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Fig. 3. Relation between measured and
calculated meander wavelength from Eq.
1 (data plotted as dots) and Eq. 2 (data
plotted as open circles).

ston’s data about 98 percent of the
variation of the meander wavelength
from the mean is explained by mean an-
nual discharge alone, whereas, for the
data used here, only 43 percent of the
variation of wavelength from the mean
is explained by discharge. A possible
explanation of this large difference in
the coefficient of determination might
be that Carlston’s data were collected
from one type of river, whereas my
data were collected from a range of
channel types including both bedload
and suspended load channels as de-
fined above. The distribution of points
on Fig. 1 supports this assumption. The
points representative of suspended-load
channels, that is, those containing a
high percentage of silt and clay (M),
fall about the regression line, whereas
the points representative of bedload
channels, those containing a low per-
centage of silt and clay, plot well above
the regression line.

A multiple regression analysis yielded
the following equation:

1= 1890 Qm"*/M*™ (1)

In this equation mean annual discharge
(Om) and the percentage of silt-clay
in the perimeter of the channels (M)
explains 89 percent of the variation of
wavelength (/) from the mean (correla-
tion coefficient = .95; standard error
= 0.16 log units), which is a significant
improvement over the relation between
wavelength and discharge alone and
which indicates the influence of the type
of sediment load on the meander wave-
length.

Meander wavelength is related to the
bankfull discharge of many rivers (8,
9) or to a discharge of the order of
magnitude of the mean annual flood
(QOma). Dury’s (9) regression line relat-
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ing meander wavelength to bankfull
discharge passes through the scatter of
points resulting from the plotting of
meander wavelength against mean an-
nual flood (Fig. 2). On Fig. 2 the low
silt-clay channels plot above his regres-
sion line, whereas the high silt-clay
channels plot below his regression line.

A multiple regression analysis yields
the following equation:

| = 234 Qma **/M*™ @)

In this relation, 86 percent of the varia-
tion of meander wavelength from the
mean is explained (correlation coef-
ficient = .93; standard error = 0.19
log units), but only 40 percent of the
variation is explained by the use of
mean annual flood alone.

Significant improvement of the esti-
mation of meander wavelength occurs
when a factor representative of type
of sediment load is used (Fig. 3), and
it is concluded that differences in
meander wavelengths between rivers or
changes of meander wavelength along
a river cannot be attributed to changes
of water discharge alone. Instead, a ten-
fold range in meander wavelength at a
given discharge can be attributed to
variations in type of sediment load
(Figs. 1 and 2).

It has been suggested that the dimen-
sions of meanders are related to chan-
nel gradient (3, 10) and width (8).
However, a simple correlation of stream
gradient against meander wavelength is
not significant. It is true that the simple
correlation of meander wavelength with
channel width will be very good, but
both are closely related to discharge
and type of sediment load (7). There-
fore, although many river characteris-
tics are interrelated, as are width and
meander wavelength, the independent
variables that determine both channel
width and meander dimensions are dis-
charge and type of sediment load.

S. A. ScHUMM
Department of Geology,
Colorado State University,
Fort Collins 80521
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Mercury: Observations of the
3.4-Millimeter Radio Emission

Abstract. Observations of the 3.4-
millimeter radio emission from Mer-
cury during 1965 and 1966 yielded the
following relationship between average
brightness temperature Ty of the disk
and the planetocentric phase angle i:

Ts = 277 (£ 12) 4 97 (% 17) cos
[i 4+ 29 deg (% 10 deg)] °K

The errors are statistical standard; the
phase shift corresponds to a phase lag
—that is, the maximum and minimum
of insolation lag the maximum and
minimum of planetary radiation.

Observations of Mercury made in
1965 at 3.4 mm (88 Ghz) indicated
the absence of any significant difference
between the average brightness temper-
ature, Tp, over the disk on the day
and night sides (). That is, there was
no variation of T, with phase angle
i. This unexpected result led us to make
much more extensive observations in
1966. The resulting data clearly show a
T variation with phase angle.

We made observations at 3.4 mm
for a total of 410 hours of integration
time on 102 days from 5 April through
23 October 1966 with the 15-foot (4.57-
m), 2.8-arc-min-beamwidth antenna of
the Space Radio Systems Facility of
Aerospace Corporation. We used com-
puter-controlled dual-beam observing,
data reduction, and calibration proce-
dures identical to those used in 1965
(I). As in 1965, no data were taken
when Mercury was within 3 arc de-
grees of the sun. From three to 14
observing cycles, each 26 minutes long,
were obtained every day. The daily av-
erage antenna temperatures recorded
in 1966 ranged from —0.02 = 0.05
(standard error) °K to +0.38 = 0.04
°K. Correction factors for atmospheric
attenuation ranged from 1.13 to 1.67,
the average value being 1.36.

The daily values of T for both
1965 and 1966 are shown in Fig. 1.
The values represent unequal amounts
of integration time. We have not nor-
malized the observed T, values to
Mercury’s mean heliocentric distance; if
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Mercury were a blackbody, such nor-
malization corrections would amount to
s 11 percent. The scatter in the data
is large, particularly near superior con-
junction (i 0 degrees) when the
planetary signal is weakest, but is con-
sistent with the expected scatter due
to receiver noise. Despite the scatter,
a variation of T with i is apparent.

When the five 1965 values before
superior conjunction between phase an-
gles 300 degrees and 320 degrees are
weighted and averaged they yield a
Ty of 144 = 48 (standard error) °K.
This value, to which a high weight was
assigned at the time, was the principal
datum which influenced the conclusion
that the 1965 data showed no signifi-
cant day-night T, variation. But two
of the five points are negative and are
grossly inconsistent with the apparent
general phase variation. We extensive-
ly scrutinized the data of all 5 days
for errors in antenna pointing, ephem-
eris tracking, data reduction, voltmeter
scale factors, calibration, and solar
pointing checks, for deleterious anten-
na sidelobe detection of the sun (which
was about 15 degrees away from Mer-
cury at the time), and for spurious

negative signals due to time-constant
radio sources in the antenna reference
beam (by reobserving the positions
where Mercury was on the 2 low days).
No such errors or effects were found.
The distribution of the antenna tem-
peratures of the 54 observing cycles
recorded on these 5 days was non-
gaussian; hence the 144°K value should
not have been assigned as high a
weight as the formal standard error
of 48°K would suggest. Since other
points deviate from the mean phase
curve as much as these two points, we
conclude that it was an unfortunate
coincidence that both of these low
points occurred in the largest set of
averaged 1965 data.

" All of the Tj values were assigned
weights proportional to the amount of
integration time and inversely propor-
tional to the atmospheric attenuation
correction factor. The values were
then grouped into 20-degree intervals
of i, and weighted averages were ob-
tained; the results are shown in Fig. 2.
The error bars represent formal sta-
tistical standard errors computed from
the scatter in the antenna tempera-
tures recorded during all of the ob-
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Fig. 1. Daily values of the brightness temperature averaged over the disk of Mercury.

The values do not represent equal amounts

of integration time. The increased scatter

near superior conjunction (i = 0 degrees) simply represents the lower signal-to-noise
ratios obtained when Mercury is on the opposite side of the sun from the earth. The
direction (west or east) toward Mercury relative to the sun is also indicated. The ob-
servations represent 200 hours of integration time in 1965 and 410 hours in 1966.
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serving cycles in each 20-degree in-
terval; they are shown to indicate the
signal-to-noise ratio.

We assigned to each average Tp
a weight inversely proportional to the
product of the average atmospheric at-
tenuation correction factor and the
square of the statistical standard error.
Weighted least-squares fittings of an
equation of the form

Tp=To+ AT cos i—¢)°K (1)

where i ranges from O degrees (at su-
perior conjunction) to 360 degrees dur-
ing a synodic period, are (for 1966
data only)

Ty = 291 (== 15) + 87 (+ 18) cos
[i + 41 deg (= 13)] °K

and (for 1965 and 1966 data)

(2)

Tr = 277 (= 12) 4 97 (% 17) cos

[i 4+ 29 deg (= 10)] °K (3)
The statistical standard errors are in-
dicated; the estimated absolute calibra-
tion error of the system is 15 percent.
The derived negative values of ¢ are
consistent with the direct rotation in-
ferred from the radar results (2). The
solution for the 1965/1966 data is
not significantly different than the so-
lution for the 1966 data alone. The
dashed error bar point of Fig. 2 was
not used in the solution, but using this
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Fig. 2. Daily values of the brightness tem-
perature displayed as weighted averages
over 20-degree intervals in phase angle.
Averages of the 1966 data alone and the
1965 and 1966 data combined are shown.
Error bars represent statistical standard
errors. The dashed error bar indicates the
average computed by omitting the two
negative values of Tr measured before
superior conjunction in 1965. The curves
shown are the weighted least-squares fits
given in the equations. The differences be-
tween the fits to the 1966 data and the
1965/1966 data are not statistically sig-
nificant.
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point or omitting some of the lowest
weight points, or both, did not yield
least-squares solutions significantly dif-
ferent than those of Egs. 2 and 3.
Mercury’s  heliocentric  distances
were not the same during the times
of the three superior conjunctions we
observed. If Mercury behaved as a
blackbody, the differences in, the ob-
served 7', values near the three su-
perior conjunctions would have been
5 40°K, a value unfortunately much
smaller than the scatter in the data.
Kaftan-Kassim and Kellermann (3)
have reported 19-mm observations of
Mercury made during February and
March 1966. Their fit of Eq. 1 yielded

Ty = 288 (£ 17) + 75 (% 13) cos
[i + 38 deg (= 6deg)] K  (4)

Using our computing procedure, which
differs from theirs, we obtained the
following fit to their data:

Tis =294 (% 6) + 80 (=% 8) cos
[i + 34 deg (= 3 deg)] °K (5)
The standard errors are indicated.
Both fits to the 19-mm data are in
good agreement with the fits to both
the 1966 and 1965/1966 3.4-mm
data. This good agreement would be
puzzling if Mercury behaved at all like
the moon. Gary (4) has applied to
Mercury a horizontally homogeneous,
single-layer, thermally independent mod-
el that is reasonably consistent with
lunar observations. On the basis of
the 19-mm Mercury data (which is
more precise than the 3.4-mm data)
the model predicts a 3.4-mm phase
amplitude of 170 = 15 °K and a
phase lag of 16 == 3 arc degrees; these
values are, respectively, much greater
than and somewhat less than the ob-
served 3.4-mm values. But Mercury’s
large orbital eccentricity and the fact
that its rotation period is two-thirds
of its orbital period suggest that we
should not expect Mercury’s radio
emission to be like that of the moon.
A more complex model will be neces-
sary to predict how dissimilar the two
Mercury phase curves should be.
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Knoll and Sediment Drift near Hudson Canyon

Abstract. A parallel-bedded accumulation of sediments forms a low ridge on the
upcurrent side of a partially moated knoll. These sediments were deposited
beneath a southwestward-flowing current where it is locally decelerated by the

obstructing knoll.

A newly discovered knoll (I) pro-
truding 1000 m above the continental
rise off the eastern United States repre-
sents the top of a huge peak that has
been gradually buried by several kilo-

meters of sediments (Fig. 1) (2). A
ridge, 30 km long, 5 km wide, and 40
meters high, lying parallel to the regional
isobaths, trends northeastward from the
knoll to the natural levee of Hudson
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Fig. 1. A knoll on the continental rise of the eastern United States; contours in
standard echo-sounding units of 1:400 seconds travel time. Numbers 14 and 15 (inset)
refer to bottom photographs; arrows indicate direction of current inferred from
scour marks. Profiles illustrated in Fig. 2 are indicated by 4, B, C, and D.
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