CBSE Board
Class XII Physics - Set 1
Board Paper - 2011

Time: 3 hours [Total Marks: 70]

General instructions:

1. All questions are compulsory.

2. There are 30 questions in total. Questions 1 to 8 are very short answer type
questions and carry one mark each.

3. Questions 9 to 18 carry two marks each, questions 19 to 27 carry three marks each
and questions 28 to 30 carry five marks each.

4, There is no overall choice. However, an internal choice has been provided in one
question of two marks, one question of three marks and all three questions of five
marks each. You have to attempt only one of the given choices in such questions.

5. Use of calculators in not permitted. However, you may use log tables if necessary.

6. You may use the following values of physical constants wherever necessary.
c=3x108ms1?
h=6.626 x 10-3*]s
e=1.602 x 10-1°C
Ho = 4nx10~/TmA~1

! 94109Nm2C2

”ITEO
Mass of electron me = 9.1 x 10-31 kg
Mass of neutron mn, = 1.675 x 1027 kg
Boltzmann'’s constant k = 1.381 x 10-23 ] K1
Avogadro’s number Na = 6.022 % 1023 mol-!
Radius of earth = 6400 km

1. A point charge Q is place at point O as shown in the figure. Is the potential difference
Va - Vg positive, negative or zero, if Q is (i) positive (ii) negative?

G cemccem—ms
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2. A plane electromagnetic wave travels in vacuum along z-direction. What can you say
about the direction of electric and magnetic field vectors?

3. A resistance R is connected across a cell of emf « and internal resistance r. A

potentiometer now measures the potential difference between the terminals of the
cell as V. Write the expression for ‘r’ in terms ofe, V and R.



10.

11.

The permeability of a magnetic material is 0.9983. Name the type of magnetic
materials it represents.

Show graphically, the variation of the de-Broglie wavelength (\ ) with the potential
(V) through which an electron is acceleration from rest.

In a transistor, doping level in base is increased slightly. How will it affect (i)
collector current and (ii) base current?

Define the term 'wattles current'.

When monochromatic light travels from one medium to another its wavelength
changes but frequency remains the same. Explain.

Two uniformly large parallel thin plates having charge densities + o and -0 are kept
in the X-Z plane at a distance’d’ apart. Sketch an equipotential surface due to electric
field between the plates. If a particle of mass m and charge '-q' remains stationary
between the plates, what is the magnitude and direction of the field?

OR
Two small identical electrical diploes AB and CD, each of dipole moment 'p' are kept
an angle of 120° as shown in the figure. What is the resultant dipole moment of this

combination? If this system is subjected to electric field E directed along +X

direction, what will be the magnitude and direction of the torque acting on this?

Y
i

A magnetic needle free to rotate in a vertical plane parallel to the magnetic meridian
has its north tip down in 60° with the horizontal. The horizontal component of the
earth’s magnetic field at the place is known to be 0.4 G. Determine the magnitude of
the earth’s magnetic field at the place.

Figure shows to identical capacitors, C1 and Cz, each of 1  F capacitance connected
to a battery of 6V. Initially switch ‘S’ is closed. After sometimes ‘S’ is left open and
dielectric slabs of dielectric constant K = 3 are inserted to fill completely the space
between the plates of the two capacitors. How will the (i) charge and (ii) potential
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17.

18.

difference between the plates of the capacitors be affected after the slabs are

inserted?
5
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Two convex lenses of same focal length but of aperture A1 and Az <Az < A1) are used
as the objective lenses in two astronomical telescopes having identical eyepieces.
What is the ratio of their resolving power? Which telescope will you prefer and
why? Give reason.

Draw the output waveform at X, using the given inputs A and B for the logic circuit
shown below. Also, identify the logic operation performed by this circuit.

I
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Name the semiconductor device that can be used to regulate an unregulated dc
power supply. With the help of I-V characteristic of this device, explain its working
principle.

How are infrared waves produced? Why are these referred to as 'heat waves'? Write
their one important use.

Draw the transfer characteristic curve of a base biased transistor in CE
configuration. Explain clearly how the active region of the V, versus V; curve in a
transistor is used as an amplifier.

(i) Define modulation index.
(ii) Why is the amplitude of modulating signal kept less than the amplitude of
carrier wave?

A current is in induced in coil C; due to the motion of current carrying coil Co.

(a) Write any two ways by which a large deflection can be obtained in the
galvanometer G, (b) Suggest an alternative device to demonstrate the induced
current in place of a galvanometer.
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C,

Define the terms (i) drift velocity, (ii) relaxation time.

A conductor of length L is connected to a de source of emf «. If this conductor is
replaced by another conductor of same material and same area of cross-section but
of length 3L, how will the drift velocity change?

Using Gauss’s law to obtain the expression for the electric field due to a uniformly
charged thin spherical shell of radius R at a point outside the shell. Draw a graph
showing the variation of electric field with r, forr > Rand r <R.

An electron and a photon each have a wavelength 1.00 nm. Find
(i) Their momenta.

(ii) The energy of the photon and

(iii) The kinetic energy of electron.

Draw a schematic diagram showing the (i) ground wave (ii) sky wave and (iii) space
wave propagation modes for em waves.

Write the frequency range for each of the following:

(i) Standard AM broadcast

(ii) Television

(iii) Satellite communication

Describe Young’s double slit experiment to produce interference pattern due to a
monochromatic source of light. Deduce the expression for the fringe width.

OR
Use Huygen'’s principle to verify the laws of refraction.

(a) Describe briefly, with the help of suitable diagram, how the transverse nature of
light can be demonstrated by the pheomenona of polarization.

(b) When unpolarized light passes from air to a transparent medium, under what
condition does the reflected light get polarized?

The energy levels of a hypothetical atom are shown below. Which of the shown
transitions will result in the emission of a photon of wavelength 275 nm?

Which of these transitions correspond to emission of radiation of (i) maximum and
(i) minimum wavelength?
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State the law of radioactive decay.

Plot a graph showing the number (N) of undecayed nuclei as a function of time (t)
for a given radioactive sample having half life Ty 2.

Depict in the plot the number of undecayed nuclei at (i) t =3 T1/z and (ii) t =5 T1/2.

In the circuit shown, R1 =40, Rz =R3 =150, R4+ = 300 and E = 10 V. Calculate the
equivalent resistance of the circuit and the current in each resistor.

State Biot-Savart law, giving the mathematical expression for it.
Use this law to derive the expression for the magnetic field due to a circular coil
carrying current at a point along its axis.
How does a circular loop carrying current behave as a magnet?

OR
With the help of a labelled diagram, state the underlying principle of a cyclotron.
Explain clearly how it works to accelerate the charged particles.
Show that cyclotron frequency is independent of energy of the particle. Is there an
upper limit on the energy acquired by the particle? Give reason.

(a) Draw a ray diagram to show refraction of a ray of monochromatic light passing
through a glass prism.
Deduce the expression for the refractive index of glass in terms of angle of prism
and angle of minimum deviation.
(b) Explain briefly how the phenomenon of total internal reflection is used in fibre
optics.

OR



30.

(a) Obtain lens makers formula using the expression
Ny N n, —Ny
\% u R
Here the ray of light propagating from a rarer medium of refractive index (n1) to a
donser medium of refractive index (nz) is incident on the convex side of spherical

refracting radius of curvature R.

(i) With the help of a labelled diagram, describe briefly the underlying principle and
working of a step up transformer.
(ii) Write any two sources of energy loss in a transformer.
(iii) A step up transformer converts a low input voltage into a high output voltage.
Does it violate law of conservation of energy? Explain.

OR
Derive an expression for the impedance of a series LCR circuit connected to an AC
supply of variable frequency.
Plot a graph showing variation of current with the frequency of the applied voltage.
Explain briefly how the phenomenon of resonance in the circuit can be used in the
tuning mechanism of a radio or a TV set.
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1. Potential at a point: V = kq/r

For any Q,

11
V, -V, =kQ| = - =
8 ® Q|:rA r-B:|

Where ra < rg

So 1/ra >1/rg

11
So o >0
If Q at O is positive, Va-Vp will be positive

If Q at O is negative, Va-Vp will be negative.

2. The electromagnetic wave travels in a vacuum along the z-direction. The electric field
(E) and the magnetic field (B) are in the x-y plane. They are mutually perpendicular.

3. As emf e =I (r+R)
& pd =V = IR
Taking the ratio,
e/V = (r+R)/R
e =V(1+r/R)

r=R(E/V - 1)

4. It represents a diamagnetic substance since its permeability (0.9983) is less than 1.



. If the doping level in the base of a transistor is increased:
(i) Collector current will decrease.

(ii) Increased base doping lowers its resistance hence its base current should
increase.

. An AC circuit containing only Capacitor or inductor will have zero power dissipation
even though the current is flowing through it. Such current is called wattless current.

. Refraction occurs when the energy of an incoming light wave matches the natural
vibration frequency of the electrons in a material. The light wave penetrates deeply
into the material, and causes small vibrations in the electrons. The electrons pass
these vibrations on to the atoms in the material, and they send out light waves of
the same frequency as the incoming wave.

Here the red dotted lines represent the parallel equipotential surfaces along X-Z
plane.



If a charge q has to be held stationary between the two plates, it will have to be
balanced by two forces.

Gravitational force: mg, downwards
Electrostatic force= 2qE, acting upwards.

This implies, that in X-Z plane, the upper plate is + charged plate & lower plate is -
charged plate.

So, E field lines have to be directed along -y axis.
OR

Resultant dipole moment,

6res = 61 + 5
Pres = \/pf + pg + Zplpz cos120
Pres =P

Direction of resultant dipole moment:

tano - psin120
p+pcosl20

tano =3

0=60

That is, 30 degrees with +x axis.
Given applied E is along +x axis,
So torque on resultant dipole will be
t=pEsin30 =pE/2
Direction will be along -z axis.
10.Horizontal component of earth’s magnetic field, By =0.4 G
Angle made by the needle with the horizontal plane = Angle of dip = d = 60°.
Earth’s magnetic field strength = B

We can relate B and By as:

B, =Bcosé
= By =%=0.SG
coso 05

Hence, the strength of earth’s magnetic field at the given location is 0.8G.



11.In C;:
Charge Qp = CpVp will not change.
Where Cp = K C= increases K times
Vp = V/K = decreases K times
In Cy:
Charge Qp = CpV
Potential V remains the same as 6V

Charge Qp =KCV= KQ, increases K times.

Resolving power = _a

12. 1.222
N (R.P), :ﬁ
(RP), A

The telescope with the objective of aperture Al should be preferred for viewing as
this would:

(i) Give a better resolution
(ii) Have a higher light gathering power of telescope.

13.The truth table will be

A B Y X
0 0 1 0
1 0 0 1
1 1 0 1
0 1 0 1
0 0 1 0
1 0 0 1




The output waveform will be

14.Zener diode is used for regulating the unregulated voltage supply.

In Zener diode, both p and n sides are heavily doped. Due to high dopant density,
the depletion junction width is small and the junction field is high. Under large
reverse bias, the high junction field may strip an electron from the valence band
which can tunnel to the n side quantum mechanically through the thin depletion
layer.

s
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Fig (a) Unbiased p*-n* junctions Fig (b) Reverse biased p*-n* junctions of
Zener diode

This takes place after a certain critical voltage is crossed, and is called 'internal field
emission', which gives rise to a high reverse or 'breakdown' current. Such a
breakdown is called 'Zener breakdown'.

4*

Fig (@) Symbol (-Jf Zener diode
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Fig(b) V-I characteristics of a Zener diode.

After breakdown, a large current can be produced by an almost insignificant change
in the reverse bias voltage. So, for widely different currents, the voltage across the
Zener-diode stays constant. This leads it to be used in voltage regulation of DC
voltages.

Infra red waves are produced by hot bodies or due to vibrations of atoms and
molecules.

They are called heat waves because they cause heating effect or increase the
temperature.

Use: Infra red lamps; play important role in maintaining warmth through greenhouse
effect.

.CMOH, Active

region region
gion _region

Saturation
region

A

0.6V 1V Vi

If we plot V, Vs V;, we get a graph as shown in figure; this characteristic curve is
also called transfer characteristic curve of a base biased transistor in CE
configuration.

The curve shows that there are three non-linear regions:
(i) between cut-off stage and active stage

(ii) between active stage and saturation stage;



For using the transistor as an amplifier we will use the active region of

the Vo versus V ; curve. The slope of the linear part of the curve represents
the rate of change of the output with the input. It is negative because the
output is Vec— IcRc and not IcRc. That is why as input voltage of the CE
amplifier increases its output voltage decreases and the output is said to

be out of phase with the input. If we consider A Vo and AV;as small
changes in the output and input voltages then A Vo/ A V;is called the small
signal voltage gain Ay of the amplifier.

If the Vps voltage has a fixed value corresponding to the mid point of the active
region, the circuit will behave as a CE amplifier with voltage gain A Vo/ AVi. We
can express the voltage gain Ay in terms of the resistors in the circuit and the current
gain of the transistor as follows.

We have, Vo= V. - IcRc
Therefore, AVo=0- Rc A I¢
Similarly, from Vi = IgRg+ Vpe
AVi=Rg Alg+ AVge
But A VBE is negligibly small in comparison to A IBRB in this circuit.
So, the voltage gain of this CE amplifier is given by
AV =-Rc AI/ Rg Alg
= - Bac(Rc /R ) (14.14)
where gacis equal to AIC/ AIB.

Thus the linear portion of the active region of the transistor can be exploited for the
use in amplifiers.

17.Modulation index is the ratio of amplitude of modulating signal and amplitude of
carrier wave.

A
n= A—m <1 Modulation index is kept less than 1, that is Am<A., in order to avoid

C

distortion.



18.(a) Two ways by which a large deflection can be obtained in the galvanometer are :
(i) By increasing the relative motion between the coils.
(if) By inserting an iron rod into the coils along their axes.
(b) An LED.

19.The average velocity of electrons, independent of time, although accelarated through
a conductor is called drift velocity.

The average time interval between successive collisions is called relaxation time.

Drift velocity
" m mL

Where V is the potential difference applied across the length of the conductor.

Keeping V constant,if Length L of the conductor is made 3 times, the drift velocity
will become 1/3™,

20.

Consider a spherical Gaussian surface of radius r (>R), concentric with given shell. If
E is electric field outside the shell, then by symmetry, electric field strength has

same magnitude Eo on the Gaussian surface and is directed radially outward. Also
the directions of normal at each point is radially outward, so angle between Eo and

ds is zero at each point. Hence, electric flux through Gaussian surface =
= ¢s€c;dg
= ¢E,dS cos0° = E,.4xr’

Now, Gaussian surface is outside the given charged shell,
so charge enclosed by the Gaussian surface is Q.

Hence, by Gauss’s theorem



¢.E,.ds= 1 «charge—enclosed

&

= E, .4xr? :ixQ

80
=E, = ! QZ
Are, 1

Thus, electric field outside a charged thin spherical shell is same as if the whole
charge Q is concentrated at the centre. Graphically,

r=R —r

For r < R, there is no strength of electric field inside a charged spherical shell.

For r > R, electric field outside a charged thin spherical shell is same as if the whole
charge Q is concentrated at the centre.

21.Wavelength of an electron X\ and a photon Np 1 he = Np =X =1nm

=1x107°m
Planck’s constant, h = 6.63 x 1073* s

(a) The momentum of an elementary particle is given by de Broglie relation:

It is clear that momentum depends only on the wavelength of the particle. Since the
wavelengths of an electron and a photon are equal, both have an equal momentum.

_ 6.63x10°3*

10 —6.63x10 %°kg ms™?
X

(b) The energy of a photon is given by the relation:

g_fc
A



Where,

Speed of light, c = 3 x 108 m/s

 6.63x1073% x3x108

1x1072 x1.6 x1071°
— 1243.1eV = 1.243keV

- E

Therefore, the energy of the photon is 1.243 keV.
(c) The kinetic energy (K) of an electron having momentum p,is given by the

relation:

2
_1p®
m

N~

Where,
m = Mass of the electron = 9.1 x 1073! kg

p=6.63x 102 kgms!

_25 2
6.63x 10
K =2x —2.415x107193
2 9.1x10731

~ 2.415x10°1°

=1.51eV
1.6 x1071°
Hence, the kinetic energy of the electron is 1.51 eV.

22.Diagram showing the (i) ground wave (ii) sky wave and (iii) space wave propagation
modes for em waves:

Space wave
e P
Ionosphere

Sky wave
Ground wave ky

FIGURE 15.6 Vazidu$S propagation modes for em waves

Frequency range:

(i) Standard AM broadcast: 540-1600 kHz

(i) Television: 54-72 MHz
76-88 MHz: VHF (very high frequencies)
174-216 MHz

420-890 MHz: UHF (ultra high frequencies)



(iii) Satellite communication: 5.925-6.425 GHz (uplink)
3.7 - 4.2 GHz (downlink)
23.Young double slit experiment:

A train of plane light waves is incident on a barrier containing two narrow slits
separated by a distance’d’. The widths of the slits are small compared with
wavelength of the light used, so that interference occurs in the region where the light
from S; overlaps that from S..

dcreen

Doub le zlic D

A series of alternately bright and dark bands can be observed on a screen placed in
this region of overlap.

The variation in light intensity along the screen near the centre O shown in the figure

L AN AN AT A
/\ AVAVAVAY
;H:U o O, 1 li L

+— O

a bright fringe. fringe width a dark fringe.

Now consider a point P on the screen. The phase difference between the waves at P
is 6, where

0 = 2n/ NAP,

(where AP, is optical path difference, AP,= APg; APy being the geometrical path
difference.)



=27/ XN [SP-S5S:P] (here X\ =1 in air)
As As,D >>d,
S,P-S;P~ X dsino
sin & X ~ tan 0 ( =y/D).
[for very small 0]
Thus, 6 = 2x/X\ (dy/D)
For constructive interference,
6 =2nx (n=0,1,2..)
= 2n/X\ (dy/D) =2nn = y=n \D/d
Similarly for destructive interference,
y=02n-1)xD/2d(h=1,2..)
Fringe Width W
It is the separation of two consecutive maxima or two consecutive minima.
Near the centre O [where 0 is very small],
W = yh+1 — Yn [Yn gives the position of nth maxima on screen]
= \D/d
OR
Laws of refraction: Proof using Huygen’s principle

If AC is the incident wavefront and FD is refracted wavefront then we can show that
refraction of wavefront obeys Snell's law.



\\ \ Refraction of wavefront
\.
\
\

\ N A €
\J/B)gf‘l) l

Let the time taken by to reach from C to D be t and now in same time Point A would
be at F hence we can write,

CD=cltand AF =c2t

Also the angle CAD = angle i

[Angle of incidence for wavefront]

Similarly, angle ADF = angle r

Now, sin i = sinZ CAD= CD/AC=c; t/AC

And, sin r = sin £ FDA= AF/FD= ¢, t/FD

We get the ratio sin i/sin r = ¢;/c; = 1lL2

This verifies the law of refraction or Snell's law.

24.(a) Experiment to prove transverse nature of light waves:

T T2
A A
1l - 1
4 S <
N Cottt P
N | |
e
Z 1N B Fidy : '
' ' | Plane o Plane .
Ordinary | polarised light | polarised light
light Polariser Analyser



T1

A |
I
4 [
» A I
- - IJ
o | . V'\ .
# | " il l l 1 \ 5 No light
| <
. | Analyser
(_)rdmary Polariser
light

i.e., T, analyses if the light waves are polarized or not.

(b) When unpolarised light is passed through a tourmaline crystal cut with its face
parallel to its axis AB, only those vibrations of light pass through which are parallel
to AB and all others are absorbed. The light intensity, therefore, is reduced. The
emergent light from the first crystal is a plane-polarized light. This can be checked
by using a second crystal. When this second crystal is rotated, a change in intensity
is noted, the light is said to be plane polarized. When the axis of the second crystal is
perpendicular to the axis of the first crystal, no light is passed. The light coming out
of the crystal T, is said to be polarized i.e., the vibrations of light (electric vector) is
restricted in a particular direction. This phenomenon is called polarization. The first
crystal acts as a polarizer and the second crystal acts as an analyzer.

i.e., T, analyses if the light waves are polarized or not.

34 8
Wavelength associated: ) = hc _6.62x10"'x3x10° _12.3

= 1077
E Ex1.6x107%° E

25.For A:
Energy change: E;-E; = 0 - (-2) = 2 eV

So wavelength of the radiation emitted is:

Xa = %xlO’7 =618nm
g = %xm*7 = 275nm (wavelength emitted is 256 nm, i.e, radiation B)
Ac = ExlO’7 =500nm

2.5

A\p = £8'3x10’7 =153nm

Maximum wavelength: emission A

Minimum wavelength: emission D



26.According to radioactive decay law the rate of disintegration of a radioactive
substance at an instant is directly proportional to the number of nuclei in the
Radioactive substance at that time i.e.

N =N,e ™ , Where symbols have their usual meanings.

—

Number of undecayed nuclei

T, 2T, 5T, 4T, ool
FIGURE 13.3 Exponential decay of a
radioactive species. Alter a lapse of
T,,, . population of the given species

drops by a factor of 2.

From graph:

No. of un-decayed nuclei at t = 3Ty,2is No/8

No. of un-decayed nuclei at t = 5T;,5is No/32
27.R3, R4, R2 : parallel

Upon calculation comes out to be

Rp= 60Q

Ri and R, are in series.

Reg = 6 +4 = 10Q

Using Kirchoff’s rules we get following equations,

E - I;R;-I;R; =0

-R4I4+1I,R,=0

-I5R3+I4R4 =0

E-I;R;-I5R3=0

-I5R3+I,R; =0

I; =+15+1,

Solving the above equations we get



I1=1A

12=10/25 A
I3=10/25 A
14 =5/25 A

28.For any general shape of the wire, magnetic field due to current carrying wire is
given by Biot Savart Law:

!

Where % s a vector tangent to the current wire equal to dy ] for a straight wire
along y-axis.

Consider a circular loop of radius r carrying a current I.
Since

diLr

=0=90°

Applying Biot Savart law;

4, 1dlsin90°
4 r’

dB =

For entire closed circular loop;



‘", 1dIsin90°

dB =
'([ Ar r’
2zr
B=to [ :&[ﬂj
4rrs o Az\ r
For n turns of a coil; B :&ﬂ
A r

The magnetic field lines due to a circular wire form closed loops.

The direction of the magentic field is given by right hand thumb rule.

The current carrying loop produces a magnetic field around it, whose magnetic
moment is given as I x A(here, I is the current through the loop and A is the area of

cross-section; hence it behaves like a magnet.



OR

The principle behind the working of a cyclotron is that in a uniform magnetic field,
charged particle executes uniform circular motion with a frequency that is
independent of its radius (which depends on the energy of the particle)

A cyclotron has a uniform magnetic field spread over a circular region split in two
halves by two semi-circular D's, D; and D..

Let us assume for definiteness that the particle has positive charge. Then, as it
comes around in D; clockwise to point P, D; and D, are so connected to an
alternating voltage that at this point, D; is at a higher potential than D,. This
accelerates the particles, so that it gains kinetic energy by AT = q(V; - V1) where V;
and V, are potentials of D; and D, respectively.

This increases the radius of circular motion since r= [r:—;/] and is proportional to

square root of kinetic energy.

Since frequency of circular motion, given by fc=[%] is independent of r, the
frequency of alternating voltage is made twice f., so that when the particle reaches
point Q, V, and V; flip and D, is at higher potential than D;, so that particle is
accelerated again. This goes on till the kinetic energy is high enough and
consequently the radius is large enough so that the particle is ejected out
tangentially from the magnetic field with high energy.

Frequency

fo = [%] is independent of the energy or the speed of the charged particle.
¥y

Upper limit is releativistic speeds. The cyclotron is limited by relativistic effects due
to which the mass of the accelerating particle increases with energy and so f.
changes after each cycle.

Also, for light charged particles, f. is enormously high and difficult to maintain.
Also, it is not easy to maintain uniformity of the magnetic field.

To add to that, a charged particle in circular motion (even if it is uniform) is
accelerating and all accelerated charges radiate electromagnetic energy, thereby
losing energy.



29.(a) i: angle of incidence
r & r’: angles of refractions
& : angle of deviation

Consider light passing through a prism ABC as shown

B C

As shown, the angles of incidence and refraction at the first face AB are i and r, while
the angle of incidence (from glass to air) at the second face AC is r’ and the angle of
emergence i'. The angle between the emergent ray RS and incident ray direction PQ

is called the angle of deviation,5 .

In the quadrilateral AQNR, two of the angles (at the vertices Q and R) are right
angles. Therefore, the sum of the other angles of the quadrilateral is 180°.

ZA+ ZQNR = £180°

From triangle QNR,

r+r'+ZQNR =180

Comparing, we get

r+rr=A

The total deviation is the sum of deviations at the two faces:

S=(i-n+(@'-r
= o=i+i"-A

A plot between angle of deviation and the angle of incidence is seen to be as follows
60°7]

LI TS —————

40°

30°

Angle of Deviation (3)

T n T
0°  20° '40° 60°  80°

Angle of Incidence (i)



It is seen that in general, any given value of 0 corresponds to two values i and i’.
Physically, this is due to the fact that the path of the ray can be traced back,
resulting in the same angle of deviation.

At the minimum deviation, o=D, ,

i=i"which implies that r = r’.
Then, we get from (0.36)

2r=A

Similarly, equation gives

D, =2i-A

__A+D,
=1=

The refractive index of the prism with respect to the medium outside is
no=N2 - sin[(A+D,,)/2]
2o, sin[A/2]
Angles A and D can be measured experimentally with good precision.
So, equation provides a good way of measuring refractive index of a prism.

(b) Total Internal Reflection has many practical uses, one of which is in optical fibers.
An optical fiber has two layers: a core made of a material of with a high refractive
index, and a second, outer layer with lower refractive index. The light waves
transmitted by an optical fiber are reflected off of the boundary between these two
substances, as shown in the diagram of a cross-section of a fiber below.

The smaller the refractive index of the cladding is compared to the refractive index of
the core, the smaller the critical angle is, allowing T.I.R. to take place in more
conditions (as it can be more often exceeded).

OR

(a). The image formation by a double convex lens can be visualized as a two step

process, the first being formation of imageIl of the object O by the first refracting
surface, which acts as a virtual source for image I formed by the second surface.



@

. . &_ﬁ_ n,-n
Applylng equation vV u R

to the first interface ABC and the second interface

ADC, we get
NNy _Npng
OB BI, BC,
and

nl n2 n2 nl
DI DI, DC,

For a thin lens, BI, =DI,.

Then, adding the equations above,

i+ﬁ: n -nl)|:i+ 1 :|

BC, DC,

If the object is at infinity,OB:"Oand I is at the focus of the lense, so that DI = f, the
focal length of the lens.
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Then, we get from

n, 1 1
—==(,-n)| —+
g o 1){301 ch

SinceBC, =R,, DC, =-R,, this gives us

1 1 1
~-=(n.,-1) —-—
f (N2, ){Rl Rj

which is known as the ‘Lens maker’s formula’.

(b)

The magnification (m) of a mirror is the ratio of the size of the image (h’) to the size
of the object (h)

hl
m=—
h

The size of the object is always taken to be positive, and h’ is negative if the image
is inverted, and positive if the image is erect.

In the figure, since triangles A'B’V and ABV are similar, we have,

A'B' B'V
AB BV

h' v

= —=—
h -u
h' \Y;
>MmM=—=——
h u

(i)Principle underlying tehw orking of transformer: The principle is Mutual
Inductance. When a changing source of voltage is introduced across a coil (which is
physically coupled to another coil), the changing current through it induces an EMF
across the second coil.

A transformer consists of two sets of coils, insulated from each other. They are
wound on a soft-iron core, either one on top of the other, or on separate limbs of the
core.



Soft iron- core

Zi >
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One of the coils is called the primary coil, and has Ny turns. The other coil, the

secondary coil, has NP turns. The relative numbers depend on whether the voltage
needs to be stepped up or stepped down.

By definition, the voltage to be transformed is introduced across the primary coil.
When the alternating voltage is applied across the primary, the resulting alternating
current through it produces a changing magnetic field, whose flux through the
secondary coil changes.

From Faraday’s law, this changing flux induces an EMF across the secondary, whose
magnitude depends on the amount of coupling of the two coils, numerically
measured as mutual inductance. The more this coupling or association of the two
coils, the more is mutual inductance, and therefore the induced EMF.

If Qs the flux through each turn of the core, then through N turns around the core,

the total flux is NP
£ __p 49
s —  WNs T T
So, the EMF induced in the secondary coil is dt

Similarly, there will also be an EMF induced in the primary coil itself, due to self
inductance, given by

do
E =—N. —
PP dt
If the voltage applied across the primary isVP , then if its resistance is R, the current
V,-E
through it will be 1, :%

However, assuming negligible resistance, since we cannot have an infinite current
through the coil, then

Ep :VP

If the secondary is an open circuit, no current is drawn from it then, voltage across it
will be

do

T

S



From equations, it is clear that

Vo N

V, N,

If the transformer is 100% efficient, that is, all the input power is transferred to the
secondary without any leakage or losses, then

(VA VA
This implies that

S

V, N,

e Vo N,

P
Is

It is clear from that ifNS >Np , the voltage will be stepped up, and ifNS <Np

be stepped down.

it will

However, in a step down transformer, there will be a greater current in the
secondary as compared to the primary and vice-versa.

(ii)The possible sources of power losses in practical transformers can be

(1) Flux Leakage: Not all flux of the primary can be associated with the secondary.
There is always some flux which due to lack of absolute coupling, can leak. To avoid
this, the coils are wound over each other again and again.

(2) Resistance of windings: The transformer coil wires cannot have absolutely zero
resistance, so some Joule loss is inevitable.

(3) Core eddy currents: Since the core is a very good conductor itself, currents are
induced in it due to changing magnetic fields, called eddy currents. These also result
in losses.

(4) Hysteresis: Some part of energy is frozen into the core permanently in the form
of a residual magnetic field due to its ferromagnetic character.

(iii) No, it doesnot violate the energy conservation. When low voltage is converted to
high volatge , the current is lowered, thereby conserving the total energy dissipated
across the primary & secondary coil.

OR

In the phasor diagram, since at t:OI the external source of EMF is V=V, (peak
value), which is the x component of the phasorV , this vector will be along the X

axis. The current phasor | will be at an angle¢ relative to this.

RI

So, sinceVR - , it will be parallel to this current phasor, at angle¢relative toV .



T
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Similarly, looking at equations(0.32), it is evident thatVL will make an angle 2 and

T

Ve will make angle 2 relative toVR.

V V,

This also implies that "~ and “C will lie in opposite directions, as the following figure

shows.

It is obvious from the figure that the vector
, and also, of course, ¥ — VR + (VL +Ve)

Taking the dot product
V‘Vgives

2 2
Vo' = (VR )0 + (Vc +V|_) ® (Vc +V|_)

- (VR )02 + [(VL )0 - (VC )0]2
=[R*+(Xc = X)°11y’

From this, we immediately get

1, :%; Z = R*+(Xc — X,)?

Vr is perpendicular to the vector

V. +V,

The factor Z is the analog of resistance in a purely resistive circuit, and is called

Impedance.

The phase is immediately found from the simple phasor picture

tangﬁz—xC éXL



(ii)The current as a function of source frequency is plotted below:
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(iii)Whenever one needs a selection mechanism to select a particular frequency out
of a range of frequencies, such resonating circuits are useful.

For instance, the tuner in a radio is precisely such a circuit, whose L and C can be
varied. Varying these components varies the resonant frequency. As soon as the

resonant frequency matches a particular external signal (radio signal) frequency,

there is a sharp response, and the device picks up that signal.
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