. < SOLUTIONS >

1. An electron revolving in an orbit of H-atom, has
both kinetic energy and electrostatic potential cnergy.
Kinetic energy of the clectron revolving in a circular

orbit of radius ris E, = : my?
2

Since, LR =—--1 o
r 41!80 r
1 1 e 1 ¢

" Ex=oX——=— or E;= . -
2 4me, r ¥ d4me, 2r - ()

Electrostatic potential energy of electron of charge -¢

revolving around the nucleus of charge +e in an orbit
of radius ris

. 1 HeX-e =1 gz
E,=———-nr—— or E,.=—— ... (ii
Fane, r P” 4me, r (i)

So, total energy of electron in orbit of radius r is

2 2
E=E +E, or E=——% -1 &
4RE, 2r 4mE, 1

The -ve sign of the energy of electron indicates that the
electron and nucleus together form a bound system i.e.,
electron is bound to the nucleus.

2. A light emitting diode is simply a forward biased
p-n junction which emits spontaneous light radiation.
At the junction, energy is released in the form of
photons due to the recombination of the excess
minority charge carrier with the majority charge
carrier.
Advantages :
(i) Low operational voltage and less power.
(ii) Fast action and no warm up time required.

~ OR
Since the diode is reversed biased, only drift current
exists in circuit which is 20 pA.
Potential drop across 15 £ resistor, = 15 Q%20 pA
=300 uV = 0.0003 V
Potential difference across the diode = 4
=399=4V

3. (a) The required energy band diagrams are given

- 0.0003

below:
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Energy band diagram of
p-type semiconductor
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semiconductor
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At absolute zero temperature (0 K) conduction band
of semiconductor is completely empty, ie, o = 0.
Hence the semiconductor behaves as an insulator. At
room temperature, some valence electrons acquire
enough thermal energy and jump to the conduction
band where they are free to conduct electricity. Thus
the semiconductor acquires a small conductivity at
room temperature.

4. Total average energy density of electromagnetic

1 1 2
wave is ‘Z‘EoEZ +E€"Er2““ =g,B

rms

= 8.85 % 10712 % (720)2=4.58 x 10 T m~?
5. As1 gof H-atom =Ny

1000 g of H-atom = 1000N,
So, 4 kg of H-atom = 4000N,,

4000N ,

Number of fusion = = 1000N,

Energy released per fusion process
= 1000N,; 26 MeV

Now, 235 g of Uranium = Ny
3
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23.5 kg of Uranium = 100N,
So, energy released for fission process
= 100N x 200 MeV
E.__ 1000N,x26 MeV 13
E.__ 100N, x200MeV 10

3

6. (b):Given:n, =3 x 101 m= ny = 3x 10" m™,

w,=2m? V-5l 1, =0.01 m* Vs~  then conductivity,

G =€ (ndl, + nzly)
Putting values, we get
o= 16x107%(3x 10M¥ x 2+ 5 x 107 x 0.01)

= 1.6 x 10715(10"% + 0.05 x 10'%) = 1.68 (Q-m)"!
7. The angle of incidence in denser medium for
which the angle of refraction in rarer medium is 90° is
called the critical angle (i.) for the pair of media.
The light ravs emerge through a circle of radius r.

-l -
i

Area of water surface = —

8. (a) The refractive index of the material of prism

. [A;B,j,
sin >
2

. A
sin—

u:

Given : A = 60%,6,, = 307

in45c 1
=S%n‘ﬂ_=—f-‘-2 = l1=\5
sin30° /2
¢ c 3x10°
f=-=v=—= =2.12x108ms"!
v B 1414
. 1
(b)sintc=—’-=—r=
B2
iC=r=45"
CA=n+r
=3f|='59_
sin §- :
sinr,—

e EiR = ﬁsin 15 =

40em
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For the lens

u=-40cm, f=+ 20 cm. This gives v = + 40 ¢m
This image acts as a (virtual) object for the convex
mirror.
Sou=(+40-15)cm=25em
20
Also f =+—m=-+10cm

From i_=1+l
J v u

N 50 -
Weget v=—cm=16.67 cm
D

~

The final image is, therefore formed at a distance of

- f_530 .
16.67 cm | =— cm | to the right of the convex mirror.

S

-~

Bt 95 ‘ {
(at a distance of 31.67 cm (= = cm) to the right of

al

~

the convex lens.
9. According to Einsteins photoelectric equation,

. he ke 1 1
K =——-—=h|l—=—o
max )-. A“ H [A A“ ]

=6.62x10‘“x3xw*[ A
205107 3oN10®

_6.62X107M XAX10 N
180x107 x1.6x107"

10. The frequencies of the emitted photon in the

Paschen series are given by

=2TocV

11
u= Rl: == |, where n = ]
[3. n ) here n =4, 3, 0, ...,

Class 12
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-ﬁehiﬁheSt frequency corresponds to # = co

Re 1.097X10"m™ x3x10% my/s
2%t g 9

=037x 1051 =37 x 1014 Y4y

. (@ Reflection and refraction arise through
peraction of incident light with atomic constituents
of matter which vibrate with the same frequency as
sat of the incident light. Hence frequency remains
gnchanged.
{v) Energy carried by a wave depends on the frequency
of the wave, not on the speed of wave propagation.
o) For a given frequency, intensity of light in the
;homn picture is determined by

Energy of photons  nx/hv
i T Axt

area X time

where n is the number of photons incident normally
cacrossingarea A intime £,
OR
.z} Coherent sources are necessary to produce a
szstzined interference pattern otherwise the phase
diference changes very rapidly with time and hence
-0 interference will be observed.

. : i (0
b) Intensity at a point, I =41 cos” (5

2% .
=" « Path difference

N

Ypase auierence =

. s ot « o8 g
At path difference 2.,

. .27
. Intensity, K = 4], cos” )

[+ Given I = K, at path difference 2]
K = 41, ()

If path difference is -)f then phase difference will be

, 2m A 2m
O =—x—=—
' A3 3

K —_—
. Intensity, I'=410c052[—2—6ﬁ):: (Using (i)

12. (i) (¢) : Here, d = 0.1 mm, A = 6000 A,D=0.5m

For third dark band, dsin®@=3A ; sinf= 3 ; - = %

_3DA_3x0.5%x6x107
T d o 0ax10”
(ii) (b) : Given d=02mm=0.2x 102 m,D=2m
A=5000A=5%10"m
The distance between the first minimum on other side
of the central maximum
- 2AD _ 2x5x107 x2
d 0.2x107°
(iii) (a) : Here, A = 600 nm = 6 x 10~/ m
a=02mm=2x10"%m,0=7
Angular width of central maxima,
26 2x6x107

0=""=
a 2x107*

(iv) (d) : When red light is replaced by blue light
(Ag < Ap) the diffraction pattern bands becomes

y =9%107 m=9 mm

x=10"m

=6x107° rad

narrow and crowded together.
(v) (b) : To observe diffraction, the size of the obstacle
should be of the order of wavelength.
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