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godda rd 
SAS-B in Orbit from Africa 

Goddard’s Small Astronomy Satellite-B, carrying the most 
advanced gamma ray telescope ever orbited, was lofted into the 
starry African sky early on November 16 from the San Marco 
Equatorial Range in the Indian Ocean off the coast of Kenya. 

In describing the launch, the first night lift-off from the range, 
the Nairobi Daily Nation reported, “Jubilant Italian, American and 
Kenyan personnel manning the Santa Rita off-shore control 
platform and the Ngomeni base camp watched in wonder as the fiery 
projectile soared into the night sky. . . .” 

For the SAS team headed by Mrs. Marjorie R. Townsend, Project 
Manager, and Dr. Carl Fichtel, Project Scientist, the success holds 
the promise of scientific discoveries in the field of gamma-radiation 
comparable to those pioneered for X-ray astronomy by the first SAS 
“Uhuru.” That satellite was launched December 12, 1970, from San 
Marco. 

The SAS-B launch was a milestone for the Scout rocket team and 
marked its 26th consecutive successful launch to set a new record 
for the IJS. space program. 

As the Goddard News goes to press, SAS-B, officially named 
Explorer 48, is already sending back scientific data from its orbit 
high over the earth’s equator. The unique 32-level digitized spark 
chamber gamma ray telescope, designed and built a t  Goddard, is 
already undertaking an “all-sky’’ survey of celestial gamma rays to 
determine their intensity, energy and direction of arrival. 

Dr. Fichtel says, “In thc next few weeks we should have the data 
to resolve the current questions on the nature of the gamma 
radiation from the galactic center region. From there, we hope to go 
on to study the dynamics of the galactic plane, point sources 
including supernovae, and extragalactic gamma radiation.” 

Gamma ray astronomy, a relatively new field, was given high 
priority by the Space Science Board of the National Research 
Council last year. Scientists a t  Goddard’s Laboratory for High 
Energy Astrophysics are anxious to know more about celestial 
gamma radiation in order to obtain a better understanding of some 
of the major energy transfers going on in the universe. 

SAS-B should provide many of those insights. 
(See Page 2) 

RELAXED ATMOSPHERE PREVAILED during the 12-hour, almost 
trouble-free SAS-B/Scout countdown. In, foreground (left), Professor 
Luigi Broglio, Director of the Italian Aerospace Research Center, talks 
with Professor Michele Sirinian, San Marco launch director. In 
background (right) is Dr. Carl Fichtel, SAS-B Project Scientist, aiong 
with Mrs. Townsend and John Bosworth. 
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HUGE AFRICAN BAOBAB TREE on dirt road to Base Camp. The 
road, sandy and pitted with chuck holes, proved to be a challenge to 
SAS project members, most of whom lived in hotels at Malindi, 17 
miles south of Base Camp. 

BEING HOISTED ABOARD the Santa Rita platform in a Billy Pugh 
net is one of the memorable experiences at the San Marco Equatorial 
Range. The Italian crane operator says he’s never lost a passenger. 

Page Two Goddard News-December 1972 

SAS-B . . . From Page 1 
In addition to Mrs. Townscnd and Dr. Fichtel, Goddard’s S,LS 

team includes: John M. Bosworth, Spacecraft Manager; Anthony J.  
Caporale, SAS-B Experiment Manager; Norman J. Piterski, SA,+-I{ 
Project Operations Director; Maurice D. Handegard, Projg.c:t 
Coordinator; Charles A. Rittler, Business Representative; Thornas 
Ryan, Tracking and Data Systems Manager; Thomas A. Page, Qua It? 
Assurance Manager; James A. Sundermann, Test & Evaluation 
Manager; 

Also, Dr. Donald A. Kniffen, Dr. Robert C. Hartman, and [ ) r .  
Hakki B. Ogelman, Co-investigators; Stephen M. Derdeyn, Project 
Engineer; Robert W. Ross, Detector Engineer; Charles H. Ehrmariti, 
Electronic Engineer; Michael A. Calabrese, Structural Enginc1.r; 
William J. Cruickshank, Mechanical Engineer; Miss Archie I , .  
Fitzkee, Thermal Engineer; and Mrs. Dorothy B. Matters, Projt (Zt 
Secretary. 

SAS control section and integration contractor is the Applicd 
Physics Laboratory of The Johns Hopkins University, Silver Spring, 
Md. 

The gamma ray telescope was built by members of t l i c  
Experimental Engineering and Fabrication Division in conjunctit )ii 

with the Gamma Ray and Nuclear Emulsion Branch of t l i c  
Laboratory for High Energy Astrophysics. 

SANTA RITA “Blockhouse” consists of two trailer vehicles joined 
together. In foreground on phone is Henry B. Riblet, SAS Project 
Engineer for the Applied Physics Laboratory, SAS-B prime contractor. 

MRS. TOWNSEND and Dr. Fizhtel 
discuss SAS-B launch plans under the I brilliant African sun at Base Camp. 

, y l - y y  _I.1., --. 
ight launch from the --/( 

San Marco platform occurred at 1: 14 SAS PROJECT MANAGER, Mrs. 
AM (Kenya time) November 16. I t  Marjorie R. Townsend and SAS-B 
marked the 26th consecutive success Spacecraft Manager, John M. 150s- 
for NASA’s Scout, setting a new U S .  worth, in Santa Rita Control Center 
space record. during countdown. 

OAO-2 Begins Fifth Year 

For members of Goddard’s OAO team, the letters “OAO” stand 
for “on and on” as well as Orbiting Astronomical Observatory. Their 
first successful spacecraft, OAO-2, passed its fourth birthday on 
December 7, and should continue operation in the year ahead. 
Although the spacecraft was initially designed to last a year in orbit, 
the Wisconsin Experiment Package is still producing good data. 

Very briefly, some OAO-2 discoveries over the past four years 
are: the discovery that the intensity of radiation in extragalactic 
nebula increases in the far ultraviolet; the discovery of magnesium 
emission in the spectra of cool giant and supergiant stars; the study 
of absorption and scattering of starlight in the upper atmosphere of 
Earth that has provided additional information on the structure and 
composition of the upper atmosphere; the discovery of a huge 
hydrogen cloud a million miles in diameter around comet 
Tago-Sato-Kosaka; and observations that may settle a long standing 
enigma concerning a group of stars notable for apparently 
anomalous elemental abuncances and for their enormous magnetic 
fields, more than 10,000 times stranger than our sun’s. 

OAO-2 has also made the discovery that the hottest stars are even 
hotter than suspected, are aging about twice as fast as suspected, and 
are burning hydrogen a t  a very rapid rate; and made observations in 
May of this year of a supernove - the first to be viewed by satellite 
- in the small galaxy NGC 5253. This was the brightest supemove in 
the past 35 years, and for a short time its ultraviolet intensity 
outshown the entire galaxy to which it belongs. 

Observations by OAO-2 within the solar system have included the 
first ultraviolet measurements of the Planet Uranus, and the 
discovery of ozone in the atmosphere of Mars. The Martian ozone 
discovery was later confirmed by Manner observations. 

OAO-2 will continue in its present program of observations in 
1973 with emphasis on: observations of steller objects such as hot 
subdwarfs and the nuclei of planetary nebulae which are in advanced 
phases of evolution; observations of variable stars; the study of 
certain early-type close binary systems to help discover the effects of 
tidal distortions caused by one star on its companion or by rotation; 
the study of extended, expanding atmospheres which surround 
many hot stars; and the continuing study of solar system objects. 

Invitation for Papers AFL Conference 
Goddard is sponsoring a three-day conference on APL. Scheduled 

for March 12, 13, 14, 1973, the conference is intended to provide a 
forum and a balanced program of papers including adequate time for 
round table discussions. 

Papers are desired on a wide variety of topics including: Science 
& Technology, Business and Managemen t, Education, APL 
Implementers Sessions, Enhancements to APL, and General. 

All papers will be reviewed by a committee to choose those most 
appropriate to the conference and should be submitted to: Cyrus J .  
Creveling, Code 560 extension 6126. 

Full papers in triplicate are due by December 32, 1972. Selection 
will be made by January 31, 1973. (Since proceedings will be 
printed directly from selected papers, one “camera ready” copy 
should be provided.) Presentation of papers will be limited to 20 
minutes, and papers to be delivered in less time are encouraged. 

Happy New Year 
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GGOS: Technique  Integration for the ITRF 

• GGOS: Global Geodetic Observing 
System 

• Assure consistency – improve 
accuracy 

• Complementarity adds strength 

• Benefit via co-location at sites/on 
satellites 

• Distinguish geophysical signals 
from systematic errors 

• Crucial to separate distinct 
components and processes in the 
Earth System (e.g. mass transport) 

2nd Inter. LARES Science Workshop, Rome, Italy

July 13 – 17, 2009 IEEE International Geosciences Meeting,  Cape Town SA 

27 

Combination / Integration 

•  Ensure the consistency and can 
improve the accuracy of the resulting 
geodetic products 

•  Complementary use of the individual 
techniques to strengthen the solutions 

•  Benefits from observing instruments 
co-located at the same site/satellite  

•  Distinguish genuine geodetic/geo-
physical signals from technique-
specific systematic biases 

•  Crucial to separate different 
components and processes in the 
Earth System (e.g. mass transport) 

SLR provides the Center of Mass and with 
VLBI the scale for the reference frame 

3 
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The Geodetic Reference Frame Requirement 

<1 mm reference frame accuracy  
< 0.1 mm/y  stability 
	
  

Improvement over current ITRF performance by a factor of 10-20! 

Measurement	
  of	
  
sea	
  level	
  change	
  
is	
  the	
  	
  primary	
  
science	
  driver	
  

2nd Inter. LARES Science Workshop, Rome, Italy 4 
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December 3, 2011 GGOS Meetings
San Francisco, CA

GPS

DORIS

VLBI
SLR/LLR

Sup.Grav.

Ground-Based network

Abs.Grav.

Tide Gauges

5 
2nd Inter. LARES Science Workshop, Rome, Italy




G O D D A R D   S P A C E   F L I G H T   C E N T E R UMBC 
6 

2nd Inter. LARES Science Workshop, Rome, Italy




G O D D A R D   S P A C E   F L I G H T   C E N T E R UMBC 

GGOS2020 Core Network 

2nd Inter. LARES Science Workshop, Rome, Italy


SOUTH SITES:  7  

NORTH SITES: 16 

7 
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•  Simple range measurement 
•  Space segment is passive 
•  Simple refraction model 
•  Night / Day Operation 
•  Near real-time global data 

availability 
•  Satellite altitudes from <300 km to 

geosynchronous satellites, and the 
Moon (Mars also with transponders) 

•  cm satellite Orbit Accuracy 
•  High accuracy and resolution long 

time series, EOP, C/Sn,m 

•   Unambiguous  ~ cm accurate orbits 
•   Long-term stable time series 

Precise range measurement between an SLR 
station and a satellite using ultra-short laser 
pulses.  

Satellite Laser Ranging - the Technique 

2nd Inter. LARES Science Workshop, Rome, Italy
 8 
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The Next Generation SLR Systems 

The next generation systems will operate with: 
•  higher repetition rate (100 Hz to 2 kHz) lasers to improve data 

yield, improve normal point precision, and pass interleaving; 
•  photon-counting detectors to reduce the emitted laser energies 

by orders of magnitude and reduce optical hazards on the 
ground and at aircraft (some are totally eye-safe); 

•  multi-stop event timers with few ps resolutions to improve 
low energy performance in a high solar-noise environment;  

•  considerably more automation to permit remote and even 
autonomous operation; 

Many systems will operate at single photon levels with  
•  Single Photon Avalanche Diode (SPAD) detectors or  
•  MicroChannel Plate PhotoMultiplier Tubes (MCP/PMTs).  

 
Some systems are experimenting with two-wavelength  
operations to test atmospheric refraction models and/or to  
provide unambiguous calibration of the atmospheric delay. 

1st LLR Workshop, ISSI, Bern, Switzerland, 16-19 February, 2010 
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 NGSLR Components 

2nd Inter. LARES Science Workshop, Rome, Italy
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Sample of SLR Satellite Constellation 
(Geodetic Satellites) 
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Inclination 64.8° 109.8° 52.6° 50° 50° 98.6° ~70° 
Perigee ht. (km) 19,120 5,860 5,620 1,490 810 800 ~1500 
Diameter (cm) 129.4 60 60 215 24 24 36 
Mass (kg) 1415 407 405.4 685 47.3 47.3 ~400 

LARES A/m = 0.36 x LAGEOS 

2nd Inter. LARES Science Workshop, Rome, Italy
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Current SLR Model Status 

2nd Inter. LARES Science Workshop, Rome, Italy
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Target Signature (CoM) 

2nd Inter. LARES Science Workshop, Rome, Italy
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LARES & Other 
Payloads 

2nd Inter. LARES Science Workshop, Rome, Italy
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Spin-axis Orientation & Rotation Rate 

2nd Inter. LARES Science Workshop, Rome, Italy
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Spectrum of LARES Returns 

2nd Inter. LARES Science Workshop, Rome, Italy
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GRAZ 7839 

16 



G O D D A R D   S P A C E   F L I G H T   C E N T E R UMBC 

Spin-axis Orientation & Rotation Rate 

2nd Inter. LARES Science Workshop, Rome, Italy
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LARES inertial spin rate from SLR data from Graz, AT 

FROM: “Spin rate and spin axis orientation of LARES spectrally determined from 
Satellite Laser Ranging data”, D. Kucharski et al., J. of Adv. In Sp. Res., DOI: 
10.1016/j.asr.2012.07.018 



G O D D A R D   S P A C E   F L I G H T   C E N T E R UMBC 
18 

2nd Inter. LARES Science Workshop, Rome, Italy




G O D D A R D   S P A C E   F L I G H T   C E N T E R UMBC 
19 

2nd Inter. LARES Science Workshop, Rome, Italy




G O D D A R D   S P A C E   F L I G H T   C E N T E R UMBC 
20 

2nd Inter. LARES Science Workshop, Rome, Italy




G O D D A R D   S P A C E   F L I G H T   C E N T E R UMBC 
21 

2nd Inter. LARES Science Workshop, Rome, Italy




G O D D A R D   S P A C E   F L I G H T   C E N T E R UMBC 
22 

2nd Inter. LARES Science Workshop, Rome, Italy




G O D D A R D   S P A C E   F L I G H T   C E N T E R UMBC 
23 

2nd Inter. LARES Science Workshop, Rome, Italy




G O D D A R D   S P A C E   F L I G H T   C E N T E R UMBC 

Daily ILRS Tracking for 
Geodetic Payloads 

24 
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 LARES 1st ARC (2/17-2/21) 

2nd Inter. LARES Science Workshop, Rome, Italy
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Improvement Expected from LARES 

• Simulations of ITRF development with LAGEOS 1 & 2 data 
were compared to cases where LARES simulated data were 
included, and the results are remarkable 

• As far as the origin of the ITRF, i.e. the definition of Earth’s 
“geocenter”: 

– We can expect a 25-30% improvement  

• The extremely difficult to determine today “velocity of the 
geocenter” (due to mass transport in the system), will 
benefit even more 

–  The improvement will be about 40% 

• The latter is due to LARES’ high inclination and 
complementary orbit to that of LAGEOS 

28 
2nd Inter. LARES Science Workshop, Rome, Italy




G O D D A R D   S P A C E   F L I G H T   C E N T E R UMBC 
29 

2nd Inter. LARES Science Workshop, Rome, Italy


SLR Cannonball S/C 

Typical GNSS S/C 
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