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Answer only five questions

Q.1: Compute the approximate length of (KDP) SHG crystal to be used with a 2ZMW (Q-
switch) Ndi-Y AG laser that has abeam diameter with the crystal of Smm. Assume that
we want 20% Conversion Efficiency when properly phased matched, Where second
order coefficient =Sx10"*, index of refraction =1.44, beam area =2x10°°, Permittivity
& permeability = 8.85x107%, 4nx107 7 [20 M)

Q.2: Express the equation of electromagnetic wave £(x, t) = €, cos [ot —kx + @] in
Alternative Forms such as (a) € = g, cos 2a (UT — x/A) = g, cos k(vt - x} , (b) write down
the equation of the wave which is 180° out of phase with these equations , (¢) when
Traveling in the negative( x-direction ) with (+ 270") phase shift ? [20 M.}

Q.3 :(a) For the superposition of two waves of the same frequency , different phase and in
the same direction ,derive the value of irradiance (¢ 2.,) s {b) Show that the irradiance of

the resulting of adding (5) waves of equal amplitude (g,) and phase constant are ( 0, 7/4,
~/2, 3w, m)is [, (3+2 V2 )] 20M]

Q.4: Derive MALUS Law from fig. below. [20M] ’ Y P&laroi d sheet
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().5: For Longitudinal cffect modulator device of Amplitude (m) and frequency (f) with

Varying voltage applied to the modulator, prove that

.!"_ =0.5+ —ﬂzﬂsin 2t [20M]

‘o

Q.6: Find the net phase shift or total retardation between two wave resulting from the

Application of the voltage (V) across an optical medinm, |20M|

good Luck V.1 -
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5.’! FIG. 7.2 Model of a thermal detector used to derive the frequency response charagteristics. The incoming
' radiation causes the instantaneous temperature of the sensing element to be /. ~ A7, The element ‘s

cannected via a conducting link (of conductance Gi to a heat sink whichyremains at the temperature T

clement. Hence we may write
Wt — GATSr = HE(AT)

If we take the limit 8r — O we obtain

1.Thermoelectric Detector
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FIG. 7.3 Thermoelectric detector: the temperature change of the sersing element induced by the

absorption of radiation is detected using a thermocouple, one junction of which is attached to the sensing
element, and the other shielded from the radiation




2.The Bolometer Detector

Radiatjon

FIG. 7-4 Wheatstone bridge circyit incorporating a bolometer radiation sensing element. When the
resistance values are such that ""r/_Rz =R/R, then ”?9 current i, through the Balvanometer is zorq. if,
however, the sensing element resistance changes slightly then a current will flow which is Propartional 1o
the resistance change.

3.The Pneumatic Detector
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FIG. 7.5 Schematic diagram of a Colay celi detector. A hoam o fight arigirating from a source 35 passes
through a grating. It is then reflected from 4 flexibie mirror whic b forms part of the wals of a pregmatic
chamber. The beam subsequently repasses through the wratmg and s directed onwg g light detector D,
Radiation absorbed within the chamher favses pressure fluctuations which in tarn cause the curvatyre of
the flexibie mirror to change.
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{one being transparent. The electrodes are connected by a load resistor R, Radiation absorbed within the
ferroelectric material causes it to change its polarization. The induced charge on the electrodes changes
end current flows through R causing a voltage signal to dppear across K. (6) Equivalent circuit and typical

electrodes are equivalent to a current generator feeding into the electrode capacitance . The load resistor
R, s in parailel with C. Since Ry is usually very high (about 10" 0 or morey, an impedance matching circuit
is often employed to reduce the signai source impedance. A typical circLit using a JFET is shown here: the
output impedance in this case is then Ri=1 k.




4.The Pyroelectric Detector
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(G. 7.6 Spontaneous electricai polarizaton versus temperature for a ferroeiectric material fschematic
FIG. 7 '

am). The polarizdtion falls to zera at the Cune temperature T
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@w Q.4

W4 = (ng-n,) * d

5893 *107m /4 =(1.55336-1.54425)* d
@ ( D )

A/ d=2.156* 10° m
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Malus’ law. Example

B

' I,= [cos*{45) Iy A

1) Light transmitted by first polarizer 1s *.ems.alh polarized. I = I¢f2

2) ‘-‘mgle between it and second polarizer is =45°. L=1; cos- (459
=0.51;=0.25 Ig

3) Light transmitted through second polarizer 1s polanized 45 from
'.em..al Angle between 1t ‘and third polarizeris 6=45° Ii=D cos2(45°)

=0.125k
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