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Goals  of  th is  lecture :
“Goddard’s  Legacy” is  des igned to provide

--  Context for the case studies and analyses  in  the Road to 
Miss ion Success course

--  Inspiration about the achievements of the Goddard teams 
over the course of  the space age

--  Insight into the ingenuity and persisitence  these teams have 
brought to the cha l lenges of  space explorat ion

--  Better  understanding of  Goddard’s past achievements  as  a 
gu ide to what i t  can accompl ish in the future 
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Rober t Goddard (1882-1945) , space v is ionar y

“Ever y  v i s ion i s  a  joke unt i l  the f i r s t  
man accompl i shes  i t ; once rea l ized , i t  
becomes commonplace .”  

Above : Goddard wi th 1926 rocket  in 
Auburn , MA



The F irst  Space Center



“You know when o ld  fo lks  look back and say, ‘Those were the good 
o ld  days? ’ Wel l , they  rea l l y  were . And you can back i t  up wi th  what 
we d id .” 

- -  Dick Nafzger, Apol lo te lev is ion eng ineer



Vanguard: The Roots of  Goddard
Engineers and sc ient ists  from Naval  Research 
Lab who worked on the Vanguard sate l l i te  
project  became the nucleus of  NASA Goddard

Assembly  o f  Vanguard 4 , 1959 

Lef t : Ro land Van A l len , la ter  GSFC’s  data sys tems 
branch ch ie f , so lder s  components  for  a  Vanguard 
sate l l i te  in  1957



Goddard open ing , March 1961 January 1959: Four d iv is ions 

of  NASA des ignated as the 

Beltsv i l le  Space Center :

- -  Construct ion Div is ion

--  Space Sc iences Div is ion

--  Theoret ica l  Div is ion

--  Vanguard Div is ion

May 1959: NASA announces 

Beltsv i l le  Space Center wi l l  be 

redes ignated the Goddard 

Space F l ight  Center

March 16, 1961:  Goddard 

dedicat ion

From Beltsv i l le  to Goddard



A Cer ta in Independence

"What you had [at  Goddard]  was a bunch of  peop le  who weren ' t 
qu i te  sure you had to  have a Headquar ter s . They were pret ty  
sure they d idn ' t  need to  ta lk  to  i t . "

- -  Sam Kel ler, former NASA Associate Deputy Administrator



"

"



- -  orbita l  a l t i tude 450 mi les
--  42 inches d iameter
--  270 pounds
--  2 s low-scan TV cameras 
(wide + narrow-angle)

Apr i l  1 , 1960: Telev is ion and In frared 
Observat ion Sate l l i te  (Tiros 1)  

Cyc lone in  the South At lant i c , Apr i l  28 , 1960.  



Ju ly  1962: Telstar sends f i rst  internat iona l  TV v ia  sate l l i te

Above : French s inger 
Yves  Montand 
per forms v ia  Te l s tar

Telstar was managed by GSFC; funded by AT&T



1963: Syncom 2 is  f i rst  geosynchronous communicat ions sate l l i te

Above : Ar thur  C . C larke ’s  1945 ar t i c le  propos ing 
geosynchronous communicat ions  sate l l i tes



Explorer sate l l i tes

Lef t : Explorer XVI I
Launched 1963

Explorer X
Launched 1961; s tud ied 
in terp lanetar y  magnet i c 
f ie ld  near  Ear th

Explorer VI I
Launched 1959; 
s tud ied energet i c  
par t i c les  and 
micrometeoro ids

(Not  to  sca le )

Both co l lec ted data on upper  atmospher ic  temperature , 
compos i t ion , dens i t y  and pressure

R ight : Explorer XXXII
Launched 1966

Explorer XI
Launched 1962; 
f i r s t  gamma-ray 
as t ronomy sate l l i te



Space Communicat ions

Act i v i t i es  at  Goddard dur ing John Glenn ’s  
MA-6 miss ion , Februar y  20, 1962

Mercur y  t rack ing 
network ( top) ; 
Go lds tone 
antennas (above 
r ight ) ; t rack ing 
sh ips  ( r ight )



November 18 1967: One of  
the f i r s t  images o f  the ent i re  
Ear th , captured by ATS-3 f rom 
22,300 mi les

1966-79: Appl icat ions Technology Sate l l i tes  (ATS)



GSFC’s “you are there” breakthrough: L ive TV from the Moon

Chi ldren v iew Apo l lo  8 ‘ s  l i ve  te lecast  
f rom lunar  orb i t  on December 24, 1968 
(photo : Nat iona l  Geograph ic )



Apol lo J -Miss ions : Sc ient i f ic  
Explorat ion from Lunar Orbit

J -Miss ion orb i ta l  sur veys  featured new 
sc ient i f i c  Ins t ruments , inc lud ing an X-ray 
Spect rometer  (ar row) exper iment  led by 
Goddard ’s  I s idore Ad ler  and Jacob 
Trombka

X-ray f luorescence data on lunar  compos i t ion ( rat ios  o f  
a luminum and s i l i con)



The 1970s : Astronomy from Ear th Orbit

Discovered x-ray emissions from neutron stars, active galaxies, and clusters 
of galaxies. First evidence for black holes.

Einstein x-ray imaging 
satellite (1978)

Joint project 
of NASA GSFC, United 
Kingdom,  and European 
Space Agency. Operated 
for 19 years; turned off for 
budgetary reasons.

1970s: Astronomy from Earth Orbit

Uhuru x-ray 
satellite 
(1970)

International Ultraviolet Explorer (1978)

First x-ray images of celestial objects



Miss ion to Ear th



A Nat ion Div ided



“Three sh ips  i s  a  lo t  o f  sh ips . Why can ’ t  you 
prove the wor ld  i s  round wi th  one sh ip?”

text

The New Yorker, 1970

Chapter 2



1972: GSFC’s Ear th Resources Technology Sate l l i te , a .k .a . Landsat

Using multi-spectral imaging, Landsat performs 
“remote sensing” that can: 

-- Distinguish plant types, land use, silt content 
in water

-- Identify large-scale, hydrocarbon-bearing 
structures not seen on aerial photographs

-- Reveal important minerals and metals, 
especially in hostile environments

GSFC’s  Pau l  Lowman 
(1931-2011)



New York -  New  Jer sey  area v iewed 
f rom Landsat -1 on October  10, 1972

Landsat  Mult ispectra l  
Imaging

Band 4: 
Green 

Band 5: 
Red

Band 6: 
Near IR

Band 7: 
Near IR

Bright  red = deciduous trees
Reddish brown = coni ferous trees
Green = urban areas
Dark b lue = water



The Landsat  miss ions 
cont inue

Landsat  8 ( launched 2013)



1978-2006: Tota l  Ozone Mapping Spectrometer (TOMS)

Lef t : Antarc t i c  ozone ho le  in  2007
Above : Growth of  ozone ho le  f rom 1980-2005

TOMS has been cr i t ica l  to the detect ion of 
long-term damage to the ozone layer, 
inc luding ozone hole at  South Pole



1984-2005: Ear th Radiat ion Budget Sate l l i te
ERBS measured d iurna l  var iat ions of  incoming solar radiat ion and i ts  
d i f ferent ia l  absorpt ion by the atmosphere . 

ERBS data on the ozone layer was key in the Montrea l  Protocol  
Agreement , which went into force in 1989, and has near ly  e l iminated 
chlorof luorocarbons  (CFCs) in industr ia l ized countr ies .

2009 s tudy led by GSFC 
sc ient i s t  Pau l  Newman 
s imulated what  might  have 
been i f  CFCs and s imi lar  
ozone-dep le t ing chemica l s  
were not  banned through 
the Montrea l  Protoco l . 



1976-Present : Laser 
Geodynamics Sate l l i te

LAGEOS 1 and 2 ref ined our 
knowledge of  Ear th ’s  shape , 
rotat ion, and the mot ion of  
tectonic p lates . LAGEOS data 
helped make GPS poss ib le .

- -  Aluminium-covered, 60-cm 
brass spheres covered with 
retro-ref lectors

--  Pulsed laser beams from 
ground stat ions ; travel  t imes 
y ie ld pos i t iona l  in fo better 
than 1 inch in 1 ,000s of  mi les

LAGEOS-1



Above; Global weather for June 
20, 2010 from GOES East; 
Right: Hurricane progresses 
past Baja California, June 
18-20

1975-Present : Geostat ionar y Operat iona l  
Env ironmenta l  Sate l l i tes  (GOES)



Ear th Observ ing System: 
A mult i -d isc ip l inar y v iew of  the home planet

“ In the past , Ear th was s tud ied by look ing 
at  i t s  par ts : oceanographer s  s tud ied the 
oceans , geo log i s t s  s tud ied the land . But  
p laneto log i s t s  have a g loba l  per spect i ve . 
And one goa l  o f  EOS i s  . . . to  answer the 
quest ion o f  how the in teract ing par ts  o f  
Ear th operate together.”

- -  Gera ld  Sof fen , 1s t  EOS Pro jec t  
Sc ient i s t , 1990

Chapter 7



1999-Present : Ear th Observ ing System

EOS is  a  ser ies of  coordinated polar-orbit ing sate l l i tes  (current ly  11 act ive)  des igned for 
long-term g loba l  obser vat ions of  key c l imate system components and their  interact ions . 

Studies inc lude:

- -  the oceans

--  greenhouse gases

--  g lac iers , sea ice , ice sheets

--  radiat ion, c louds , water vapor, 
prec ip i tat ion

--  ozone and stratospher ic  
chemistr y

--  natura l  and anthropogenic 
aerosols

--  land-surface hydrology and 
ecosystem processes

Sate l l i tes : 

Terra  ( f lagsh ip miss ion, launched 1999)

Aqua  (2002)

Ice , Cloud, and land E levat ion Sate l l i te  (ICESat 2 , 2017 est imated 
launch) 

Aura  (ozone , a ir  qua l i ty, and c l imate monitor ing , 2004)



Lef t : An example o f  synerg i s t i c  A - t ra in  obser vat ions  
( in  th i s  case , o f  c loud layer ing)   by  se lec ted 
ins t ruments  aboard three d i f ferent  sate l l i tes

Fly ing in format ion, a  conste l lat ion of  Ear th 
obser v ing sate l l i tes  provide synerg ist ic  data 
( inc luding stereo coverage)  on c louds , aerosols , 
water cyc l ing , and atmospher ic  chemistr y. 

The A-Tra in



2011: Aquar ius beg ins measur ing g loba l  sea sa l in i ty

The Aquar ius  ins t rument  prov ides  unprecedented 
accurac y and coverage , measur ing changes in  sea sur face 
sa l in i t y  equ iva lent  to  about  a “p inch” (1/8 of  a  teaspoon) 
o f  sa l t  in  1 ga l lon o f  water.



Pre-Aerosol, Cloud, ocean, Ecosystem 
mission (PACE) -- 2019 launch

Future miss ions : Ear th obser vat ions

Study ocean eco logy, inc lud ing mass and 
d i s t r ibut ion o f  phytop lankton

Document  c louds and atmospher ic  aeroso l s  and 
the i r  in f luence on c l imate

Global Ecosystem Dynamics Investigation 
(GEDI) -- launch to ISS after 2018

How do fores ts  respond to  changes in  c l imate and land 
use?

GEDI wi l l  use L IDAR to create deta i led 3D maps and 
measure the b iomass o f  fores ts . 

 
2018+ scheduled launch to the Internat iona l  Space 
Stat ion



The Shutt le  Era



“Cep i  had th i s  v i s ion that  we ought  to  s tar t  mak ing spacecraf t  compat ib le  w i th  the 
shut t le , and ser v i ceab le , so  we cou ld go mainta in  and upgrade them on-orb i t .”

- -  Sate l l i te  repa ir  eng ineer Mike Weiss on Frank Cepol l ina (pic tured )

Photo : A i r&Space/Smi thson ian



Frank Cepol l ina ’s  
Mult i -miss ion Modular 
Spacecraft :  F irst  
sate l l i te  des igned to 
be ser v iced by 
astronauts

So lar  Max imum Miss ion 
sate l l i te  “So lar  Max” was 
launched in  Februar y  1980 
to s tudy the Sun dur ing i t ’s  
per iod of  max imum act i v i t y.



Apri l  11 , 1984: F ix ing Solar Max

P inky Ne lson and Ox Van Hof ten work on So lar  Max in  Chal lenger ’s  cargo bay.

“We learned a lo t  
on that  So lar  Max 
miss ion . Th ings  
don ’ t  a lways  go 
r ight , so  get  
prepared for  
cont ingenc ies .”

- -  GSFC eng ineer 
Mike Weiss 



1983: A Di f ferent Kind of 
Rescue

When i ts  Iner t ia l  Upper Stage fa i led to put TDRS-1 in 
the proper orbit , GSFC control lers  used t iny att i tude-
control  thrusters to correct  the errant sate l l i te ’s  path .

Your l i t t l e  f inger  wou ld not  
f i t  in  the ex i t  cone of  those 
thrus ter s . I t  took 39 burns 
to  get  up there . Some of  ‘em 
were upwards o f  an hour.”

- -  GSFC’s “Sate l l i te  Doctor” 
Henry Hof fman



1990-1993: F ix ing Mr. 
Hubble ’s  Telescope



- -  Shower ing  in  German hote l  room, STSc I  eng ineer  conce ives  o f  COSTAR 
(Correct ive  Opt ics  Space Te lescope Ax ia l  Rep lacement)

- -  Backup Wide F ie ld  P lanetar y  Camera  modi f ied  wi th  correct ive  opt ics

- -  Exhaust ive  pract ice  wi th  spec ia l  too ls  and techn iques

A Tr iumph of  Ingeunity and Preparat ion

“It was one NASA . . . . Ever yone 
ra l l i ed around that  f i r s t  ser v i c ing 
miss ion . There was no f inger -
po int ing .”

- -  Frank Cepol l ina

COSTAR  
(photo : 
Smi thson ian  
Ins t i tu t i on )



Success!

The hear t  o f  the 
ga laxy M100

BEFORE . . . 



Success!

The hear t  o f  the 
ga laxy M100

. . . AFTER



The Ser v ic ing Miss ions : Making Hubble Even Better

Text

In  four ser v ic ing miss ions 
between 1997 and 2010, 
astronauts transformed the 
Hubble Space Telescope aga in 
and aga in .

Older sc ient i f ic  instruments 
were replaced with newer ones 
extending the te lescope’s  
capabi l i t ies  and reach into space .

They a lso replaced or repa ired 
fau l ty  components--even the 
te lescope’s  power supply, in  a  
task l ikened to bra in surger y.

Each of  these miss ions 
demonstrated the increas ing ly  
sophist icated capabi l i t ies  of  
Goddard’s  sate l l i te  ser v ic ing 
teams.

“What amazes me about  th i s  repa i r  i s  that  the ser v i c ing 
miss ion fo lks  d idn ’ t  jus t  throw up the i r  hands and say, 
‘ I t ’s  imposs ib le ! ’ ” 

- -  GSFC engineer Brent Warner on the 2010 repair  of 
Hubble ’s  imaging spectrograph



“Hubble  was a pathf inder. I f  
we ’re  go ing to  go do 
exp lorat ion , we ’re  not  go ing to 
do exp lorat ion by jus t  put t ing 
boxes together  and rep lac ing 
components . These th ings  are 
go ing to  be complex and we ’re 
go ing to  have to  learn how to 
f ix  them.”

- -  HST Deputy Program 
Manager Mike Weiss

Photo © Michae l  So lur i



1993-Present : Hubble ’s  Universe

P i l la r s  o f  g lowing gas and dust  in  
the Eag le  Nebu la s t re tch 6 t r i l l i on 
mi les  - -  an ent i re  l i ght  year  - -  in  
length .  The Eag le  Nebu la i s  6 ,500 
l i ght  year s  f rom Ear th , wh ich means 
the l i ght  we see f rom i t  has been 
t rave l ing 6 .5 mi l lenn ia to  reach us .



1994: Hubble conf irms mass ive b lack hole at  ga laxy ’s  core

-- Hubble photographed 
the ga laxy M87, 50 
mi l l ion l ight  years 
d istant , beg inning in 1994

--  The jet  i s  composed of 
e lectrons and other 
subatomic par t ic les  
expel led from a d isk of  
superheated gas ( inset)  
around a b lack hole with 
as much mass as  2 b i l l ion 
Suns

--  Today astronomers 
know that  supermass ive 
b lack holes lurk at  the 
cores of  most ga lax ies



2009: The Hubble Ultra-Deep In frared F ie ld

Hubble ’s  48 hour  exposure , the 
deepest  image of  the un iver se ever 
made , sees  ga lax ies  up to  13.1 
b i l l i on l i ght  year s  away.



Outward Bound



“The team, the eng ineer s who make th i s poss ib le are daunt ing ly good . You watch 
them and you say, ‘These guys cou ld do anyth ing ! ’ They make dreams poss ib le ever y 
day o f  the week .”

Planetary Exploration

Mars G loba l  Sur veyor  

- -  J im Garv in , GSFC Chief  Sc ient ist

Chapter 10



“We wanted to  g i ve  Mar s  i t s  th i rd  d imens ion .”
- -  J im Gar v in

1997: Mars Orbita l  Laser Al imeter (MOLA) f l ies  on MGS



2014-present : MAVEN studies 
the Mar t ian atmosphere 

MAVEN data suppor ts  the theor y  that  the atmosphere of  Mar s  has been 
s t r ipped away by the so lar  w ind .



2009: Lunar Reconnaissance Orbiter

Armstrong’s tracks

TV camera

Experiments

Lunar Module

- -  Very h igh resolut ion imaging and topography 

--  Search for sur face ice

--  Analyze rough terra in and rock abundance

--  Analyze lunar radiat ion environment

LRO image of  Apo l lo  11 land ing s i te



LRO’s Div iner char ts  the fr ig id 
lunar nor th pole 

Fly ing over the moon’s  nor th 
pole in the depths of  winter 
n ight , LRO found a p lace in 
the f loor of  the moon's  
Hermite Crater at  minus 415 
degrees Fahrenheit , the 
coldest  temperature 
measured anywhere in the 
solar system. 

Div iner ’s  temperature map of  
the lunar  nor th po le  i s  co lor -
coded for  degrees  Ke lv in .



GSFC’s  Ext reme 
Ul t rav io le t  Imag ing 
Te lescope t racks 
the so lar  act i v i t y  
c yc le  1996-2005

1995-Present : SOHO (Solar and Hel iospher ic  
Observatory)

--  Launched December 
1995 to the L-1 Lagrange 
point  1 .5 mi l l ion km from 
Ear th

--  Jo int  project  of   
European Space Agency 
(ESA) and NASA Goddard 
(spacecraft  bui l t  in  
Europe)

--  Studied solar wind 
par t ic les , osc i l lat ions on 
solar sur face , magenet ic  
f ie lds , outer atmosphere 
(corona)

--  Orig ina l ly  p lanned as a  
2-year miss ion

--  Extended miss ion through 2014



SOHO orb i t s  about  the 1st  Sun-Ear th Lagrange Po int  (L1) , 
an equ i l ib r ium po int  about  1 .5 mi l l i on km f rom ear th in  
the d i rec t ion of  the Sun .

1998: SOHO’s mi l l ion-mi le rescue

In June 1998 a command error by the 
ground sent SOHO tumbl ing , caus ing 
i t  to lose power and communicat ions . 
The cra f t  froze , damaging the 
e lectronics in  i ts  control  system. 

At Goddard, ca lcu lat ions showed that  
a f ter 90 days the cra f t ’s  solar arrays 
would receive sunl ight  aga in , g iv ing 
control lers  an oppor tunity to rega in 
control  of  SOHO.

Beginning in ear ly  August  power and 
communicat ions were restored. 
Goddard used spec ia l  techniques , 
prev ious ly  developed for the IUE 
miss ion, that  a l lowed the cra f t  to be 
control led without any gyroscopes . 

By late September, SOHO was fu l ly  
operat iona l .



1998-2010: GSFC’s TRACE explores the solar coronal  
trans i t ion reg ion

TRACE explored the 
magnet ic  f ie ld in the 
solar atmosphere by 
studying :

- -  3-d imens ional  f ie ld 
structure

--  temporal  evolut ion 
in response to 
photospher ic  f lows

--  t ime-dependent 
coronal  f ine structure

--  coronal  and 
trans i t ion reg ion 
thermal  topology.



2006: GSFC’s STEREO (Solar 
Terrestr ia l  Relat ion Observatory)  
v iews the Sun in 3-D

STEREO's depth percept ion 
wi l l  improve forecasts  of  
the arr iva l  t ime and ef fects  
of  Ear thbound Coronal  
Mass E ject ions (CMEs)

CMEs can cause magnet ic  
storms that  can over load 
power l ine equipment and 
radiat ion storms that  
d isrupt sate l l i tes



2010: GSFCs Solar Dynamics Observatory



COBE’s miss ion was to answer one of  the most profound quest ions 
humans know how to ask : How did the universe beg in?

1989-1994: The Cosmic Background Explorer (COBE)

NASA establ i shed COBE at  Goddard Space F l ight  Center as  an in-house 
project , meaning that  the eng ineer ing work was done by c iv i l  ser vants 
rather than contractors .

“We had a 100% fa i lure  rate a long the way, when we put  
the ins t ruments  in  tes t  dewar s  and t r ied to  tes t  mater ia l s ’ 
proper t ies  and e lec t ron ics . You cou ldn ’ t  a f ford to  have a 
contractor  do that .”

- -  Dennis  McCar thy, COBE Deputy Project  Manager

“You cou ld never  have wr i t ten a spec i f i cat ion on a contract  or  a s tatement  
o f  work to  have someone bu i ld  COBE. I t  was Nobe l  Pr ize sc ience that  
depended on groundbreak ing techno logy. Noth ing l ike the ins t ruments  we 
needed had ever  been bu i l t  before . 



“When I  f i r s t  spoke wi th eng ineer s 
and we were bu i ld ing the detector s 
to  be used on COBE, they asked 
we l l , how sens i t i ve  you want  them 
to be? And I  sa id , o f  cour se , as  
sens i t i ve  as  you can make them. 
And they answered , that  no , I  need 
a number. And gradua l l y, we got  to  
speak and respect  each other ’s  
language .”

- -  Astronomer Nancy Boggess

COBE Sc ience and Engineer ing : A Meet ing of  Minds



Shutt le  vers ion:

15 foot d iameter, 10,594 pounds
Delta vers ion: 

8 foot d iameter, 4 ,828 pounds

Transforming COBE

Goddard Director Noel  W. Hinners ( le f t )  
p layed a key role , making sure the 
resources necessar y for the redes ign 
ef for t  were ava i lab le to the COBE team.

“The Chal lenger  acc ident  forced us  to  re th ink ever y  aspect  o f  the spacecraf t ’s  des ign , 
inc lud ing mov ing f rom a shut t le  launch to  a De l ta  rocket .”

- -  Dennis  McCar thy



John Mather and COBE

"The hunt  for  the eureka moment , the l i ght  bu lb go ing 
o f f , the sudden en l ightenment , some way to  bu i ld  new 
equ ipment  that  cou ld make a spectacu lar  measurement , 
has  a lways  been one of  my greates t  p leasures . Get t ing 
the un iver se i t se l f  to  y ie ld  i t s  secrets  i s  even harder, but  
f ind ing a way to  make a measurement  i s  a  b ig  s tep ."

- -  GSFC’s John Mather

Right : The spect rum of  the cosmic  
microwave background , measured 
by COBE’s  Far  In f rared Abso lute  
Spect rometer, agrees  per fec t l y  w i th  
the“b lackbody” spect rum that  the 
B ig  Bang theor y  pred ic ted . 



WMAP’s def in i t ive , 
extraordinar y f ind ings : 

- -  The universe is  
13.73 b i l l ion years o ld 
(+/-  120 mi l l ion years)

- -  The universe is  made 
up of  72 percent dark 
energy and 23 percent 
dark matter

Echoes of  the Big  Bang: COBE and WMAP

Lef t : COBE’s  a l l  sky  por t ra i t  ( le f t )  revea led minute 
var ia t ions  in  the temperature o f  the Cosmic  Microwave 
Bacground , in terpreted as  the f i r s t  seeds o f  ga lax ies . 

Be low: WMAP ( launched 2001) was 45 t imes more 
sens i t i ve  and had 33 t imes f iner  angu lar  reso lu t ion , 
record ing temperature var ia t ions  o f  35 mi l l i onths  o f  
a  degree K .



James Webb Space Telescope ( JWST)

Wide Field Infrared Survey Telescope 
(WFIRST)

Future miss ions : astronomy

2018 scheduled launch

2022 scheduled launch

What i s  the nature o f  the so -ca l led Dark Energy 
that  i s  dr i v ing the current  acce lerat ing expans ion 
of  the un iver se?  

6 .5 meter  mir ror ; sunsh ie ld  as  b ig  as  a tenn is  cour t
Detect  the f i r s t  l i ght  a f ter  the B ig  Bang
Probe the format ion of  the ear l ies t  ga lax ies
Study the b i r th  o f  s tar s  and p lanetar y  sys tems



A Journey Without End

“There can be no thought  o f  f in i sh ing for  ‘a iming for  
the s tar s ,’ both f igurat i ve l y  and l i te ra l l y, i s  a  task to  
las t  the generat ions . But  no matter  how much 
progress  one makes , there i s  a lways  the thr i l l  o f  jus t  
beg inn ing .”

- -  Rober t  Goddard


