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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
refléct those of the United States Government or any agency thereof or the Regents of the
University of California.
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Balloon—Based_MeashrémentS'of'the Cosmic Background Radiation
John Mather', Paul L. Richards, and David P. Woody
Department of(Physics, University‘of California, -
Inorgénic'Materiai:dResearch Division,

Lawrence Berkeley Laboratory,
Berkeley, California 94720 .

~ ABSTRACT

We have developed énd flownlg ballooﬁ*bdrﬁé liquid helium
coéled spectfometet to measure.the cosmic backgréund radiations.
iﬁ.fhé 3—18.cm_; region. It featureé a éooled horn antenna,

'pol;rizing Michelson iﬁterferometer and germanium bolometer.
Theée'désign_features and the perforﬁance‘of the insfrumentv

are discussed.
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I. INTRODUCTION
Big bang coémoldgy theory and measureménts in the microwave and
optical frequency regioﬁ support the’'idea tﬁat the tniﬁerse is filled
vwith isotropic blackbody radiatibn with a characteriéti¢ température
'éf 2;7K.l Accurate spectral measurements éf this radiation éré not
available for ffequencies'above the peak of the blackbody spectruﬁ

(which occirs at ~ 6 cm_l/pr’k ~ 1.7 mm),

II. SPECTROMETER DESIGN AND OPERATION
A far infrared spectrometer has been developed thét_can be flown ;

;By.ballpbn to anlaltitude of ~ 40 km to measure this fadiatioh over.ﬁhe
freqﬁendy range ffom ~ 3 to ~ 18bcm_1.. Tﬁe principle‘feétures of the
system are shown in Fig. 1. VTheS§ include a coblgd two-section horn
antenna, a codled>polarizing Michelson‘interf‘erometgr2 used fér-Fourier
spectroscopy, and a germanium boloﬁeter'detectof. The bolometer is
iiiUminatedﬁwithva,germénium'fOCusing cone. ThisJﬁse of immeféion
Optics3 increaSesvthe thfoﬁéﬁput by a factor of » 3bwi£ho§t dégrédingbthéz
_bolomefer fesponsivity and permits'the use of an antireflection coatiné:,
on the front surface of:the germanium cone. The broadband radiométér
,‘sehsitivify is better than ;OZK for a i éec. obseryatioﬁ of a Rayleigﬁ
Jeans source. Thé spectral sensitiﬁity for‘é tonhour observation with
1 cm—l.resoiution is .05K at 13 cm-l. BlackbOdy sources are used in
f£light for absolute éalibrafion.v:'

| One critical féaturé of fﬁis measurement ié the avoidance of signals
from éxtfaneous warm objeﬁts, Radiation from the. apparatus is reduced

by cooling to liquid helium temperature all portions of the optical system
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which contact the geqmetfical beaﬁ. The wafﬁ horn at'thé top of thé
antenna (ﬁhiph contactsfonly diffraction side lobes) has a pro-reflection
dieleétfic coating. In addition, the temperature of both horns is
varied in flight to»checkbfor'residual emission. Alleindows iﬁ
'fronf of the anténna are removed fér the ﬁeasurément. The aﬁténna has
,béen designed for minimum diffracﬁion side 1§bes at large angles to
gvoid,obsérving signals from thgrearth of.thé ballooﬁ hardwére;. The
measufed antenna pattern.isvsﬁown in_Fig.\Q} Thevméasufements at iarge
angles were made using"th; system shown in Fig. 3. . It produces a large
solid angle ring~shaped image of a thermaIISOUrce. The obseryea antenna
pattern agrees wifh'diffraction theor&'éalculations.
The most impbrfant remaining sources of extraneous radiatioﬁ afe
the line.emiésions from the residual atﬁosph;re. Even at an‘altitude
of 40 kﬁ; atmospheric emission is gfeater thaﬁ the cosmic background
~ radiation for frequenéies higher than‘llvcm-l..4 The impor£ant lines
arise from water, ozoné, and oxygen; Since the relative line streﬁgths
. and positibns5 are known, the 6bserved sbectra éan»be,accurately fitted
to‘a model of the atmoéphe;e with only a few.parémeters. Computer programs_
havé beeﬁ Writfen'td,ge;erate simﬁiatedvatmospheric emission spectra,. |
which will belsubtractéd from the obséfved spectrél data to obtain
the residual'background5radiatioﬁ. An example of sﬁch a simulated
Atﬁosphéric emiésién spectrum (plotted ésvan antenna temperature) is
compared witﬁ a Z.fK blackbody curve in‘Fig; 4; g
. ; o

III. FLIGHT PERFORMANCE

The apparatus described here has been constructed and tested in
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space enVironmenttsimulators (cold and vacuum) andxihterfaced to a
'balleon gohdpla developed‘by Prqfessor K. AﬁderSon'e gfeup aﬁ the Berkeley
Space_Sciences Laboratory. The first fligﬂt was'leuhehed from Palestine,
Texas on Octeber 26, 1973, During the'ffight ;he payload tempeteture 
dropped to -60°C. At this low temperature, thevmechanical drive to
the interferometer lost power and étogped working. Consequently,
~although all other elect;ical and mechenical systeme functioned well,
.very little eeectral data wefe.obfained. The payioad_was.recovered
undamaged near Anniston, Alabama.

‘ Despite the absence of sbectralldata,rmuch of value was learned
ffom the flight. greliminary data enaiysis igdicates1thatvanother
flight with the same apparatﬁs (with a‘working ietefferometer drive) will
produce significaﬁf new inforﬁation onvthe coemic background radiatieﬁ.
A seéond‘flight.is planned in the‘spring'of 1974, after minof modifica-
tions toethe epparatus have been completed. | |
| Another potential applieation of this apparetus is the etudyvof.
the composition of the etmosﬁhere. 1f the-apbaratue 15 modified to
look horizontally, aﬁd to measure speetra out to 100 cm_l,ithe sensitivity
to minor atmospheric constituents will.be.greatly increased. A roegh
estimate suggests that a detection limit of ~‘108 meleeules cﬁ3 caq'be
achieved in a 1 sec. observation for a gas with an electrie dipqle moment

of 1 Debye;
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'FIGURE CAPTIONS

Fig. 1. Schematic'drawing‘of the'radiometer—spectfometer for measpreménts
,.of the cosmic backgrohnd radiation.  The cryostat is ~ 1.5 m'high and main—_

 tains the apparatus at minimum temperature for more than 10 hours.:

Fig. 2. Response of the radiometer to a point source as a function of the
angle of the source from the axis of the antenna.

/

'Fig. 3. System for measuring antenna pattern at large angles.

'.Fig. 4. The radiation‘from a 2.7k blackbody\aﬁd an estimate of the
emigsion from the residﬁalAatmospﬁere aboVe 40 km4rplotted as an antenna
temperature. The priﬁciple emission is ;hat'qf 03 with a few sz lines.
Antenna temperature is defined as the temperafu:e.of a Rayleigh-Jeansj
.source with ﬁnit emissiﬁity which gives the same émittea éower as fhé_

actual sourcef The frequency range of the backgroundvmea5urement will be

from ~ 3 to ~ 18 cm“1 with .25 cm_l resolution..



| o -7~ ' . LBL-2726

cHoPPER -  CALIBRATOR

MOTOR  WINDOW._ A

< 62 LITER
HELIUM VESSEL

DIHEDRAL ]

LENS - CONE
MIRRORS T~ COLLIMATOR
BEAM — MIRROR
SPLITTER _
- ENTRANCE
" | POLARIZER
LENS —— L
' coLD
POLARIZING BLACKBODY
. CHOPPER o
: GERMANIUM
CONE

XBL7312-6782



-8- - LBL-2726

ANTENNA PATTERN |

100

0001~

ooooll by S
| 03 | 3 10 30 100
Angle Off Axis (degrees) | |

- ~ XBL741 -5430

Fig, 2 -



| B LBL-2726
SOURCE -~ | ' o I ' IMAGE
T AT g
BN " g -
YT
\\ /
\ /
\ 1
\ /
\ /[
l— . —> \ /
\
\ /
WY/
| /
BAFFLE CYLINDRICAL
/I 'REFLECTOR
" .
/
/ .
/
0 /
!
/
HOéN
"CONE

XBL 73i2~-6788



LBL-2726

-10-

Frequency (cm™)

-

1}

.4._.. whio_._waEm._. ‘DUUBUY

XBL 737-1577

Fig.



LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
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