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Abstract: Measurements of the effective zenith
noise temperature of the 20-foot horn-reflector
antenna (Crawford, Hogg, and Hunt 1961) at the
Crawford Hill Laboratory, Holmdel, New Jersey, at

4080 Mc/s have yielded a value of about 3.5 K

igher than expected. This excess temperature is,
within the limits of our observations,_isotropic,
unpolarized, and free from seasonal variations
(July, 1964 - April, 1965). A possible explanation for
the observed excess noise temperature is the one
given by Dicke, Peebles, Roll, and Wilkinson (1965)
in @ companion letter in this issue.
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high pressure, such as the zero-mass scalar, capable of speeding the universe through the
peried of helium formation. To have a closed space, an energy density of 2 » 1020
gmy/em?® is needed. Without a zero-mass scalar, or some other “hard™ interaction, the
energy could not be in the form of ordinary matter and may be presumed to be gravita-
tional radiation (Wheeler 1958).

One other possibility for closing the universe, with matter providing the energy con-
tent of the universe, is the assumption that the universe contains a net electron-type
neutrinoe abundance (in excess of antineutrinos) greatly larger than the nucleon abun-
dance. In this case, if the neutrino abundance were so great that these neutrinos are
degenerate, the degeneracy would have forced a negligible equilibrium neutron abun-
dance in the early, highly contracted universe, thus removing the possibility of nuclear
reactions leading to helium formation. However, the required ratio of lepton to baryon
number must be > 10,

We deeply appreciate the helpfulness of Dirs, Penzias and Wilson of the Bell Telephone
Laboratories, Crawford Hill, Holmdel, New Jersey, in discussing with us the result of
their measurements and in showing us their receiving system. We are also grateful for
several helpful suggestions of Professor J. A, Wheeler,

R. H. Dicke
P. J. E. PEEBLES
P. G. RoLo
D. T. WiLKINsoN
May 7, 1965
Parumer PrvsicaL LABORATORY
PrinceEToN, NEW JERSEY
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A MEASUREMENT OF EXCESS ANTENNA TEMPERATURE
AT 4080 Mc/s
Measurements of the effective zenith noise temperature of the 20-foot horn-reflector
antenna (Crawford, Hogg, and Hunt 1961) at the Crawford Hill Laboratory, Holmdel,

New Jersey, at 4080 Mc/s have yvielded a value about 3.5 K higher than expected. This
excess temperature is, within the limits of our observations, isotropic, unpolarized, and
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free from seasonal variations (July, 1964-April, 1965). A possible explanation for the
observed excess noise temperature is the one given by Dicke, Peebles, Roll, and Wilkinson
(1965) in a companion letter in this issue,

The total antenna temperature measured at the zenith is 6.7° K of which 2.3 K is
due to atmospheric absorption. The caleulated contribution due to ohmic losses in the
antenna and back-lobe response is 0.9° K.

The radiometer used in this investigation has been described elsewhere (Penzias and
Wilson 1965). It employs a traveling-wave maser, a low-loss (0.027-db) comparison
switch, and a liquid helium—cooled reference termination (Penzias 1965). Measurements
were made by switching manually between the antenna input and the reference termina-
tion. The antenna, reference termination, and radiometer were well matched so that a
round-trip return loss of more than 55 db existed throughout the measurement; thus
errors in the measurement of the effective temperature due to impedance mismatch can
be neglected, The estimated error in the measured value of the total antenna temperature
iz 0.3° K and comes largely from uncertainty in the absolute calibration of the reference
termination.

The contribution to the antenna temperature due to atmospheric absorption was ob-
tained by recording the variation in antenna temperature with elevation angle and em-
ploying the secant law. The result, 2.3° & 0.3° K, is in good agreement with published
values (Hogg 1959; DeGrasse, Hogg, Ohm, and Scovil 1959; Ohm 1961).

The contribution to the antenna temperature from ohmic losses is computed to be
0.8° + 0.4° K. In this calculation we hawve divided the antenna into three parts: (1) two
non-uniform tapers approximately 1 m in total length which transform between the
2%-inch round output waveguide and the 6-inch-square antenna throat opening; (2) a
double-choke rotary joint located between these two tapers; (3) the antenna itself. Care
was taken to clean and align joints between these parts so that they would not sig-
nificantly increase the loss in the structure, Appropriate tests were made for leakage and
loss in the rotary joint with negative results,

The paossibility of losses in the antenna horn due to imperfections in its seams was
eliminated by means of a taping test. Taping all the seams in the section near the throat
and most of the others with aluminum tape caused no observable change in antenna
temperature.

The backlobe response to ground radiation is taken to be less than 0.1° K for two
reasons: (1) Measurements of the response of the antenna to a small transmitter located
on the ground in its vicinity indicate that the average back-lobe level is more than 30 db
below isotropic response. The horn-reflector antenna was pointed to the zenith for these
measurements, and complete rotations in azimuth were made with the transmitter in
each of ten locations using horizontal and wvertical transmitted polarization from each
position. (2) Measurements on smaller horn-reflector antennas at these laboratories,
using pulsed measuring sets on flat antenna ranges, have consistently shown a back-lobe
level of 30 db below isotropic response, Our larger antenna would be expected to have an
even lower back-lobe level.

From a combination of the above, we compute the remaining unaccounted-for antenna
temperature to be 3.5° + 1.0° K at 4080 Mc/s. In connection with this result it should
be noted that DeGrasse ef al. (1959) and Ohm {1961) give total system temperatures at
5650 Mc/s and 2390 Mc/'s, respectively. From these it is possible to infer upper limits to
the background temperatures at these frequencies. These limits are, in both cases, of the
same general magnitude as our value.

We are grateful to B, H. Dicke and his associates for fruitful discussions of their re-
sults prior to publication. We also wish to acknowledge with thanks the useful comments
and advice of A. B. Crawford, D. C. Hogg, and E. A. Ohm in connection with the
problems associated with this measurement.
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COsmic Background Explorer (COBE): Aopugpopoc Tng NAZA (1989-1993).
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Maps Based on Four Years of DMR (“Differential
Microwave Radiometers”) Observation

(Eikoveg apiotepd). Angular resolution of 10 degrees.

The images represent DMR data from the 53 GHz band — 5.7 mm
(top) on a scale from 0 - 4 K, showing the near-uniformity of the
CMB brightness.

The image in the middle is shown on a scale intended to enhance
the contrast due to the “dipole emission”. This is a smooth variation
between relatively hot and relatively cold areas from the upper right
to the lower left. It is due to the motion of the solar system relative
to distant matter in the universe. The signals attributed to this
variation are very small, only 1/100th the brightness of the sky.

In the bottom image the “dipole” component is subtracted. The
plane of the Milky Way is horizontal across the middle of the picture.
Sagittarius is in the center of the map, Orion is to the right and
Cygnus is to the left.

The image on the left shows the reduced map (i.e.,
both the dipole and Galactic emission subtracted). The
cosmic microwave background fluctuations are
extremely faint, only one part in 100,000 compared to
the 2.73 degree Kelvin average temperature of the
radiation field.

[MAnpo@opicc atrd: http://lambda.gsfc.nasa.gov/product/cobe/



The Cosmic Microwave Background as seen by Planck and WMAP

WMAP (2001)
produced the first
fine-resolution (0.2
degree) full-sky
microwave map of
the CMB radiation.

PLANCK (2009)
produced an even

more detailed map of
the CMB radiation.

Planck
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H “a@Bovia” (abundance) Twv eAa@pIWV CTOIXEIWV

oT1O 2U MTTAV (http://www.einstein-online.info/spotlights/BBN_obs)

1) KaBoplopdg 1n¢ “apxéyovng/mpwroyevic” (primordial) agBoviag Tou “He.

MEAETN YPOUPWY EKTTOMTTNG 10VIOPEVOU NAiou atrd vEépn loviopévou udpoyovou (HII regions)
o€ yaAaciec vavoug (dwarf galaxies), “@Twyxouc” g ocuyovo kal alwTto (Gpa, yalagiec oToug
OTTOIOUG N oUOTOON TOU HECOYOAQCIaKoU agpiou Oev €XEl ETTNPEACTEI ATTO TN OUVOEON
OTOIXEIWV OTO €O0WTEPIKO AOTPWYV). O OUCXETIONOG METAEU TNG €VIOONG TWV YPANHWY

EKTTOUTTAG IOVIOMEVOU NAIOU, JE EKEIVEC ATTO IOVIOUEVO UDPOYOVOU Hag divel To Adyo:
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2) KaBopiouodg 1ng “apyéyovng/mpwroyevig” (primordial) agBoviag tou “Li.

NiB10-7: TTapAyeTal OTO EOWTEPIKO TWV ACTPWYV (AAAG Kal KOTAOTPEPETAI) KATA TN OIAPKEIQ
avTIOPACEWV oUVTNENG Kal aTTO AvTIOPACEIC CWHATIOIWY “KOOMIKWY AKTIVWY' ME cwuaTidIa
TOU JECOQOTPIKOU Xwpou (o1o MNaAagia). H “apbBovia” Tou atoixeiou utropei va KaboploBei pe
METPAOEIC YPANUWY ATTOPPOPNONG (KAl EKTTOMUTTAC) TOU OTOIXEIOU OTIC ATUOOPAIPEG AOTEPWV.

1{]-8 % T T TTTTT T I T TTTTT T T T TTTTT ':E- 1{]'& E | |||| —
- ; - o ]
10° - - 10° & oS, . —
L .“:I-H.'lE = Lo TN *:i:é‘t-‘f : T -10 F - Py 3 '3-.-' :
5 E - 3 5 1007 = R T
= = - - 3 = - .-F"I -
C L - i r . * ." r‘ .
11 . =11 — - - ;“" .
1{] :? 1: 10 E . .h "w 3
E = = sasp =
1{]-12_ 1 IIIII]| 1 1 Illll.ll 1 1 lllllll | 10-12_|,|||||| 1 1 1 ||||-|| 1
0.001 0.01 0.1 0.1 1
Iron content relative to the sun Iron content relative to the sun
AoTtépla PhIKpAG Madag, wuxpda Kal AoTépla Bepud, peyaing padag
MEYAANG NAIKIOC Kal “MIKPNCS” NAIKIaG.
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2.UyKpIon Bewpiac Kal TTapaTnPnoOEwyV:
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H dnuioupyia Tou He ocupy@wva pe 1n Bswpia 1n¢ “Meyaing ‘Ekpnénc”

Xpovog @epuoKpaaia “Alepyaoiec” “‘AtToTéAEONA”
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