Homework #2

16.2 The allowed mode frequencies are given by v, = me/(2nl). so the allowed mode
wavelengths are A\, = ¢/, = (2nL)/m. The mode number is then
2nl 2(3.6)(8 x 101

m = = — — = G770
A 850 x 109

The frequency spacing between adjacent modes is

¢ 3 % 107 , 0 —1 o
N = - = - - : =52x 10" s =52 GHz
2nl 2(3.6)(8 x 101

and the corresponding wavelength spacing is

A2 (850 % 10°9)% B .
DA = — oy = —— - (5.2 x 107) = 1.25 % 10 m = 0.125 nm
I 3 % 10°

16.4 The optical intensity decays in time according to
[(t) = I{0)e /7
where the cavity lifetime 7. 1s given approximately by
2L
T (- R

Setting /(f) = 0.2/(0}) at time t = 806 ns, we have 0.2 = exp(—1/7.). which gives

re=1/1ub = (806 x 10 ") /Iub =5x 10 " s
The mirror reflectivity 1s then found from

, 2L 2(0.45) o
1 —R% === — _ — 6 % 10
et (3% 108)(5 x 10

Solving for 12 gives % =1 — 6 x 107, or 12 = 0.997.
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16.7 (a) The frequency spacing between adjacent modes is

¢ 3% 108 IR
W= — 5.36 x 10" s
2nL — 2(3.5)(8 x 101

and the corresponding wavelength spacing is

A2 (830 x 10~ %)?
A= — b = - :
IS 3 10%

(5.36 x 10'%) = 1.23 x 107" m = 123 pm

The frequency width of the modes is

3% 10%) In(1/0.300)2
Ap,jy = B IA/03097 ) 10 g,
/ 47(3.5)(8 x 101

where the facet reflectities were obtained from

3.5 — 1\? _
Ry = Ity = ( ) — 0.309
35+ 1

Putting this in terms of wavelength gives

(830 % 10~ %)?
AN = — Ap = 2 < 108 ) (2 % 10" = 4.6 % 10" m = 46 pm
( S -

(b) Using the results of problem 16.6. we have

drnl 47(3.5)(8 x 1071 L
= Sa — 1.8 x 10

Q)= . .
! AMu(1/R1022) (830 x 1079) 1n(1/0.3092)

e o

= =il

T I(1/RR2)  In(1/0:309%)

2.7




16.8

16.9

{a) The mode spacing is the same as before, §A = 123 pm, since the cavity length is
the same.

{(b) The frequency width of the modes is

(3 x 10%)In{1//0.98][0.95])

: = 6.1 x 10° Hz = 610 MHz
17(3.5)(8 x 10-1) ’ ’ g

Avysp =

Putting this in terms of wavelength gives

(830 x 10~9)2

3 % H}‘g {{ii « IQS) = 1.4 % 1_0«~§2 m=14 pm

/\2
A’)*lf? = — .fﬁlj =
E ¢

(¢} The finesse is

4

-

) 2n 27 o

F= In(1/R,Ry)  In(1/[0.95][0.98]) %
or alternatively, :
bv 53.6 GHz

Avye 0.61 GHz

{(a) We can neglect the effect of the semiconductor’s refractive index since the length
of the semiconductor is very small compared with the mirror separation. The effective
cavity length is therefore = 5 cm, and the mode spacing is

= S = 3107 o 10° Hy = 3 Gy
v 3L = 3(0.05) 3x 10" Hz = 3 GHz

(b) The fraction of light transmitted through each face of the semiconductor crystal is
T =1-0.309 = 0.691, and there are four such transmissions in each round-trip. This
loss can be accounted for by replacing R Ry by

RiR2 = (0.691)*(0.95)(0.98) = 0.212
where the last two factors are the mirror reflectivities. This gives

cln(l/RyRy) (3 x 10%)1In(1/0.212)

- : = 7.4 x 10° Hz = 740 MHz
drnl 47(0.05) T4 x 107 Hs = 740 MUz

Al!ifg =

for the mode width.
{¢} The finesse is
; 27 2x

s pang - :’{1’.05
In(1/RR2)  In(1/0.212) ’

F

or alternatively,
o 3 GHz

7= Alllﬁg B 0.74 GHz

= 4.05




17.4 Using Eqs.(17-2) and (17-4).

z ( w jg 1 I,-"'("'_’.‘J-'.'i)z | — 1331
S 1 e — V176, o

=0 /

The Ravleigh range is then
2 .20
© 1331 1331

Z0 (0.150 m

The wavelength is found from

Twig w176 % 10°9)? .
A= — — = (.48 x 10 " m = 0648 nm
20 0.150

17.6 (a) The confocal cavity has » = L, so the spot size on the mirrors is given by

. 2ML AL

(¥ — - —
27 T

ik

Solving for the cavity length gives

rw?  w(3x 10712
[ = — — = (.314 m
A 900 x 10°°

(b) For the confocal cavity, wy = w/v2 = 0.3/v/2 = 0.212 mm
(¢) The mode spacing (including both longitudinal and transverse modes) is ¢/ (41L) =
(3 % 10%/(4]0.314]) = 2.39 x 10° Hz = 239 MHz

17.9 Using Eq.(17-22) we have

v Depimwoers (14 x 10 (3 x 10 D Qs
A 1.5 = 106

17.11 {a)The spot size at the focus is

Af (1.064 < 1079)(25 < 107 . g
wpy ~ — = — —— = 5.64 x 10 " m
Ta (1.5 = 10°%)




(b)Assuming the lens has a sufficiently large diameter to capture all the power in the
beam,

mar = g, (5,64 x 10-6)2

— 3.00 x 102 W/m*

(¢) First we need to find the maximum acceptable deviation of the spot size from its
value at the beam waist. The change in intensity A/ for a given change in spot size
Aws (the power P being fixed) is

n')

Al = _;Jrrm.r —\‘”'2

o2
The fractional intensity change is allowed to be at most

Al JPANTE .
—| =2 = ().2
Ima.!.‘ iz

[

so the maximum allowed fractional spot size change is Aws/wge = 0.1, From Eq.(17-2)
we then have

2 ) 2
! Z - . WD .
— 1 (—) —(11)2=1.21
|'|"O \, ﬁl}
Solving for » gives » = V0.21 25 = 0.46 z5. The Rayvleigh range here is
Twi  w(5.64 x 10°9)* s
20 = L — - — = 94 =< 10 "m
A 1.0G4 = 10
which makes the maximum acceptable deviation in the = direction = = {(0.46)(94 jmn)

= 43 pm. The position of the workpiece must be maintained to within =43 pm.





