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ABSTRACT 

.. 
The spectrum of the night sky has been measured in the 

. -1 ' 
frequency range from 3 to 40 em using 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

-1 quency range from 4 to 17 em the spectrum of the background 

di i h f bl kb d h f 2 99+0.07K ra ation s t at o a ac o y wit a temperature o . _0 •14 • 
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The cosmic background radiation has been extensively measured in 
l 

1 
the Rayleigh-Jeans limit. However, existing indirect measurements

2 

. 1 3 d k 4 ' 5 1 and direct broadband measurements from bal oon an roc et p at-

forms have not established the spectral shape of this radiation beyond 

the peak of the blackbody curve. We report in this letter a direct 

measurement of this spectrum over the f~equency range from 4 to 17 cm-
1

. 

A description of the apparatus used for this measurement has been 

6 7 published elsewhere. ' The radiation was collected by a liquid 

3 helium cooled conical antenna with an apodizing horn 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. 

8 A liquid helium cooled polarizing interferometer was used·as a Fourier 

· spectrometer to measure the spectrum of the collected radiation. The 

detector was a germanium bolometer illuminated with germanium "immersion 

optics."
6

' 7 The. cryostat was vented to the atmosphere and reached a 

temperature of 1.6SK at float elevation. 

The spectral flux responsivity of the apparatus was calibrated 

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

obtained from a movable ambient temperature blackbody which filled 

17 percent of the beam is shown in Fig. l(a). This calibration 

,agreed with laboratory calibrations to within a few percent. 

The cryostat containing 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 l(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 was sufficient to prevent condensation of atmospheric gases into 

the cooled 

resolution 

as well as 

optics. Twenty-three interferograms with an (unapodized} 

-1 of 1.4 em were obtained during 69 minutes of observing 

-1 2 interferograms with a resolution of 0.28 em during 24 

minutes of observing. These data were averaged together, apodized, and 
. 

Fourier transformed with linear phase correction to obtain the spectrum 

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

the instrumental flux responsivity and adding a correction for the 

spectrometer temperature. The noise level shown is the rms detector 

noise for the high resolution 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 adjustable 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 isothermal atmosphere, an exponential pressure profile, altitude-

dependent pressure broadened Lorentzian lineshapes, and a constant mixing 

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

3.2 to 3.4 millibars. The ~~ient t~mpera~ure measured ~uring the flight 
~ ... 

was 215 ± lOK. 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 i 
,j 
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way, the experimental resolution was included correctly 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 side 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 densities 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 4SO. The 

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

6 7 the measured angular dependence of the antenna pattern.' 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 its 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 expected to contribute significantly to the 

collected radiation. 

The calculated spectrum which gave the best fit to the observed 

data is shown in Fig. l(c). The spectrum of a blackbody at the best fit 

temperature 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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value for the column density of oxygen agrees with the value 1.54 x 10
22 

mol/cm
2 

computed from a mixing ratio of 21 percent and an altitude of 

39 km. The values for all three gases are in good agreement with the 

results of other measurements at the same elevation. 3 To estimate the 
.t 

errors in our determination of the cosmic blackbody temperature the 

derivatives of the fitted blackbody temperature with respect to the 

most sensitive fixed and free parameters were calculated.· The uncer-

tainty in these parameters and the implied errors in the blackbody 

temperature are,shown in Table I. 

Figure l(d) shows the difference between the observed spectrum in 

Fig. l(b) and the calculated spectrum in Fig. l(c). The magnitude of 

-1 the nei.se can be estimated from the residual above 40 em where there 

is no optical signal. Since this residual is comparable in regions 

with and without optical signal it is dominated by random detector noise. 

No significant deviations between the model and the observed night sky 

spectrum are apparent. 

The spectrum· of.'.the;; cosmic background radiation is obtained by 

subtracting the atmospheric contribution from the measured night sky 

spectrum. Figure 2 shows the ~easured spectrum of the cosmic background 

radiation compared with that of a 2.99K blackbody. Both curves are 

plotted with a constant fractional resolution of 20 percent. The two 

sigma error limits were computed by assuming that the residual in 

Fig. l(d) was entirely random 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 

-1 has a thermal spectrum from 4 to - 17 em , where the curve has fallen 
--- ----.-------------·----- -·- --- -·--· . - - ·"" ______ _,_- ---- ·- .... 
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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 range of three and one-half 

decades these measurements of the cosmic background radiation (as well 

3-5 as those of previous high frequency broadband experiments ) are con-

sistent with a thermal spectrum with a temperature of from 2.7 to 3.0K. 

The results from our experiment alone are 2.99 ~o~i4 (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. Primbsch gave invaluable assistance in all areas in the art 

of ballooning. Mr. B. W. Andrews helped with design calculations, 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, 

University of California, Berkeley under NASA Grant NGLOS-003-497. 
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FIGURE CAPTIONS 

Fig. l(a). Instrumental flux responsivity as a function of frequency. 

(b) Observed instrumental response to the night sky. (c) The 

fitted model spectrum. The origins of some of the stronger atmos-

pheric emission lines are shown. (d) The difference between curves 

(b) and (c). 

Fig. 2. The present measurement of the cosmic background radiation 

compared with a 2.99K blackbody curve. Both curves are plotted 

with a constant fractional resolution of 20 percent. 

Fig. 3. The present measurement (± ·20') of bhe thermodynamic 

temperature of the cosmic background radiation compared with selec-

ted results of other experiments. 
-1 

The data for frequencies ~ 3 em 

were obtained using ground based microwave radiometers (see Ref. 1). 

The data 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 90% confidence limits Error in blackbod 

Fixed Parameters: 

Atmospheric temperature 215 + 35K 
10 

+ .asK 
- .02 

Calibration facto~b 33.2 + 3 •3K 
- 3.3 

+ .OSK 
- .06 

Earthshine o ~ ~ x 10-13vl/2 w - .13K 
2 •1 + .00 em sr em 

Fitted Parameters: 

H2o vertical column density 3 •92 + :~~ x 1017 mole~ules I - .00~ 
+ .001 em 

o3 vertical column density 3 •50 + :i~ x 1011 mole~ules I - .02K 
+ .02 em 

o2 vertical column density 1 •67 ~ :i; x 1022 mole~ules I ~ :~~ em 

· Blackbody temperature c 2.99 + :~rK 
I 

~rror induced in fitted blackbody temperature by parameter errors quoted in column two. 

bProduct of calibrator temperature and filling factor 

~rror determined by the.rms sum of the detector noise plus the errors shown in column three • 
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(a) Col ibrotion 

(b) Measured 

+ 

(c) Calculated 

(d) Residual 
t{-4 
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Fig. 1 
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