Homework #4

19.4

19.5 (a

19.6

Using ¢ = 200 and L = 15 cm, Eq.(19-15) gives

1 . .
0= Tlll(? = In(200) = 0.353 cm

L5 em
The gain in dB is 101og,,(200) = 23 dB, and the dB gain per unit length is therefore
(23 dB)/(15 em) = 1.53 dB/cm.
) Here I > 1., so
I 2 x 10")(5.3
EROE LI J5:3) _ 4 o4

I 4 % 10°
where the result 7oL = In(200) = 5.3 has been used from problem 19.4.

(b) Now [, = [.. s0 Eq.(19-27) becomes
Int;+ & —1=~yL =5.3

In¢ +G =06.3

This implicit equation for ¢ can be solved to give ¢ = 4.74, which agrees with the
value obtained from Fig. 19-9.

The core area is A, = 7(25 x 10" em)? = 1.964 x 107° em?. We need to find the
increase in signal power, which is
AP = Py — Py = Al — 1) = A (G — 1)

where (; = [5/1; is the gain calenlated in problem 19.5. For /; = 4 x 10° W/em?, we

then have

AP = (1‘9(54 x 107 em ) (4 % 107 W/ c1112) (1.26 — 1) = 2.05 W
while for /; = 2 x 10" W/em? |, we then have

AP = (1.%4 <1077 {'1112) (z < 10" W/em®) (474 — 1) = 14T W

Note that as P’ increases by a factor of 20, the added signal power changes only by a
1 5 5 : A
factor of 1.4, due to saturation of the gain.
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20.1 The output mirror reflectivity is 20%. so

1 S| 1 1 |
Yih = — 1n ( j = - —In (—) = (1.536 m
oL \mry) 2015 \0.2

.

20.3 Using the expansions (1—ux) "~ 1+ 2, and In(1+ ) ~ 2 for v < 1, and taking o = 0,

we have

1 I 1 I o )
—_,—111(_ )g,—.;-_,—{l—fflﬂg}
T 2L = o 21 2L
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where » = 1 — 2?5, Taking the reciprical of this we obtain Eq.(16- 13).

20.4 The threshold gain coefficient is

1 1 1 , | 1 o ]
n,-jh———fl—.—]ll( )—{J‘S——,_ — 111( )—l.l—l‘_’ 11
' ' 2. 2(0.075) .0.95

and the average pump photon energy is

D G.63 > 10N (3 % 10% .
hvy = — = (6.6 - A : L 308x 10719 ]
\ 500 % 109

f]“

Combining Eqs.(20-18) and (20-24), the pump threshold is then

V hiy v 2.3 % 10 (7.5 % 10 2)(3.98 % 10 )(1.142)
Py, — Lo D70 x 19 )3.98 x 19 W142) 07w
0T (1.8 % 10 23)(480 = 10 ©)

The required absorbed pump enerev is therefore 90.7 W. If 5% of the electrical power
1s converted into optical excitation, then P,. = 0.05F,... and P = Pu./0.05 =

90.7/0.05 = 1.81 kW.



20.7 (a) Since No = Ny, the gain coefficient is

v = NoOpm — N1Oaps =2 NoO o
Y = (1 < 10" em 3) ({j % 102! ('1112) =006 cm ' =6m
If the gain coeflicient is constant along the length of the fiber. the total gain is
G =t =W = 403
This corresponds to a dB gain of 10log,;(403) = 26.1 dB

(b) Neglecting the fiber attenuation. we have

1 1
Yih = In (—) — G m

21 RiRs,
Setting [ty = Ry = I and solving for I? gives
1 2L 201(08) vy a5
— =TT = T = 1627 x 10

(¢) The Fresnel reflection of /£ = 0.04 for light propagating between glass and air is
much larger than that required for lasing, so lasing will readilv occur in this situation,
even without anv external end mirrors. To prevent lasing from occuring. the ends of
the fiber must be modified to prevent reflections. This can be done by cleaving the
fiber ends at an angle, by depositing a thin anti-reflection film on the end. or by simply

inserting the fiber end into an index-matching fuid.



20.8 (a) The slope efficiency is the slope of the P, vs. P, graph, as shown in the figure

=

below. Using the given information we have
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(b) Writing the slope efficiency in terms of the pump threshold,

0.45 — 0

e = o7
\%.'.] - -I.f!i'

which can be solved for Py, to give

A5

_ 0.45 _ _
35— Py, = —— = 1.667
s
Py, = 1.83 W
(¢) The output power is
Poy = 15o( Py — Py) = 0.27(3 — 1.83) = 0.315 W

(d) Eq.(20-29) can be written

1 hv Ap/ A
S+ T hv, 1+8/T

s

Solving this for o gives

1N, 1 /810 |
|2 o/T = =28 (—) — 2.83
' 7. A 0.27 \1060,

o1 = 1.83
b= (1.83)(0.02) = 0.0366

(e) Generalizing Eq.(20-28) to include a refractive index n.

2nl.

T

~ 6+

C

2nl 2(L.5)1(0.( _ 3 _
Te 02 — — - = 1.06 x 10 7 s = 10.6 us
clo+1) (ix LO%)(0.( :’-(:{J+[) 02)




