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Radar Determination of the Rotations of Venus and Mercury
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F1c. 2. Inferred limb-to-limb Doppler spread vs date for
observations of Venus taken at the Arecibo Ionospheric Observa-

tory during 1964. The solid curve represents the least-mean-square
fit to the data and corresponds to a rotation period of 245.142
days and a rotation axis inclined by —89.841 deg to the ecliptic.
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STUDIES OF THE MOON 231
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Figure 16
The first range-Doppler image of the Moon, 7 January 1960, made by Gordon Pettengill, using techniques developed by his
Lincoln Laboralory colleague Paul Green. The top of the image (shown in range box 2) represents the point on the lunar sur-
face closest to the radar. Pettengill, as the first associate director of the Areaibo Ionospheric Observalory, as it was then called,
later guided range-Doppler imaging of the Moon and planets at Arecibo as well as al the Haystack Observatory. (Courlesy of
MIT Lincoln Laboratory, Lexington, Massachusells, photo no. 261209-1D.)
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Zadoff-Chu sequence

frequency shift

N of complex signal
The complex value at each position n of each root Zadoff—

Chu sequence parametrised by u is given by .. / 1:7"' t
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The auto correlation of a Zadoff—Chu sequence with a cyclically shifted version of
itself is zero, i.e., it is non-zero only at one instant which corresponds to the cyclic shift.
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Moon Echo Polarization
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Venus: TX at 2025-03-22T12:00:00.000 from Dwingeloo, RX at 2025-03-22T12:04:40.016 at Stockert for 1299.5 MHz
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# 120 minutes
files = ([
cw—-0-278.sigmf-meta",
cw—-0-278.sigmf-meta",
cw—-0-278.sigmf-meta",
cw—0-278.sigmf-meta
zadoff-chu-2000- 556007 10301-0-278-1.sigmf-meta",
zadoff-chu-2000-556007-10301-0-278-1.sigmf-meta",

zadoff-chu-2000-556007-10301-0-278-1.sigmf-meta",
bpsk-2000-278-1.sigmf-meta",

bpsk-2000-278-1.sigmf-meta", failed
cw—0-278.sigmf-meta",

morse-DT-0.1lwpm.sigmf-meta",

cw—-0-278.sigmf-meta







Normalized Power Normalized Power Normalized Power

Normalized Power

Earth-Venus-Earth 22-03-2025

Dwingeloo-Stockert CW1

1.4 4
1.3 A
1.2 4
1.1
1.0

T T T T
—-200 -150 -100 -50 0 50 100 150 200

Dwingeloo-Stockert CW2

—-200 -150 -100 -50 0 50 100 150 200

Dwingeloo-Stockert CW3

—-200 -150 -100 -50 0 50 100 150 200

Dwingeloo-Stockert CW4

—-200 -150 -100 -50 0 50 100 150 200
Frequency offset from predicted Doppler (Hz)

Dwingeloo-Dwingeloo CW1

—-200 -150 -100 -50 0 50 100 150 200

Dwingeloo-Dwingeloo CW2

1.4 4

e 240
L3 LELYA0G
1.2 1

—-200 -150 -100 -50 0 50 100 150 200

Dwingeloo-Dwingeloo CW3
1.4 4
e 260
BB e s -—- 400
124
1.1 A
1.0 4

—-200 -150 -100 -50 0 50 100 150 200

Dwingeloo-Dwingeloo CW4

1.4 4

e 240
3 ] ——- 400
1.2 1
119
1.0

—-200 -150 -100 -50 0 50 100 150 200
Frequency offset from predicted Doppler (Hz)

4x 278 seconds CW

Received at Dwingeloo
and Stockert



Normalized Power Normalized Power

Normalized Power

Earth-Venus-Earth 22-03-2025

Dwingeloo-Dwingeloo

1.4 |
* 620

1.34 -=- 400

-200 -150 -100 =50 0 50 100 150 200

Dwingeloo-Stockert

1.4 A
e 900

-200 -150 -100 -50 0 50 100 150 200

Combined Dwingeloo/Stockert

1.4 A
e 10.10

1.3 1 -=- 400

-200 -150 -100 -50 0 50 100 150 200

Frequency offset from predicted Doppler (Hz)

4x 278 seconds CW
Averaged

Received at Dwingeloo
and Stockert



Signal-to-noise ratio
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Dwingeloo-Stockert combined Earth-Venus-Earth detection
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On March 22nd, 2025, the Dwingeloo Telescope
transmitted radio signals towards the planet Venus.
Carrier-wave signals were transmitted at

12:01:00, 12:11:00, 12:21:00 and 12:31:00UTC,
each 4m38s in length to fit within the 4m40s
round-trip travel time from Earth to Venus and back.

This figure combines results from four 4m40s
data recordings with the Dwingeloo Telescope
and Astropeiler Stockert starting at 12:05:40,
12:15:40, 12:25:40 and 12:35:40UTC, correcting
for the relative motion between Earth and Venus.
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