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Considerations of a Planetary Radar 
System for the GBT 
John Ford and Dennis Egan 
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Outline 

•  Motivation 
–  Why consider this? 

•  Preliminary Technical Investigations 
–  What to design and build? 
–  What obstacles are in the way? 
–  What do we know as of now? 

•  Conclusions 
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Motivation 

•  Why a Radar transmitter on the GBT? 
–  Extra observing time and easier scheduling possible with another 

Planetary Radar Transmitter to complement Goldstone and Arecibo 
–  Good sky coverage and long tracks with the GBT 

•  Reaches down to -45 declination 
•  Access to 85 % of the sky 

–  Excellent surface and receivers give good Ae/Tsys 
–  Frequency diversity with higher frequency possible than at 

Goldstone or Arecibo 
•  Would require development of new Klystron? 
•  No large efficient bistatic partner antennas? 
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Antenna Specifications and Performance 

~1” over a half-hour (benign night-time 
conditions) 

Tracking accuracy 

~ 7 beams Prime Focus 
   100s – 1000s (10’ FOV) Gregorian. 

Field of View 

- 45°  to  90°Declination limits 
720”/ν [GHz]     =    12.4’ /ν [GHz] FWHM beamwidth 

Longitude: 79d 50' 23.406" West (NAD83)  
Latitude: 38d 25' 59.236" North (NAD83)  

Coordinates 

4” (blind) 
2.7” (offset) 

Pointing accuracy RMS  
(rss of both axes) 

~ 250 µm; average accuracy of individual 
panels: 68 µm 

Surface RMS 

35° / min azimuth 
17° / min elevation 

Slew rates 
5° to 90°Elevation Limits 

Off-axis feed,  Prime and Gregorian foci 
f/D (prime) = 0.29 (referred to the 208 m 

parent parabola) 
f/D (Gregorian) = 1.9 (referred to the 100 m 

effective aperture) 

Optics 
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GBT Characteristics   
High gain, good sensitivity 

•  100 meter unblocked aperture 
–  88 dB gain at 30 GHz 
–  83 dB @ 17 GHz 
–  77 dB @ 8.5 GHz 

•  Good sensitivity at X, Ku, and Ka bands 
–  Tsys of ~25K at X and Ku bands 
–  Tsys of 30K at 30 GHz 

•  Active surface: 
–  Overall surface accuracy about 240 microns RMS, individual panels 

~ 70 microns 
–  Good aperture efficiency: X, Ku ~ 70%, Ka ~65% 
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GBT Aperture Efficiency (R. Maddalena, 2009) 
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Active Surface 
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GBT Construction 

•  Offset paraboloid 
–  No center blockage 
–  Good access to the focus cabin 
–  Self-supporting cantilevered 

feedarm imposes limits on 
weight capacity 

•  Large structure! 
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Strawman Design Parameters 

•  Assume X, Ku, or Ka band 
–  Transmitter assembly is about the same size and weight (~2 tons) 

•  Assume 500 and 1000 KW power output for comparison 
•  Choose modular dry cooling system 
•  Power supply on the rotating structure 

•  Given the above, what would the plan be? 
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Transmitter Assembly Position 

•  Limited to 2 tons 
•  Near feed to reduce waveguide losses 
•  Needs environmentally controlled space 
•  Accessible for maintenance 
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Cooling System   
Sized for 500 KW system, provides 1.34 MW dissipation 

•  2 units 
•  185 GPM each 
•  62C inlet temp 
•  47C outlet temp 
•  85 deg ambient 
•  Place near 

transmitter for 
efficiency? 

Proposal: P-20610, pg. 6
May 18, 2015
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CUSTOMER:

REF: BY: hhh12/16/10

ALL DIMENSIONS ARE SUBJECT TO CHANGE. CONSULT FACTORY FOR CERTIFIED DREAINGS

CONNECTION CHART!

   ODS SIZES !

1.125"!

           1.625"!

2.125"!

2.625"!

3.125"

   gpm!

1-10!

11-35!

36-75!

76-120!

121 & ^

NOTES:!

 (1)   MOUNTING LEGS ARE RETRACTED FOR SHIPPING PURPOSES AND MUST BE 

LOWERED IN POSITION FOR UNIT INSTALLATION!

 (2) UNIT MUST BE FREEZE PROTECTED!

 (3) CONNECTION SIZES DO NOT NECESSARILY REFLECT THE REQD PIPE SIZE TO 

AND FROM THE COOLER. PROPER PIPE SIZE MUST BE CALCULATED USING 

RECOGNIZED PIPE SIZING PRACTICE!

 (4) COOLER MUST BE LOCATED FAR ENOUGH AWAY  FROM ANY OBSTRUCTION(S) 

TO AVOID  AIR FLOW RESTRICTION OR RECIRCULATION OF WARM AIR!

 (5) SEE DRY COOLERS BULLETIN FOR DETAILED INSTALLATION INFORMATION

CONNECTION NOTES:!

(1) ALL CONNECTIONS ARE!

      ODS UNLESS OTHERWISE NOTED!

(2) SUPPLY AND RETURN CONNECTIONS!

      ARE SAME SIZE!

(3) CONNECTION SIZES DO NOT!

      NECESSARILY REFLECT THE REQD!

      PIPE SIZE TO AND FROM THE COOLER.!

      PROPER PIPE SIZE MUST BE CALCULATED!

      USING RECOGNIZED PIPE SIZING PRACTICE

!
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CONTROL BOX

Ø 5/8" MOUNTING!
HOLE, TYP 4 PL

Ø 7/8" MOUNTING!
HOLE, TYP 4 PL

35 1/2"

45"

MODEL!
NO.

FAN  DATA APPROX.!
NET WEIGHT

QTY DIAMETER TOTAL CFM

COIL VOLUME!
(GALLONS) 

AVR-096 6 30" 63,000 2,500 LBS 22.2

AVR-101 6 62,000 2,650 LBS 29.2

AVR-108 6 61,500 2,800 LBS 36.2

FAN MOTORS ARE 1 1/2 HP, 1140 RPM, 3.2 FLA ea @ 460V/3Ø/60HZ

30" 

30" 

Aqua-Vent Model AVR-096 Air-Cooled Heat Exchanger

DRY COOLERS INC. 800-525-8173
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Cooling System 

Pump, controls and reservoir  
(2 each)  
 
 

Proposal: P-20610, pg. 8
May 18, 2015

Closed-Loop Pump Station

DRY COOLERS INC. 800-525-8173
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Power supply 

•  Placed on Alidade platform in new room 
–  Solid state power supply (no crowbar needed) 
–  One wrap to go around < 90 degrees 
–  New 4160 V feed from substation 
–  New power feed from Commercial power line 



28 June 10, 2015 Planetary Science 
Workshop 



29 June 10, 2015 Planetary Science 
Workshop 



30 June 10, 2015 Planetary Science 
Workshop 



31 June 10, 2015 Planetary Science 
Workshop 



32 June 10, 2015 Planetary Science 
Workshop 

Conclusions 

•  A 500 KW X band system is feasible 
•  A 1 MW X band system is probably feasible 
•  A large Ku or Ka band system is feasible, but no Klystrons exist.  

Large (MW!) 95 GHz Gyrotrons exist, however, so it is possible 
to build them. 

•  From the discussions yesterday, a high-frequency radar is 
probably desired by most users, to diversify and complement 
existing radar system capability 
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