
upon and bore-sighted with the micro- 
wave radiometer described in the ac- 

companying article. Both instruments 
therefore executed the same scan 

pattern caused by the combined effects 
of the probe motion and a rotation of 
the radiometers in a plane normal to 
the probe-sun line. It was originally 
planned to have approximately 15 
scans of the planet, but a failure of 
the scan reversal system reduced this 
number to three. Five pairs of radiation 

temperatures were obtained on the 
dark side, five on the sunlit side, and 

eight along the terminator. 
The radiometer was calibrated at 

the Jet Propulsion Laboratory by using 
two cylindrical black bodies; one was 
maintained at liquid nitrogen tempera? 
ture, while the other was variable over 
the expected planetary temperature 
range. In addition, a one-point check 
was obtained during encounter by 
having the radiometer view a plate, 
located on the spacecraft structure, 
whose temperature was independently 
measured. 

The data are consistent with an 

equality of the 8- and 10-/* radiation 

temperatures. This apparent equality 
would indicate that there was little CO2 

absorption in the light path. The im- 

plications are that the measured tem? 

peratures were cloud temperatures, 
that the clouds were quite thick, and 
that essentially no radiation was trans- 
mitted from the surface. 

A definite limb-darkening was ob? 
served in both spectral channels; the 
radiation temperatures showed a mon- 
otonic decrease of approximately 20?K 
between the central region and the 
limbs. Central radiation temperatures 
are estimated to have been on the 
order of 240?K; an evaluation of the 

accuracy of the absolute calibration 
is currently underway. The data do not 
show any clear-cut evidence of asym- 
metry in the limb-darkening, except 
for an anomaly on the southern part 
of the terminator scan. In particular, 
the light- and dark-side temperatures 
were qualitatively the same. The anom? 

aly was about 10?K cooler than ex? 

pected on the basis of symmetrical 
limb-darkening (/). One obvious inter? 

pretation of this temperature anomaly 
is that the clouds were locally higher 
or more opaque, or both. An interest? 

ing possibility is that this was asso? 
ciated with a surface feature. 

A detailed analysis of the data, in? 

cluding a simulation of the Mariner 

flight equipment, is being carried on 
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in an effort to place realistic limits on 
the accuracy of the measurements and 
to understand anomalies which ap? 
peared in the science subsystem during 
calibrations made in flight but before 
encounter. Until these difficulties are 
resolved the results must be considered 
tentative (2). 

S. C. Chase 
Jet Propulsion Laboratory 

L. D. Kaplan 
Jet Propulsion Laboratory and 

University of Nevada, Reno 
G. Neugebauer 

Jet Propulsion Laboratory and 

California Institute of Technology 

Notes 

1. Cool features have also been reported by 
Sinton and Strong, Astrophys. J. 131, 470 
(1960), and by Murray, Wildey, and West- 
phal, talk at Am. Geophys. Union meeting, 
Stanford, Calif., Dec. 1962. 

2. We acknowledge the help of Carl Sagan, 
who was an active participant during the 
conception and initial planning of this ex? 
periment. We thank the engineering staff of 
the Jet Propulsion Laboratory whose skill 
and perseverance made the Mariner II space? 
craft successful. We especially thank M. 
Eimer, T. Harrington, K. Heftman, K. Hoyt, 
J. Martin, and W. Valentine of the Jet Pro? 
pulsion Laboratory, and F. Schwarz, F. 
Weeks, and A. Ziolkowski of the Barnes En? 
gineering Corporation for their contributions 
to this experiment. 

25 February 1963 

Microwave Radionieters 

Earth-based measurements of the 
radio emission of Venus have indi- 
cated that the planet's temperature is 

approximately 600 ?K for wavelengths 
in excess of 3 cm. This temperature 
may be contrasted with infrared mea? 
surements of Venus, which yield values 
somewhat less than half those obtained 

by radio. The radio data, which are 
critical to our understanding of the 
Venusian environment, rest on terres- 
trial observations which suffer from lack 
of resolution and insufficient precision. 
Fly-by planetary probes offer the pos? 
sibility of precision and resolution with 
modest radiometers. Accordingly, the 
Mariner II spacecraft was instrumented 
with a two-channel microwave radi? 
ometer operating at wavelengths of 13.5 
and 19.0 mm (1). The radiometer's 
total weight was 22 lb. Its average 
power consumption was 4 watts; its 

peak power consumption was 9 watts. 
The radiometers were of the crys? 

tal video type; the Dicke switching 
technique was used. Comparison 
horns, oriented to avoid pointing 
toward Venus and the sun, provided 
reference temperatures. The radiom- 

eters operated with a common an? 
tenna having a diameter of 48.5 cm. 
The pertinent equipment performance 
parameters are given in Table 1. 
The effective antenna gain was cali? 
brated by using a black disk of known 

temperature whose angular size was 

designed to be approximately the size 
of Venus at encounter. This calibration 
was performed on Table Mountain 
near Wrightwood, Calif., in March 
1962. 

During the HCJ-day flight 23 noise 
calibrations were made, and thus the 

gain, base-level, and time constant per? 
formance of the radiometers could be 
monitored en route. 

The radiometers were energized and 
the antenna scan motion was activated 
about 6V2 hours before encounter. 
The scan motion had an angular extent 
of 123.5? and a nominal scan rate of 
0.1? per second. The microwave radi? 
ometer beams first made contact with 
the planet Venus at 18:59 GMT (space? 
craft time) 14 December 1962. Dur? 

ing the next 35 minutes three scans 
across the planetary disk were ob? 
tained. The approximate angular ex? 
tent of each scan was: scan 1, 10 deg; 
scan 2, 15 deg; scan 3, 10 deg. The 
altitudes at mid scan were: scan 1, 
40,200 km; scan 2, 37,750 km; scan 

3, 35,850 km. Scan 1 was located 
on the dark side, scan 2 was located 
near the terminator, and scan 3 was 
located on the light side. 

Telemetered digital data points, pre? 
sented as voltages as a function of 

time, are the basic data. The data must 
be corrected for a number of effects 
before they may be considered as 

yielding the microwave temperature 
distribution across the planet. Among 
these corrections are the more im? 

portant effects of the post-detection 
time constant, and a detailed consid- 
eration of the antenna pattern. 

The noise tube calibrations ob? 
tained en route to Venus have enabled 
us to determine the in-flight time con? 
stant and gain of the radiometers. The 

gain of both channels decreased dur? 

ing the cruise, and the zero levels had 

systematic variations. These effects 
were more serious in the 13.5-mm 

radiometer, and a more exhaustive 

analysis must be made before the re? 
sults from this channel can be re? 

ported. Accordingly, we present now 

only a preliminary analysis of the 19- 
mm channel (2). 

Preliminary estimates of the peak 
brightness temperatures of the three 
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Table 1. Radiometer characteristics. 

* 1 Gcy = 1 gigacycle = 109 cycles. 

scans follow. (The temperatures are 
based on calculations which account 
for the effects of the antenna beam 
and the post-detection time constant.) 
For scan 1 (dark side), 460?K; for 
scan 2 (near terminator), 570?K; for 
scan 3 (light side), 400?K. The errors 
of the quoted temperatures are esti? 
mated to be 15 percent. 

The possibility of interference be? 
tween the Mariner radiometer data 
channels is being investigated. This 
effect is not expected to alter signifi? 
cantly the tentative conclusions we have 

given. To date, the analysis of the 

preliminary results suggests that there 
is no significant difference in the micro? 
wave temperatures on the light and 
dark sides of the planet. In addition, 
the results suggest a limb darkening, 
an effect which presents cooler tem? 

peratures near the edge of the plan? 
etary disk. The ionosphere model of 

Venus, which permits earth-like tem? 

peratures, appears to be ruled out by 
these observations. On the other hand, 
the observed limb darkening is con- 
sistent with a model of the Venusian 
environment which has high tempera? 
tures originating deep in the atmo? 

sphere or at the surface of the planet. 
F. T. Barath 

Jet Propulsion Laboratory 
A. H. Barrett 

Research Laboratory of Electronics, 
Massachusetts Institute of Technology 

J. Copeland 
Ewen Knight Corporation 

D. E. Jones 

Brigham Young University, Provo, 
Utah, and Jet Propulsion Laboratory 

A. E. Lilley 
Harvard College Observatory, 
Cambridge, Massachusetts 

Notes 
1. The radiometer was designed and built at 

the Jet Propulsion Laboratory. It was based 
on a larger, four-channel flight instrument 
developed by the Ewen Knight Corp. 

2. A detailed report is in preparation. 
25 February 1962 
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Magnetic Field 

Abstract. Mariner 11 magnetometer 
data gave no indication of a Venusian 

magnetic field. This implies, by com- 

parison with spacecraft measurements 
near Earth and with theoretical models, 
that the magnetic dipole moment of 
Venus is at most 1/10 to 1/20 that of 
the earth. 

Magnetometer data, obtained as 
Mariner II passed Venus, gave no evi? 
dence of a Venusian magnetic field at 

any point on the trajectory. No rise in 
the average value of the magnetic field 
above the value of the interplanetary 
field was detected which could be at- 
tributed to the planet. The sensitivity of 
the magnetometer is such that a field 

change as large as about 4 gamma on 

any axis would have been detected. 

(One gamma is 10~5 gauss. The magni? 
tude of the earth's field at the equator 
is about 30,000 gamma.) During en? 

counter, a slow change no larger than 
about 10 gamma was observed. How? 

ever, this change should be attributed 
to a temporal change in the interplan? 
etary magnetic field because it did not 
have the character of a planetary field. 
We did not detect the continuous fluc- 
tuations with periods from 1 second to 
1 minute and amplitudes of the order 
of 3 gamma, that seem characteristic of 
the interplanetary region just outside 
the geomagnetic field. Simultaneous 
measurements by other Mariner experi? 
ments also failed to reveal any effect as? 
sociated with a planetary field such as 

trapped particles or a modification in 
the flow of solar plasma (7). 

These results do not necessarily mean 
that Venus has no magnetic field, for 
the solar wind would confine a weak 
field to a limited region close to the 

planet (2). The observations indicate 
that the field does not extend out to 
the Mariner trajectory, for which the 
distance of closest approach from the 
center of Venus was approximately 
41,000 kilometers. The results are con- 

sistent, however, with the possibility 
that Venus has no magnetic field. 

Since the planetary field does not ex? 
tend out to the Mariner trajectory, an 

upper limit for the magnetic dipole mo? 
ment of Venus can be estimated. Theo? 
retical models of the interaction of the 
solar wind with a dipole magnetic field, 
including a crude estimate of the extent 
of the disturbed region outside the mag? 
netosphere, indicate that the dipole mo? 
ment of Venus, if it is approximately 

perpendicular to the Sun-Venus line, is 
less than 1/10 that of the earth. Com? 

parison of the measurements made 
near Venus with those made by other 

spacecraft near the earth leads us to 
the conclusion that the dipole moment 
of Venus is less than 1/10, or perhaps 
1/20, that of the earth. If the dipole 
moment of Venus is the dominant field 

source, the magnitude of the surface 
field is less than 5 to 10 percent of the 

geomagnetic surface field. If Venus 
has a more complicated magnetic struc? 
ture than the earth, so that higher- 
order multipoles are important, the 
surface field in places could be larger 
than the earth's field without increas- 

ing the strength of the field along the 
Mariner trajectory to an observable 
value. 

Phenomena associated with the geo? 
magnetic field, such as the trapping of 

particles in radiation belts and the au- 

rora, are likely to be greatly modified, 
less important, or completely absent on 
Venus because of its weaker field. The 
cosmic ray flux at the top of the Venus 

atmosphere may everywhere correspond 
to the high level found on earth only 
in the polar regions. 

The Mariner data now add Venus to 
the other members of the solar system 
whose magnetic properties are partially 
known. Recent interpretations of the 

polarized radio noise from Jupiter in? 
dicate that the magnetic field of the 
surface is 5 gauss (3). The Lunik II 

magnetometer showed that the surface 
field of the moon, on the sunlit hem? 

isphere, is less than 100 gamma (see 
4). 

Jupiter rotates rapidly, twice in an 
earth day, and is 10 times as large as 
the earth. The moon rotates once each 
28 days, and astronomical observations 
indicate that Venus, too, may be ro- 

tating slowly. These observations sug? 
gest that planets and satellites that ro- 
tate much less rapidly than the earth 
have small magnetic fields. This is con- 
sistent with theories (5) which ascribe 

planetary magnetic fields to a dynamo 
action inside the molten core of a ro- 

tating planet (6). 
E. J. Smith 

Jet Propulsion Laboratory, California 
Institute of Technology, Pasadena 

Leverett Davis, Jr. 

California Institute of Technology 
P. J. Coleman, Jr. 

University of California, Los Angeles 
C. P. Sonett 

Ames Research Center, 
Moffett Field, California 
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