Whispers from
Space

NASA's Deep Space Network

Tony Rice, NASA/JPL SSA August 2025
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An uninterrupted view

of the solar system

* Goldstone near Barstow In
California's Mojave Desert

* Robledo near Madrid, Spain

* Tidbinbilla near Canberra,
Australia

* Space Flight Operations Facllity
JPL building 230, Pasadena,
California

View looking down on

Earth’s North Pole

California
View
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View
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Ultra-High Frequency Antenna

/ orbiter communications

r y The X-Band Low-Gain Antenna
'f s 4/ always-on omni-directional receiver

.~ The X-Band High-Gain Antenna

Transmitting directly to Earth
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MAVEN (MVN) .

ESA's Mars Express (MEX)



high gain antenna

low gain antenna

Mars Odyssey
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Frequency & Timing (F&T)
DSN Data Types

* Atomic clock for deep space

* Hydrogen maser & Caesium-133
clocks

* Cryogenic sapphire oscillator
(e5510)

* Referenced to GPS and US Naval
Observatory master clock

* Leap Days and Leap Second
handled




Tracking (TRK)

DSN Data Types

* Doppler, ranging, & predicts

* Measure distance to spacecraft
within ~1m

* determine a spacecraft's
trajectory

* Infer gravity fields of bodies that
affect the spacecratt.

NASA/JPL



Comand (CMD)

DSN Data Types

* Tells the spacecraft

* what to science to do
(Instruments, cameras, etc.)

* where to go (navigation)
* Upload software updates

* Like telemetry-in-reverse

Image: NASA/JPL



Telemetry (TLM)

DSN Data Types

°* From the greek "tele" (far off),
and "metron" (measure)

* Download data
* engineering measurements like

* temperatures of parts of the
Spacecratft

°* Images from Its cameras

* data from science Iinstruments

Image: STScl



Radio Science (RS)

DSN Data Types

* uses the spacecraft radio and the
DSN together as a science
Instrument

* Measures things like:

* Atmospheres of planets and
moons

* Gravititational influences

* Planetary rings



Very Long Baseline Interferometry
(VLBI)

DSN Data Types

* Special kind of radio science
* Uses widely space DSN dishes

* Observes a wide range of
frequencies

* Used to observe:
* Quasars

* Very large objects via synthetic
aperature

Tf.m«;xutuhi s Q
Disk Array Tmage'



Monitor (MON)

DSN Data Types

* reports on the operation and
performance of the DSN Itself




Canberra
Tidbinbilla, Australia

Built in 1963 to support Apollo
program

Upgraded for Voyager, HST &
STS programs

Surrounding ridges sheild _ Active Retired
radio interference

Kangaroos, lizards, & parrots

Visitor Center

DSS-43 DSS-34 DSS-35 DSS-36 DSS-45 DSS-42 DSS-33
64->70 meter 34-meter 34-meter 34-meter 34-meter 26->34-meter  1l-meter
Apollo Beam Wave Guide slab cooling  added capactity Mariner program  Mariner program radio astronomy

1972- 1997- 2014- 2016- (1986-2016) (1964-2000) (1996-2008)



Madrid

Robledo, Spain

* Built in 1963 to support
Apollo program

Active Retired

DSS-61-63, 66
DSS-63 DSS-65 DSS-53 DSS-54 DSS-55 DSS-56 26-meter
64-70 meter 34-meter 34-meter 34-meter 34-meter 34-meter Mariner
1973- 1987- 2022- 1997- 2003- 2021- (1961, 1974)

NASA/JPL



Goldstone
California High Desert

* Built in 1958 to support the
Pioneer (lunar probe)
program

* First DSN site

=wem BUITOS, tarantulas, tortoises
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bW Visitor Center in the Harvey
=vas House, Barstow, CA

NASA/JPL

Active Retired

il DSS-24 DSS-53 DSS-26 oo DSS-12 DSS-13
"Mars" 34-meter 34-meter 34-meter "Pi-orzgeer'r' Zﬁémhet?r Z'S/-mete"r
1087- 2022- 1997- cho enus
1973- (1958-1981) (1962-2012)  (1962-1981)
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DSS-14 Mars
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dish surface area: ~ 1 acre NASA/IPL. Rice




DSS-24, 25, & 26 "Apollo”
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Antenna Design
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Beam Waveguide
Antenna Design
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Subreflector
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reflect certain frequencies, allow

Dichroic Plate

34-meter beam wavegu

* Holes are precision aligned
others through
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