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Abstract. An extended analysis of the effects of uncompensated fiber 
dispersion on the fringe visibility of a fiber optic interferometer is devel
oped, with particular emphasis on stellar interferometry. Both material 
and waveguide dispersion for single-mode, polarization-preserving fibers 
are considered. It is found that dispersion causes the fringe visibility 
curve to broaden, decrease in contrast, shift its centroid location, and in 
some cases become asymmetric. It is also shown that when the interfer
ometer is operated at wavelengths near 1300 nm, cancellation of 
second-order material and waveguide dispersion significantly improves 
the fringe visibility. The theoretical results are verified experimentally at 
both 672 nm and 1307 nm using a fiber optic Mach-Zehnder interferom
eter. © 1997 Society of Photo-Optical Instrumentation Engineers.
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1 In troduction

In the Michelson stellar interferometer, the starlight col
lected by two or more widely separated telescopes is 
brought to a central location and combined to form inter
ference fringes.1 Under ideal conditions, the fringe visibil
ity is equal to the magnitude of the complex degree of 
coherence y l2 of the incident light. Using the Van Cittert- 
Zernike theorem, the complex degree of coherence can be 
expressed as the Fourier transform of the spatial intensity 
distribution of the source.2

Conventionally, the light from the telescopes is passed 
through vacuum or temperature-controlled air tubes, which 
must be carefully aligned to bring the light to the recombi
nation point.1 For example, the Center for High Angular 
Resolution Astronomy (CHARA) is currently constructing 
an optical array consisting of five 1 m aperture telescopes 
in a Y  -shaped configuration confined within a 400 m diam
eter circle on Mount Wilson in California.3 The beam trans
fer subsystem of the CHARA array consists of both evacu
ated paths (for optical path length equalization) and 
environmentally controlled air paths.

The replacement of vacuum and air paths (or portions 
thereof) with optical fibers has been recently proposed.4-8 
Optical fibers have several advantages, such as requiring 
fewer alignment-sensitive reflection surfaces, and, after the 
light is coupled to the fibers, the problems of diffraction, 
misalignment and optical surface quality are no longer a 
concern. In addition, the light output from single-mode fi
bers has nearly perfect spatial coherence, reducing the ef
fects of atmospheric turbulence and other distortions.6 Op
tical fibers also greatly simplify the beam recombination 
process by using directional couplers.7

^Current affiliation: National Institute of Standards and Technology, 325 
Broadway, Boulder, CO 80303.

However, optical fibers typically display significantly 
higher dispersion (i.e., a variation of effective refractive 
index with wavelength) than air paths, which can adversely 
affect the performance of the interferometer. For example, 
one effect of uncompensated dispersion is to reduce the 
fringe visibility from the ideal value of | y l2\, increasing the 
difficulty of accurately determining the intensity distribu
tion of the source. Fiber dispersion does not affect the 
fringe visibility if the interferometer arms have equal fiber 
lengths, but in general the light from a star will arrive at an 
oblique angle 11 with respect to the normal to the plane 
containing the telescopes, which introduces a relative delay 
in the signals reaching the telescopes. To achieve zero op
tical path length difference (OPD), this astrometric delay 
must be balanced, preferably with extra fiber in the oppo
site arm of the interferometer, leading to uncompensated 
fiber dispersion.

To increase the number of photons collected from weak 
astronomical objects, moderately broadband (25 nm or 
greater) light is passed through the interferometer. A broad
band source can be thought of as a collection of many 
naiTowband sources, each centered at a different wave
length. Due to dispersion, each of these narrowband 
sources will have a different air path length for zero OPD, 
and the resultant visibility curve will be the sum of many 
shifted visibility packets. Thus it is anticipated that the net 
visibility will be reduced from its ideal value, and spread 
over a broader range of OPD.

The effects of dispersion in an air-path stellar interfer
ometer have been thoroughly described by Tango.9 In that 
study, the fringe visibility was calculated by expanding the 
frequency-dependent terms of the Wiener-Khinchin theo
rem using a Taylor series expansion. To extend the analysis 
to a fiber optic interferometer, waveguide dispersion terms 
must be included. Reynaud et al. discussed dispersion ef
fects in fiber interferometers in terms of the second-order 
derivative of the fiber propagation constant, and gave an
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Fig. 1 Mach-Zehnder model for a fiber optic stellar interferometer. 
The fiber length difference x, between the two arms is compensated 
by the vacuum path length difference x0: BS, beamsplitter; L, lens; 
and P, polarizer.

expression for the maximum tolerable fiber-length 
difference.10 Coude du Foresto et al. investigated fiber dis
persion effects in double Fourier stellar interferometers by 
relating the phase curvature of the interferograms to the 
dispersion parameters of the fiber.11 They considered dis
persion terms up to second order.

In this paper, we present a complete theory that de
scribes the effects of both material and waveguide disper
sion on fringe visibility using higher order dispersion terms 
(up to fifth order is demonstrated). These higher order dis
persion terms are particularly important in the near IR. 
where the second-order dispersion term is near zero. Our 
development extends the analysis of dispersion effects in an 
air-path interferometer by Tango. ' In optical communica
tions using single-mode silica fibers, it is well known that 
the pulse spread due to waveguide dispersion can cancel 
the pulse spread due to material dispersion at wavelengths 
near 1300 nm (Ref. 12). However, it has not yet been de
termined how the choice of operating wavelength affects 
fringe visibility in fiber interferometers. In this paper, we 
show that the visibility can be significantly improved by a 
judicious choice of mean wavelength. Our theoretical re
sults are compared to experimentally measured visibilities 
at both visible and IR wavelengths.

2 Theory

2.1 A n alysis

The fiber optic stellar interferometer is modeled in Fig. I as 
a Mach-Zehnder interferometer consisting of two single
mode fibers of unequal length and a vacuum path in one 
arm to compensate the unequal lengths. Since polarization 
rotation has a deleterious effect on fringe visibility, 
polarization-maintaining (PM) fibers are assumed in this 
analysis and polarization mode dispersion is therefore ne
glected. The total OPD can be written as

X = ^ x i - x 0, (1)

where [i is the fiber propagation constant, k is the free 
space propagation constant. (3/k is the effective refractive 
index of the fiber, a:, is the difference in length between the 
two fibers, and .r0 is the length of the compensating 
vacuum path. Most optical fibers are strongly dispersive 
and thus the effective refractive index is a function of 
wavelength. The OPD is then also a function of wavelength 
and can be written in terms of the spectroscopic wavenum- 
ber (<r=X ') as X =  X((t ).

At the output of the interferometer the complex degree 
of coherence y (X )  is given by

■y(X) =  % (&) exp [-j27T(7X((7)]d<T, (2)

where .£ ( <r) is the power spectral density of the source, 
normalized for unit area.2 The fringe visibility is given by 
V(X) =  |r (X )|.

In the nondispersive case y(X) and & ((r) are a Fourier 
transform pair since X(cr) is a constant. For the dispersive 
case, it is useful to express Eq. (2) as a Fourier transform 
also. To accomplish this, we use Tango’s definition of the 
mean wavenumber cr asy

_  Jo<r.'£2(cr)d(r 

a =  J * : * V ) d a  ’
(3)

We then expand trX ( cr) in a Taylor series around the mean 
wavenumber. Using Eq. (1) for X (tr)  and letting s =  cr 
— cr. the Taylor series expansion of crX(cr) can be ex
pressed as4

( t X ( ( t )  = (FX{cF) + (b\X\ — x0)s + b2x \S2 + b yx ----- ,

where the zi'th-order dispersion term is given by

1 d" j 

der" ' (TT

(4)

(5)

At this point it is helpful to make several approxima
tions. First, the fiber is assumed to be weakly guiding, 
which requires that the fiber profile parameter A, defined as

A = n
(6)

where n | and n 2 are the refractive indices of the core and 
clad, respectively, be much smaller than unity.13 This ap
proximation is valid for most commercially available 
single-mode fibers. For a weakly guiding fiber the propaga
tion constant p  is approximately given by

0 ~ ll2 * ( l +  frA). (7)

where b is the normalized propagation constant.13 We also 
assume that the fiber profile parameter A is independent of
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wavenumber. This is equivalent to assuming that the core 
and clad have approximately the same material dispersion 
characteristics.

Substituting Eq. (7) into Eq. (5) with algebraic simplifi
cation, the first-order dispersion term b l can be expressed 
as

_ d  n2\ I _ d « 2 _  d bbi = l rt2 + a - j=  ] + | bhn2 + b&a + an2Ada da da (8)

where d/d a is used to represent d/da evaluated at a. To 
further simplify this expression, we note that for all glasses 
of interest adn2lda<n2, ar,d therefore the product of bA 
with (a)(dn2lda) can be neglected with respect to the bAn2 term.13 Making this approximation and rewriting the 
derivative db/da in terms of the fiber V number, the first- 
order dispersion coefficient b \  simplifies to

_  d«2 
b l = \ n2 + ^ ^ )  +

d (Vb)
dV (9)

The first term of this equation in parentheses is the material 
dispersion term, while the second bracketed term is the 
waveguide dispersion term. This expression is proportional 
by a factor of Lie to the expression for group delay used in 
optical fiber communications, where L is the total fiber 
length and c is the vacuum velocity of light.13

The second-order dispersion term b2 is derived by a 
similar procedure, giving

1b2 = ~ 1 d«2 d2n2 
2 —  + a — ^  

. do- da + n V d2(Vb) 
,A ^  ~~dV2~cr (10)

which again is the sum of a material dispersion term and a 
waveguide dispersion term. The second-order dispersion 
term b2 is proportional by a factor of 2LSXa2/c to the 
expression for pulse spread in optical fiber communica
tions, where Sk is the source spectral width.12

The higher order dispersion terms can be derived in a 
similar fashion. In general, the n ’th-order dispersion term is 
given by

n . tot u n ,mat u n ,wg >

where

1
n !

d  n -

d a=n-l
n 2 _  d"n2

+ <r-5 ?

and

/>"’wg n\ n2 A
V\"_1 dn(Vb) 
cf dVn

( I D

(12)

(13)

The group OPD |  can be written in terms of the first- 
order dispersion coefficient as

£=b{x ! - x 0

and a dispersion function is defined as9

(14)

-150 -50 0

Group OPD £ (nm)
50 100

Fig. 2 Plot of fringe visibility versus group OPD. The curves are 
calculated using the theoretical spectrum for an LED with a mean 
wavelength of 672 nm, a spectral width of 0.1 ^rrr1, a fiber length 
difference of 2 cm, and the dispersion coefficients for silica optical 
fiber given in Appendix A.

iff(s) = b2s2xi + b3ŝ xl + b4s‘ixl + ■ ■ 
Equation (4) can then be written as 

aX(a) = drK(a) + £s+ ip(s).

(15)

(16)

Substituting Eq. (16) into Eq. (2) yields9 the complex de
gree of coherence y as a function of the group OPD £

y(£) =  exp [-j27rX(a)a] J &(s) exp [~j2Tnf/(s)]
Xexp (-jlTr̂ s)ds. ' (17)

The term in front of the integral in Eq. (17) represents the 
oscillatory fringe pattern, while the integral represents the 
visibility function envelope. Note that this integral is the 
Fourier transform of S i s )  exp [ — j2iri{As)\

2.2 Discussion
The effects of dispersion in interferometry have been de
scribed by Mertz as lowered fringe contrast, broadening of 
the fringe envelope, and asymmetry introduced into the 
fringe envelope.14 These three effects are due to the nature 
of the dispersion function ij/(s) in Eq. (17). The first-order 
dispersion coefficient b , does not affect the peak value or 
the shape of the fringe visibility curve. Instead it simply 
shifts the fringe visibility envelope such that it is centered 
on zero group OPD. This is apparent from Eq. (17); if we 
neglect the second and higher order dispersion terms by 
setting the dispersion function equal to zero, then Eq. 
(17) is equivalent to the nondispersive Wiener-Khinchin 
theorem with the OPD X replaced by the group OPD £.

As an example of the effects of dispersion, Fig. 2 
shows the fringe visibility derived from Eq. (17), using 
the theoretical spectrum of an LED, which is given by15
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- 3.6 
&{<r)= -r— A a

1.8

77 A IT
( 7 — (T  +

\ ( T

1.8

1/2

Xexp
1.8 
A <7

cr— (t +
Arr
K8 (18)

A mean wavelength of 672 nm and a spectral FWHM A a  
of 0.1 /tm 1 (corresponding to A \  = 45 nm) were used in 
the calculations. The two optical fibers were assumed to 
have a fiber length difference of 2 cm; the dispersion coef
ficients were calculated for a typical single-mode silica fi
ber, as described in Appendix A. The first case shown in 
Fig. 2 includes only the first-order dispersion coefficient 
b j . Note that the peak of this curve is unreduced and is 
located at zero group OPD. as discussed. The second curve 
includes dispersion terms up to fifth order and illustrates 
the lowered fringe visibility, envelope broadening, and 
asymmetry introduced by dispersion.

According to Tango, if the mean wavenumber is chosen 
correctly using Eq. (3), then the fringe envelope will be 
centered on the zero of the group OPD f  and the visibility 
|7<0 )| will be a good approximation to the peak fringe 
visibility.9 However, this approximation should be applied 
with caution because it assumes the visibility curve is sym
metric with the peak located near the centroid. As illus
trated in Fig. 2, one of the effects of uncompensated dis
persion is an asymmetric visibility curve. If the fringe 
visibility curve is highly asymmetric, it is unlikely that the 
peak of the curve will coincide with the centroid. If the 
spectrum is symmetric in wavenumber. then the degree of 
asymmetry exhibited by the visibility curve will be deter
mined by the ratio of the third-order dispersion coefficient 
Z?3 to the second-order coefficient b2. However, if the spec
trum is asymmetric, then the fringe visibility curve will be 
asymmetric even if the ratio of bi /b2 is small. In either 
case, the visibility at the centroid of the curve may not give 
a good estimate of the peak visibility.

2.3 Calculations of Fringe Visibility for Two Mean 
W avelengths

2.3.1 Visible wavelength
To examine the effects of uncompensated dispersion on 
peak fringe visibility, we calculated the visibility as a func
tion of fiber length difference for the case of a Gaussian (in 
wavenumber) spectrum with a mean wavelength of 672 nm 
and a frequency width of 0.04 /xm 1 (corresponding to 
A \ =  18 nm). Although narrower than is typically used in 
stellar interferometry, this spectrum is broad enough to 
show clearly the effects of dispersion. The dispersion coef
ficients derived for the Newport F-SPA fiber in Appendix 
A were used. The fringe visibility was calculated repeat
edly using Eq. (17) with the number of terms in in
creased each time. We found that including terms of higher 
than fifth order did not affect the calculated visibility ap
preciably, so a truncation of the Taylor series after the fifth- 
order term was used in all subsequent calculations. As de
scribed, the visibility at zero group OPD may not be the 
peak visibility, so for each fiber length difference we cal
culated the visibility for several different values of £ near 
zero to search for the peak value, but for this mean wave-

Fiber Length Difference x (cm) i

Fig. 3 Plot of the peak fringe visibility versus fiber length difference 
assuming a Gaussian spectrum centered at either 672 or 1307 nm, 
each with a FWHM of 0.04 /um ’. The dispersion coefficients are 
calculated in Appendix A.

length and narrow spectral width, the fringe visibility at 
zero group OPD was found to be a reasonable approxima
tion to the peak visibility. The result of these calculations is 
shown as the lower curve in Fig. 3. where it is clear that the 
fringe visibility drops rapidly as a function of fiber length 
difference.

2.3.2 Near IR wavelength
The fringe visibility can be significantly increased if the 
dominant dispersion term b 2 is minimized by a judicious 
choice of operating wavelength. The term b 2 is propor
tional to the expression for pulse spreading in optical fiber 
communications, and it is well known that at wavelengths 
near 1300 nm, the pulse spreading due to material disper
sion in silica fibers will cancel that due to waveguide dis
persion. We therefore recalculated the peak visibility versus 
fiber length difference for a Gaussian spectrum with a mean 
wavelength of 1307 nm and the same frequency width as 
before (0.04 yum-1, corresponding to A \  =  68nm). The 
dispersion coefficients of the Coming fiber (SM.13-P-7/ 
125) from Appendix A were used in the calculation. The 
zero dispersion wavelength \ 0 of this fiber was calculated 
to be 1294 nm, but the mean wavelength of our IR laser 
diode (LD) (1307 nm) is reasonably close to and was 
used for these calculations. At this wavelength, b 2 is near 
zero and therefore the third and higher order dispersion 
terms become very important. To find the peak visibility in 
this case, it is now very important to calculate the visibility 
as a function of group OPD £ to identify the peak for each 
fiber length difference. Tango’s finding that the peak fringe 
visibility lies at £ = 0  is based on an approximation of the 
Taylor series using only the second-order term.9 If this term 
is near zero, as here, the higher order terms become more 
important, and we found that the peak visibility was signifi
cantly shifted from zero group OPD. The upper curve in 
Fig. 3 shows the peak visibility for the spectrum centered at 
1307 nm. Note that the peak visibility is significantly im
proved over the 672 nm case for any given fiber length 
difference.
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Fig. 4 Spectrum of the Toshiba TOLD 9200 visible LD at 30 mA 
drive current. This drive current is below the threshold of this LD and 
this gives a broad spectrum that is useful for characterizing the ef
fects of dispersion.

3 E xperim ent

3.1 Fringe Visibilities Using a Visible Source
For the experimental portion of this work, we used a fiber 
optic Mach-Zehnder interferometer similar to Fig. 1. The 
source was a Toshiba TOLD 9200 LD with a mean wave
length of 672 nm. LDs are particularly useful for this type 
of experiment because their coherence length can be varied 
by changing the drive current.16 A high drive current can be 
used for alignment purposes, and then the drive current can 
be adjusted below threshold to give a broadband source for 
the actual experiment. The spectrum of this LD at 30 mA 
drive current, well below threshold, is shown in Fig. 4. This 
spectrum was measured using a SPEX 1681 spectrograph 
and a Photometries CH250 CCD camera.

The fibers were single-mode, PM (SM,PM) fibers (New
port F-SPA). They were initially 3 m long each, and they 
were matched in physical length to less than 4 mm by gen
tly stretching and cleaving the fibers side by side. The light 
was coupled to the fibers’ input and collimated at their 
output with 10X microscope objectives.

An LD at low drive current is not spatially coherent, so 
the two fiber inputs must be carefully superimposed in the 
plane perpendicular to the incident light to avoid reducing 
the measured fringe visibility by spatial coherence effects. 
Recognizing that the output of an SM fiber has nearly per
fect spatial coherence, we found that this problem can be 
eliminated by inserting a short (10 cm) length of SM,PM 
fiber between the source and the first beamsplitter.

The output end of one of the fibers was mounted on a 
translation stage driven by a motor micrometer; this en
abled us to vary the OPD by varying the air path length of 
one arm. The light output from the fibers was recombined 
to form fringes on a Si pin photodiode. The signal from the 
photodiode was amplified, digitized, and recorded in a 
computer along with the optical encoder signal from the 
motor micrometer. The fringe visibility was then calculated 
from the interferogram data, and the peak visibility was 
identified. The visibility at high drive current (60 mA) was 
also measured (typically in the range 0.95 to 0.99) and used 
to normalize the low-current visibility. The LD spectrum at 
60 mA is so narrow that even for large x x the fringe vis

-200 -150 -100 -50 0 50 100 150 200 

OPD (flm)

Fig. 5 Plot of the measured fringe visibility curves as a function of 
the OPD for two different fiber length differences. Both curves are 
normalized by the corresponding high drive current visibility.

ibility is not affected by dispersion. Normalizing eliminates 
the spurious effects of polarization misalignment, power 
imbalance, etc.

Fiber 2 was then cleaved by a small amount and the 
measurement of fringe visibility was repeated. Fiber 2 was 
initially slightly longer than fiber 1, so we cleaved it in 
increments of 1 mm and identified the point where the two 
fibers were equal in optical length from the measured vis
ibilities. This is a more accurate measurement of fiber 
length difference than a physical comparison, since refrac
tive index variations may cause two fibers that are nomi
nally equal in physical length to be unequal in optical path 
length.

Typical examples of the fringe visibility as a function of 
OPD arc shown in Fig. 5 for two cases: i ^ O c m  and x { 
= 12.0 cm. These two visibility curves were calculated 
from the measured interferograms. Both curves were nor
malized by their corresponding high drive current visibility, 
as discussed. During the measurements, the interferograms 
were recorded as a function of relative path length differ
ence; however, the zero absolute path length difference was 
identified from the peak visibility. As discussed, dispersion 
may in general shift the peak of the visibility curve from 
the zero group OPD point, but in this case the ratio of 
b 2 l b 3 is sufficiently high that this shifting of the curves is 
not expected. The curves in Fig. 5 clearly illustrate the 
effects of dispersion: the x ^ ^ .O c m  case displays low
ered fringe visibility and broadening of the interferogram, 
as well as slight asymmetry.

Figure 6 presents the results of several measurements of 
the peak fringe visibility as a function of the fiber length 
imbalance between the two arms. For comparison, a curve 
calculated using the theory of the previous section is also 
shown. In calculating the theoretical visibility, the exact 
spectral shape is very important. We therefore used the 
measured spectrum of our LD shown in Fig. 4 for these 
calculations. The spectrum was normalized to give unit 
area and the fringe visibilities were calculated using Eq. 
(17) and the dispersion coefficients in Appendix A. As can 
be seen in Fig. 6, the experimental points matched the the
oretical predictions very well.
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Fig. 6 Comparison of theoretical and measured peak fringe visibility 
as a function of the fiber length difference x, for a source centered 
at 672 nm. The actual spectrum of the visible LD at 30 mA (Fig. 4) 
was used to calculate the theoretical curve; this spectrum is approxi
mately 2.5 times narrower than that used to calculate Fig. 2.

Fiber Length Difference (cm)

Fig. 8 Comparison of theoretical and measured peak fringe visibility 
as a function of the fiber length difference x, for a source centered 
at 1307 nm. The actual spectrum of the infrared LD at 1.1 mA (Fig. 
7) was used to calculate the theoretical curve. The stars and error 
bars indicate the mean and standard deviation, respectively, for 
points where the visibility was measured repeatedly.

3.2 Fringe Visibilities Using an IR Source
The IR visibilities were measured using a fiber optic inter
ferometer similar to the one used in the visible experiment. 
The source was an LD with a mean wavelength of 1307 nm 
(AT&T x26l A Astrotec Laser-Pac). This source had an SM 
fiber pigtail, which eliminates the need for an extra SM 
fiber section to ensure spatial coherence. The spectrum at a 
drive current of 1.1 rnA, well below threshold, was mea
sured using an optical spectrum analyzer (HP 70951B). and 
is shown in Fig. 7.

Two 2.5 ni sections of SM.PM fiber (Coming/Fujikura 
SM.I3-P-7/125) were initially cleaved side by side to equal 
lengths; then one fiber was cleaved to successively shorter 
lengths, as described earlier. For each fiber length differ
ence, the entire central lobe of the interferogram was re
corded to enable identification of the peak visibility. As in 
the visible case, the low drive current (1.1 mA) visibilities 
were normalized by the corresponding high drive current 
(15.5 mA) visibilities. For each fiber length difference the 
peak visibility was identified from the measured data.

10000 

8000 

|  6000 

|
% 4000 
8.

2000

Figure 8 shows the experimental measurements of peak 
visibility as a function of fiber length difference for 1307 
nm illumination. Also shown for comparison is a curve of 
the theoretical peak visibility calculated from Eq. (17) us
ing the actual LD spectrum (Fig. 7) and the dispersion co
efficients of the Corning fiber (Appendix A). Again, there 
is very good agreement between the theory and experimen
tal measurements.

4 C o n c lu sio n s
This analysis of dispersion in fiber optic interferometry, 
including the effects of both material and waveguide dis
persion. has shown that dispersion causes the peak fringe 
visibility to decrease and that it shifts, broadens and in 
some cases skews the interferogram. The fringe visibility 
can be significantly improved if wavelengths near 1300 nm 
are used, due to cancellation of the second-order material 
and waveguide dispersion terms. The close correlation be
tween the theoretical and experimental data points indicates 
that the theory provides excellent predictions of actual vis
ibilities, despite the number of approximations made in the 
analysis.

One important conclusion of this analysis is that optical 
fibers can be a practical solution to the beam transport 
problem in stellar interferometry. Although the maximum 
fiber length difference that can be tolerated depends on the 
central wavelength and bandwidth, this analysis has dem
onstrated that, with the appropriate choice of central wave
length. the maximum fiber length difference is on the order 
of 10 cm (see Fig. 8). Therefore, it is not necessary to 
precisely match the optical fiber lengths in a practical stel
lar interferometer. However, it is important to note that 
optical fibers cannot be used to compensate the full vacuum 
path difference in a true stellar interferometer. For example, 
the CHARA interferometer will have a vacuum path differ
ence of the order of 100 m, and this analysis has demon
strated that fiber length differences that large cannot be 
tolerated. For a long baseline stellar interferometer, the best 
solution may be a combination of fiber and vacuum or air

------Theory

X Experimental Data

■ ■_i_,___,_L

1280 1320

Wavelength (nm)

Fig. 7 Spectrum of the AT&T x261A Astrotec Laser-Pac LD at 1.1 
mA drive current.
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Table 1 Dispersion coefficients calculated for Newport and Corning 
optical fibers.

Dispersion
Coefficients

Newport Fiber F-SPA 
\ = 672 nm

Corning Fiber SM.13P-7/125 
\= 1307 nm

1̂ ,mat 1.472 1.462
1̂,wg 0.002463 0.004922

frl.tot 1.474 1.467
2̂,mat'*' 1 0 1.350 - 0.08425
2̂,wgX 1 02 0.1902 0.05524

fa2,totx102 1.540 - 0.02901
3̂,matX 102 0.4372 1.431

£>3,wgXK)2 -  0.08838 - 0.1718
3̂,totX102 0.3488 1.259

64.ma.Xl02 - 0.02168 - 1.575
f>4.wgXl02 - 0.008724 ■ 0.2809
^4.totXl02 -  0.03040 - 1.294
Ŝ.matx 102 0.03657 2.295
b5. wgXlO2 0.07239 - 0.3618
5̂,totX102 0.1090 1.933

paths. One option that may allow for longer fiber length 
differences is the addition of dispersion compensators to 
the system.

In an actual stellar interferometric application, it is the 
complete mutual coherence, including both spatial and tem
poral effects, that is of interest for reconstructing both the 
spectrum and shape of the object. In that case, the power 
spectral density of the source can be related to the mutual 
coherence function through a 3D Fourier transform, which 
consists of a 2D spatial transform and a ID temporal trans
form. This is often referred to as double Fourier 
interferometry,17,18 and will be the topic of a following pa
per. The effects of dispersion in double Fourier interferom
etry can be predicted from the analysis described here. The 
spatial transform will be unaffected by dispersion, and the 
expressions derived here can be applied directly to the dis
persive temporal transform. .

5 A ppendix A

5.1 Calculation of Material Dispersion Coefficients
Most SM fibers for visible and near-IR wavelengths are 
made of silica-based glasses. The cores of both the New
port and Coming fibers used in this experiment were made 
of S i0 2 lightly doped with G e02 (germania), and the clad
dings were pure S i0 2. The refractive index as a function of 
wavelength was calculated from the Sellmeier equation for 
fused silica.19 The material dispersion coefficients were ob
tained from Eq. (12), with the derivatives of the refractive 
index calculated symbolically using Mathematica. The ma
terial dispersion coefficients for the Newport F-SPA fiber at 
a wavelength of 672 nm and for the Coming fiber at a 
wavelength of 1307 nm are shown in Table 1.

In the experimental portion of this work, the fiber length 
difference was balanced by adding an extra air path in the 
opposite arm of the interferometer. This air path is disper
sive, and this should theoretically be taken into account in

the calculations. The material dispersion coefficients of this 
air path at wavelengths of 672 and 1307 nm were calcu
lated from Eq. (12) using the refractive index formula for 
air20 (assuming a relative humidity of 50%, and 7=297 K), 
but we found that even at IR wavelengths the dispersion of 
air is so small compared to the dispersion of fibers that it 
can be neglected.

5.2 Calculation o f W aveguide Dispersion 
Coefficients

The waveguide dispersion coefficients were calculated 
from Eq. (13), which requires the A and V  parameters for 
the fiber. The values of A, numerical aperture (NA) and 
mode field diameter (MFD) were obtained from the manu
facturers’ specifications, but for the case of the Coming 
fiber we measured the MFD using a transverse offset 
method,21 and found an MFD of 10.7 /mi.

When calculating the waveguide dispersion coefficients, 
the method used to calculate d2( Vb) / dV2 is very important. 
The method of Huang and Wang22 gives an error smaller 
than 4% for 1.2<V <3 (Ref. 23), and the waveguide dis
persion coefficients were calculated using this method, with 
higher order derivatives of Vb calculated symbolically us
ing Mathematica. The waveguide dispersion coefficients 
and the total dispersion coefficients of both the Newport 
fiber and the Corning fiber are given in Table 1.
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