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Problems Study Guide 4

Develop an approximate expression for the fraction of light lost due to lateral offset
in a multimode fiber by expanding Eq. (7-1) in powers of &/a. Assume 8/a <€ 1 and
keep just the lowest-order terms in &a.

Two multimode fibers with ¢ = 25 pum are joined together, with a lateral offset & =
1.5 pm. Use Eq. (7-1) to calculate the coupling efficiency and the fraction of light
lost. Compare this with the result obtained using the approximate expression derived
in Problem 7.2.

A single-mode fiber has a mode-field diameter of 8.5 wm. Determine the lateral off-
set & that will produce a transmission loss of 0.5 dB.

A lab technician measures the optical power transmitted through a long spool of
fiber, and then cuts off 2.2 km of fiber from the spool to measure the attenuation co-
efficient, If the two measurements yield powers of 3 mW and 10 mW, what is the at-
tenuation coefficient, expressed both in cm™' and in dB/km?
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Figure 7-11 Reflected power measured in OTDR for Problem 7.10. The vertical axis is log scalg;
the horizontal axis is linear.

7.10 A field technician is diagnosing the losses in a fiber optic link consisting of two

7.11

fibers, A and B, connected together with a mechanical splice. She sends in 800 nm
light at the accessible end of fiber A, and looks at the reflected light signal from that
same port using an OTDR. The measured time dependence is shown in Fig. 7-11.
From this data, how long is the fiber link, and where along the fiber link is the splice
located? Assume an index of 1.5.

For the fiber link of Problem 7.10, what is the one-way transmission loss through
the splice, expressed in dB? Also give the reflected power from the splice expressed
in dB relative to the power incident on the splice, assuming that the splice loss is due
to reflection (rather than, e.g., absorption or scattering).

7.12 For the fiber link of Problem 7.10, determine the attenuation coefficients for the two

fibers A and B. Express your answer both in et and in dB/km.




12.3

12.4

A large-core, multimode step- index fiber of radius « is excited by a surface-emit-
ting LED with area 4, < 7 g*. The fiber has NA = 0.2 and loss coefficient 4 dB/km.
The LEDs total output power is S mW. Compute the power propagating in the
fiber core at 1 m, 1 kan, and 10 km. Repeat this problem if the fiber has instead NA
= 0.5 and a loss of 20 dB/km.

A source has a half-power emission angle of 32.8° as measured from the normal to
the emitting surface. Compute the coupling efficiency into a multimode SI fiber
having NA = 0.2,

For a Lambertian emitter, calculate the angle with respect to the surface normal at
which the emitted intensity is (a) 30% of the peak intensity, (b) 20% of the peak in-
tensity, and (c) 5% of the peak intensity. (d) What is the full width at half maxi-
mum (FWHM) of the Lambertian radiation pattern?

12.10 Consider a surface that emits light with a “flat-top” brightness distribution, such

that B(8) = B, for 8 < 6, (with B, a constant), and B(6) = 0 for § > §,. Determine
the efficiency with which light from this surface is coupled into a multimode fiber
having core radius a, core index n,, and numerical aperture NA. Write your results
in general form, and also in an approximate form valid when NA <€ L and 6, <€ 1.
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7.2 For o < 1, cos™ M) = w/2 ~ 3, and Bq.(7-1) becomes

7.3 Substituting in Bq.(7-1) with § = 1.5 um and a = 25 pn gives

o 1.5) 15 (_1;_55"‘; i
nmﬁ{Qms 0 5 1 50 ﬁ@fﬂ&

Using the approximate exprossion from Problem 7.2 gives

ra x 23) et

The two results agree very well in this case since §/a « 1.
o )’M

4057 : 2
o= 1070510 = 0.8912 = ¢~/
Solving for the transverse displacement gives

(6/w)? = ln W“ﬁ) = 0.1151
2 = 0.339

w
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and s0 § = (0.339)X(4.25 1an) WL}:i ,tcm

7.9 Using Beer's law, _
3 mW =10 mW ¢~k

where L = 2.2 km = 2.2 x 10° cm is the length of fiber cut off. Solving for the

attenvation coeflicient o gives

W(10/3) o e T
= 99 % 10° em yi‘iiwiffiwﬁiﬂ '

Converting units, we have

e

a = (547 x 1070 cm™) ( 34 100 L2 }‘m) = 2.37 dxs/kﬁ

As a check, we can caleulate the total attennation in dB, (2.87 dB/km}(2.2 km) =

dB, and then the fraction transmitted 7' = 10~4B/10 = 0 500,
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7.10 Using Eq.(7-10), the length of the fiber link is

d 3 x k() —6
= = =/
L 5 5(15) ————(30 x 107%) = 3}\1111;

and the location of the splice from the beginning of fiber A is

¢ 8 % 108 s
Py e T “—"ts fee = - g ¢
splice = gtaplice 3(L5) (13 x 107°) = d}kglg

7.11 Using Eq.(7-11), the one—wav transmission efficiency through the spllcc isT = /(40/110) =
0.603. This correspends to a dB drop of 10 1ogyy(1/0.603) w@ ciBi in one pass through
the splice. The fraction of light reflected from the slice is I — 7" = 0.397, and this re-
flected power is down from the power incident on the splice by 10log,(0.397) __L
dB.

7.12 The dB loss for light propagating down and back aslong fiber A is
dB logs = L0log, (8??) = 8.62 dB

Since the total propagation distance is 2 x 1.3 km, the atteruation coefficient is

8.62 dB
2.6 km

==

For fiber B, the propagation distance is 2 x L7 ki, and the dB drop is
A 40 .
dBkmSmxﬂﬁo&g(aﬂ = 13.0 dB

so the attenuation coefficient is

An alternative approach is to use I?Zq,(’?«lﬁ),
n B
@ ww —1In gg))»
¢t 5 (Z )
For fiber A, this becomes

B L5 }@m ] e o ,
T3 % 108)(18 x 10-%) T \110 : -

This can be converted into dB/km using Eq.(5-4), with the result o = 3.31 dB/km. A
similar caleulation for fiber B gives o = 3.83 dB/km, as before,



12.3 The fraction of LED light that is coupled into the fiber core is 5, = NA? = (0.2)* =
0.04, so the power coupled in is (5)(0.04) = 0.2 mW. After propagating a distance
L, the power in the core is reduced by the factor 10~ (B 108919 For example, when
L =1 kin, the dB loss is 4 dB, and the power is reduced by the factor 1010 = 0,398,

The optical power is then (0.2)(0.398) m[’G;(}‘TQG mW, Repeating this caleulation for

L=1m gives P =[0.1998 mWjand for L = 10 km gives P =/2 x 10"% mW,

lnhitidetuii (L S

For a fibex with NA = 0.5 and loss of 20 dB/km, the powers are ; 1,.2:%{,}»(}.{)&25, and
1.25;;.1'{%)"“_"*‘" mW| for fiber lengths 1 m, 1 km, and 10 km, respectively. T

12.4 The value of m is obtained by setting 0.5 = cos™(32.8°) and taking the log, which
vields
1n{0.5
=08
= Infc0s 32,80 —-

Substituting inte Eq.(12-18) gives

mal, ., 4+1, 4 oo
e 22 —5=NA? = ——(0.2)" 5 0.10,
12.5 (a) At 50% peak intensity, the angle is given by cosf = 0.5, so/f = 60°) = [, 0¥7 1 “‘7"/,7,
(b) At the 20% point, cos@ = 0.2, so 0 =[78.5°) ~ 27 ra/
(c) At the 5% point, cos@ = 0.05, so0 8 =/87. ifjj = f 572 Nz/
(d) The full width is twice tho halfwidth § = 60°, or FWHM =/120°/ = «, 09% vl

12.10 Following in the manner of £qs.(12-7) and (12-8), but using the flat-bop distribution
for B(#), we have for the power emifted by the source
04 .
Py = A,By / 2 sin 6 8
0

~ 21 A gBycos 6{3"
2a Ay By(L ~ cosbg)

i
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The power coupled into the fiber is calculated in the same way, but using an upper limit
Ppmae fOr 6, where $in Giper = NA, and NA is the fiber numerical aperture. Therefore,

Piy = 27 A Bo( 1 ~ €08 i)

and the coupling efliciency is

P 1= €08 0mus

Ny #F =
e ~PO I - (I8 ﬁﬁ

where we assume oo, < fy (& reasonable assumption),

In the limit of small NA,

. 4 T . 1
CO8 Cynae = \/ j [ N —— \/ I -NAZme ] j-zﬂNAz

and so P ]
T NAT
| 1g L e

2(1 ~ cos ) 2

If, in addition, 8y < 1 (for laser light, for example), we can expand cosx & 1 - 22/2
to obtain e

[T R —5—
/ e H(‘;'

This formula applies only when NA < g For NA > g, the coupling efliciency is unity.



