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Wide-aperture light source
K.C. CLARK and G. HERNANDEZ, Graduate Program in Geophysics, University of Washington, Seattle, WA 98195

R.W. SMITH, Geophysical Institute, University ofAlaska, Fairbanks, AK 99705

Q

uantitative investigations of emission line profiles by use
of a Fabry-Perot spectrometer require periodic calibra-

tion of the optical finesse of the instrument. In a laboratory
setting, this calibration procedure is relatively straightforward:
it consists of measuring the reflection coefficients of the
Fabry-Perot flats in a suitably equipped laboratory. To cali-
brate operating field instruments, however, such as the
Fabry-Perot spectrometer running at Amundsen-Scott South
Pole Station, specialized procedures must be employed to
avoid disturbing the critical alignment of the spectrometer ele-
ments. We use the Giacomo method (Giacomo 1952; Hernan-
dez 1988) of measuring Fabry-Perot etalon reflection coeffi-
cients, coupled with single wavelength laser measurements, to
determine the overall instrumental finesse. To conduct these
etalon reflectivity measurements with no disturbance of align-
ment, we have developed a novel, thin, large-aperture, broad-
band continuum-light source. Because of its potential applica-
tion in other field optical experiments that need large-aper-
ture, broad-band continuum sources for their calibration and
operation, we describe this new source in the context of its use
in the Amundsen-Scott measurements. This calibration
source is now being routinely used in our other field sites.

A Fabiy-Perot etalon (see, for instance, Hernandez 1988)
is the rigid assembly of a pair of extremely flat, semitranspar-
ent mirrors, whose adjacent faces are held at a very precise
separation. The reflectivity of these semitransparent mirrors
must be measured periodically, because it controls the accura-
cy of linewidth measurements with the Fabry-Perot spectrom-
eter. The Giacomo method requires that the spectrometer be
illuminated with a standard broad spectral light with and with-
out the etalon in the path. The new extended source described
here is a thin, edge-lighted plate that can be inserted without
contact at the appropriate positions in the ray path of the pre-
sent etalon, rather than disturbing the etalon physically.

In the tests, uniform sampling of the etalon area is
required everywhere within the etalon diameter of 135 mil-
limeters (mm). Such light can be obtained from an evenly
spaced, square grid of points of about 5 mm separation. The
employment of such a multipoint source is the principle of
the thin-disk design to be described. A clear acrylic disk 6.3
mm thick and 165 mm wide, with a polished square edge,
receives edge light from six evenly spaced incandescent
lamps 3.3 mm wide (type CM7330), cemented around the rim.
A constant-current source provides the power to the lamps.
The resultant light from this arrangement is abundant for our
instrumental sensitivity in the 500-1,000-nanometer range.

Internal reflection carries the light throughout the interi-
or of the acrylic plate with little escape, little absorption, and
an edge return aided by diffuse aluminum tape reflection at
the rim. Useful light escapes principally via reflection and
scattering by the regular array of very small conical indenta-
tions on one face; these indentations are viewed through the
opposite face. These source points were produced by a weakly
spring-loaded 600 conical (machine shop) punch. Since these
indentations have very small area and are widely separated, a
very large fraction of the acrylic source face is smooth, thus
preserving multiple traversals of the internally trapped light
within the disk and producing virtual uniformity of brightness
among the point sources across its face.

Figure 1A illustrates this strategy of preservation in the
plane of a row of cones. The actual 0.3-mm conical indenta-
tions are relatively much smaller than this diagram shows.
Total internal plate reflections are dominant in comparison to
the minor losses via cone reflections and scattering because the
cones are very small and far apart. The travel paths extend even
farther for rays moving out of this plane in slant directions.

This calibration source illuminates the etalon, which
accepts only rays that are near normal to its etalon mirrors.
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Some rays reflected from the array of source cones leave
approximately normal to the surface and will, therefore, be
used. All escaping rays from the source together generate a
broad visual maximum of forward axial light. It is interesting
to note that if the plate is (undesirably) turned over, a broad
minimum in forward axial light is seen and is predictable
from ray tracing.

Figure 1B, for a typical cone, shows the incidence angle U
of a ray in the plate, the cone half angle V, and the angle W of
the reflected ray from the cone measured relative to the plate
normal. For any tandem paths of reflection, these three
angles are geometrically related, with no dependence on
index of refraction, by

W=2V-U. (1)

The refractive index t of the acrylic plate provides further
limits on these angles. Wherever the angle of incidence
exceeds arcsin(1/t), lossless total internal reflection occurs,
which is necessary for our ray paths. For our index, lt=1.48,
this critical angle is 42.5 0 , and its role adds more restrictions
on the extremes of U and W. This criterion for reflection adds
the following requirements for U and, consequently, for W.

42.5° U V+47.5°	 (2)

V-47.5° !s W 2V-42.5°	 (3)

Lastly, to be transmitted by avoiding total internal reflec-
tion at the final plate surface, rays from the cone must meet
the plate at angles of incidence W within the following
bounds:

-42.5° W 42.5°	 (4)

Figure 2 plots all these angle limits in degrees as func-
tions of V. The allowed regions of W, for successful exit follow-
ing internal reflection are included within the polygon in the
figure. Note, for instance, that no light exit is possible at any
angle if Vexceeds 66.30.

Some special conclusions appear for our cones of V=30.
Rays which emerge along the plate normal have an initial Uof
60°. If all the allowed values of U are present, the departure
angle W is equally spread about the normal within the limits
of ±17.5*, refracting finally into air with a spread of ±26.40.
This symmetry is true only for our chosen V=300 but regard-
less of the size of 1& because IA influences only the size of the
range. If one considers other possible choices of cone angle, it
is seen that if any rays are to escape normal to the plate sur-
face, the half angle of the cone must be greater than 21.3 0 and
less than 450 . For all other incident rays striking the cone not
in the plane of its axis, there will be a redirection in azimuth,
an increase in exit angle W, and a resulting broadening in the
spread of exit rays.

One may wish to help the macroscopic uniformity of
such a source by using tighter spacings of finer bright points
and by holding constant the ratio of the intervening smooth
area to the cone base area to conserve the internally reflected
light over many traversals. Inability to maintain this latter
high ratio explains why it is unlikely to move to full uniformity

(a)

(b)

Figure 1. Schematic of rays within a row of cones in source disk. A.
Rays missing and hitting typical cones to emerge normal to disk sur-
face (enlarged). B. Defining diagram for a single cone in disk of refrac-
tive index I.L, showing U: incidence angle, W: departure angle from
cone to plate surface and V: cone half angle.

Cone angle V
Figure 2. Limits of final angle W for rays in a plate which can exit after
total internal reflection from first surface and cone, shown as a func-
tion of cone half angle V. All angles expressed in degrees. Refractive
index is 1.48.

by using lightly etched surfaces: the scattering spot approach-
es a limiting finite size while the smooth reflecting space,
important for preserving traversals and uniformity, goes
toward zero.
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With the present square spacing of 5 mm between bright
points, a full aperture of 125 mm diameter contains about 480
points, and the inclusion or exclusion of a given point at the
edge makes little difference in total intensity. A circle of half
that diameter holds about 120 points. Because of the edge sta-
tistics, it is important to establish a well-defined aperture if
very reproducible measurements are desired. This also allows
for the finite variability from point to point caused by
inequalities in the cones and by small variations in illumina-
tion near the plate edge.

Figure 3 shows measured relative intensity
received through a 40-mm aperture as its position
in mm is scanned fully across a central 85 mm
diameter mask on the source disk. The intensity is
essentially the same at all placements within ±20
mm of the center, and it shows slight fluctuations
near the extremes because of the reduced num-
bers of source points. The gradual drop-off in the
wings of this scan is calculable, as it is for any
overlapping broad sources and detectors, and
ordinary usage avoids such concern simply by
centering the two.

This calibration source geometry has the pri-
mary features of thinness, durability, and approxi-
mate uniformity of illumination over apertures that

60	could be much wider than our present possible 135
mm. In other variations, its incandescent lamps
could be replaced by monochromatic sources. The
present source is specially adapted to instruments
which receive light in broad beams, and it features

the thinness often needed in tight quarters.
This development and its field application were support-

ed by National Science Foundation grant OPP 90-17484.
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Figure 3. Relative intensity through a 40-mm aperture vs. its displacement in mil-
limeters from central position across a central 85-mm aperture on the source disk.

Polar measurements of atmospheric continuum
microwave emission
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T
he cosmic microwave background (CMB), a relic from the
early Universe, allows us to probe the physical conditions

and processes from that era. Between cosmologists and the
CMB, though, lies the Earth's atmosphere. Atmospheric emis-
sion at wavelengths longer than 1 millimeter (the peak of the
CMB intensity) is dominated by line and continuum emission
from oxygen (0 2) and water vapor (H 20) and contributes
from 25 to 90 percent of the total zenith sky intensity even
from dry, high-latitude sites in the "windows" of least opacity
(figure 1). Models for atmospheric emission require tempera-
ture, pressure, and water-vapor density profiles and a
description of 02 and H20 line profiles (Waters 1976; Liebe
1981; Danese and Partridge 1989). These models rely heavily

on data taken near the line centers and are extended with
somewhat empirical extrapolations to the low-emission win-
dows of astrophysical interest. Accurate radiometric data far
from the line centers are required to constrain the model
parameters.

As part of a campaign to measure the long-wavelength
spectrum of the CMB, our U.S.-Italian collaboration has
measured atmospheric emission from a site near the Amund-
sen-Scott South Pole Station in the austral summers of 1989
and 1991 (e.g., Bersanelli et al. 1994 and references therein).
Figure 1 shows the predicted spectrum for Tat,, for clear-sky
conditions at the South Pole along with the range of mea-
sured values. As expected, the higher-frequency results [par-
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