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Limiting aspect ratios of Sagnac interferometers

R. Glenn Sellar, MEMBER SPIE
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Glenn D. Boreman, FELLOW SPIE
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Orlando, Florida 32816-2700

Abstract. Any two-beam interferometer may be employed as a Fourier
transform spectrometer. The two most commonly used for Fourier trans-
form spectrometry are the Michelson interferometer and the Sagnac in-
terferometer, the relative merits of which have been discussed in the
literature. Typically, it is the interferometer that limits the acceptable
range of angles for the input beam, and this maximum acceptance angle
in turn limits the etendue, and hence limits the responsivity of the instru-
ment when viewing an extended source. In designs where the interfer-
ometer is in a diverging or converging beam, the allowable range of input
angles limits the focal ratio of the instrument, while in designs where the
beam is collimated through the interferometer, this effect limits the field-
of-view of the instrument. In a Michelson, it is a loss of fringe contrast
that limits the range of acceptance angles; a limitation that is discussed
in many general texts on optics. A Sagnac, however, suffers no such loss
of contrast as the range of acceptance angles is increased. The maxi-
mum acceptance angle for a Sagnac is instead limited by vignetting,
caused by the geometry of the interferometer. The limitation for a Sag-
nac has an origin and behavior entirely different from that found for a
Michelson, and has not been previously discussed in the literature. It is
therefore important to understand this limitation when designing a Sag-
nac interferometer for Fourier transform spectrometry. This vignetting
limitation may be quantified by an aspect ratio, which we define as the
ratio of the separation of the entrance and exit apertures to the width of
these apertures in the plane of the interferometer. To facilitate the design
of Sagnac interferometers for Fourier transform spectrometry, we dis-
cuss the limitations on the aspect ratio and derive equations for the
limiting aspect ratios for nine variations of the Sagnac interferometer.
© 2003 Society of Photo-Optical Instrumentation Engineers. [DOI: 10.1117/1.1614810]
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1 Introduction

While any two-beam interferometer may be used for Fou-
rier transform spectrometry~FTS!, the two most commonly
used are the Michelson and Sagnac. The relative merits of
the two have been discussed extensively in the literature in
application to both nonimaging1–3 and imaging
spectrometry.4–9 Briefly, the principal advantage of a FTS
based on the Michelson is its ability to attain extremely
high spectral resolution, while a FTS based on the Sagnac
does not require a moving mirror and may therefore be
relatively less expensive and more rugged.

Any interferometer of the two-beam, common-path type
belongs to the family of Sagnac interferometers,10 though
differences in the number and arrangement of the mirrors
allow for an infinite number of variations within this fam-
ily. Figure 1 shows a right-angle triangular Sagnac, com-
prised of the beamsplitter and two mirrors. One beam tran-
sits the interferometer in a clockwise direction, while the
other beam transits the same path in a counterclockwise
direction. In this arrangement, if the two mirrors were
placed symmetrically with respect to the beamsplitter, then
the two rays would exit the interferometer in the same di-
rection and at the same position. If one mirror is offset from

a symmetric position, however, then the two rays exit in the
same direction, but at positions symmetrically offset from
the optical axis. The path difference through the interfer-
ometer is a function of the angle of the ray entering the
interferometer, but does not vary with the position of entry.
The interferogram~fringe pattern! is localized at infinity, so
a lens~referred to as the Fourier lens! is commonly used to
image the fringes onto the detector array. The modulus of
the Fourier transform of this interferogram gives the spec-
trum of the source. This arrangement provides the variation
in path difference across the detector array with stationary
mirrors, so there is no need for a scan mechanism.

Any beam passing through the interferometer must en-
counter the beamsplitter both on entering and exiting the
interferometer. The beamsplitter therefore acts as both an
entrance and an exit aperture, as shown in Fig. 2. Both
entrance and exit apertures necessarily have the same di-
mensions, so if either aperture is used as the stop for the
system, vignetting will occur at any angle greater than zero
relative to the optic axis. As illustrated in Fig. 2~c!, the
angle at which the vignetting will reach 100% is deter-
mined by the aspect ratio of the interferometer, which we
define as the ratio of the separation of the entrance and exit
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apertures to the width of the apertures. In designs where the
Sagnac is in a diverging beam, the aspect ratio limits the
focal ratio; while in designs where the beam is collimated
through the Sagnac, the aspect ratio limits the field of view
~FOV!. In the former case, the limitation on focal ratio
limits the etendue, which in turn limits the responsivity of
the instrument. Thus, for a designer to predict the respon-
sivity, he or she must first determine this limitation on the
focal ratio. In the latter case, it is vital for the designer to
determine if the FOV required for the instrument exceeds
the maximum FOV allowed for the interferometer. If this is
the case, then additional measures must be taken to meet

the requirement~for example, addition of a reversed afocal
telescope in front of the interferometer to provide angular
demagnication!.

In the case of a Michelson, this limitation results from a
loss in fringe contrast, a discussion of which may be found
in general optics texts. An understanding of the correspond-
ing limitation for a Sagnac may be vital for a designer who
is considering the use of a Sagnac for FTS, but this has not
been previously discussed in the literature.

2 Analysis

2.1 Limitations on the Aspect Ratio

The aspect ratioA/# is defined as:

A/#[
a

d
, ~1!

whered is the width of the entrance and exit apertures and
a is the unfolded distance between these apertures. The
angle u at which the vignetting will reach 100% is then
given by:

u5arctanS 1

A/#D . ~2!

Fig. 1 Right-angle triangular Sagnac interferometer: (a) with mirrors
in symmetrical positions, and (b) with lower mirror offset from the
symmetrical position indicated by the dashed line.

Fig. 2 (a) Layout of a right-angle triangular Sagnac interferometer showing the beamsplitter cube and
two mirrors; (b) unfolded layout of the same interferometer; and (c) angle at which vignetting reaches
100%.
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The geometry of the interferometer, i.e., the number of mir-
rors and the arrangement of the mirrors and the beamsplit-
ter, may impose limitations on the aspect ratio. For ex-
ample, Fig. 3 shows plan views of Sagnacs formed as
triangles, comprised of the beamsplitter and two mirrors.
Note that in this case if we increase the width of the beam-
splitter in the plane of the interferometer any further with-
out increasing the separation of the elements, the beam-
splitter will vignette the beam on its way from one mirror

to the other mirror. Thus, the width of the aperture may
only be increased if the separation of the elements is in-
creased by the same factor. Such a modification will only
change the scale of the system while maintaining the same
aspect ratio. This limitation, however, does not apply to the
height of the aperture, i.e., the dimension perpendicular to
the plane of the interferometer. The aspect ratio is con-
strained only in the plane of the interferometer.

A regular pentagonal Sagnac, comprised of the beam-
splitter and four mirrors, is shown in Fig. 4. Note that in
this case edges of the mirrors are in contact with one an-
other, and thus the width of the beam may not be increased
any further. Once again, the width of the aperture may only
be increased if the separation of the elements is increased
by the same factor, and such a modification will merely
change the scale while maintaining the same aspect ratio.

A square Sagnac is shown in Fig. 5. Note that in the case
of a square Sagnac, both limitations—intrusion of the
beamsplitter into the path between the mirrors and me-
chanical interference between the mirrors themselves—are
reached simultaneously. Thus the aspect ratio of a regular-
polygonal Sagnac with three or fewer mirrors will be lim-
ited by intrusion of the beamsplitter into the beam between
the mirrors, and the aspect ratio with three or more mirrors
will be limited by mechanical interference between the mir-
rors themselves.

2.2 Limiting Aspect Ratio for a Right-Angle
Triangular Sagnac

The aspect ratio defined in Eq.~1! is a function of the
distance between the entrance and exit apertures. For the
right-angle triangular Sagnac shown in Fig. 2, the physical
distance between the entrance and exit apertures as mea-
sured along the optic axis is:

a.AC1CD1DE1EH1HI 1IJ1JL,

5AC1CD1DE1A2~BE!1DE1CD1AC,

52AC12CD12DE1A2~BE!,
~3!

52AC12CD12DE1A2~BC1CD1DE!,
Fig. 4 Aspect ratio for a pentagonal Sagnac interferometer limited
by mechanical interference between the mirrors.

Fig. 5 Aspect ratio for a square Sagnac interferometer limited by
vignetting of the beam between the two mirrors and by mechanical
interference between the mirrors.

Fig. 3 (a) Aspect ratio for an equilateral-triangular Sagnac interfer-
ometer limited by vignetting of the beam between the two mirrors.
(b) Aspect ratio for a right-angle triangular Sagnac interferometer
limited by vignetting of the beam between the two mirrors.
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52d12d1d tanS p

8 D1A2Fd

2
1d1

d

2
tanS p

8 D G ,
.d~6.8!,

and the limiting aspect ratio isA/#.6.8.
If any portion of the path between the entrance and exit

apertures has a refractive index other than one, however,
then the effective aspect ration for purposes of predicting
the vignetting in Eq.~2! should use an effective separation.
Using Snell’s law and the small angle approximation, the
effective separation through media with a refractive indexn
should be divided byn. Thus if the beamsplitter cube illus-
trated in Fig. 2 has a refractive indexn, then the effective
separationa becomes:

a.
AC

n
1CD1DE1EH1HI 1IJ1

JL

n
,

5
AC

n
1CD1DE1A2~BE!1CD1DE1

AC

n
,

52S AC

n D 12CD12DE1A2~BE!,

52S AC

n D 12CD12DE1A2~BC1CD1DE!,

52S d

nD12d1d tanS p

8 D1A2Fd

2
1d1

d

2
tanS p

8 D G ,
.dS 2

n
14.8D , ~4!

and the effective limiting aspect ratio isA/#.2/n14.8.

In the case of a monolithic Sagnac,6 the entire interfer-
ometer is a single prism of refractive indexn, and the ef-
fective separation is simply:

a.dS 6.8

n D , ~5!

leading to an effective limiting aspect ratio ofA/#
.6.8/n.

Finally, if a pellicle beamsplitter or a plate beamsplitter
of negligible thickness is used, then the beamsplitter sur-
face itself is the entrance and exit aperture and the separa-
tion is given by:

a.BC1CD1DE1EH1HI 1IJ1JK,

5BC1CD1DE1A2~BE!1DE1CD1BC,

52BC12CD12DE1A2~BE!,

52BC12CD12DE1A2~BC1CD1DE!,

5d12d1d tanS p

8 D1A2Fd

2
1d1

d

2
tanS p

8 D G ,
.d~5.8!, ~6!

and the effective limiting aspect ratio isA/#.5.8.

2.3 Limiting Aspect Ratio for an
Equilateral-Triangular Sagnac

Following the notation shown in Fig. 6, for an equilateral-
triangular Sagnac, the physical distance between the en-
trance and exit apertures as measured along the optic axis
is:

Fig. 6 (a) Layout of an equilateral-triangular Sagnac interferometer showing the beamsplitter prism
and two mirrors; and (b) unfolded layout of the same interferometer.
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a5AB1BC1CE1EG1GI1IJ1JK,

58AB,

58SA3

2
dD ,

.d~6.9!, ~7!

and the limiting aspect ratio isA/#.6.9.
If the beamsplitter is a hexagonal prism of refractive

index n, then the effective separationa becomes:

a.
AB

n
1

BC

n
1CE1EG1GI1

IJ

n
1

JK

n
,

54
AB

n
14AB,

54S A3

2
d

n
D 14SA3

2
dD ,

.dS 3.46

n
13.46D , ~8!

and the effective limiting aspect ratio isA/#.3.46/n
13.46.

If the equilateral-triangular Sagnac is monolithic, then

a.dS 6.9

n D , ~9!

leading to an effective limiting aspect ratio ofA/#
.6.9/n.

Finally, if a pellicle beamsplitter or a plate beamsplitter
of negligible thickness is used in an equilateral-triangular
Sagnac, then

a.BC1CE1EG1GI1IJ,

56AB,

56SA3

2
dD ,

.d~5.2!, ~10!

and the effective limiting aspect ratio isA/#.5.2.

2.4 Limiting Aspect Ratio for a Square Sagnac

Following the notation shown in Fig. 7, for a square Sagnac
the physical distance between the entrance and exit aper-
tures as measured along the optic axis is:

a5AB1BC1CE1EF1FG1GI1IJ1JK,

510AB,

510S d

2D ,

5d~5!, ~11!

and the limiting aspect ratio isA/#55.
If the beamsplitter is a cube of refractive indexn, then

the effective separationa becomes:

a.
AB

n
1

BC

n
1CE1EF1FG1GI1

IJ

n
1

JK

n
,

55
AB

n
15AB,

55S d/2

n D15~d/2!,

5dS 2.5

n
12.5D , ~12!

and the effective limiting aspect ratio isA/#52.5/n12.5.
If the square Sagnac is monolithic, then

a.dS 5

nD , ~13!

leading to an effective limiting aspect ratio ofA/#.5/n.
Finally, if a pellicle beamsplitter or a plate beamsplitter

of negligible thickness is used in a square Sagnac, then

a5BC1CE1EF1FG1GI1IJ,

58AB,

58S d

2D ,

5d~4!, ~14!

Fig. 7 (a) Layout of a square Sagnac interferometer showing the
beamsplitter cube and three mirrors; and (b) unfolded layout of the
same interferometer.
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and the effective limiting aspect ratio isA/#54.

3 Conclusions

The limiting aspect ratios for nine configurations of the
Sagnac interferometer are listed in Table 1. In designs
where the Sagnac is in a converging beam, the aspect ratio
limits the focal ratio; in designs where the beam is colli-
mated through the Sagnac, the aspect ratio limits the field
of view. The aspect ratio in the plane of the interferometer
is limited by the geometry of the interferometer. For ex-
ample, for a right-angle triangular cube withn51.5, the
A/#56.1 and vignetting reaches 100% at 9.3 deg. Due to
the wide range of applications for imaging spectrometers,
the required FOV may range from less than one degree to
10’s of degrees, so the restriction on the aspect ratio may or
may not be significant for a particular application. It should
also be noted once again that, as the aspect ratio in the
direction perpendicular to the plane of the interferometer is
not limited, there is no restriction on the focal ratio or the
field of view in the direction perpendicular to the plane of
the interferometer. A difference in the extent of the FOV in
these two directions, however, will produce a rectangular
~rather than square! image on the array. If the difference in
the FOVs is large, this may lead to inefficient use of the
detector array, since most available arrays have a 1:1 or 3:4
ratio of height to width. If a designer, using the aspect
ratios presented in Table 1, determines that the vignetting
caused by these limitations on the aspect ratio would make
it impossible to meet the FOV requirement for the instru-
ment, one possible remedy is to add a reversed afocal tele-
scope in front of the interferometer to provide angular
demagnication.9 One application of the analyses presented
here is to enable a designer to determine whether such a
remedy is necessary.
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Table 1 Limiting aspect ratios for nine variations of the Sagnac in-
terferometer.

Geometry
Equilateral
triangular

Right-angle
triangular Square

Beamsplitter type
Cube or prism with
refractive index n

3.46

n
13.46

2

n
14.8

2.5

n
12.5

Monolithic with
refractive index n

6.9

n
6.8

n
5

n

Pellicle or thin plate 5.2 5.8 4
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