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Assignment 2

13.4. Consider a Bragg cell of lead molybdate with dimensions of 5 cm wide x 2 cm high by 8 cm
long. A transducer is bonded onto the 5 cm x 2 cm face. The transducer center frequency is 80 MHz
with a fractional bandwidth of 50%. The cell will work with an argon laser operating at a wavelength
of 488 nm.

a. Calculate the Bragg angle at the center frequency, the upper frequency of the transducer, and the
lower frequency of the transducer.

b. If the laser beam is 1 mm wide in the interaction region, calculate the acoustic transit time.
c. Calculate the maximum modulation bandwidth associated with the acoustic transit time.
d. Calculate the minimum laser beamwidth required to use the full bandwidth of the transducer.

e. Calculate the minimum) acoustic power that would be required to deflect 50% of the incident laser
beam power.

f. Calculate the range of the deflection angle Af for the full bandwidth of the transducer, if this
Bragg cell is used as a beam deflector.

Solution: The center frequency is 80 MHz. Since the bandwidth of the transducer is 50% of the
center frequency (as a rule of thumb), the bandwidth Af is

Af =50% x f.=0.5(80 x 10°) = 40 x 10° Hz = 40 MHz. (1)

The upper frequency is f. + (Af/2) = 100 MHz and the lower frequency is f. — (Af/2) = 60
MHz.

a. The Bragg angle at the f. is
Ao (488 x 1079)(80 x 10°)

B= 50 2375 X 109) = 5.2 x 107° radians = 0.298° . (2a)

At the upper frequency
0y = ;‘Tf: _ (488 2(20759>>511()(?3;< 10%) =6.51 x 1073 radians = 0.373°. (2b)

At the lower frequency
o M (8810 00X 10Dy 004 1078 adians — 0.224°. (20)
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b. If d = 1 x 1073 m, we find the transit time 7 as

d 1x10°3 5

¢. The maximum frequency limit set by the transit time is

1 1
fmax = 5 3.75 MHz.

T 0267 x10

d. To keep up with the desired 100 MHz upper frequency of our system requires
1
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. ws 35X 103
© fmax 100 x 106

d =37.5x 1075 m =375 um.

e. The acoustic power P,. for 50% deflection efficiency is
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B 0.001 V20488 x 109\ o
~ (0.22)(1.576 x 10-13) < (5 x 10-2) (sin ™ VBS0) = 0.131 W

and

(Here, A is the cross-section area of the acoustic beam.)
f. The deflection angle of the cell is
AAf (488 x 1072)(40 x 10°)

_ _ _ -3 .. . o
Af = o 5 7E % 10° = 5.21 x 1077 radians = 0.298°.

(5a)

(6a)

(6b)

(8)

13.5. A tellurium dioxide acousto-optic beam deflector uses a transducer with a center frequency of
100 MHz. If we want to design a 2,000 spot deflector, find the diameter of the laser beam at the

position of the light-sound interaction.
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Solution: The bandwidth of the transducer can be estimated as

BW:%:M:SO MHz. (9)
We want N = 2000, so
N =BWr7=BW <i> , (10a)
hence,
= Nvs Q000063 X 10%) _ o -2 1 959 e (10b)

BW 50 x 106

15.1. Find the required work function (in joules and eV) for a photomultiplier to have a long
wavelength cutoff of (a.) 1 um and (b.) 10 pm.

Solution: The work function of a material is related to the maximum wavelength by ¢ = )\L

max

a. For Apax = 1 pm, we need

he ) 10734)(3.0 x 108
¢ = T c _ (663 10>< 12)(_360 x107) _ 1.992 x 101 joules = 1.245 eV . (11)

b. For Apax = 10 pm, we need a work function that is one-tenth of the value in part a, so
¢ =0.124 eV.

15.2. Consider a photomultiplier operating with 3 mW of input power at 920 nm that produces 200
1A of cathode current.

a. Calculate the number of photons per second in the light.

b. Calculate the number of electrons per second that are freed at the photocathode.

Solution: a. The number of photons per second N’ in the beam is

P 3x 1073

N =— = = 1.389 x 10'% photons - s *. 12
he — (663 x 10-29)(3.0 x 10°) A photous s (12)
A 920 x 10—9

b. The number of electrons per second M’ freed at the photocathode is

I 200x10°¢

M=-==""__
q 1.6x10-19

= 1.25 x 10" electrons - s~ . (13)

The quantum efficiency 7 is

M’ 1.389 x 10'6

= =" =0 : . 14
= 195 % 1015 0.0898 = 8.98% (14)
The responsivity without gain, Ro, is
I 200x 1076
Ro= o =222 7 667x10"% = 66.6 mA - W~L. (15)

P 3x10°3



