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Pioneer 11 Infrared Radiometer Experiment:
The Global Heat Balance of Jupiter

Abstract. Data obtained by the infrared radiometers on the Pioneer 10 and
Pioneer 11 spacecraft, over a large range of emission angles, have indicated an
effective temperature for Jupiter of 125° = 3°K. The implied ratio of planetary
thermal emission to solar energy absorbed is 1.920.2, a value not significantly
different from the earth-based estimate of 2.5 +0.5.

Data from the Pioneer 10 and Pioneer
11 infrared radiometers provide a good
sample of the infrared emission of Jupi-
ter as a function of latitude and emis-
sion angle. Pioneer 10 gave one map in
cach of two broad spectral channels,
each map consisting of an image cen-
tered at 11°S on Jupiter (/). Pioneer
11 gave two maps in each channel, an
inbound map centered at 41°S and a
partial outbound map centered at 52°N.
About one-half of the outbound view-
ing period was lost as a result of false
commands during passage through the
radiation belts. The spatial resolution on
Jupiter ranged from 1/30 to 1/200 of
the planetary diameter. More than 3% of
the surface area of Jupiter was viewed
by the radiometers.

The absolute calibration, with respect
to a blackbody, was done in the labo-
ratory before the flight. In-flight cali-
bration, relative to the laboratory value,
is provided by a calibrator plate at a
known temperature which is moved into
the field of view once every 12 seconds
(2). The zero is set when looking at
space, and the response to the calibrator
plate is then compared with the response
measured in the laboratory. No signifi-
cant changes occurred during the flight.
Both before and after encounter on Pio-
neer 10 and Pioneer 11 the response in
each channel differed from the labora-
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tory value by no more than 3 percent.
Our estimates of the uncertainty arising
from the calibration procedures range
from =*=4 to = 8 percent. The latter value
will be used throughout this report.
The two spectral channels are cen-
tered at wavelengths A of 20.0 and A =
45.4 pm and have equivalent widths of
11.6 and 22.7 pum, respectively. The
measured intensities I, are fitted to low-
order polynomials in p and u;, where
n=cos  is the cosine of the emission

Table 1. Estimates of the ratio of the total
emitted flux F = ¢T.%, integrated with respect
to wavelength, to the sum of the fluxes Fu, +
F,; observed in the spectral channels of the
radiometer.

Description of model Ratio

Blackbody

T, = 120°K 1.752

T, = 130°K 1.700

Best fit to Fu + Fy 1.725
Radiative equilbrium (4)

T, = 123.8°K, He/H, = 1.0 1.736

T, = 131.5°K, He/H, = 1.0 1.673

T, = 124.9°K, He/H, = 0.0 1.704

Best fit to Foo + Fus, Fys/Fao 1.723
Direct thermal inversion (5)

T, = 127.9°K (SEB) 1.694

T, = 124.6°K (STrZ) 1.730
Adopted value (this study)

T, = 125° = 3°K 1.72 = 0.03

angle and p; = sin [ is the sine of the
latitude. The flux versus latitude [Fy-
()] and the globally averaged flux
(F)) in each channel are then derived
from the formulas

1
E\(u) =2m f.ulx(u,m)du
0

and

1
Fo= 4 [ (A =2e’) F\(u)dm
2 (1 —2¢/3)
1

where ¢ is the oblateness of Jupiter, ap-
proximately equal to 0.065 (3). Terms
of order ¢2 have been neglected.

The values of Fy () and F, depend
on the method one employs to average
the data, for example, using second-
order instead of third-order polynomi-
als, folding the northern and southern
hemisphere data together instead of
treating them separately, or using Pio-
neer 10 and Pioneer 11 data combined
instead of treating them separately. The
spread of values provides an estimate of
additional uncertainties that are not in-
cluded in the =8 percent associated
with the absolute calibration. These ad-
ditional uncertainties appear to be small.
Estimates of F, obtained from Pioneer
10 and Pioneer 11 data treated separate-
ly differ from those obtained from the
combined data by no more than 3 per-
cent. Different polynomial fits to the
combined data give values of f,\ differ-
ing by no more than 1 percent. In addi-
tion, the values of Fy (y1;) appear to be
very ncarly independent of Ilatitude,
Fyy(ny) decreasing and F5(u;) increas-
ing from the equator to the pole by
about 5 percent, respectively. The values
of Fyy and Fy obtained in this way are
3035 and 5100 erg cm—2 sec—1, re-
spectively.

The sum (F,y+F,5) represents a sig-
nificant fraction of the average emitted
flux F=oT,* integrated with respect to
wavelength, where o is the Stefan-Boltz-
mann constant. The precise value of this
fraction depends on the planetary emis-
sion in spectral ranges outside the two
channels as shown in Table 1. If the
planetary emission were to follow a
blackbody spectrum, then F/(Fyy+ F45)
=1.725. Radiative-convective equilibri-
um models (4), in which the effective
temperature T, and the ratio of He to
H, are free parameters, give F/(Fyy-+
Fy) =1.723. Finally, by direct inver-
sion of the intensity data, in which the
vertical thermal structure is adjusted so
that I,,(n) and I,5(n) agree with ob-
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servation, one obtains F/Fyy+F,5) =
1.694 and 1.730 in the South Equatorial
Belt (SEB) and South Tropical Zone
(STrZ) respectively (5).

All these models have a brightness
temperature which remains constant to
within +=20°K with respect to wave-
length. This is consistent with ground-
based observations in the range from
8 to 14 pum (6) and in the range from
1 to 2 cm (7). Accordingly, we have
adopted the value 1.72+0.03. With the
observed values of F,, and F,; this
gives an effective temperature 7, for
Jupiter of 125° % 3°K, where the un-
certainty is almost entirely in the cali-
bration.

The ratio of total emitted power E to
absorbed solar power S for Jupiter is
given by
E _ 46T.'(1 —2¢/3)

ST U—AF(0—eg 'Y

Here F, is the solar flux at Jupiter’s
orbit, and A4 =0.42 is the bolometric
Bond albedo (8). The uncertainty in
(1—4A) is at least as great as that as-
sociated with o7 2. Our measurements
thus are not inconsistent with the value
E/S = 2.5 % 0.5, previously determined
by earth-based observations (9).
Future papers will deal with the
basic data related to the global heat
balance, the implications of our mea-
surements on the vertical thermal struc-
ture of Jupiter’s atmosphere, and the
heat balance of local regions on the
planet. Preliminary results (5) of these
studies reveal, first, that temperatures
and pressures agree with ground-based
values (4, 7, 10) but do not agree with
the Pioneer 10 radio occultation re-
sults (17), and, second, that the molar
fraction of He is not greater than 0.4.
As previously remarked (/), the mea-
sured temperature field is incompatible
with model calculations for an atmo-
sphere in radiative-convective equilib-
rium, so such calculations cannot be
used as originally planned (I2) to ob-
tain a more accurate estimate of the
He abundance.
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S. Belton,

Pioneer 11 Meteoroid Detection Experiment: Preliminary Results

Abstract. The concentration of meteoroids of mass ~ 10—8 gram in interplane-
tary space, in the asteroid belt, and near Jupiter has been measured. The data
confirm the Pioneer 10 observation that the asteroid belt is not highly populated
with small meteoroids, suggest that the high concentration of small particles
around Jupiter is the result of gravitational focusing, and provide an indication
of the mass distribution of meteoroids in interplanetary space.

The first measurements of the popu-
lation of small meteoroids outside the
orbit of Mars were made with the
meteoroid detection experiment on
Pioneer 10 (/). The Pioneer 10 de-
tector was sensitive to particles of
mass ~ 10—? g. A similar experiment
on Pioneer 11, sensitive to particles of
mass ~ 10—8 g, has now provided us
with data on the mass distribution of
meteoroids in interplanetary space. The
meteoroid detectors on Pioneer 11 are
pressurized cell penetration detectors
like those on Pioneer 10 except that
the cell wall exposed to the meteoroid
environment is 50 um thick, twice as
thick as those on Pioneer 10 (2). There
are 234 pressurized cells on each
spacecraft, divided into two data chan-
nels to increase reliability. The data
from 108 cells are processed by the
channel O instrument, whereas the data
from the other 126 cells are processed

by the channel 1 instrument.
HELIOCENTRIC DISTANCE, AU
4

The time history of the meteoroid
penetrations on the channel O instru-
ment is shown in Fig. 1. The Pioneer
10 data are also shown for comparison.
The approximate heliocentric range is
indicated on the upper scale.

On Pioneer 11 the penetration rate
was high between 1.00 and 1.15 astro-
nomical units (A.U.). There were no
meteoroid penetrations between 1.15
and 2.3 A.U. The penetration rate be-
tween 2.3 and 5.0 A.U. was lower than
that measured between 1.00 and 1.15
A.U. There was no increase in the
penetration rate in the asteroid belt
and hence no evidence that the asteroid
belt is a significant source of small
meteoroids.

The Pioneer 11 data can be com-
pared directly with the Pioneer 10 data
for interplanetary space because the in-
terplanetary trajectories were similar.
The penetration rates differed by about
a factor of 2 near 1 A.U., in agreement
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