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ABSTRACT
The spectrum of the night‘sky has beén measured in the
.fre4uency range from 3 to 40 — ﬁsiﬁg'a fully calibrated
helium cooled balloon based spectrophotometer at an elevation
of 39 km. A model based on the known molecular parameters
was used to subtract the atmospheric emission.‘ In the fre-
quency range from 4 to 17 cmml the spectrum of the background

radiation is that of a blackbody with a femperature of 2.99f8'22K.
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The cosmic background radiation has been exténsively measured in
\
the Rayleigh-Jeans limit.l However, existing indirect measurements2
and direct broadband measurements from balloon3 and rocketa’5 plat-
forms have not establiéhed the spectral shape of this radiation beyopd
the peak of the blackbody curve. We report in this letter a direct

-1
measurement of this spectrum over the frequency range from 4 to 17 cm ~.

A description of tﬁéagbpérafusvused for this measurement has been
published elséwhere.G’7 The radiation was collected by a liquid-
helium cooled conical antenna with an apodizing horn3 at the input
to minimize diffraction sidelobes. The geometrical beam had a full
- width of 7.6° and the antenna pattern was measured out to 70° off-axis.
A liquid helium cooled polarizing interferometer8 was used-as a Fourier
-gpectrometer to measure the spectrum of the collected radiation. The

detector was a germanium bolometer illuminated with germanium "{mmersion

6,7 .
*"  The cryostat was vented to the atmosphere and reached a

optics."
temperature of 1.65K at float elevation.
The spectral flux responsivity of the apparatus was calibrated

both in the laboratory and during the flight. The flight calibration

obtained f:om a movable ambient temperature blackbody which filled
' 17 percent of ‘the beam is shown in Fig. 1(a). This calibration

.agreed with laboratory calibrations to within a few percent.

The cryostat contalning the antenna and the spectrometer was mounted
in a gondola with the required telemetry and launched from Palestine,

Texas by NCAR at 2008 CDT July 24, 1974. The gondola was suspended

0.6 km below the 3.3 x 105 m3 balloon and was free to rotate about the

vertical axis. Four hours of data were obtained at a float altitude of

'

~ 39 km.
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Figure 1(b) shows the night sky spectrum measured by observing at
a zenith angle of 24° With no window over the optics. The flow of
helium boil-off gas from the cryostat was vented through the antenna.
This wasvsufficient to prevent condensation of atmospheric gases into
the cooled optics. Twénty—three interferograms with an (unapodizédy
resolution of 1.4 cm.—l were obtained during 69 minutes of observing
as wéll as 2 interferograms with a resolution of 0.28 cm"l during 24
minutes of observing. These data were averaged together, apodized, and
Fourler transformed with linear‘phasé correction to obtain the spectrum

shown in.Fig. 1(b). The spectral power can be obtained from it by dividing out

the instrumental flux responsivity and ‘adding a correction for the

. . . oF
spectrometer temperature. The nolse level shown is the rms detector
noise for the high resolition interferograms alone.

These data were analyzed by fitting them to a model which contained

~ four adjustable parameters. The cosmic background radiation was modeled

by a blackbody spectrum with adjusﬁable temperature., The model used

for the atmospheric emission was based on tabulated line parameters for

9,10

water, ozone, and oxygen, The spectrum was computed by assuming

an iséthermal atmosphere, an exponential pressure profile, altitude-

dependent pressure broadened Lorentzian 1ineshapes, and a constant mixing

ratio for the three gases. The pressure at float altitude varied from

3.2 to 3.4 millibars. The amblent temperature measured during the flight

was 215 t 10K. The column densities of water, ozone, and oxygen were
treated as adjustable parameters. The fitting was done using the
measured interferogram and the Fourier transform of the product of

the model spectrum and the responsivity of the apparatus. In this
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way, the experimental resolution was included cofrectly and problems
-with unresolved lines were avoided. In addition, the more precise

data were .automatically weighted more strongly in the fit.

The small, but finite éide lobe response of the antenna meant
that some earthshine could have contributed to the measured signal.
An attempt was made to measure this earthshine directly by comparing
spectra obtained at a zenith angle of 45° with those obtained at 24°,
The column denéities of atmospheric emitters computed from.the 24° spec-

tra were scaled as the secant of the zenith angle and used to subtract

" the atmospheric contribution from the data obtained at 45‘.‘ The

residual was assumed to be earthshine and was scaled back to 24° using

the measured angular dependence of the antenna pattern16.’7

The spectrum of‘
the residual thus obtained was less than the noise and no earthshine
correction was included in the model.

Information about the radiation emitted by the warm portion of
the optical system was obtained by varying ité temperature during the

flight. The junction between the cone and the horn was heated from 3.4

to 16K. The emission of the antenna at the lower temperature was

estimated from the increase in the observed signal to be substantially
less than the detector noise, so no correction was made. No other warm
parts of the apparatus are e#pected to contribute significantly to the
collectediradiation.

The calculated spectrum which gave the best fit to the observed
data ié shown in Fig. 1(c). The spectrum of a blackbody at the best fit
témperature of 2.99K is shown as a dashed line. The values for the free

parameters obtained from the fit are given in Table I. The fitted
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‘ 2
value for the column density of oxygen agrees with the value 1.54 % 10 2

mol/cm2 computed from a mixing ratio of 21 percent and an altitude of
39 km. The values for all three géses are in good agreement with the
results of other measurements at the same elevation.3 To estimate the
errors in our determiﬁation of th; cosmic blackbody temperaﬁure the
derivatives of the fitted blaékbody temperature with respect to the
most sensitive fixed and ffee parameters wefe calculated.  The uncer-
tainty in these parameters and the implied errors in the blackbody
temperature :are:shown in Table I. |

Figure 1(d) shows the difference between the observed spectrum in
Fig. 1(b) and the calculated spectrum in Fig. l(c). The magnitude of
thé noise can be estimated from the residual above 40 cm_l where there
is no oﬁtical'signal. Since this reéidual is comparable in regions
'ﬁiﬁh and without optical signal it is doﬁinatedib§ random detector noise.
No significant deviations between thé model and the observed night sky
spectrum are apparent. |

The spectrum-of - the:cosmic background radiation is obtained by

subtracting the atmdspheric contribution from the measured night sky
'spectrum, Figure 2 shows the'ﬁeasured spectrum of the cosmic background
radiation compared with that of é 2.99K blackbody. .Both curves are
plotted with a constant fracﬁional'resolution of 20 percent. The two
sigma error limits were computed by assuming that the residual in

Fig. 1(d) was entirely'réndom noise. The dramatic reduction of the

noise compared with Fig. 1 is due to the large amount of low resolution
data. This measurement establishes that the cosmic background radiation

has a thernal spectrun from 4 to - 17 e ', vhere the curve has fallen
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to = 10 percent of its peak value.11

We have plotted our data for the thermodynamic temperature as a
function of frequency in Fig. 3 along with selected narrow band results
of other experiments. Over a frequency rénge of three and one-half
decades these measurements of the cosmic background radiation (as well
as those of previous high frequency broadband experimentsB_S) are con-
sistent with a thermai spectrum with a temperature of from 2.7 to 3.0K.

The results from our experiment alone are 2.99 t60;4 (90% confidence).

The authors are greatly indebted to many persons for assistance
with this experiment. Professor C. S. Bowyer suggested the project and
provided a balloon for the first flight. Professor K. A. Anderson
provided the gondola and a nearly ideal array of.telemetry equipment.
Mr, J. H. Priﬁbsch gave invaluable assistance in all areas in the art
of ballooning. Mr. B. W.,Andrewé helped with design caiculations, and
the NCAR staff at Palestine, Texas provided us with two successful

balloon flights.

This work was supported in part by the U.S. Energy Research and
Development Administration, and in part by the Space Sciences Laboratory,

Univeraity of California, Berkeley under NASA Grant NGL05-003-497.
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FIGURE CAPTIONS
1(a). Instrumental flu# responsivity as a function of frequency.
(b) Observed instrumental response to the night sky. (c) The
fitted model spectrum. The srigins of some of the stronger atmos-
pheric emission lines are shown. (d) The difference between curves
(b) and (c).-
2. The present measurement 6f the cosmic background radiation<
compared with“a'2.99K blackbody curve. Both curves aré plotted
with a conséant fractional resolutién of 20 péfcent. |
3. The present measurementb(i'ZG)‘of the thermodynamic
temperature of the cosmic background radiation compared with selec-
ted results of othér experiments. The data for frequencies < 3 cm
were obtained using ground based microwave»radioﬁeters (see Ref. 1).
The daté at 3.8 and 7.6 cm-l were obtained from optical measurements

of cyanogen (see Ref. 2 and 12).



TABLE I. Model parameters and errors

| Value with 907 confidence limits 1 Error in blackbody temperaturea
Fixed Parameters:
Atmospheric temperature 215 f igK t ‘ggK
, - b + 3.3 + .05
Calibration factor : 33.2 _ 3.3K _ .06K
+6 ~13.:1/2 W - .13
Earthshine 0 _ 0 x 10 \ o1 + .OOK
cmm sY Cm
Fitted Parameters:
+ .20 17 molecules - .00
HZO vertical column density 3.92 _ ©20 x 10 -*:;;?———- | + .OOiK -
X + .18 17 molecules - .02
O3 vertical column density 3.50 _ 18 x 10 o + .02K‘
cm .
. , + .17 22 molecules - .0
02 vertical column density 1.67 _ 17 X 10 ——:;E———- + .OiK
Blackbody temperaturec Ali 2.99 t 'gZK
@

=0T~

88GE-"191

% rror induced in fitted blackbody temperature by parameter errors quoted in column two.
bProduct of calibrator temperature~and filling factor

“Error determined by the.rms sum of the detector noise plus the errors shown in column three.

0
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