitor of capacitance 
C Figure (a).

 
(a) RLC sereis circuit (b) Voltage phasor diagram

 Let the current flowing through the circuit be I.
 The voltage drop across the resistor is,VR = I R (This is in phase with I)

 The voltage across the inductor coil is,  VL = I XL   (VL leads I by 
2
π

)

 The voltage across the capacitor is, VC = IXC (VC lags behind I by 
2
π

)

 The voltages across the different components are represented in the voltage phasor diagram Figure 
(b).  

 VL and VC are 180o out of phase with each other and the resultant of VL and VC is  (VL – VC), 
assuming the circuit to be predominantly inductive. The applied voltage ‘V’ equals the vector 
sum of VR, VL and VC.

 OB2 = OA2 + AB2 ; 

   V2 = 2 2
R L CV (V V )+ −

   V = 2 2
R L CV (V V )+ −
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   V = 2 2
L C(IR) (IX IX )− −

  = 2 2
L CI R (X X )+ −

  
2 2

L C
V = Z= R (X X )
I

+ −

The expression 2 2
L CR (X X )+ −  is the net 

effective opposition offered by the combination 
of resistor, inductor and capacitor known as the 
impedance of the circuit and is represented by Z. 
Its unit is ohm. The values are represented in the 
impedance diagram (Figure (c)).

(c) Impedance diagram

 Phase angle f between the voltage and current 
is given by:

 tan L C L C

R

V V IX IX
V IR
− −

φ= =

 tan L CX X net reactance
R resistance
−

φ= =

    f = tan–1 L CX X
R
− 

  
 ∴ I0 sin (ωt ± f) is the instantaneous current 

flowing in the circuit.
66.  Young’s Double Slit Experiment: Light 

from a narrow slit S, illuminated by a 
monochromatic source, is allowed to fall on 
two narrow slits A and B placed very close 
to each other. The width of each slit is about 
0.03 mm and they are about 0.3 mm apart. 
Since A and B are equidistant from S, light 
waves from S reach A and B in phase. So A 
and B act as coherent sources. 

  According to Huygen’s principle, wavelets 
from A and B spread out and overlapping 
takes place to the right side of AB. 

  When a screen XY is placed at a distance of 
about 1 metre from the slits, equally spaced 

alternate bright and dark fringes appear on the 
screen. These are called interference fringes 
or bands. Using an eyepiece the fringes can 
be seen directly. At P on the screen, waves 
from A and B travel equal distances and arrive 
in phase. These two waves constructively 
interfere and bright fringe is observed at P. 
This is called central bright fringe.

 Young's double slit experiment
  When one of the slits is covered, the fringes 

disappear and there is uniform illumination 
on the screen. This shows clearly that the 
bands are due to interference.

  Expression for Bandwidth: Let d be the 
distance between two coherent sources 
A and B of wavelength λ. A screen XY is 
placed parallel to AB at a distance D from the 
coherent sources. C is the mid point of AB. 
O is a point on the screen equidistant from A 
and B. P is a point at a distance x from O, as 
shown in Figure. Waves from A and B meet 
at P its phase or out of phase depending upon 
the path difference between two waves.

Interference band width

 Draw AM perpendicular to BP
 The path difference d = BP – AP
                           AP = MP
                                 ∴d = BP – AP
    = BP – MP = BM.
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 In right angled ∆ABM, BM = d sin θ.
 If θ is small, sin θ = θ
 The path difference d = θ. d

 In right angled triangle COP, tan θ = 
OP
CO D

x=

 For small values of θ          tan θ = 
D
xdδ =

 ∴ The path difference 
D
xdδ = .

  Bright Fringes: By the principle of 
interference, condition for constructive 
interference is the path difference = nλ

  ∴ 
D
xd n= λ

  where  n = 0, 1, 2 ... indicate the order of 
bright fringes.

  ∴ 
Dx n
d

= λ

  This equation gives the distance of the nth 
bright fringe from the point O.

  Dark Fringes: By the principle of interference, 
condition for destructive interference is the 

path difference = (2n – 1)
2
λ  

  where n = 1, 2, 3 ... indicate the order of the 
dark fringes.

 ∴ 
D (2 1)

2
x n

d
λ= −

  This equation gives the distance of the nth 
dark fringe from the point O. Thus, on the 
screen alternate dark and bright bands are 
seen on either side of the central bright band.

 Bandwidth (b)
  The distance between any two consecutive 

bright or dark bands is called bandwidth.
  The distance between (n+1)th and nth order 

consecutive bright fringes from O is given by:

 ( 1)
D D D( 1)n nx x n n
d d d+ − = + − λ λ = λ

 Bandwidth, 
D
d

β= λ  
  Similarly, it can be proved that the distance 

between two consecutive dark bands is also 

equal to D
d
λ . Since bright and dark fringes 

are of same width, they are equi-spaced on 
either side of central maximum.

67.  The Ruby Laser consists of a single crystal 
of ruby rod of length 10 cm and 0.8 cm in 
diameter. A ruby is a crystal of aluminium 
oxide Al2O3, in which some of aluminium 
ions (A13+) are replaced by the chromium 
ions (Cr3+). The opposite ends of ruby rod 
are flat and parallel; one end is fully silvered 
and the other is partially silvered (i.e.) semi 
transparent. The ruby rod is surrounded by a 
helical xenon flash tube which provides the 
pumping light to raise the chromium ions to 
upper energy level (figure). In the xenon flash 
tube, each flash lasts several milliseconds and 
in each flash a few thousand joules of energy 
is consumed.

Ruby laser

Energy level diagram for ruby laser

  The simplified energy level diagram of 
chromium ions in a ruby laser, indicating 
appropriate excitation and decay is shown in 
figure. In normal state, most of the chromium 
ions are in the ground state E1.When the ruby 
rod is irradiated by a flash of light, the 5500 Å 
radiation (green colour) photons are absorbed 
by the chromium ions which are pumped to 
the excited state E3. The excited ion gives 
up part of its energy to the crystal lattice and 
decay without giving any radiation to the 
meta stable state E2. Since, the state E2 has 
a much longer lifetime (10–3s), the number 
of ions in this state goes on increasing. Thus 
population inversion is achieved between 
the states E2 and E1. When the excited ion 
from the metastable state E2 drops down 
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spontaneously to the ground state E1, it 
emits a photon of wavelength 6943 Å. This 
photon travels through the ruby rod and 
is reflected back and forth by the silvered 
ends until it stimulates other excited ion and 
causes it to emit a fresh photon in phase with 
stimulating photon. Thus the reflections will 
amount to the additional stimulated emission 
– the so called amplification by stimulated 
emission. This stimulated emission is the 
laser transition. Finally, a pulse of red light 
of wavelength 6943 Å emerges through the 
partially silvered end of the crystal. 

68. 

G.M. Counter

 Geiger – Muller counter is used to measure 
the intensity of the radioactive radiation. When 
nuclear radiations pass through gas, ionisation is 
produced. This is the principle of this device.
 Construction: The G.M tube consists of a 
metal tube with glass envelope (C) acting as the 
cathode and a fine tungsten wire (W) along the 
axis of the tube, which acts as anode (figure). The 
tube is well insulated from the anode wire. 
The tube is filled with an inert gas like argon at a 
low pressure. One end is fitted with a thin  mica 
sheet and this end acts as a window through 
which radiations enter the tube. A high potential 
difference of about 1000 V is applied between the 
electrodes through a high resistance R of about 
100 mega ohm. 
 Operation: When an ionising radiation 
enters the counter, primary ionisation takes 
place and a few ions are produced. These ions 
are accelerated with greater energy due to the 
high potential difference and they cause further 
ionisation and these ions are multiplied by 
further collisions. Thus an avalanche of electrons 
is produced in a short interval of time. This 
avalanche of electrons on reaching the anode 
generates a current pulse, which when passing 
through R develops a potential difference. This 

is amplified by electronic circuits and is used to 
operate an electronic counter. The counts in the 
counter is directly proportional to the intensity of 
the ionising radiation. 
The ionisation of the gas is independent of the type 
of the incident radiation. Hence, G.M. counter 
does not distinguish the type of radiation that 
enters the chamber.
 Wilson’s cloud chamber is another type of 
particle detector. This was the first instrument to 
record the visual observation of the tracks of the 
charged particles, when they pass through matter.
69. Feedback is the process of adding a fraction 
of the output signal with the input signal.
 For an ordinary amplifier i.e. without 
feedback, let V0 and Vi be the output voltage and 
input voltage respectively. If A be the voltage gain 
of the amplifier, then

 

0V
A =

Vi

The gain A is often called as open-loop gain.

Feedback Amplifier

The general theory of feedback can be explained 
with the help of block diagram shown in figure. 
The feedback amplifier has two parts (i.e) 
amplifier and feedback circuit. The feedback 
circuit usually consists of passive components 
(resistor, capacitor, inductor). A fraction (say β) of 
the output voltage is feed back to the input through 
the feedback circuit. Let V' ? be the output voltge 
with feedback.
Therefore, after feedback the input voltag V'i 
becomes, 
 V'i = V'i ± βV'0 ..... (1)
For positive feedback, β is taken as positive. For 
negative feedback, β is taken as negative.
For positive feedback, the input voltage will be 
V'i +  βV'0. When this is amplified A times by the 
amplifier, the output voltage after feedback (V'0) 
will be A(Vi ± βV'0).
 ∴ V'0 = A(Vi + βV'0) ..... (2)
 V'0 = (1 – βA)=AVi  ..... (3)
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Then the voltage gain of the amplifier with 
feedback is
 o

f
V' AA
V 1 Al

= =
− β

 ..... (4)

Since |1–βA|<1, Af > A. The positive feedback 
increases the amplifier gain.
For negative feedback, the feedback fraction is –β 

 ∴ ( )f
A AA

1 A 1 A
= =

− − β + β
Since |1+βA|>1, Af < A.Therefore negative 
feedback reduces the amplifier gain.
The term AB in called loop gain and β in called 
feedback ratio.
70. RADAR
 The term RADAR is an acronym for RAdio 
Detection And Ranging. It is a system which uses 
radio waves to detect and to fix the position of 
targets at a distance. 
 Principle of radar
 Radar works on the principle of ‘radio 
echoes’. The transmitter in a radar, radiates the 
high power electrical pulses into space. When these 
pulses are incident on any distant target such as a 
mountain, ship or aircraft, they get scattered in all 
directions. The transmitter antenna receives a part 
of the scattered energy. This transmitter antenna 
also acts as receiving antenna for the receiving 
pulse. The pulse travels with the speed of light  
3 × 108 ms–1. In other words, these pulses cover 
a distance of 300 metres for every micro second. 
Hence by measuring the time taken by the pulse 
to reach the target and back to the transmitter, 
the range or distance of the target can be easily 
determined. To locate the direction of the target, 
directional antennas are used.
Transmission and Reception of Radar: The 
block diagram of a simple radar system is shown 
in Figure. This block diagram indicates that the 
radar system consists of both the transmitting and 
the receiving system.
The transmitting system consists of a transmitter 
and a pulser. The receiving system consists of a 
receiver and an indicator. In most of the cases, a 

single antenna is used for both transmission and 
reception and this is achieved with the use of 
TR switch (Transmitter Receiver Switch). This 
switching arrangement is called as ‘duplexer’. 
This connects the antenna to the transmitter during 
transmission and to the receiver during reception. 
Moreover, this switch isolates the sensitive 
receiver from the damaging effects of the high 
power transmitter.

Block diagram of a radar system

The transmitter is essentially a high power 
magnetron oscillator which generates high 
power pulses. This transmitter is turned on and 
off with a periodic pulse from the pulser. Thus 
the transmitter generates periodic pulses of very 
short duration. These short pulses are fed to the 
antenna which radiates them into the space. The 
antenna is highly directional.
If the transmitted pulse hits any target, a weak echo 
signal returns to the same antenna. But, now the TR 
switch puts the antenna in contact with the receiver. 
This echo signal is amplified and demodulated 
by the superhet receiver. The sensitivity of the 
receiver is very high. The detected output is sent 
to the indicator. The indicator is a cathode ray tube. 
The CRT displays the original transmitted pulse as 
well as the detected echo pulse along a horizontal 
base line. The synchronising pulse generated by the 
‘timer’ is supplid to both transmitting and receiving 
systems. So, the indicator records the transmitted 
pulse as well as the returning pulse simultaneously. 
The returning echo pulse appears slightly displaced 
from the transmitted pulse and this displacement is 
a measure of the range of the target.
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