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Ai thou€$ (k-j xplorer -.--- ---/ 1 i s  I younger than most o f  us who have come 

here today t o  celebrate  i is twen t ie th  anniversary, i t s  roo ts  can be 

t raced back i n  history much fu r ther  than most o f  us can t r a c e  t he i r  own 

personal r.oots. The s tory  of  Explorer I began a t  t h e  t i m e  when science 

strcceeded i n  e s t a b l i s h i n g  a f i r m  p l a c c  i n  t h e  a f f a i r s  o f  man, almost 

f i v e  hurldred years ago. I am convinced t h a t  Nicolaus Coper-nicus, wha 

c lcar ly  pcrc~ivcd the o r b i t a l  motions o f  the i d 0 0 0  around t h e  earth, 

and of the planets around t h e  sun, alsc understood t h a t  a p r o j c c t i h ,  

ir' given  enough veloci ty  i n  a horizoqtal direction above the a l t i t u d e  

c f  the h ighes t  mountains, would o r b i t  t h e  e a r t h .  k p l c r ,  who discovered 

the z-elat ionship between c r b i  t a l  *:el o c i  t y  and d i s t m c e  from the  center 

of g r a v i t y  a hu~idt-cd years  b t e r ,  n ~ u s t  a1 so h a v e  bccn a m - e  o f  the 

possibi: i t y ,  a t  ieiist i n  principle, t o  establish artificial noons. 

A+iirl  a himdt*cd y e w s  1 a ter ,  lsasc Newtan i 'omulatcd the  conditions for 

d ~!:m-!r:ade s a t d  1 i t e  on the bds i s  o f  h i s  immortal laws o f  tnechanics. 

h? sa id ,  and i f  you shoot due  e a s t  wi th  a muzz le  velocity o f  ;:Lout 800C 



rc,.:kets, i s  n o t  k m w .  H u s e v w ,  f o r  the t-uc;.ri m d  spriic: picjnmr-s o f  

the l a t e  nineteenth and the twc-otieth cer:tury, i t  was a familiar thought 

t h a t  man-nade rockets would one Jay be capable o; l aunch ing  earth- 

o v b i t i n g  satellites. € s n a u ? t - ~ e l t & r i s  i n  France, Tsander and T s i o l k o v s k i i  

i n  the USSR, G a n s ~ i n d t  end 3berth i n  G e r ~ h n y  , Gsddard in the United 

States--they a1 1 had their designs and rec~rmnendations fo r  sa t e l l  i tes. 

Rany of those who worked on rocket p r o j e c t s  during and  a f t e r  World Uar 11 

undoubtedly had t h e i r  minds from time t o  t h e  cander o f f ,  l u r e d  by 

the siren song of space, and they compared the v e l o c i t y  of t h e i r  rockets 

wi th  the magic nuinber of  eight kilometers per secctld needed t o  achieve 

orbi t .  

Merrlher von Braun had h i s  f i r s t  crbi t a l  encounter a t  the  age o f  

thirteen a f t e r  he had bought Ober-th 's  fainous book "Rocket F l i g h t  t o  

In te rp lane ta ry  Space," pub1 i s h e d  i n  1923. A1  though he was discouraged 
1 

and dismayed by the j u n g l e  of mathemaiici in tha t  book, he grasped 

the logic o f  Newtonian mechanic;; t e  a l so  realized t h a t  i f  he ever wanted 

t o  understand more of  the mysteries o f  space f l  i g h t ,  he had t o  do h i s  

hoi~:cvrork i n  mathemat ics .  In 1930, when he w s  eighteen years o l d ,  

Professor Oberth employed him a s  an a s s i s t a n t  i n  the c i t y  o f  Z e r l i n .  

Young !<PI-nher helped wi th  an exhi b i t i o n  o f  rockets and  f u t u r i s t i c  space 

whicles;  he told the v i s i t o r s  a i l  about rockets,  satellites, and  spice 

l m b e s ,  aud he JSSUI-cd them t h a t  n;cn::cd f 1 i y h t s  t o  t h e  moon uci 11 bccoine 

pcssible in the near future. 

Ten year-s l a t e r ,  rocket d e v e l o p x n t  v;ork :ids well uxh-way i n  

Pcw~mtiende. Progress was f a s t ,  and t i l e  pnssibi1it.y o f  t8chachinq out 

1 1  - - c!. , t!;' I'::i~:!:;:iiL:ri~jc P r . i i  J ~ i t  V J ~ S  no t  the i 1 1  to spice becaii~e red . :IU::+-~\; 
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~t. [&ice t o  t h i n k  of spat? flight. I: harmless, but  impruden t  

D r .  von Braun to the e f f e c i  t h a t  rockets should rather be used 

f l ight  and  not for  mi l i ta ry  purposes led to his ar res t  by the 

t took General Dornoerger., Comandcr of Feenemuende, two weeks 

t o  have him released from j a f l  . T a l  ks about sat ell it,^ and space 

f l i g h t  were sinrly taboo in Peencmumde. But, the b a s i c  laws of propulsion 

and guidance apply t o  space vehicles as well as they do to ballistic 

miss i les ,  and when D r .  von Braun a r r i v e d  in the United States after  the 

war, a flood date opened fo r  a l l  the ideas, plans, calculations, and 

sketches which had accumulated dur ing  previous y a r s  i n  h i s  restless < r ..L'..-~. *-c+ ,--C ..&< : -- t ZCA I'& 1%- 3 , C- < -- - - -  -3. ---. - - -  - - .  - . 

and productive mind. He talked, presented, and wrotek'about g igan t i c  

.space stat ions orbiting the earth, about expedi t ions t o  the moon, 

and about a manned landing and return f l i g h t  to the p l a n e t  Mars. Vhile 

he allowed his . thoughts to roam weightlessly t h r o u g h  the universe, he 

was very care fu l ,  in a chardcteri5tic von Braun manner, to  retain a 

f i r m  Foothold i n  the  real  w o r l d  of rocket  . eng ines ,  shop capabilities, 

and budget cycles. \ hen  t h e  f i r s t  opportunity for  the launching of 

a small satellite a r r i v e d ,  Dr. von Braun grasped i t ,  and he d i d  not 

l e t  loose until Auerica's f i r s t  satellite, Explorer I, was in orbit. 

T h a t  oppor tun i ty  cane i n  t h e  t a r l y  fifties. I n  1950, a f t e r  von Braun 

and several hundred o f  h is  coworkers had moved f rom Fort Bliss i n  Texas 

to H u r ~ t s v i  1 le in A1 a h a m ,  work on tlre R ~ d s l u r l e  guided m i  s s i  le began. 
( .+ - 6.. ,i 

T h e  Redstone waxla-si igle-stage r o c k e t  f o r  a heavy nuc lea r  warhead 

dnd a r a q c  of 200 rwutical oiiles; i t s  alcohol -fueled engine, developed 



that it would lead to a successful miss i le  project for nl i l i ta ry  use. 

I remember well t h a t  i n  the sumiier of 1951, he said  to me: "With the 

Redstone, we would be ab le  t o  d o  i  t ." - "Do what?" I inqui red. "Launch 

a satellite, o f  course!" - He then explained t h a t  two or three upper 

stages, consisting o f  solid propeliant rockets, would be needed to 

generate orbital velocity, and that those upper stages would be f i red  

horizontally in quick succession a t  the apex o f  the Redst.oneSs parabo l i c  

trajectory. T h i s  was a fantast ic  p l a n ;  i t  took the earth-orbi tirtg, man- 

made satellite suddenly out o f  its drezm~;twld and made i t  a ? a r t  of 

real l i fe .  However, almost s i x  years \;.ere to pass before t h i s  plan 

materialized. Af te r  all, von Braun m d  his Army t e a m  worked on a 

military project o f  high priority which did not to lera te  any side-tracking 

into projects t h a t  w r e  n o t  essential to the mil itary e f f o r t .  

The Army-von Braun team was not the only place \\rhere thoughts o' 

a satell i te p r o j e c t  began t o  crystal l ize. The Naval Research Laboratory, 

in 1945, requested the Gugyenheirn Aeronautical Laboratory a t  the 
8 I 

California Institute of Technolagy, directed by Theodore von Kannan, 

t o  study possiblities o f  a t - t i f i c i d  satellites. Results o f  th i s  NRL 

study showed t h a t  a satellite p ro jec t  ~ o u l d  be too cos t ly  f o r  the Navy; 

a p lea  t o  the A i r  Force f o r  coope ra t i on  found no rcspo~ lsc  because the 

A i r  Arce  had i t s  own satellite s tudy  underway, P ro jec t  Rand, wh i ch  was 

supported by North k n e r i c a n  A v i a t i o n  and t!orthrop. Thc i h v y  s t ~ l y  

proposed a single stage, liquid hydrogen-liquid oxygen rocket  o f  50 tons 

lakc-off  \re i yh t .  A tilul t i - :  taye  r o c k t  bra$ proposed i n  t h e  A i r  Force 

study.  I n  the fall o f  1947 ,  t h e  Cm-x i t t c c  o f  Guided f.fissi1c.s i n  the 

t:.ii r:t Rc-i~~i~-cti . ,nd  Ot~vc1o;i;::t~ilt km!, c!i,!it.cd by C 1 ~ 1 - L  t4il 1 i l , , l ~ ~ ,  t r i c d  

to ~001-d  i i:.i tc  !:,IVY w d  A i r  FOL-CL' 5 t l rd  i C'S . The Cowl i  t tc!e t .c~uir!~e~~dcd 
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around 1948, and 1 i ttle pub1 i c  debate of satell i tes occurred dur i n g  

the following years. The Guided M iss i i es  Comi t tee  recon~ended, though, 

t h a t  the  Amy-von Braun team, supported by t h e  General E l e c t r i c  Company, 

should provide continuing analysis o f  problems related to the development 

of  ear th  sate1 1 i tes.  

Three B r i t i s h  space enthusiasts, Gatland, Lunesh, and Dixon, 

published a satellite paper in 1951. I n  the same year, a Pussian scientist 

and student of space f l i g h t ,  Tikhonravov, wrote that t h e  USiR "would be 

able to launch a satellite." Wernher von Waun  published an a r t i c l e  

on satel 1 i tes i n  1952, and Fred Singer, presently professor o f  environmental 

sciences at the University o f  Virginia, proposed Pro jec t  MOUSE ( f o r  Minimum 

Orbital Unmanned Satellite of the Earth) in 1953. Another Russian 

s c i e n t i s t ,  Academy President Mcsmeyanov, w c t e  i n  1953 t h a t  " the c rea t i on  

of ar a r t i f i c i a l  satellite i s  a real possibility." 

I n  the meantime, some advocates o f  a s a t e l l i t e  p r o j e c t  i n  the 

Un i ted  Sta tes  began t o  coordinate the i r  c a p a b i l i t i e s  and a s p i r a t i o n s  in 

a person-to-person campaign. t4enlbcr-s o f  the Army and the Navy study 

teams, and some o f  t h e i r  supporters a t  industry, establ i shed workin9 

contacts. On June 25, 1954, Fr-ederi- Ck C .  Durant 111 o f  3w A t  Vf L i t t l e  
P . 

w a n  ca l led  together i n  Rashinqton a small g r o u p  o f  exper ts ,  

i nc lud ing  Bill Dofray, Commander George K. Hc~over, Alexander Sat in ,  

S .  Fred Singer, Wernber von Braun, Fred L. !&ipp?e, and D z v i d  Young. 

That historic rncctit-ig c m c  p r o h b l y  c!oscst t o  what  could be called 

the b i r t h  o f  Explorer  I ;  a t  t ha t  t h e ,  t h e  iuturc s a t e l l i t e  was simply 



cal led "orbiter ." The g r o u p  decided t o  recon~:l~cnd an immediate satel 1 i t e  

program w i t h  the Redstone as  b w s t e r  and thrne upper stages o f  Loki - 

rockets. This four-stage rocket would be a b l e  t o  launch a 2.3 kg 

(5 i b . )  satellite. If scaled-down Sergeant  rockets replaced the Loki  

rockets, 6 7 t o  9 kg (15 t o  20 l b . )  s a t e l l i t e  could be orbi ted.  Official 

b l e s s i n g  was g i v e n  t o  the proposal by Rear Admiral Frederick R. Furtit, 

Chief o f  Naval Research. More c e e t i n ~ s  o f  the O r b i t e r  group f o ?  lowed 

i n  idashington, i n  Huntsville, and a t  the Cape in Florida. The l i t t l e  

community had grown t o  about thirty die-hard be1 ievers ; i t  included 

Aust in Stanton, Colonel Nickerson, and several of von Braun's coworkers. 

Study objectives were assigned t a  v a r i o ~ s  tnernbers, and technical d e t a i  1s 

o f  the project quickly took shape. In September*, 1954, Dr. von Braun 

wrote a paper "The Min imum S a t e l  l i t e  Vehicle Based Upon Components 

Avai 1 able  f rm M i s s i l e  Development o f  the Army Ordnance Corps" which 

offered exact  data for  design and  pwformanc: o f  the four-stage s a t e l l i t e  

v e h i c l e .  Maj. General H. N. Toftoy,  Convnandi~g Genegal o f  t h e  Arw 

establishment i n  t luntsv i  11 e, approved of the study p r o j e c t ,  provided 

that  the Chief  o f  Ordnance, Maj. Get:eral L e s l i e  E.  Simon, gave h i s  

permission. General Simon's approval was wadi  l y  obtained. Further 

ind i rec t  suppor t  for  the project  m s  prov ided on October 4, 1954 by 

a special conxi  t tce  o f  the I n t e r n a t i o n a l  Gcophysical Year i n  Rome ~ h i c h  

recoi~uilended inclusion o f  satell i t e s  i n  ?be I G Y  prograin o f  the United 

States. The National Academy of  S c i e ~ ~ c e s  and the National Science 

Foundation accepted t h i s  recoi:!ii:cndat ion ,  and on July 29, 1955, President 

E i j ~ t ~ h ~ \ ; ' ~ ' r +  dimoui~ced US p l  ~ n s  t o  1 mnch one o r  more sa t d  l i tes dur ing 

t i t o  I G Y .  
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Dr. vcr, 3 r d ~  W ~ S  VCI'Y hdjjp)i 2 k ~ t  a l l  th is  progress, but  he f e l t  

t h a t  one impor tan t  element was s t i l l  missing i n  Project Orb i t e r ,  a 

representative o f  science. He asked me to esrab i  ish contact w i  t h  a 

s c i e n t i s t  who might be interested i n  joining our project, and who would 

l end  s c i e n t i f i c  c red ib i l i t y  to our endeavor. I n  1946 and 1947. I had 

been fortunate to  meet several o f  the upper atmosphere physicists who 

had accepted an i n v i t a t i o n  by the Army to place instruments f o r  the 

observat ion o f  atmospheric coniponents and radiations into t h e  nosecones 

o f  captured V-2  r o c k e t s  tha t  were launched t o  high altitudes a t  the 

White Sands  Prov ing  Ground i n  New Eexico.  One o f  these young s c i e n t i s t s  

was D r .  Jamas Van Allen, professor o f  physics a t  the State Univers i ty  of 

Iowa. He spent a sabbatical year a t  Princeton University during 1954; 

I met h i m  i n  h is  study, and I vividly described t o  him our plans f o r  

an eight-kilogram s z t e l l i t e  on top of a modified Redstone. This s a t e l l i t e ,  

I emphasized, was almost ideal as a carrier  f o r  Geiger counters which 

could tneasure cosmic r a d i a t i o n s .  Dr. Van Allen at that time was a l ready 

known international ly  as an expert  i n  cosmic radiation. 

M i l e  I t.alked, D r .  Van A l l e n  did no t  show any reac t ion  a s  he 

was s i t t i n s  i n  the corner of his sofa.  The only s ign  o f  l i f e  was h i s  

pipe which produced enormous quanti  t ics o f  smoke. A f t e r  I had f i n i s h e d ,  

he simply said: "Thanks for informing me. \dill you keep me posted  

on your pl-ogt-css?" - T h i s  extt-eiwly scant response vias a s u r p r i s e ,  and  

I was convinced that 1 had done a very poor selling job.  But we d i d  

k p  Dr. Van A l l en  posted. Unfortunately, our news f o r  h i m  \.;ere clot too 

good--unti 1  November 8, 1957. 



I n  O c t o t w ,  1955, Dr. Richard :'sr+ter of the General Elec t r i c  Coiiipany 

became chairman o f  a panel responsible f o r  the technical planning of  

the IGY sa te l l i t e  project. Before  this panel  w s  established, howcvcr, 

the fledgling Project O r b i  trr which had begun i t s  life with  so much 

hope and promise came t o  an unexpected and untimely end. In an e f f c r t  

to focus as much professional expertise as possible an the project, 

the  Orbiter team had invited Air Force par t i c ipa t ion  through t h e  A s s i s t a n t  

Secretary of  Defense, Donald A. Quarles. Rather than acceptirq the 

invitation,  Dr. Quarles established an ad hoc c o r n i t t e e  under Homer Joe 

Stewar t ,  physics professor a t  CALTECH, uhich was to compare the Amy-Navy 

Orbiter proposal wi tii two new satel 1 i te proposals. One o f  them, the 

Vanguard proposal, had k e n  submitted by other members o f  the Naval 

Research Laboratory. Th. t h i r d  s a t e i  1 i t e  proposal was an Air Force 

project; i t  was based on the  Atlas m i s s i l e  as a carrier. That proposal, 

hoviever, was quickly discarded by the conmi t tee because the Atlas rocket 

was s t i l l  in an early stage of development. ,The proposed carrier rocket 

for the Vanguard project consisted #,f a modif ied Viking rocket as 

f i r s t  stage, an improved Aerobee a:. second stage, and a new sol i d  

propellant rocket as third stage. A satellite ca p a b ~ l i t y  of 22 kg 

(50 l b s . )  was pr-orniscd a t  a total cos t  of $11 m i l l i o n .  On September 9, 

1955, the Stewar t  Comittce c a s t  a majority vote for Vanguard and against  

O r b i  t e r .  Dr. St.cwart, and two other  c~ : i i i t i  t t e e  rnmbers, had voted for 

Orbiter .  There may have been several reasons why Project Vanguard won 

over Project Orbiter i n  t h i s  conmi ttcc decision. The Orbiter satcll i t e  

was  to be liiuc~chcd w i t h  a mi 1  i t w y  rocket,  the Rcdstone, whi 1 c Kingiidi-d 

tir3cd only r -ocwts  t t r ~ t  had b::m t u i l  t f u r  i t  igh a l i i  t u d e  I-eswr-cn. 
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The Viking rocket, dcvdolwd a t  the Kaval Rcscarch iaborjtory by 

Mil ton  Rosen and Ernst Krause I n  close cooperation wi th  the Glenn L. 

Mart  i n  Company. had accompl i shed twel ve successful f l  ights between 

1949 and 1955; kerobee rockets, which have been used extcnsively for 

many high alt i tude f l i gh t s  since the late f o r t i e s ,  had been developed 

by the Appf ied Physics Laboratory a t  John Hopkins ilniversity and b u i l t  

by the Aerojet Engineering Company. To many o f  the S t e w a r t  Conmi ttee 

members, it seeped preferable to base 3n American satell ite pro jec t  

on strictly non-mil i tary rockets. These conii t t e e  members may not have 

been sufficiently fzmiliar with the inherent problems o f  a complex 

technical system t o  appreciate t h e  advantage o f  a pro jec t  which uses 

proven components and a l arge, experienced, and wel l in tegrated development 

team, i n  constrast t o  a project whose conponents require substant ia l  

modifications and a great deal o f  systems engineering, artd which m u s t  

be accomplished by an adhoc team asseabled only for this specif ic  project.  

After the cornili t t e e  had decided f o r  Vhnguat-d, John P. Hagen, 

radio astronomer a t  N R L ,  becam program d i r e c t o r  o f  the new project; 

I4il ton Rose11 served as techn ica l  director.  Von Brmn's Amy team was 

to ld  t o  s t a y  o u t  o f  the satellite business. For most o f  t h e  members 

o f  the  Army-Navy Orbiter group, these were sad t iqes .  Not so for  

Wernher von Braun! I n s p i t e  o f  t h e  bad t id ings,  he kept h i s  beaming 

optimism. Sori~e time befot-e the f J teful deci siun a c j a i n s t  P r o j e c t  Orbiter, 

Dr. von Braun had already initiated a program to t e s t  scaled-down 

nosecones o f  f u t u r e  i n te rmed ia te  riingc b a l l i s t i c  m i s s i l e s  d u r i n g  r e - e n t r y  

i t l to  the ;lt~!wspl~er*c ~ f t e r  a high a l i i iu l l e  f l i g h t .  The l i lost p m c t i c a l  



vehicle for  such re-entry tests ~ u l d  b? a Redstone r-ockct, equipped 

with two upper stages consist ing o f  clustered solid pmpellant rockets. 

It just so happened t h a t  thc cornbinztion o f  a Rcdstone rockct wi th  two 

upper staqes, needed for  nosecone rz-entry t es t ing ,  showed a s t r i k i n g  

similarity with a rocket capable o f  launching a satell ite;  as the only 

difference, t h e  satel?ite launcher carr ied a t h i r d  solid stage with 

a satellite instead o f  the heavy r e e n t r y  nnoectnc. Development and 

test ing o f  re-entry nosecones was p a r t  o f  Or. von Braul~'s assignment 

to build an intermediate range ballistic m i s s i l e ,  the Jupiter, a t  

the Army Ballistic t4issile Agency i n  Huntsville. 

On the day when Pro jec t  Orbiter was cancelled, Dr. von Braun told 

h i s  coworkers: Let's go f u l l  steam ahead with the re-entry test vehicle! 

Dr. Pickering , Director o f  t he  Jet: Ftopul  sion Leboraicr-y, and Dr. Froel ich,  

h i s  close associate, v i s i t e d  Huntsville s h ~ r t l y  afterwards and pledged 

their ful I coopera tion i n  the d e v e i o p m t  o f  the coriqosite re-entry 

t e s t  vehicle. JPL had been a c t i v e l y  involved in the development o f  

high a1 t i  tude rockets for years, and some of  i t s  men~bers were quite 

fnlilil iar  w i t h  the possibil i t ics  of  launching sa t c l l  i t c s  wi th  multi - 
stage rockets. The j o i n t  work o f  the von Braun group a d  JPC proved 

highly successful ; i n  Sepiember, 1956, a Redstone rockct equipped w i t h  

t ~ o  upper stages, ca l l ed  Jupi tcr C, reached an a 1  t i  t u d e  of 700 m i  1 es 

and covered a range of  3300 miles. TKO fur thcr  flights d u r i n g  1957 

performed equally well. The f iberglass  nosecone o f  one o f  them was 

I-cc~vered f roin the A t 1  a n t i c  Ocean; i i v:as s h o w  by P r e s i d e n t  L i senhowr 

on t c k v i s i o n ,  and i t  proved t h a t  t he  a b l a t i o n  technique t i o d d  be 

~ ~ l c ( : c r s f r ~ l  i n  protect  i n g  wal-lmids (!;it- i rig a trl;osphcric r e - r n t r y  . For t h i s  
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long-range f l i g h t  test ing,  the  o r i g i n a l  Redstone m i s s i l e  had I w n  

uprated for higher performance. The propellant tanks were elongated 

to increase their capacity;  the alcohol fuel was replaced by the more 

powerful ~ ~ d ~ n e ' ) ,  and the container for hydrogen peroxide for the 

turbopump system was enlarged t o  allow a longer burning t ime .  The two 

upper stages o f  the Jupiter C re-entry test vehicle consisted of eleven 

and three scaled-down Sergeant rockets, prepared arid assembled by 

the Jet Propulsion Laboratory. 

In February, 1956, Major General John B. Medaris assumed command 

of the newly created Amy Ballistic Missi?e Agency in Huntsvi1:e. He 

quickly proved a highly e f f i c i e n t  and competent leader. Under his 

command, development o f  the IRBM Jupi ter program, including the re-entry 

test vehicle Jupiter C ,  progressed r a p i d l y .  hui; so good was the progress 

of  the Vanguard satel 1 i te project. Sui ld ing  a three-stage, high-performance 

satellite carrier out o f  thi-ee d i f f e r e n t  rockets p r o w d  to be more 

complicated that:  previously t:iovght. Easically, the praject plan was 

sound, and the members of the project were certainly very competent. The 

inherent veakness o f  the p ro j ec t  rizs simply the f a c t  that i t  d i d  not 

utilize any experience or help from the ballistic i n i s s ~ ? e  program. 

A f t e r  several Vanguard c a i  lures on the launch pad, the Atmy offered i n  

Apri l  o f  1956 a series of 6 sa te l l  it?<, the f i r s t  to be launched i n  

September of that  year. The Army even of fered to  tnake this s a t e l l  i t e  

series a p a r t  o f  the Vanguard program, but the Navy relnained firm i n  

i t s  dccision not tc accept any h e l p  f rom the  Army-JPL teatn. 

I n  t he  r!ieantirne, signs o f  Russian satel 1 i te  activities became m r e  

i i i id i;iutsc u v i d c n t .  011 April 15,  1955,  t h e  Academy o f  Scicflccs i n  t i . - .  



USSF! ,;as i w o  the  as~ ig f i i : .cn t  ic! coord i  r ia t.r? thr! tk=vt*Ioj~:~;.ri i o f  

meteorological satel I i t c s .  Irt July sf t h a t  year Russia i c ly  

acnounced the existence o f  a satellite program, and i o  August, 

Professor Sedov stated a t  the IAF Congress i n  Copenhagen that a r t i f i c i d  

satellites will be launched w i t h i n  two years. Satellite., were mentioned 

repeatedly in public pronouncements during Liw fell :. irig year; i n  June 

o f  1957, Ncsmeyanov stated t h a t  a satel 1 i t e  launcher 3 r d  i t s  payload 

were ready, and t h a t  a launching should be expected wi th in  nonths. 

Around the same time, Lloyd Gerkner, LISA member of the IGY Committee, 

received i n f o n a t i o n  of an impending sa t te t  i te launch by the USSR. 

Jn September 18, 1957, Radio Moscow stated t h a t  a satellite would be 

launched soon; transmitter f requcncies o f  the satell i t e  were publicly 

announced on October 1, 1957. 

A few people i n  the United States followed these developments 

with grave concern. The c r i s p  statemnts o f  the Rvssians, t he  depressing 

p: i gh t  o f  the Vanguar-d Project,  the tied hands o f  the Army-JPL team, 

and tqe almost complacent d i c  :egard of most Auericans f o r  t h e  possi ti l i ty 

that  our country may be outranked by the USSR with a b r i l l  ian  technical 

accornplish~~cnt--all this added up t o  thz gloomy forebodings o f  a inajor 

shock. 

This shock came on October 4, I%?,  when Russia proudly announced 

tha t  Sputnik I ,  d 184 i b .  satellite, >:as i n  o r b i t ,  and t h a t  anybody 

with a l i t t i e  radio receiver could hear i t s  gentle, but insistent 

beep-heep every 96 minutes. 



and Wernher von Rrarn, were quick to point  out the trcrncndous inipression 

this 1 ittle sate1 l i t e  made on the wor ld ,  and the most urgent need t o  

prove the tcctmical prowess of th is  coutltry by l amch ing  an American 

satellfte as quickly as possible. Secretary of the Army Wilbur Brucker 

repeated his of fer :  s ix  Amy-JPL satcll ires for 12 .7  mill i o n  dollars. 

It took the Stewart  Camnittee three weeks before i t  finally endorsed 

the 128i4A satellite project p l a n ,  and i t  took another two weeks, another 

Vanguard failure, and another USSi? satel l  i te--the 1120 l b .  Sputnik I T  

with the dog La ika  onboard--before the Secretary o f  Defense authorized 

the preparation o f  two Army satellites; b u t  even these should not be 

launched before March 1958, and not unless Vanguard fa: k d  again. T h i s  

uncertain trumpet call  was not what General Medaris was w i l l i n g  to  accept. 

He requested more d e f i n i t e  orders, and with the help o f  blil: iam 

Holaday, the "Missile Tsar" i n  the Defense Department, he received 

the go-ahead signal f o r  a satellite on November 8. Dr .  won Braun was 

ready t o  promis2 a launch date 60 days later,  but General Hedaris, w i t h  

a fa ther ly  gesture, simply said: "Wernher, l e t ' s  make i - i  90 days." 

Eighty-four days later, the Army's s a t e l l i t e  was i n  orb i t ,  b u t  these 

84 days were f i l l ed  with a most intense work program. Several three-stage 
4 l . L  e 4 k h . - r  - 6 -  c-4 - -- .. - 

Redstone re-entry t e s t  vehicles:-iihich'hadbeen b u i l t  during the 

previous year ,  were s i t t i n g  i n  the hangar and waai ted for a satell i t e  

ass ignmen t .  However * General Mcdari s had t o  promise to  the Department 

o f  Defense that his Army B a l l i s t i c  Missile Agency i n  Huntsv i l l e  would 

not work on a satellite project. Uhen this taboo was f i n a l l y  removed 

i n  !;ovcnlber, one o f  the re-entry test rockets had t o  bc transformed 

i n t o  a real s a t - c l l i t c  launcher. A th i rd  s o l i d  ~ ~ r o y e l l m t  stage, 
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the second stage structure; an a t t i t u d e  control system with gyroscopes 

and compressed air nozzles had to be designed, b u i l t ,  tested, and 

integrated i n  the instrument co:nparini.nt of the Reds tone; t h i s  compartment, i 
together wi tf! the three upper stages and the  satel 1 i te, had to be 1 

i 

prepared f o r  separation frou the Redstone a few seconds after burnout, 

and while this cluster coasted upward towdrd the apex o f  i t s  parabolic 

trajectory, i t  had t o  be turned i f i to an exactly horizontal position. 

A special instrument, called apex predictor, had t o  be designed, b u i l t ,  

and integrated i n  the rocket system; i t  had t o  generate the i g n i t i o n  

signal  for  the f irs t  o f  the three sol i d  stages a t  apex i n  such a way 

t h a t  t h e  third stage  would take o f f  horizontally at the exact  rnoinent 

of  dpex .  Good inser t ion  o f  tk  satell i t e  i n t o  i t s  o r b i t ,  and consequently 

a tong lifetime of t h e  o r b i t e r ,  could be expected only  when t h i s  i g n i t i o n  

sequence worked prc:-dy . F ina l  ly , the sa te l l  i t e  had to be designed, 

b u i l t ,  and equipped w i t h  a t  l e a s t  rae space physics instruments which 

would make a worthwhi le s c i e n t i f i c  cndcavor out o f  the satellite 'launch. 

The Vanguard P r o j e c t  had c s t a h l  i shed a nurnber o f  radio tracking 

stat ions around the earth which would be capable o f  receiving s ignals  

from the Vanguard's transmi i ter .  b!!hen the Amy satel l  i te  pro jec t  was 

ac t i va ted ,  t h i s  system, called M i n i  track, was considered for use by 

the A.xy satel  1 i te.  Houever, Eberhardt Rechtin a t  JPL proposed another 

system, cal led f.iicrolock, krhich was smaller, l ighter, more s e n s i t i v e ,  

and more accurate.  Its s i g n a l s  could be rccefved by the existing 

l4initrack s tat ions .  Dr. \'an A l  len f i - t m  tho S t a t e  i lnivet-si ty of  Iowa had 



With gre-t i c r e s i g h t ,  hc h d  given h i s  instruments dimensions which 

f i t ted also into the long and slender body of the Army saie l l i  te. 

Dr. Maurice Dubin prepared a small rneteorcid detecto-. A l l  these 

instruments, including two telemetry systems for s i g d  transmission t o  

earth, nere battery powred. The shell o f  the satellitt:, made o f  - 

s t a i n l . 2 ~ ~  steel , was attached through fiberglass r i n g  t o  the car ing 

o f  the third rocket stage, and through another fiberglass r ing  to the 

steel nosecone. ; he f i b e r g l a s s  r ings served as antenna gaps for  two 

radio t ransmit ters .  The satellite had been designed by Joseph Boehm 

a t  AW; the a t t i t u d e  control funct ion t o  t u r n  the instrument compartment 

wi th  the upper rocket stages into a horfzontal  position during the 

coasting f l i g h t  w s  3 product o f  Walter Haeussemann's guidance and control 

d i v i s i o n ,  a lso  a t  ALMA. Throughout t h e  satel 1 i te  project,  cooperatifin 

between ABMA, JPL ,  and the numerous contractors behind the Redstone 

was very close, and, inspite o f  the hectic pace of the project ,  very 

p l easant .  The Cht-ysl e r  Corporation was prime contractor for the Redstone. 

The Ford Instrument Company i n  Long Island, New York, was responsible 

fcr the overall g~i.:!ancc and control system. To the amazement o f  some 

outsiders, there was no " r o l e s  and missions" document which would have 

spel led out what each member of the big fdbi.:ly \.;as supposed t o  do and 

not t o  do. There were many discussions, o f  course, but they aimed a t  

the problcn~s to be solved, and not a t  prerogat ives,  demarcation l i n e s ,  

or privi leges .  There was a job to be done--everything else was secondary. 

In order to equal ize any differences. i n  perfonfiance o f  the solid 

propellant rockets of the f i r s t  two upper stages, the t o t a l  cluster 
-4 

o f  I-ocl:ets m d  soi.ell ik$ bids s p i r m i a y  dl-uund i t s  1 ~ l q i t ~ d i t - d  a x i s  



a t  a rate o f  550 RPM. This spinr-ate incredsed t o  750 KPtI during ascent 

of  the Redstone, i n  order t o  avoid resonance w i t h  the natural frequency 

of the Redstone. This frequency chacged gradually as the tanks e m p t i e d  

during ascent. 

- .  . .. The correct moment of apex was computed during the ascending . ... 

part o f  the f l i g h t  i n  the fol1o:ring cay. By measuring the altitude 

and the vertical velocity of the launcher a t  the time o f  burnout o f  

the Redstone, the i n i t i a l  data o f  t h e  coast ing portion o f  t h e  trajectory, 

were known.. With these data ,  the f l  ight tine to apex could be calculated 

w i  t h  Newton's l a w .  Three independent f i ~ t h o d s  to  detemine the burnout 

data  were appl ied: radar observations, Doppler measurements, and an 

onboard accelerometer with integrator oriented i n  the v e r t i c a l  direction. 

Radar and Doppler data were a v a i l a b l e  i n  the ground stations; the onboard 

d a t a  o f  the accelerometer were telenetered t o  ground. For each o f  

khese measurements, nomoqrams had been prepared s h i c h  provided the 

t i m e  to  apex as quickly as the  observational data could be entered. From 

these three apex time determinations, a weighted average was formed w i t h  

another nomcgrarn and a simple sl iderule, and t h i s  "most probable dpex 

time" was set  i n  the apex t i m e  predictor. T h i s  in s t rument  consisted 

of a long th readed  shaft,-driven by a synchronous motor which s t ir ted 
"'(& - '-& , 

t o  run a t  the moment o f  8wnm.j~ The turn ing shaft  slowly moved a 

block with an e lectr ic  contact po in t .  Shaft  and block represented a kind 

of " l i n e a r  clock." A second block viith a matching contact p o i n t ,  sliding 

in a groove parallel  t o  the shaf t ,  was set  by hand on the point vhich 

cot-I-cspol~dcd t o  the calculated apex t iw.  As soon as the sha f t -d r i ven  



e l e c t r i c  circuit was closed, p r o d u c i q  a r a d i o  s i y r d  t h a t  triggered 

the i g n i t i o n  of the  f i r s t  s o l i d  propellant stage a t  apex. 

As a matter  o f  precaution, the  contacts on the two blocks were 

br4dged over by a hand-opera ted button, and long before the launch the 

dec is ion  had been ~ a d e  that the button should be pressed a t  the  t ime 

when the two contacts were seen t o  touch each other .  The hand button 

would then generate a signal  a t  the right moment even i f  the two contacts 

should f a i l  t o  function properly.  

By today's cmputer age standards, this was a quite pr imit ive 

system, but i t  worked very we1 I .  The trajectory experts had to ld  us 

that  the 1 i fe t ime o f  the Orbiter may be as l o n g  as 10 years, provided 

that  we accomplished i g n i t i o n  o f  the first s o l i d  stage a t  exactly 

the right mosent. - As i t  turned out later, Explorer I stayed i n  o r b i t  

fo r  twelve and a ha1 f years! 

As an additional precaution, vie had a hand-held stopwatch, and 

we made the burnout s igna l  audib le  over. a loudspeaker. We also  had 

calculated a "most probable" coasting time from burnout t o  apex, based 

cn ?he anticipated perfortnance f i g u r e s  o f  the Redstone. The stopwatch 

was hand-started when the burnout signa: a r r i v e d  over  the loudspeaker. 

Had anything gone wrong wi th  the s i g n a l s  needed f o r  our apex computer, 

we would have pressed the i g n i t i o n  but ton tihen the stopwatch indicated 

the precalculated apex t ime, hoping that  i g n i t i o n  would occur a t  about 

the correct moment. Fortunately,  the signals for the computer did  

ar r ive  c o n - e c t l y ,  and we did not need to read the stopwatch. 

The Rcstonc w i t h  upper stages and satellite wss shipped from 

I iuntsvi  1 l e  to Flor ida  by C-124 a i  r c r a f t  i n  Dccc.z!xr. Reporters were 
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info!-med of the upcoming event, and they were i n v i t e d  t o  the launching. 

but w i t h  the understanding-by word o f  honor--that they would not  wri te  

about the  sa t e l l i t e  i n  case o f  a h m c h  fai lure: no f i r e ,  no story! 

Very fortunately,  there was no need t o  put t h e i r  f o r t i t u d e  t o  t h i s  t e s t .  

However, General Medaris d i d  not doubt t h a t  everyone would have kept h i s  

word. 

Launch was set for January 29. The weather gods were not favorably 

inclined toward our pro ject ;  they blew wi th high-a1 titude winds of 170 

miles per hour, too much f o r  the long, slender rocket. On January 30, 

wind speed increased t o  205 m i l e s  per hour. The next day, winds had 

slowed down t o  157 miles per hour, and General Medaris authorized the 

IaunchSng. A t  10:47:56 i n  the  evening 07 January 31, the Redstone 

s a t e l l i t e  rocket l i f t e d  off from i t s  launch pad. 

Burning t ime o f  t h e  Redstone was 157 seconds. Our computations 

- and nomograms gave a coasting time from burnout t o  apex o f  about 247 

seconds. Considering a burn time o f  6.5 seconds f o r  each s o l i d  r ocke t  

stage and a delay o f  1.5 seconds between stage f i r i n g s ,  the i g n i t i o n  

signal had t o  be given a t  about 224.5 seconds after b a r n o u t .  Our . 
l i t t l e  apex p r e d i c t o r  worked w e l l ,  and the i g n i t i o n  s igna l  was generated 

by k c h  of the two redundant con tac ts  (one automatic, one by the hand- 

pressed button) almost simul taneour l  y. 

As soon as t h e  i g n i t i o n  s i g n a l  had been radioed to the spinning 

rocket c l u s t e r  a t  apex, the microlock t racking s ignal  indicated t h a t  

the three so l  i d  stages had indeed f i r e d  as planned, and that the s a t e l l i t e  

had quick ly  disappeared in an cas tcrly direct ion. Scvcral n~irtutes 1 a t c r ,  



w h a t  i ts  o r b i t a l  l i f e t i r n c  will be. Even for a member o f  3?L, i t  took 
- -- 

some boldness to  answer tha t  question on the basis o f  the meager data 

ava i lab le  a few minutes a f t e r  launch,  and A1 began t o  say: "The 

probability f o r  a 90 percent confidence ...." but the General, impatient 

under t h e  pressure of  events, wanted a clear answer. "Ten years, S i r , "  

A1 said, and General Medaris was sa t is f ied .  A? could have been bolder 

by 25X, as we learned twelve and one half years later. 

Af te r  tha t ,  a long hour o f  waiting began. Not before the satellite 

had completed i t s  f i r s t  o r b i t  and appeared over the Goldstone t racking 

s t a t i o n  i n  California could we he cer ta in  that it real ly  orbited the , A 

/&y:h.>L Ly-cc& '*  f 4-' 
earth. D r .  von Braun, D r .  P icker ing,  and Dr. Van Allen Wmfa the 

Pentagon i n  Washington, together w i t h  the Secretary o f  the Army 

Wilbur Brucker. The sa te l l i te  was expected to complete a full  o r b i t  in  

about one hundred and seven minutes. 'he Go1 dstone antenna,  therefore, 

should have receivd a signal around 00:26, Washing-..an time. D r .  Pickering. . 

a little nervous by then, anxiously telephoned Pasadena and asked: 

"Do you hear her?" - "Negative," was the answer. Two minutes l a t e r ,  

he repeated his question, and again received a negative a n s w r .  "Why 

t h e  hell don't you hear anything?" he blurted out, but the man a t  

the other end really could not answer t h a t  question. Secretary Brucker 

t h e n  asked c*?mly: "\<ernher, what happened?" - Uernher stared a t  his 

wi tch .  Beads o f  sweat appeared on his forehead. Cotltrary to h i s  u s u a l  

quick response, he remained s i lent .  

I n  t h e  meantime, B r i g .  General Jack Barclay and Eberhard Rces, 

deputies o f  Ma j . General k c f a r i s  and i lcrnher von Bratm,  w r e  sweat ing  

i t  o u t  a t  AGIM i n  Huntsville, Afabarna Cc.ric:d f - : x ia t - i s ,  Ccntcr Director 
- 
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Kurt Debus, Hans Gruene, Bob Moser, and other members o f  the Von Eraun 

and t h c  JPL teams had joined a group of reporters i n  a small addi  torium 

a t  the Cape in  Florida. All of them were w a i t i n g  fo r  news f r o m  

California. There was great silence i n  the room i n  F l o r i d a ,  b u t  the 

air was f i l l e d  w i t h  tension. General k d a r i s  looked alternatingly a t  
.. . . .  ... . -  - 

his  watch and a t  a clock on the  wa1 I ,  Wei ther A1 Hibbs nor Jack Froel ich 

said a word; i t  was really an unusual situation. And then, a t  about 

a quarter to one o'clock, there was a voice f r o m  the rear: Chuck Lundquist, 

a young sc ient i s t  from Huntsville, entered the room and shouted: 

"Goldstone nas the bird! I t  i s  i n  o r b i t ! "  - After that ,  nobody could 

hear anything, because  everybody congratulated everybody a t  tide top of 

h i s  voice. In the Pentagon, Wernher von Braun took a deep breath. 'She 

i s  eight minutes late. Interesting," he said.  

Soon a f t e r  the 1 i t t l e  s a t e l l i t e  had begun i t s  l i f e  in orb i t ,  i t  

was of f i c ia l ly  named Explorer I .  I t s  instruments worked well, but 

t h e i r  readi~gs puzzled Dr. Van Allen and h i s  coworkers George Ludwig, 

Chrl McIlwain, and others .  The Geiger counters showed only a low 

radiation count,  and they even q u i t  counting periodically on the i r  way 

around the earth .  T h i s  strange behavior was soon recognized as a 

saturat;on ef fec t ,  caused by an unexpectedly h igh  r a d i a t i o n  densi ty  , 

and Dr .  Van A1 l e n  was led to  the discovery of the r a d i a t i o n  be1 ts which 

bear h i s  name. 
. . .  - .  -- -- 

I 
' S ~ u t n i , k $  1. and I I ,  af t -er  c i  r c l  ing the earth for a few months i n  

/ 

\ ' s o l  i tlrde', had received a brother i n  o r b i t .  I*iore satel  1 i tes fol l o ~ e d ;  i 
i the Vanguard Project a c h i e w d  a f i r s t  success on i4arch 17 ,  1958, 
i, 

vrhen a grapefruit-sized s ~ i  t t 4  1 i t e  :.:as ::A.ic;pd ir1t.n a h i g h  o r b i t .  



Mien Dr. Van &en cl i i  I net 2 few c a s  after t h e  h u n c h  of isxplorer I, 

he asked me whether I rerzleabercd our ~ e e t h g  ifi ?r imeton four years ago. 

Of course, I did. - *$There 1 was s i t t ing Sebhd the smkescreen of qy pipeN, 

he said ,  t lListemg t o  xhat 3-ou were t e l l ing  re, =d I said to n~yself : 

Ei the r ,  these guys are crooks. Or, if t h q  are not, they have sornetmg abso- 
' 4 

lutely fantastic on their rhdes, an5 even on t h e i r  hands. - At that t h e ,  -<.: At;-< 

I aid not know the correct mswer. Lox-, I do ! I t  

K i t h  Exphrcr I, t h e  tm Sputrriks hsd recsived a brother in o r b i t ,  

when a small satel l i te wss placed into a high orbit. Sputnik,  Explorers, 

Vanguards, Liscoverers, T i n s ,  k h o ,  'ir~nsit, liidas, Sams, \lostok, 3krcury- 

M a s ,  Cosrms# Telstar, ;day ,  Syncon, S w t ,  GeIlrini, and a host of other  

sa te l l i tes  up to SWLa'o, r :p lb-Sopiz ,  W.0 and IUZ established their  orbits 

around the ear th  during the following pars.  Some enjoyed only  a short period 

of weightless Life in spacc, others, such as t h e  bgeos satellite, m y  stay 

in orbit fo r  thousands and even willions of years. By 1976, about 2000 s~tellites 

mc space pmbes had been &uncheci successfully; 11 00 of them viere b u i l t  by 

t h e  USSR, 700 b~ t h e  United j t z tes ,  a-id 200 bj vario)'s ot he nztions. kny of 

the sate l l i tes  had zstronauts anboard. 

For liernher von Braun, th i s  Gbuhus evolution cas nlwzys a source of 

p e a t  ic?ppiitess, and he o f t e n  szic: "Xkn h a  filpll-1 established h i s  foothold 




