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ABSTRACT 

Operation FISHBOWL is  a proposed series of high a l t i tude  nuclear effects  

t e s t s  t o  be performed d ~ r i n g  1 E?zrch 1962 t o  1 June 1962. 

i s  concluded tha t  the  three  intermediate a l t i tude  shots have higher 

priori ty.  -Thesotiu b, p a a e  # 
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The Thor launched from Joks ton  Island is suit-  
=-mi 

able as a warhead carrier .  Burst phenomenology Pis been examined and uC%r 
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the  primary experimental objective determined, These objectives can be 
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I . INTRODUCTION 

In a previous report, AFSWC TR 61-95, a plan f o r  executing a se r ies  of 
high a l t i t ude  nuclear t e s t s  beginning i n  July 1962 has been considered. 
The present report has been prepared t o  describe a plan f o r  executing a 
meaningful ser ies  of such t e s t s  during the  time period 1 March 1962 t o  
1 June 1962. Because of the  compressed time scale  some q e r i m e n t s  can- 
not be accomplis hod; however, t he burst phenomenology and experimental 
objectives have been euramFned more carefully and it is believed tha t  t he  
primary objectives of the  se r ies  can be met, although there  w i l l  be same 
loss  of redundancy, r e l i a b i l i t y  and refinement, (S-) 

The primary objective of the  overall se r ies  is t o  obtain data regarding 
the  interference t o  radar and communication systems produced by a high a l t i t ude  
nuclear burst,  The data available at  present coupled with theory a r e  suff ic ient  
t o  show t h a t  blackout has serious implications f o r  c r i t i c a l  defense systems such 
a s  BMEWS, Nike-Zeus, ICBM penetration and many c o d c a t i o n  systems, and con- 
versely tha t  its emplogment may be an effective ICE@! offensive tac t ic .  The mag- 
nitude of the  effects  is tremendously dependent upon the  conditions of the  burst. 
Present data and theories a r e  inadequate for evaluation of systems effectiveness 
i n  a mc lea r  war. The present ser ies  is intended t cover a range of bust con- 
di t ions  where specific applications a re  optimized. ; s h , T )  

The burst phenomenology f o r  various a l t i tudes  and yields has been considered 
and is  described in same d e t a i l  for  a specific s e t  of conditions in Section X I .  
In this section also, the  primary axperimental objectives a r e  discussed along with 
a suggested sat  of primary experiments which are considered possible in the  time 
scale. The individual experiments a re  described in more d e t a i l  i n  Appendix I). It 
is considered important tha t  those t e s t s  be conducted with provgl warheads and not 
in conjunction u i t h  dwelopment t e s t s ,  However, it may be necessary t o  conduct 
these t e s t s  I n  conjunction with the  AEC weapon davdopnent program, and in part i -  
cular in conjunction with t h e i r  proposed OAT program. Therefore, i n  Section XI, 
there i a  consideration of acceptable yield and a1 tude variat ions which w i l l  p e d t  

Since it may not be possible t o  complete a f i v e  shot program the  following 
p r io r i t y  a s s i p ~ s n t  is suggested: 

Pr ior i ty  Altitude 

The baais of this aasigqment is dlcusaed in Section 11. 

Because af the short time available f o r  developent, it is recommended t h a t  the  
Thor vehicle be used as a warhead car r ie r  with essent ia l ly  no vehicle modifications. 



r l.&-L&$ 
2 h e  -haad conaideratioas are described in Section 111 and the 

vehicle considerations are describ Section lV, Launch s i t e  possibi l i t ies  are 
briefly discussed in Section 11. 



11. !W%.RIMZNTAL OBJZCTTVES AND FMiS 

Considerat ions of nuclear safety,  eyeburn, and operat ion su i tabf  l i ty  
d i c t a t e  se l ec t ion  of Johnstm Island 2s t h e  most pronusing opera t ional  base f o r  
a l l  t e s t s  of Operation Fishbord. a h o r  operat ional  p o s s i b i l i t i e s  considered 
include Ihiwetok, Kwa.jalein, Christmas Is land a d  t h e  possibl-c use of Atlas 
t r a i n i n g  miss i les  f i r e d  from Vandenberg :IFB t o  c a r r j  t he  warheed t o  t h c  t e s t  
a rea .  Thiwetok and b ra j a l e in  were r u l d  out  on t h e  bas i s  of poss ib le  eyeburn 
danger t o  na t ives  of adjacent i s lands  and l o g i s t i c s  ?roblens. In addit ion t o  
t h e  eyeburn problem, Zilristmas Is land has no advantages as a t e s t  s i t e  !h i ch  
would j u s t i f y  the  add& complexity of negotiatiqq f o r  i t s  use with t h e  United 
Kin~don,  The use  of Atlas t r a in ing  mis s i l e s  a t  f i r s t  seems t o  o f f e r  economic 
and l o g i s t i c  advantages; however, the CZF of t h e  Atlas poses sevare problenis 
i n  obtnining adequate burst  point instrumentation. i7urthcrmore, t h e  p o l i t i c a l  
impli-caticns of a possible  f a i l u r e  of a nuclear  armed Atlas over c i v i l i a n  
populace seem t o  outweigh any possible advantages of t h i s  choice of varhezd 
c a r r i e r .  (!- 

r_ 
n 

7 2 .  I, 4, d 
- 

1 
The a l t i t u d e  

d i f f e r e n t i a l  b etween each of t h e  shots  is such t h a t  the weapon phenomenology - 

yill be q u i t e  d i f f e r e n t  f o r  each shot .  T~&J 1 TWO s h o t s  
are desired t o  def ine  the-alti tude a t  which f i r e b a l l  blackout e f f e c t s  a r e  most 
*tense and pe r s i s t en t .  - < - 

, J' 
~ h i s e  pancakes, both in 

t h e  burs t  region and- at thc: magnetic conjugate points ,  a r e  & addi t ion  t o  t h e  
l aye r s  of rad ia t ion  produced ionizat ion.  C 

A l l  shots  of t h e  Fishbowl s e r i e s  should be detonated at n ight  t o  f a c i l i -  
t a t  e obtaining the  maximum i n  photographic and spectrographic coverage, 



I n  add i t i on  t o  those experiments which a r e  s p e c i f i c a l l y  discussed in 
connection with each shot ,  an extensive ground and s h i p  based network of 
riometers,  sky cameras, e tc . ,  w i l l  be employed f o r  a l l  shots .  Long range 
r ad io  propagation expe 'ments w i l l  a l s o  be ca r r i ed  out  by exis t ing  ground 
receiving s t a t i o n s .  (h) 

l :eco~nizing t h a t  it i s  impossibl? t o  ::erform three te: : ts  on th ree  
:;uccessive days , sone consideration ha:; been 5-ivcn L o  ,!,he r;::;uj..rcci .& i!!!r: 
s1:acing hctr,reen shots .  Certainly t h c  l-ix~i t,ing f ?..ctor. in ?crf omin:; thi:: 
to l i t  :;cries l i i  n. ,very sho r t  t h e  is  i n  rel.ocat,i:ng the expcrirnmts and iastru- 
:nnntatj .~n from one shot t o  t h e  nexL. It uhou1.d bo recogni:::!d t h a t  the  l a rge  
d isl;urt~ances c f  ambient conditions caused by these detona.tions clo not d i e  
a'~.ra:,- :..$thin L day or  t x o .  Therzfore the Poll.o::i.np; min.inu~ i;iz:es bctvrecn tests, 
based on these disturbances,  are ~equlred: 

Test - Minimum t ime t o  next t e s t  

2 - 3 days 

3 - 5 days 

6 - 8 days 

1 - 2 weeks 

1 - 2 weeks 

It i s  the re fo re  necessary t h a t  t h e  higher  a l t i t u d e  sho t s  be performed last t o  
acconplish the  t a t a l  t e s t  s e r i e s  i n  minfmum time. (UNCL) 



1. Phenomenology : 

C 7-u~ The f i r e b i l l  at one micro- 

second a f t e r  bu r s t  is a sphere of  bss t h a n  one Km r a d i u s ,  A t  t h a t  time 
it is a t  a t e m p r a t u r e b e t m e n  10and  2 0 e v .  Air a t  t h i s t ~ m p e r a t u r e  r'A,t F , c c b a l  
a d  dens i ty  is a s d f  i c i e n t l y  good r a d i a t o r  -f 2 . e ~  . ,.T .,= 
its energy in a r e l a t i v e l y  s h o r t  time. Hmever, t k  m l d  air surrounding 
the  r a d i a t i n g  f i r e b a l l  i s  a  correspondingly good absorber af the radia-  
t i ons  so t h a t  only a  small  port ion of t h e  ava i lab le  energy i s  transported 
t o  la rge  d is tances .  The remainder i s  absorbed in a thin s h e l l  surrounding 
the  f i r e b a l l .  This s h e l l  i s  heated a d  ul t imately becomes a n  i n t e g r a l  p a r t  
of t h e  f i r e b a l l ,  This nechanism of r ad i a t ive  d i f fus ion  i s  t h a t  by which 
the  f  i ~ b a l l  cools  and expands. C 

- 7 4 -  LL-(I - JThen t h e  expans ion ve loc i ty  should dmp t o  about 0.05 Km/sec, 

C 94 L+e 
A 1 Again based on 

sca l ing  from Teak ard Grange, the  r i s e  ve loc i ty  1s e x p c t e d  t o  be about 
0.5 Km/sec and increases  s l i g h t l y  a s  f/fi decreases ( a s  a l t i t u d e  increases) .  
It i s  this rise of t h e  f i r e b a l l  which accounts for t h e  apparent Northward 
movement of an a rea  of ion iza t ion  produced by the  t rapped b e t a  p a r t i c l e s .  A s  
it r i s e s ,  t h e  f i r e b a l l  encounters nagnetic f i e l d  l i n e s  vhich cons t r a in  and 
t r a p  the  ne,:atively charged be tas  and produce i o n i z a u o n  i n  mare Northerly 
a reas ,  This a r ea  appears t o  Itmove" North w i t h  a v e l o c i t y  of 0.95 b / s e c  
(roughly t r i c e  the r i s e  ve loc i ty)  a s  t h e  o r i g i n a l l y  produced ion iza t ion  re -  
co&ines n d  new ion iza t ion  patches are fonned. Measurements dur ing  t h e  
Orange shot  did not y i e l d  information on t h e  in t ens i ty ,  ex ten t ,  or  "veloci ty"  
of t h i s  ion iza t ion ,  A** 

The v i s i b l e  f i r e b a l l  cons i s t s  of a i r  heated and mult iply ionized 
by t h e  x-rays, bomb.debris, and be t a  p a r t i c l e s .  From recent  ca l cu la t ions  by 
FJS!!! and other  organizations,  it appears t h a t  t h i s  region i s  opaque t o  k i lo -  
megacycle frequencies  f o r  t imes  possibly a s  lang as 30 seconds. There is, 
howver,  an outer  ionized reg ion  which i s  f o m d  i n i t i a l l y  by the  prompt gam- 
ma rad ia t ion  and is t h e n  held in  a highly ionized s t a t e  by t h e  W and I3 
emissions from t h e  v i s i b l e  fireball, This region is  not we l l  def ined but  is 
thought t o  extend out t o  a t  l e a s t  another f i r e b a l l  rad ius ,  While l e s s  opaque 
than  the v i s i b l e  f i r e b a l l ,  it is  nevertheless  an i n t e g r a l  p a r t  o f t h e  f i r e b a l l  
blackout problem a d  must be d e f i m d  in space a s  a  func t ion  of t ime.  (s-) 

k 
The importance of  t h i s  mechanism of  beta induced 
ionizat ion was not f u l l y  recognized u n t i l  l a t e  i n  
1959 when the phenomena was ulated t o  account for 
unexplained ri-ter data. 



Table 1 p e s e n t s  a p ic ture  of t h e  f i r e b a l l  from intermediate  
out t o  l a t e r  t i e s ,  The values given are f o r  the rchole f i r e b a l l ,  i . e . ,  
t he  v i s i b l e  plus the outer regions. The l a s t  column permits t h e  reader  
t o  e a s i l y  ca l cu la t e  t h e  apprcximate a t tenuat ion  of var ious  frequencies  
when expressed i n  megacycles. ( S E W  

Table 1 Fi reba l l  Parameters 

For a p i c t o r a l  representat ion of t h e  f i r e b a l l  r i s e  and expansion f o r  
various times a f t e r  burs t ,  r e f e r  t o  f i g u r e  1. . 

Temperature Electron Radius Time Alti tude Attenuation 
(Degrees K) Density (Km) (set) (Km) (db ) 

2. Test Objectives: 

To determine : 

a. f i r e b a l l  transparency as a .function of time and inc ident  EN f r e -  
quency 

b. f i m b a l l  r a t e  of growth and r i s e  

c .  s p a t i a l  ex ten t ,  persis tence,  and i n t e n s i t y  of be t a  induced and 
D-region ioniza t ion  

d. s t r u c t u r a l  response t o  thermal r ad ia t ion  near the v i s i b l e  f i r e -  
b a l l  

e . radiation flux mar the -W.I region. (a*) 



3 .  E x ~ e r i m n t a  1 Plan: 

The se l ec t ion  of y ie ld  f o r  t h i s  expe r imnt  i s  discussed in 
Sect ion 111. <" 

3 The allowable e r -  
r o r  f o r  y i e ld  predic t ion  i s  - + 25%. ( S B L '  

74 ) 
)Burst pos i t ion  is 35 Km south of Johnston 

Is land.  (-L) 

Table 2 depic ts  t he  airborne experiments t o  be conducted during 
t h i s  t e s t .  A more de ta i l ed  explanation of  each experiment i s  presented in 
Appendix D. I n  addit ion t o  these experiments, ground instrumentat ion in -  
cludinl: riometers , ionosondes, o p t i c a l  and photographic equipment, and radar  
are  plamed f o r  t h e  b u r s t  a r e a  and the northern conjugate point.  The ground 
experinents are deployed i n  such a manner a s  tc minimize t h e  r i s k  of f a i l u r e  
t o  observe unpredicted events while s t i l l  maintaining s u f f i c i e n t  coverage 
f o r  the predicted phenomena. k k t e r e e  . . 
s ~ o o ;  t h e  ~ l o b a l  nature of t h e  rffcts-of 

These e x ~ e r i m e n t s  are  discussed i n  the  Appen- 
dix D. It should be noted t h a t  i n  addi t ion t c  t h e  f i r e b a l l  blackout measure- 
ments, the optical/lR expr imen t s  cons t i t u t e  t h e  most important s e t  o f  meas- 
urements t o  be perfcrmed. It i s  required t h a t  t h i s  test  be conducted a t  

clagtime test precludes performance of o p t i c a l  measurements. 

Figure 1 is a s ide  view of t h e  f i r e b a l l  blackout e x p  riment 
and depicts  various transmission paths through the  f i r e b a l l  region as  
it expands anc! r i s e s .  The f igu re  s h m s  cnly one rocket  t r a j e c t o r y  s ince  
a second t r a j e c t o r y  would apogee a t  the  same pos i t ion  and would t ransmit  
through t h e  region i n  t h e  sane manner. ( C C N ~ ~ I A L )  

Figure 2 represents  a blown-up top  view of t h e  bu r s t  a rea  with 
the various a-perimental rocket t r a j e c t o r i e s  over the f i r e b a l l .  (UIJCLAS) 

Figure 3 is a map of t h e  Pac i f i c  t e s t  a r e a  wi th  t h e  approximate 
a rea  of t h e  f i r e b a l l  with t h e  be ta  region superimposed. (U?.JCLAS) 
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Table 2 

50 ion Shot - Experimntal Plan ( ~ i r s t  lac ation - 35 Km South of  drhnston) 

. 4. 
, .  .- 

.;{. 

I 
. +. 

. .{ 
QSF Radial Distance from Burst Point 
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A t  th is  altitude, the x-ray me- free path is  very large (thousands 
of kihnetera horizontally) end there is no sharp 'Yireball" formed near the 
burst as in lower altitude bursts. However, air density is  still sufficient 
t o  be the primary mecharrism for containing the expamion of the bomb msterlals. 
For example, a 10 Xm sphere af air a t  th i s  density contains approximately 
20 times the mass of the baib. (u) 

Flgure 4 depicts the situation a few milliseconds after  burst. There 
be a high electron deneity in s 10 ICla "sphere" due t o  x-ray depositioll. 

While the 'bau'b materials at thi~ time are 1-2 kllcmeters from burst pobt ,  
the betas irom tha d p r i s  are producing ioni m patches 2-4 Km wide a t  
the coqjugate point,altitudes of 60-70 Km. & 

There is a t  present no adeqpate theoretical model for predicting the 
subsequent motion of sthe debris dl&. Scaling of the Teak r ise  and expan- 
sion velocities by means o? a Taylor solution for a stroq hydrcdynaJnic 
shock yleld. a r i se  velocity (u) s 10 ?&/sec md an p a n s i o n  velocity (ve) 
* 3.5 ~m/sec. While the use 09 these scaling laws a ~ e  much in  question for 
thLs altitude, they are in agreement with machine calculations performed by 
Aeronutranic which give U * 9 ~m/sec and ve s 5 Krn/sec. In contrast, the 
pressure gradient model (the heated sphere is accelerated upward by a 
pressure gradient resulting f'rom aa exponential density distribution), 
which correctly predicts the Teak r ise  velocity, yields U * 3 iCrn/sec. This 
range of' uncertainty leads t o  widely and, mibsequently, differing effect8 
On EM propagation as can be seen by i t s  effect on the beta patch position. 
='-@a 

The r ise  velocity of the debris i s  directly translated into northward 
motion of the north conJugate point beta patch or southward motion of the 
south conjugate point beta patch. U s i n g  a megnetic dip angle of 2g0, one 
obtains the horizontal velocity of the beta ~ t c h  as 1.8 tlmes the r i se  
velocity of the debris clcmd. It is of' interest t o  note that for large 
dip angles (high latitudes) the beta ionization w i l l  be relatively insensi- 
t ive  t o  the r i se  09 the debris cloud. This would lead t o  high electron 
densities i n  a fixed region. m) 

2. Test Objectives: 

a. Determfna;tion of' the debris cloud extent and motion as a function 
of time after  burst. 

b . W t i t a t i v e  measure of the ionization densities and attenua- 
tion effects both nesr the burst and a t  the conjugate points (D-layer 
ionization). 

c.  Detcrmination of the infra-red and aptical radiation effects 
produced by bursts a t  this altitude. 



d. LQv flux x-ray effect measurements (~ecoadary) . 

3 .  Experimental Plan: 

d Since a change i n  
alt i tude will change the objectives, no variations i n  detonation alt i tude 
are reco~nnended. (-) 

W l e  I summarized the experiment envisaged for this shot. In 
additian t o  these experiments which are described in de ta i l  i n  Appendix D, 
there will be g r m d  and ship based optical instrumentation for infrared 
Rnd optical effects.  Ionosondes and r imetars  w i l l  be used in monitoring 
ionospheric disturbances whenever possible. Radar w i l l  be used for  track- 
ing the debris cloud. In addition, three or more a i r c x d t  w i l l  be used t o  
obtain photographic tracking and coverage of both the debris cloud and 
northern 3et.a patch. (u) 
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D, STARFISH, LOO km. 1.45 MT 

For bursts above about 200 lob the bomb debris and the weapon redisrtions 
are not ccnfined by the atms*ere; consequently, the phenomena associat ad with 
th i s  detonatim are radically different from those of lower altitude-detonat- 
ions; A t  400 km the mean f ree  paths for  the bomb radiations (x-rays, gamma 
rays, and neutrons) are hundreds of kilometers. Becaue of these long mean 
free paths, the energy of the  i n i t i a l  x-ray pulse w i l l  be deposited and- produce 
ionization a t  alt i tudes f r a n  100 km out t o  l ine  of sight distance, 3*'** about A t  t h i s  distance the i n i t i a l  electron density is  about 10 e l  ctrons/ % cay time is such that  electron density becormes approximately 10 elect- 

a f te r  about 2 minutes and en returns t o  ambient i n  about, 10 minutes. 9 Ambient a t  t h i s  alt i tude i s  about 10 electrons/cn?. The prompt gamma and 
neutrons will be absorbed a t  alt i tudes of about 30 to7% km t o  produce ionizat- 
ion which decays i n  a few These prompt phenomena occur in times on 
the order of milliseconds. 

The bomb debris 'ko+_ilp has an i n i t i -  
a l  velocity mrn per second. After less  than f of a sepcnd, the 
dcnrnnard directed debris particles are stopped by the atmosphere in a layer 
about 20 km thick a t  an alti tude between U.0 and 150 km and with a horizontal 
radius of about 250 km. Debris deposition will cause this region t o  be slight- 
4 heated, causfng the pancake t o  r i s e  with a velocity of about 1 km/sqcond t o  
an alt i tude of 200 t o  250 km in two or three minutes. The gamma rays produced 
by decay of the fission poducts in the pancake w i l l  be deposited in the D reg- 
ion of the ionosphere a t  a 70 km alti tude out t o  a l ine  of sight distance of 
about 1000 km from the pancake. The betas f r o m  the debris w i l l  be deposited 
primarily between 65 and 70 h i n  alt i tude in an area below and to  the north 
of thepancake. Pancake r i se  will cause ths betas, which are canstrained t o  
folluw the f ie ld  lines, t o  deposit their  mergy progressively further north- 
-* -) 

The sideward and upward' portions of the expanding debris, assuming it 
Ls ionized, sill be slowed and cartained by the ion-loaded magnetic f ie ld.  The 
horizontal radius at the time which debris expansion ceases w i l l  be about 400 
km with an upward stopping diatance of nearly 600 km above the detonation alti- 
tude. The ion-loaded magnetic field is  the stopping mechanism i n  these direc- 
tions. Some fraction of the f issioa debris and bstas ccatained i n  this region 
uill be trapped by the magnetic f ie ld  and transported t o  the conjugate point 
where it w i l l  spread over an area with dfmsnsions of aver 1000 km. Mssion de- 
b r i s  deposition alt i tude a t  the cmjugate point w i l l  be about l l 0  km, while the 
betas w i l l  be deposited as fa r  down as 60 ian. Continued decay of the fission 
debris w i l l  cause increased beta ard eaane gaarmir ionization over the entire 
conjugate point region. h addition t o  the  confugat e point effects, some of 
the betas from the detonation w i l l  be trapped in the magnetic f ie ld  for  long 
times and create an Argus shell. (3-1 



Figure 6, drawn t o  scale, shows the  d e n t  of ionizatiqn caused by 
par t i c le  and radiation deposition in the  atmos&ere from a detonation at 400 . The-maxhm debris expansion distance is shown a t  a time of about of 
a second, btit t h e  debria deposition & the canjugate points occurs at  much 
lat or times. Figure 7 is a map showing t he  extent of ionization produced by 
each kind of radiation. Beta and gamma induced electron density as a function 
of time f o r  a l t i tudes  below 95 lon i plotted in F gure 8. A s  can be seen, t h e  
e l e c t r m  density decays t o  about 10& elec t rms /  2 and s tab i l i zes  temporarily. 
In  Figures 9 and 10 the ionization l e v e b  produced by betas and gammas a r e  
shown separately. Figures 8-10 apply t the  regions of Figure 6 beneath and 
t o  the north of the debris  pancake. ( S h  

2. Test Obdectives: 

The purpose of t h i s  t e s t  is  t o  determine the  in tens i ty  and duration 
of the  i,onized layers produced in t he  upper atmosplere by the depasition of 
bomb f i s s ion  debris  and radiations, and to  d a t e h e  t he  e f f i dency  of in ject - '  
ion of r e l a t i v i s t i c  electrons in to  s table  o rb i t s  in  the  earth 's  magnetic f i e ld .  

These effects  produce intense a d  persistent  upper atmosphere ionized 
layers, both i n  the burst  region and a t  the magnetic conjugate point, which 
cause' radio and radar blackout w e r  large  areas. In order t o  achieve suffici-  
ent  understanding of phenomenology of a nuclear burst  a t  t h i s  a l t i t u l e  and t o  
permit accurate prediction blackout effects,  the  following t e s t  ob- 
servations must be made: 

a. D.terminati~f!of the  location, intenstby, &At, and motion. of 
t he  debris  pancake both -a the burst  and a t  t h e  conjugate points. 
(s=m) 

be Ibtermination of the  in tcnai ty  and extent of t he  s t r a t i f i e d  ioniza- 
t fon produced by x, garm~s and beta rays. (UNCUS) 

c. Determination of t he  time his tory  of t h e  collapse of t h e  debris 
cloud, subsequent magnetic trapping of betas and f i s s ion  products, t h e i r  tran- 
sport t o  condugate pointa and t he  resultant  buildup and decay of conjugate 
point i d s a t i o n .  (UHCLAS~ 

3. Ekparimsntal Plan: 

The Detonation: Previous discussions of the phenomenology aseumed a 
nominal y ie ld  of 2 MT at an a l t i tude  of approxbmtely 400 km. The requiremmts 
fo r  understanding t h i s  type of burst and the  resul tant  debris pancake phenomena 
can be sa t i s f i ed  b the detonation a l t i tudes  and corresponding yie lds  shown be- 
low i n  Table 4: && 



Acceptable B m t  Paramtors 

Altitude (h) Yield (KP) 

After a datanation a la tudo and correepodbg y b l d  have been sleleeted, ths 
followlag accaracies Parrat apply: 

a. Detonation altitude known w i t h  i 100 mtera 

b. Yield knownwithln=t209. 

The principle factors in detembing the geographtcal looation of the 
test are the placement of inetrtmentatioa and the i lash blin&eee (eyetmrn) 
problem, The l a t t e r  dlctabn that  the dstonaiAon ah& ba as far awq ae 
posalble from Isrslnds which are within l ine  of sight. (Since l lne of sight 
a t  an d l t i t d e  of b0 Ian is about 2200 km there i e  no location which exeludes 
a l l  inhabited land maaass Prom the llne of sight of the barst*) A canvenimt 
location from the standpoint of instrwmntatian is aouth of Jahneton Island 
airace them is much mis t ing  equlpmnt which can be used. A detonation 600 
lol sW of Johneta is mggeeted. For a detonation at thirP locatian, ab#ut 
O.001rl calortee/crnz i s  the mximm amount of ener in the visible region 
uhlch an observer in Hawaii (1850 km line of aight 7 would rsceivu on fhe e p  
retina under the conditiau moat favorable for eyeburn. Islands closer t o  
the detonation, but still a t  leaet 1000 h a- (see figure 7), will mceiw 
anlg. slightly hlgher thsrmsl fluxes. Based upon p rev io~s  slrpsriences (Teak 
aad Orsnge) theas intamit lea are w a l l  within any masonabla safety margin. 
'Phore islande 1000 and 2000 lon from the proposed burst p o h t  are shown 
in fim 7. 

Since much valuable data can be obtained f'rom tims and spectrum re- 
solved photography, this dictatea that the test be performbd a t  nlghtthm 
when auroral photographic conditions are best. (uMcUIS) . 

I n s t m n t a t i a n :  !l'he speciflc expa-nts of th i s  t e s t  and the rs-d 
InskrPrmbntertion are l i s ted  i n  Table 5 together with the b e t  o%jective(s). 
Each eweriarent i t3  described in detai l  i n  Appendix D. (UmCLBS) 
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1. Introduct ion 
--I 

ensure t h a t  these addi t ional  shots  received adequate considera t i o n  i n  
determining the f i n a l  approved shot  schedule f o r  Operation Fishbowl, 
they a r e  discussed i n  d e t a i l  i n  the following paragraphs. (T 

The space and time h i s t o r y  f o r  a bu r s t  a t  t h i s  a l t i t u d e  
will resemble t h a t  given f o r  Bluegil l  except t h a t  it w i l l  produce more 
local ized e f f ec t s .  The expansion and r i s e  v e l o c i t i e s  w i l l  be somewhat 
smaller s i ace  the rad ia t ion  mean f r e e  path i s  much shor t e r  a t  this 
a l t i t ude .  The scaled (from Hardtack) r i s e  v e l o c i t y  f o r  this shot  is  

and the  expected expansion ve loc i ty  i s  l e s s  than 0.1 km/sec. 

A t  this a l t i t u d e  the  range of beta p a r t i c l e s  is roughly 100 
meters; hence, they do not escape from t h e  f i r e b a l l .  The n e t  r a t e  of 
production and the  e f f e c t s  of ioniza t ion  by the be tas  i s  indist inguish-  
ab le  from the f i r e b a l l  and w i l l  not appreciably change the  f i r e b a l l  
e lec t ron  density. Therefore, it is concluded t h a t  
unimportant r o l e  i n  ioniza t ion  f o r  t h i s  detonation. %'is an 

The f igures  and t ab le s  drawn up f o r  Bluegi l l  w i l l  apply to 
t h i s  detonation although the  values rill be s l i g h t l y  smaller. (UNCLAS) 

b. Test  Objectives: 

(1)  To determine the  time a t  which the  f i r e b a l l  becomes 
t ransparent  t o  kilomegacycle EM frequencies. (UMCLAS) 

(2) To perform quan t i t a t ive  measurements on the  temperature, 
s t a t e  of ioniza t ion ,  and expansion and r i s e  v e l o c i t i e s  of t he  f i r e b a l l  
a s  a function of time a f t e r  burst.  (UNCUS) 

c. Experimental Plan: 

The experimental plan developed f o r  t he  Bluegi l l  shot  appl ies  
t o  this test with q u b s t a n t i a l  modification,- Since 

"I- 



t he  blackout e f f e c t s  w i l l  be more loca l ly  confined than a t  higher  
a 1  t i t udes ,  the global propagation experiments w i l l  not be performed. 
Rocket t r a j e c t o r i e s  a n d d e p l o ~ e n t  of ground based and aircraf t-borne 
measuring s t a t i o n s  w i l l  be a l t e r e d  comm s u r a t e  w i t h  the smaller  
dimensions of the  phenomena expected. &I 

Radar w i l l  be employed to t rack the  f i r e b a l l  from the  
ground. Other ground based experiments w i l l  remain e s s e n t i a l l y  un- 
changed. Refer t o  Table 2 f o r  a l ist of experiments. ( ~ C L A S )  

TO properly conduct a nuclear b l a s t  acce lera t ion  experiment 
on re-entry vehicles ,  it is estimated t h a t  the  minimum lead time required, 
is twelve months. Furthermore, it i s  believed t h a t  three separa te  sho t s  
spaced a few weeks a p a r t  a r e  necessary t o  obtain t h e  necessary data.  
These requirements preclude the  performance of b l a s t  measurements 
during the cur rent ly  planned s e r i e s  of high a l t i t u d e  t e s t s .  

a. Phenomenology a 

The l i m i t s  on the debr is  expansion f o r  detonations a t  these  
a l t i t u d e s  a r e  determined by the  e a r t h ' s  magnetic f ie ld .  The expansion 
of the ionized debr is  w i l l  push a s ide  the magnetic f i e l d  l i n e s  and pro- 
duce a f ie ld- f ree  "magnetic bubble." The ambient ions pushed along w i t h  
t he  magnetic f i e l d  w i l l  absorb some debr is  energy, slowing the  expansion 
veloci ty.  The debris-magnetic f i e l d  in t e rac t ion  w i l l  continue only a s  
long a s  the debr is  remains ionized. A t  present,  however, t he re  i s  con- 
s iderable  uncertainty regarding the  s t a t e  of ioniza t ion  of the  debr i s  
a f t e r  the  f i r s t  100 meters of expansion. Depbnding upon the  opaci ty of 
the debr is  atoms, t he  material  may cool r ad ia t ive ly  t o  s u f f i c i e n t l y  re- 
combine. Since the  expansion would proceed unaffected by t h e  magnetic 
f i e l d ,  t h i s  circumstance would have d r a s t i c  inf luence upon subsaquent 
e f f e c t s  and is a prime datum t o  be obtained.' Once the debr i s  becomes 
neut ra l  the magnetic f i e l d  plays no p a r t  i n  the containment process. 
Then the  neut ra l  debr is  p a r t i c l e s  w i l l  move r a d i a l l y  outward, cross f i e l d  
lines, decay, and cause ions and e lec t rons  t o  be trapped i n  the magnetic 
f i e l d  a t  la rge  dis tances from the  bubble. (SCY) 

L 
- 
- ) T h i s  spheroid w i l l  l a t e r  deform a s  the  debr is  cools  

and becomes neut ra l ,  and a s  the  magnetic f i e l d  turbulent ly  penet ra tes  
the  burs t  region. As t h e  magnetic bubble decays debr is  p a r t i c l e s  w i l l  
penetrate  the  atmosphere downward t o  a l t i t u d e s  of about 100-200 km 
depending on t h e i r  energy and mass. I n  addi t ion,  a considerable amount 
of e lec t rons  and debr is  mater ial  a r e  in jec ted  i n t o  the  magnetic f i e l d  
and w i l l  cause extensive conjugate poin t  ionization. TShCr) 



I~ 
>1n the downward 

d i r e c t i o n  t h e  d e b r i s  would be stopped by t h e  ionosphere a t  approximately 
200 km a l t i t u d e .  This  very l a r g e  bubble is d i sconcer t ing  f o r  s eve ra l  
reasonst  ( 1 )  t h e  ex t en t  of  beta  i n j e c t i o n  is so l a r g e  t h a t  g r e a t  d i f f i -  
c u l t y  is  a n t i c i p a t e d  i n  unrave l l ing  t h e  s p a t i a l  d i s t r i b u t i o n  o f  t h e  
trapped e l ec t rons ;  (2) p a r t s  of t h e  s h e l l  were mirror p o i n t s  a r e  h igh  have 
a very  long l i f e t i m e  and may p e r t u r b  s u r v e i l l a n c e  s a t e l l i t e  development 
programs; and (3) t h e  d e b r i s  expansion i s  l im i t ed  by d i f f e r e n t  mechanisms 
i n  the var ious  d i r ec t i ons .  m Z ~ Lkd 

b. Teat Objectives: 

The major purposes of s tudying t h i s  de tona t ion  a r e  to i n v e s t i -  
g a t e  t he  debris-magnetic f i e l d  i n t e r a c t i o n ,  motion of t h e  debris, hydro- 
magnetic wave propagation,  conjugate  p o i n t  i on i za t i on  and e f f e c t s ,  the 
generat ion of an Argus s h e l l ,  and any unpredicted phenomena. This b u r s t  
should permit  s tudy of the tu rbu l en t  Argus phenomenon, i.e., synchrotron 
r a d i a t i o n  from e l e c t r o n s  trapped on t h e  t u rbu l en t  f i e l d  l i ne s  a t  the time 
the magnetic bubble s t a r t s  t o  break up. 

Should t h e  conjugate p o i n t  i o n i z a t i o n  be  s u f f i c i e n t  i t  would 
be pos s ib l e  to  blackout  a r e a s  thousands of  miles from t h e  b u r s t  r eg ions  
f o r  s i g n i f i c a n t  times. -) 

c. Experimental P lan t  

A b u r s t  Location s eve ra l  hundred km southwest of Johnston 
Isdand appears  t o  p r e sen t  a good l oca t i on  f o r  s tudy ing  both b u r s t  and 
conjugate p o i n t  e f f e c t s .  The l oca t i on  and e x t e n t  of  d e b r i s  a t  the 
conjugate  po in t s  w i l l  be determined by co l l imated  gamma r a y  d e t e c t o r s  - 
two launched a t  about 1500 km from each conjugate  po in t .  The nor thern  
conjugate p o i n t  is  i n i t i a l l y  near  French Shoals whi le  t h e  
sou the rn -po in t  is j u s t  south of Samoa. 

Fa s t  r i s e  time magnetometers and d e b r i s  measurement i n s t r u -  
mentation w i l l  be flown i n t o  t h e  burst region by suitable rockets 
where t h e  d e b r i s  expanding p a s t  t h e  ins t ruments  w i l l  a l low s tudy  of  the 
debris-magnetic f i e l d  i n t e r f ace .  Extensive su r f ace  and a i r b o r n e  equipment 
w i l l  measure conjugate  p o i n t  i on i za t i on ,  spec t rographic  and photographic 
phenomenology of t h e  de tona t ion  and condugate po in t s ,  and empi r ica l  r a d i o  
and radar  a t t enua t i on  by ionized regions ,  (m 



A. Possible Warheads 

I, The follaaing devices ware considered as having possible applica- 
t ion t o  this series of tests: 

nU3dSS geinht (1b1 -tar (Pd Lennth (in) Total Yield Fission Yield 

2, Discussion of Amlicabi l i ts  

Each of the warheads which might be used i n  t h L  t e s t  series is 
l i s ted  above. The su i tab i l i ty  of each warhead in being, plus those propored 
for  developtent dur/ng tbls t h e  period was oonsidered. Consideration was 
also given t o  the possible modification of d a t i n g  warheads t o  snake them 
compatible with the bunch rshicle (diecussed i n  Section IV) . (- 

r "&=A 
3 

O& this warhead would be wall- 
able for ahat Bluegill. an acceptable warhead for  accoxnplishing the 
ob3ectives of t h b  shbt. 



The Sandia Corporation is deweloping a safing and f'uzing system for 
high altitude, missile delivered t e s t s  of nuclear devices. T h i s  system, with 
very U t t l e  modification, will be capable of arming and fuzing essentially any 
nuclear device on conrmand from the ground when delivered with a missile such  as 
the Thor. The package can be made available for w i l l  be compatible 
wi th  a l l  the nuclear devices prsviarsly d5scuased. 

Within the warhead requirment considerations there are no -heads 
other than those eelectad which are readily available and c q t i b l e  with the 
experimental objectives of Operation FISHBOWL. 

1. Warhead selection cr i te r ia  are as. follow: 

a. The warhead8 mat have yields suitable t o  meet the eacperimen- 
tal objectives. 

b. The warheads must have predictable yields, asld therefore 
must have been tested prior t o  this t e s t  series. In  some instances this 
requirment may be r~aived I f  acceptable yield certification is received. 

c. The warheeds must be available for this t e s t  aeries without 
a major development or production program on the part of the AEC laboratories. 

d. The warheads and the i r  m i n g  aad system8 must be elec- 
t r i ca l ly  and mechanically c-t ib le  with the selected delivery 8 tan. 6 b  

h_ JTUS yield v a r i a t h  i s  acceptable 
and will not degrade complution of the t e s t  ob jectivea. (e) 



The time scale# of the operatian poses a sericw limitation on 
selection of newssary vehiclee to  accimpli~h the experiRlbnta1 objectivea. 
Yhile a Largs n m b r  of boosters are a v d l a b b  with sufficient performence, 
only a few of these would not reqdzw arbnnive engineering for 
satisfsing all-warhead flt and warhead poeitioning reqpiremts.  - 

7- 1 

Ia a 1-r f;fnre scale (two years) plan, one can probably provide 
several desirable features i n  the warhead carrier not available i n  a few 
months tipae period. For exanple, self propelled pods and rockets can be 
mounted on the carrier t o  iaaprom positioning accuracy of scientific ex- 
periments. The operational plan can be a w l i f f e d  by providing urnhead 
carriers an the Less complicated solid propellant systems. Booster costs 
can be reduced by tailuring the vehicle more precise3y to the requirements 
of each experiRlbnt although it LEI only fair to recogni~e that generally 
speaking booster coste are a very small part of the total cost of any 
missile launch. 

The decision uaa made to attempt to  satis* the experimit-1 ob- 
jectives with vehicles available "on the shell*, and t o  avoid any vehicle 
modifications which would lead to At0nd.c Energy Commission requirements for 
proof test t o  safis* and safety criteria. The vehicles selected 
meet theae objectives. 

In addition to the warhead delivsry capability it was f e l t  necesmry 
t o  provide additbad. capacity for secondsry payloads. All of the large 
boosters considered3 Thor, Redstom, Polarie, have excess capability in 
the 1-r altftude. I f  external ejection of secondary payloads could be 
scrcompllahed the modificatione to a payload carrier section w d d  be held 
to  a ndnimm. The Thor has this external capability while the Polaris doe8 
not without extensive engineering, 

A t  low altftaaea the Thor ie not fully utiliEed. The consideration 
of a eingle system providing operaaonal expediency overcame the objection 
of Snrefingu vehicle perforprence. Thor trajectories were exceptionally 
adaptable to the warhead positioning considerations. 

B, Selection Paramtern - Warhead ~ar r ie r .  

1. The selectAon procees for the warhead carrier began w i t h  con- 
sideration of the warhead wei&t. The payload weights for the warhead 



~orrier nu= established as described abovs at roughly 1500 to 2500 pound8 
fncludillg ~ l o & i  carrier slirn&mr 8nd aelmQmb sfriswo For thfe wbight 
r a n g a ~ ~ 8 u r f ' a c e  t o l O O O l c l l o r s t e n r g p o g e e t ~ a r w a l r r r g e ~ r  
of carr%er8 wlth safficient performance t o  acconnplieh the necessary mapan 
placeamrt. Those considered tolare the Aerojet senior engine i n  a Blue Scout 
mt utage configaration, the Thor, and the Redstone and Pola3.i~ in scum- 
a t  lemsdetafl. - 

2, In order to keep costa end w o r t  mqulzwnmnts t o  dt minimam 
it uaa decided that a single vehf~ le  eurrwnt3.y I n  production, capable 
of mertiug a l l  altitude re-ts, rcr- nrhdRma lllalfifcetian and 
a proven hlgh degree of mllab i l l ty  was the mat desirable. Secondary ob- 
jectives make it desirable to select a vehicle capable of carrying eucternal. 
ejectable scient if ic  instrumsnMion packages. 

developarent would be re- to adapt the payload carriers t o  the p r o p o d  
W a d  and also to  attach externel stores. 'Fhe additional develapment 
req\rired to adapt the Blue Scout co&@ratim to this operation would re- 
q d r e  a series of test - i n  order that  re l iabi l i ty  could be eatab- 
lished. (U) 

Do Redstone. _. 

S1t does not appear uise i n  v iew of potential re- 
qubwmnts f o r  bursts a t  .Wgher altitudes t o  accept tfiia limitation. In 
d e r  to use the present Rkdstone psyload carrier, extensive modifleatione 
wnld ham t o  be accompliehed on the warhead ming system. Although the 

hrrs said that a sufficient number of these h h i c l e s  could be lnade 
available to accomplish Operation Fhshbowl, the Redstone is not considered 
fhe most desirable vehicle. 

A l l  altitude requiremnte can be a c c q f i h e d  with the PoLarisj 
hmver ,  the payload carrier would require extensive modification to accept 



the warhead6 selected and them a m  no provisions for attaching external 
instrumntstion packages. Hodiflcations are of such a nature that vehicle 
proof t88ting w d d  be mquired t o  establieh reliabili ty.  

The Porsrfs has one extrell~t4 &ek.able feature rrhich is opera- 
tional flexibili ty.  The question of withdrawal of these a d s d l e ~ s  from the 
aperational stockpile was not  considered in deta i l  bat is believed t o  be a 
lhdtatdoar an thw operatfons plan. The solid prrrgellart systems have a 
p o W a l l y  ererlbas drmhick. For law alti tude applications considerable 
hadwam and propellant Fentain nith the &ead and canFmre t$B diagnastic 
and debris mmureaents of the bmst.  A l iquid  propellant engins on the 
other hand can be shut dorm and the entire booster rejected from the war- 
head prior t o  we- detonauan. @ 

Payload capabilities of the Polarier are adeqpate ae s h m  in the 
following table: 

The =load volrmaer restrictions are more severe than in stme of the other 
system. Payload volmnes are adequate hcnrever i f  the operational warhead 
and missile system i e  wed, In the selection of weapons it was not desired 
to re8%rlct yields t o  those available i n  tihe operational Polaris. (m 

The Thor booster is available froa current inventories, can accom- 
plish a l l  a l t i tude requirernnts, requires only ndnOr mbdlPication for adapta- 
tion to the propased warheads, and has an established high degree of relia- 
b i l i ty .  Twenty-three out of twnt@'Iv8 Thor space boosters launched since 
h October 1960 ham been successful. Tha overall space booster success i e  
55 i n  62 launches. The Thar also has proviaions for instal la t ion of external 
ejectable ecien.tific inst muentation packages. 

I n  addit ion t . ~ $ $ g h l y  reliable missile, tha Thcr haa the capa- 
b i l i t y  of being programed far booster cut-aff at  any - during powered 
flight. This d d  permit the warhead to be separated From the booster and 
allow it t o  proceed on a ba l l i s t i c  path t o  detonation point3 thua, reducing 
the possibili ty of the boaster interferfng Kith diagnostic and debris in- 
vestigation. * 



The 8p1csge t h e  to corpbtm 8 aauntdoun l a  about kelw miantus and 
f b s ~ ~ b & W W r r b b c m b e k l % h r q r p l . ~ b S ; f  
T-LS huter madbsr, The tntlMh eantrol officer ham eaq&tu ooatr01 t o  
~ . ~ ~ t o O m 5 ~ o o b r p a i a P c b U J % d f m  &-,-- 
c a l  holds om be plaeed into the oomrtQMn @me 8% q .tia3s wlthotrt abort- 
lag t;he rdsdw. T k b  opma-blaaal feature ir er tmmly  valuable fm tiare 
eeqtmnalng other rodcob c m  experbentel gem alortm 
mplaammrt a d  control area is ahaw in flgme b, Appendk 

capabiUt&m of t h s k  are adequate ae rhom I n  the follow- 
fng mlss 

P y 1 o r d  m1m lm that ienore&d&iun&thsseluct&onofa 
mapaa Prar tho80 p 2 q M e d .  

A n ~ n  detdlsd descriptina ai  tho^ b- ~ h a f a ~ t d & i C ~ ,  
perfcmmm, SecIUtier and AGB 5a given in Appendfx A. 91CIC) 

AerwaU0 01.0rred Equipme mqlrhmmta ar0 rr&#i3.ar folr the Bsd- 
sCaas and Tbm. A h ,  hunch pad reqdamezxta arrs slad2.p- The Polasirrl 
3.8 des5bpl6d for ttlbe Qpe lrwah ubbh wwld mpdre e-4 dlff-nf wd p m .  It w pawrmgsd tWb tb B.3, b~ thsb 
eMp f858 Obw,rvaf;L013 Island a ~ l e b l a  ii %he Polarb rrers ~ l o e t a d r  El- 
Scout fmilltfrs and Aeroepsce aTawd w p a e n t  regdramfir - far leer  
tm fhose of the ather thxmn ~8hiahw.w 

Tbs exprhntal o b j d w  af this prqmal aan be r ~ e t  through 
ukUlsation of a bssic Thor aemf3guraUon b 6s- as bath the warhead 

callahc
Note



c a r r h r  read %a&mm&atlon aamtei.. A d d i t h m t l  i n s t ~ t a ~ o n  having 
less ufirhg8n-t placemat mqdmmmta mxbi be poeithwd by rortndineJ 
roukeb. It ie pl.opoaed t o  use tlse basic Thor canfigtarartitan wltb dmr 
mdWhaf5nnn t o  the operational re-entry veNcle as a man8 of accomplish- 
ing %raii&on Hahboul. A- t o  the exterlar of the vehicle 
h e ,  warild be three e3ectable ~cientifla kre-ntatican pods. 



Tbe total cost of the praposed *shot program is es-ted t o  
be: 

Track atsd Positian Stationcl 
(FW small rockets) 

Warhead Carrier ( T h  and W) J.4, 631,000 (See Appendix A) 

8-1 Rockets, Peyload and ME 12,000,000 

Data Analyeis and h b l l c a t i m  1,000,000 

Travel 5,000, OOO 

TOTAL $39,.631,000 (estimated t o  
A2081 (U) 

Them coat8 do not lnclrrde the eguipping and maintaining of the 
Joint Task Force, The cast 60 m&n&in the project h a state of readiness 
depends on the scape of the approved experinrental program and the resultant 
need for rocket lamoh srNps and remote rites. The to ta l  coet of the 
nd.8slles Is based an all iterne nsosesary to prodde for the laundh of these 
vehicles w i t h  payloads, Launohers are provided for ship launch but no 
cwts  are included for the sup .  A l l  construction costa d q u a  t o  mlsslh 
lamah are included, (U) 

Be Lead Tiare 

The lead t iam required to be ready in the f leld t o  iRlplemnt this 
project is estimated t o  be five months under the aroet accelerated, high 
primla conditions and one par randgr n m l  ccmdltianea LiaPiting item 
appear t o  be payload design and fabrication, prmuzy,mnt and installation 
of graand electronic empmnt ,  Thor ground rrllpport equipzmnt imtalla-  
tiom, and the training of mf'flolent launch cram t o  satisfy the d l  
vehicle progmm. (U) 

C, Cost Rsd\refions 

kjor aost l t g r m s  aseouiated with the pljau, carrier a d  probe ags- 
tern w i l l  be the ground based equipPent, Sinas these facilities can be 
m d  t k s  wlth only minor ref'urbiehrnsnt there Is a real dollnr saving 



in mtuzglne the experhmta t o  take advantage of edstlng facilities. 
This can be done very cereful planning prior to  the first detonatia. 
On the ofher hand, attmpting cost savings. through reducing epare in- 
mntaries i e  a pe-ae-pound foolish mchanism in a roaute aperation 
of thfs tqpe. The small rocket %qff program mmme appzwocbately one 
spare vehicle for each ffve vQhicles. One spare %or w i l l  be procmd. 
This apare n i l 1  not be tramported t o  Johnston Ialand. (u) 

In a longer f.iare eeab te& plan it would be feasible t o  exaadns 
dollar eavings through aanbining experimntal payload8 . Telsrpbtry trams- 
adtfera and receivere could be redwed camtderably by tM.s approach, a8 
could vehicle tracking cmts. (U) 

It i s  pomible that  8- of the Thor lamah equipment nay be 
barruned wfthaut formal transfer. ItePls mch as the transport erector 
cost mom than a million dollars. Ths savlng t o  be gained by us- ex- 
ist* gmnrrment ftumbhed equipmnt could be verg large. (U) 

D. , Other Support C&s 

There b o oonplete area of support that has bsen oadtted Frola 
thla sectien and in fact from ths etudy. This i e  the general a h  and 
ground aupport for immdlate rrhot analysts and the recording of events 
far historical purpoaeu. In thla category falls a l l  the photographic 
effort, the cdrcraft, balloon, or missile cloud sampling for yield de- 
termdtlgtims, the cloud track, end the ground laboratory faci l i t ies .  
Them operatiom are al l  reasonably routine i n  concept ae c q a r e d  t o  the 
basic eqmimats. C 
c 7-11 A---- J r A t  the a- tim, no &- 
load recovery i s  provided, axoept with podq so particulate s a a p l b g  will 
nemeearily be held t o  a adninaPa. Photographic coverage was not believed 
to impoaet arpr operational metrictiom and uas not considered further. 
Coats for these additional support operations are preaunmd t o  be a vgrg 
mall part of the entire operation, and will only be inveetigated in de- 
tall in an approved operatiom pLan. (U) 



APPENDIX A 

THE THOR VEHICLE 
'X, 

1. Background. 

a. The Thor booater uses a conventional l iquid hipropellant sgsten. 
Fuel is l iquid oween and ei ther  RP-1 o r  RT-1. The Rocketd,yne main 
engine develops 150,000 pounds of thrust  a t  sea level  conditions and the 
two vernier engines 1000 pounds of thrust  each* The 3ooster is 61 fee t  
long, 8 fee t  i n  diameter, with a dry weight of approximately 7,250 pound8 
and a l i f t -o f f  weight of 109,200 pounds. Burnout velocity is approxi- 
mately 13,900 f ee t  per  second. Performance curves are  shown i n  fiaures 
1 and 2 of A ~ - A .  The -tcehf c le  IpruflXe: d t h  nose' sdctf on' attached is 
s H m  i n  F'ime 3. 

b. This proposal for  the use of ?'hor and i ts  associated equipment 
aa the weapon carr ier  is based upon use of standard, operationally con- 
figured equipment, uni ts  of which have been operationally deployed t o  
the United Kingdom. The same equipment is 'in use a t  VAFB i n  support of 
the R.A.F. combat training launch program. 

c. A s  of 13 October 1961, a t o t a l  of 101 Tho- have been success- 
f u l l y  f i r ed  out of 128 t o t a l  launches. The operationally configured, 
SN-75, Thor has been launched successfully 15 out of 19 times usinq the 
standard support equipnent durinp, the CTL program. Of these the l a s t  
eight consecutive shots have been completely successful. A nearly identi- 
c a l  vehicle used for  a booster i n  the NASA Delta proqram has been success- 
f u l l y  flown six times i n  six launches. 

d. In addition t o  a highly r e l i h l e  missile, the support s p t m  haa 
the capabil i ty t o  be held in approximately T-15 rninute readiness. The 
average time t o  complete a countdown is about twelve minutes. The launch 
control off icer  has complete control t o  stop a launching up t o  0.5 seconds 
of l i f t -off .  In addition, technical holds can be placed in to  the count- 
down phase a t  any time without abortin8 the mission. This operational 
feature is also valuable for  time sequencing other rockets carrying experi- 
mental gear a lof t .  .P.3 

e. A l l  item of the Thor weapon sgs tern a re  air transportable. To 
support the a i r  transportabil i ty capability, all pieces of equipment aFe 
delivered on roadable undercarriages, thus minimal terminal handling 
equipent  i s  required. 

f. A l l  of the missiles and aupport equipment a r e  under the manage- 
ment responsibil i ty of the SBAMA a t  Norton AFB. Ap roxba te ly  f i f t e en  
missiles, designated aa Cambat Training Launch (CTL 7 or  CTL replacements, 
are in storage at  SBAMA. These missiles could be made available almost 
immediately since all they would require would be compliance w i t h  out- 
standing TCTOTs and preparation for shipment. Since these missiles a re  
conrmitted t o  the CTL program i n  accordance with a g r e m n t s  with the U.K. 
a revision t o  these agreements must be made. addiaon, f~ 



xbsflsr rrs left over fron completad teat program, The= mbcliles would 
require a w  mcmditi* I&& could be acco~lplished in about nins 
-0 

go The launch complex a t  Jduutori bland wj. l l  es8entlslly reeult from 
disassembly of Pad 6 a t  Vandenberg A i r  Force Bus, s h i m  t o  Johnstun 
Islaact, an& reas8eafbly on a concrete pad p d  dur5ng ths iaftdal work a t  
Vandenberg, AGE spare parts will be supplemnted bg Pade 8 and 9 a t  Van- 
d m h r g  .s mil as &a Logla and SBAHA storage. Pad 6 ia currently wed 
by SEAHA for inlcle-ce engimsring effortts. Pada 7 and 8 are used i n  
rum& of the B.A.F. c a b a t  Crrfn.rnn I s m h  pro-. Thie pro,gcup ia 
not conaidered t o  bQ aifseted, !bm ia elso a ;liquid oxygen generator in 
SBPna dorage which ia prerently mmerPiceable, btxt wklch carld be repaired 
and made available, Relentzy Pshiche and A 4  guidance syetem~ are a 
able from spares i n  invent01.y and appear t o  pom 110 pr0~1uremnt p ~ o b h x  

With a m  slight modificathm to the bssia mieuib the propoaed desioara 
can be . c o e f e d  by the Thor. 2 shows the operational e m l o p  
at can be obtained by the dseilln.. The payloads, including instrInmntation 
pda, are w e l l  wlthin the corriergs cq.bbllties. 

The seqpsnoe of Thor porrsred f'llght eventa using the inertial gutdance 
~ 6 -  w d d  b0 a8 f0llON8: 

a. Main stage powsred flight starts wlth Ignition of the xain engine 
and two vernier engines, 

b, The vehicle rises wrtlually and r o b  to  the^ doeired fflght 
aaimuth i n  accord- wlth m-eet c-b. m 

c, Upon conp1stia.n of the ro l l  arientation the &rile begim a pa%- 
wt pitch pro- to th. d e ~ ~  t r a j e c t q .  * 

do Porrered flight contimes anti1 lMin engine cut-off is conmended 
We inert ial  guidance s y s t e m ,  The vern3.m snglnes then control the mdrsils 
until cul+off appraxhably nine seconds after ths main engine cut-off. 

e, A f t e r  engine cut-off, lrtches seem the peyload open and solid 
propellant Retro rackets & the Thor back It awq from the payload. 

f, Plbpenaing upan the detaila for each t es t  and their inatnmasnb 
tlun c ~ l d e r a ~ ,  tha ertsrnaLLy attached instrum tation pods would be 
nbmed during parred flight or a t  engine cut-off. PPQ) 



g. Uti l iz ing the  operational guidance system the  volume containing 
50% of the nonnally d is t r ibuted engine cut-off points is described by an 
e l l ipso id  of revolution. F: '3 - 

c-!e d ke & n o r  axis of-the e l l i b o i d  are 0.25 N. mile lonn. The accuracy 
A 

improves proportionately f b r  the lower a l t i tudes  and'-reduced f l i g h t -  
timee. - 
4. Ground Environment. 

a. It is proposed t o  use one minimized operational emplacement as 
the  launch area in support of t h i s  program, Figure 3, App0ndi.X A, pre- 
sents  t he  equipment layout which is camposed of: 

(1) Missile Shelter  

(2) Nitrogen Storage Trailers  

(3 ) Liquid Oxygen Storage Tank 

(4) E lec t r i ca l  Substation 

( 5 )  Launcher Power Pack 

(6) E lec t r i ca l  EQuipnent Tra i l e r  

(7) Air Conditioning Trai ler  

( 8 )  Short Range Theodolites 

( 9 )  High Pressure Gaseous Nitrogen Trai ler  

(10 ) Hydro-pneumatic Trai ler  

(11) Launching Mount 

(12) RP-1 Storage Tank 

be Supporting the  launch emplacement and located remotely, would be 
a launch control area consisting of: 

(1) Launch Control Tra i l e r  

(2) Power Distribution Tra i l e r  

(3) E lec t r i ca l  Generators 

(4) Mesel  Fuel Storage Tank 



c. The gmufrd support equipment required t o  accomnodate, check out 
and hunch the  mimile i a  standard WS-315A squadron e q u i p n t .  The only 
configuration adaptation would be the  minor one of adapting t o  a s ingle  
hunch  emplacement suaported by one launch control area, instead of t he  
no- three  launch emplacements. This equipnent w i l l  be anplaced on a 
minimal f a c i l i t y ,  No change i n  the  standard configuration of t he  AGE w i l l  
be required t o  support t he  launch, other than the i n s t a l l a t i on  of a simple 
l i f t -o f f  switch which w i l l  be used t o  s igna l  other su~po r t i ng  events 
With regard t o  missile checkout and other support equipment, these items 
a re  a l so  readi ly  available. The missi le w i l l  be .qiven a f i n a l  checkout 
a t  the  launching area, u t i l i z i ng  standard AGE. I n i t i a l  missike checkout 
Bnd modification will be perfonned a t  the bug las ,  Santa Monica Plant. 
I n  order t o  achieve a pmrnpt refire capabil i ty cer ta in  launch pad harden- 
ing provision8 w i l l  be incorporated t o  reduce the refurbishment e f fo r t  
neces8m-y a f t e r  launch. This hardening will be the saqe a s  t ha t  now 
employed at  VAFB on s imi lar  emplacements. The down time between launch- 
i n g ~  . ' w i l l  bd* about: -.€an5 . wk'eM. . The" materials required fo r  refurbish- 
ment w i l l  be stored at  the  p r io r  t o  launch t o  ninimize the  
turn  around time i f  necessary. 

d. To provide l iqu id  oxygen and l iqu id  nitrogen a transportable, 5 
o r  10  ton capacity, generating plant  wil l  be-emalaced. This w i l l  be used 
t o  manufacture the  checkout and operating f lu ids  including gaseous nitro-  
gen, To s t o r e  the  f lu ids  use can be made of the AGE l iquid  oxygen storage 
tanka of which two a re  t o  be provided (each has a capacity of 13,250 
gallons). Similarly, RP-1 may a lso  be stored i n  the  GSE storage tank 
which has a capacity of 6,000 gallons. 

5. F U b t  Safety Systen. 

a. An i n f l i gh t  missi le destruct  system would be provided. A conven- 
t iona l  system uaed on all Thor t e s t  operations is proposed. This smtem 
consists of dual receivers, relays, sa fe ty  and a n i n g  mechanisms, f i l t e r  
networks, and the  deatruct harness. The detonating systen consists  of 
strands of detonating cord located i n  both tunnels running the length of 
the  fue l  and lox  tanka, and around the a f t  lox  bulkhead. Actual incor- 
poration of the  destruct  equipment and range s i f e t y  receivers is by means 
of a k i t  which is ins ta l l ed  at t he  launch site. 

b. A telaaetry package including t e l m e t r y  m d  range sa fe ty  ba t t e r i es  
w i l l  be ins ta l l ed  i n  t he  missile center section. The t ransmitter  package 
contains seven subcarrier  osci l la tors ,  f i ve  of which normally monitor one 
function each. The remaining two a re  multiplexed. 

c. T e s t  i n s t m e n t a t i o n  and tel&etry receiving and recording equip- 
ment w i l l  be required t o  the  degree dictated by the  f i n a l  detai led s a f e t y  
c r i t e r i a  fo r  systenns, and integration of associated aqency instrumentation 
t o  be carried on the  Thor. It is proposed t o  use the  standard airborne 
un i t  mentioned and a ground telemetry trailer f a c i l i t y  such as has been 
used on previous tes ts .  For range safe ty  posit ionirg purposes two s y s t m s  
could be used. A C-band beacon can be ins ta l l ed  i n  t he  missi le and tracked 



by an FPS-16 o r  equivalent radar s e t  feeding azimuth,, elevation, and range 
information t o  an I I P  computer which s u p p l i d  a visual diaplay t o  the 
range safety officer. The other system i a  the Asusa system which requires 
ins ta l la t ion of a coherent CW transponder in the misaile, one g m d  trans- 
mitting stat ion,  and two ground receiving s ta t ions  ae arated by several 
1000 feet ,  feeding information t o  the IIP computer. % 

a, There is avu lab l e  f o r  immediate use and integration of special  
t e s t  features all technical data required i n  the form of technical manuals, 
drawings, specifications, and t e s t  resul ts  of previous f l ights .  

b. It is estimated tha t  the contractor can install and checkout the 
proposed system i n  less than six months. Contractor services and 
support in  planning and achieving the launch capability, the i m t d l a t i o n  
and checkout of required equipnent, launching of the missile, reduction of 
data, and preparation of necessary documentation is planned. Douglas A i r -  
c ra f t  Company has assisted i n  the planning and provided the personnel and 
e q u i p n t  t o  i n s t a l l  and checkout four squadrons of similar equipment in  
the  U.K., and is presently under contract t o  launch Thor boosters a t  both 
AMR and PMR. 
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AFmmIX B 
9 2 m m m Y  AND TRACKrnG 

1. General 

Concr- the ahort lead time envlsim for thls = o m ,  ale cannot 
easily do any siPni+icent dea5ga orr dwelqmnt c a  either telemetry ar treakh& 
s~u-. lbr%i~rs, lgnet -0t &f-ths-lrhelf iteau, -ah ~ZWIX&O in 
te- area m/Ew orr t& present M e t a l  rJnetanu such ae Mgilock w mlublt 
end In the tracking areta eystam which have been dealgned, develqud and g r m  
under agsrstiollal coPlditicm8. l b q e ~ c i e e  available in off-the-ebe3.f telemetry 
q@pnent would n w  be in the 2!25 t o  260 p#t&acyale telemetry b e d .  Bguip- 
me~nt for 108 t o  175 mepcycle band is aLso available adl 1% psrtieulmly 
ueful for PCM or Mgltsl  symtems. !ka&lng instmuentation existe In vir- 
tUal4 a l l  frequenoy bands f'ra the old Ikvap of 35 t o  70 mgaeycles dl the 
way up t o  tbe modern day iPetzxzmeatstion mch as Azusls wbse f'nqmncy Is 
5 kc. (ma) 

A lagerr  lead t*, my &sbollt 12-18 Ipaonths, w a l d  eUadnate the grotlea 
of haw t o  ut i l ize ofY-tJie-shelf equipwnt. It is felt, hmmr, t ha t  s i f i -  
cient equipmt l e  available t o  acccqplisb the objectivera of? thia plan. 
Theref~~e,  the t i m e  1BzcLthg element is the abil i ty t o  obtaln ofi-the-&elf 
e ( lp imt ,  Which In itself i s  a ~ m i c i e n t  problem. I)w t o  fhe m ukmwms 
In tbe data mqrrire?nents, rrpecifia types of telemetry csrr Pot be indicated at 
th is  tine. W i t h  the longer had tlw, a m  caxld develop faster read& tech- 

and better delay tlme atorage for telepretry data and adapt 'higher 
frsanency tracking equip& t o  this applicst ia.  'Phe hi&er frequencies i n  
Vrdl  are lees meeptible t o  the RF blackout attenuation dismsed below 
=ah is g i l ~ ~  of the most s t r i a ~ ~ s  pmblmer for eay telemetry or tracking qaiteau. - 

(1) RF blmckcrut msnticmd abm, i e  probably the most serious tele- 
metry and instmme&atios problem in the vicinity of a bPrst fran T-O t o  
Ftl.00 sscondr. %be blackout is lao weat that it is virtaslly Impossible t o  
receive asy traamiesian u b s t r m r .  ~ r c m  100 t o  600 eeconb the blackarrt 
effeotu ,decrease and the attenuation at the telanetry Frequencies of 250 Mc 
ammats 'to perhaps as much rrs 30db. than 6~ eec no a m -  
ciable blackout effects are anticipated. 

(2) Rara T-O t o  T+IOO sec real. time telemetry readout is unrellsble 
at any propagation range. ~m must themfare use a data storsge syeepp far 
eauc typo of later rcrrflout. Thle ccruld either be a cmtiraurrts -tic h W  
ar digital storwe method & sme type. ~ r c m  100 t o  ~ O O  seconds preliminary 
Calculations show that as much ae 4 kllmtts wowld be necessary for FMJE"M 
traasmiericol o v e ~  2209 Km rsnge w i t h  125kc traamZtter frequency devlrrticm. 
D 1 9 j . W  6ystew1 such as Digllock presently avtalldble wauld upexrate ef'fbctively 
with 5 watts input power. However, the readout capability of' the p r e s a t  
system is limited t o  67 data bite per second. With a long- lead t h e ,  D i e -  
lock ccrrrld further be developed t o  attain a digital reada t  of 500 data bit6 
per second. However, this would increase the input p m r  considerably. For 



time0 greater than 600 records no aerlcle t ~ s r i o n  problem occur. 15 
watts. of FMm, telemetry i n  thie timt region would be sufficient even at the. 
ft&hrc8t anticiprrted ranges. (TRKZ) 

(3) eystcms rill s lso  qriexla BF blsclEaut i r a u  T-O t o  
ap.prLstnPt8l.y !C+lW oecon&l c b g a d h g  upxi the freqnency band usd. After 
100 ssccrnds data Kill lm 8WainsbIt a d  the c;lctartl t h e  of s e g . s i t i o n  varld 
be b p d e n t  bcr& on the fkeqmmcy wed and 0~3biitivIty of the remi- 
0W-t. For purposes of thla pUmZng e f l r t ,  it i e  a s d  that data 
wi l l  be received a t  or ~~hortly e2ter T+100 secori(Ls. 

(- 
b. Thermal Effscta 

!Bu t h e m  km&L&icna anticigrted vill be qpwsinrately 
10 &mien per squam c&%meter. Thie w i l l  pose no problems i n  tzsiPg 
off-the-&elf i t e m  if ll&t themaul dhielding is provided. (UNCL) 

-r)c le+o.A 1 
fit point8 w b z e  the lnstrumentatica I ?  definitely see such a 

hi& care Bzrrat be taken t o  praperly ehield canponents and t o  choose 
camonents Vsth hi& wak~cna tolerancer ( i  .e ., the sP;brrtitrxticm of haad 
tube8 far tmasistcn-s, etc.) 

3. Vehicle !Ba&lq 

a. 'Ws  problem^ of select* a trackhg rsystep are 8fmil.s t o  thoee af 
to-try. Th@ mo8f B ~ ~ ~ C I R B I  prsblema 83rC e)imsltaPs~ t m  of many 
a c l e s ,  the Ugh ~~n fbmea and the RF blsokcma; effects discprpsed 
above. 'fbe problem of siatltmscaasly tracking aany vehicles can easily be 
aolwd; hmcmr, high mtron  fl .v~~es aPd RIr blmkowt effaate ell ham t o  be 
t o m t e d .  m) 

b. In selecting a trsekbg system or sy~tema, one mast make a close 
axmlyais of the requtmmnte far each vehicle within errch misrfon. 
The trercking -te emenient ly  divide into two grwpre, one a 

for sltitude only snd thc other a requirement far coordinrrte 
pogitim as a Aurction of the .  A cloee analysis of these kso require!ments, 
however, indicates that  a simf&u- type tracking system wil l  have t o  be usad 
far eauh. det(slmlne altitude one mu& have a capability of dete- 
a coordinste position relative t o  the instrmezkticm ei te  as a f'unction of . Frap this inicaaation one can ccllipute tha poeiticm of the vehicle at 8~ 
tlae dxtrw its trajactury. A few data point8 &er burnaut are srrfZicient t o  
determiae the ba l l i s t i c  traectory and no further tracking is needed. The 
acmracy reqp&em&s are ahcm in the f a a w i n g  table, for escb e~perlamsnt. 

# 



P[(PI W I ~  best possible 

rn W08 l5rtbaJ.l f 1 km in aoadinata poritiopr 

XKm WOeS MF/BF absmptian - + 1-5 kn in  altitude only 

XmZcAJon H P ~  etkmutioar - + 1-5 kin in altitude apply 

TOP 8- SOWDER ~ l e c t -  ~srraity - + 1-5 km In altitude cmly 

+ 1-5 in altt-e anly - 
+ 5 Ism ia altitude only - 

xM-33 Dcbrir - + 1 kar Is coorunate position 

I E l Q L * * h b l e a p r s a s y ~ t h a t t t i a - ~ a r ~ i m o f * -  . 
w m  --, the e- -8 & m i w u  8-f 
Swmfore, far prrrgoeer of selecting aa -te ion ey#tem, 
CLw PI.rhsdl Crrrier i r  direualw8 mpreAdy. 

c .  To obtalnhlgh r c ~ ~  a f a m ~ ~ s h i & e  ram type oipulae 
rrbs alth a rZngle objeat eqdbfflty would seas 8&rh-abI.e. 

were a 0 1 1 4 i M  sad halade h urder & & o r a r e a  ~ ~ e s  tbe 
ms1.6 ~ ~ 8 - 2 6 , ~ ~ o d m c - ~ a a d ~ , ~ 0 a 1 1 & ~ 1 ~ a d a z . ( ~  
S C ~  5651, th. 584 tb. n m - ~ r  h. a ~ e w  the b e -  

ec-y for the - - m e r  the PP~-36 oz bPr6-26 (traila;riz& 
the l o g i c s ~  ab,oiae, mmw, them radars are herit t o  obtain mad 

~ a 5 a a a r ~ t i . ~ o i ~ ~ & l a ~ Q b t h b e m t ~  
of thisl m e a t .  meets ars ceznutng  t o  an FPS-16 or MPS-26 

' I rMd eorrld be bomamd for fhe -ti- a? thir program. E m ,  a t  the 
mm tW the availability eb them &her lowm uucwracy radar6 is being 
HtrblUbd l a  the evaat it imr lmpoarible t o  cibtatn a 16 ar 26. lOsc SCR 584 
~EWe-AJ~tr8akemsre8vai l t ib learta5jsoknt~ .  BothoSIlrequjxe 
r m  10BUicsti00~8 ~ O J :  thi8 d neither are ar, =curate em &.ired. 
9Be Mod 111-Ludl Wod 11 Ra&re sre imeetigatrfl. The av&ilabllity 09 
th.u two unit8 I. not p n n & ~  barn. +q&) 

d, A m e r  8f eyu te~s  h v e  bsen camidsred a c h  artisiy th6 cooritinate 
p o s i t i e  -ntr caf all the &her -a. hmag the aystam 
cauidarsd were pulm *, mar, Aepm Md e a r r r a  other v&l%atioara of this 
eqrrS.pexrb. Ths pulse radsr agpraah wrs dlrcambd after a m e c e y  eumdaaticm 
beo#yc o f  th8 qoarrtity, cost aud ccqpuuctty af iPsplCppervt3ng mlt ip le  radem 
f 0 g r 3 m l ~ t r a a k a P a s a s a y a a U v e h i c l e s .  ACata3:eystGlPamdifisilfor 
nultiple cadLd emxKy mesf ths w t t h  resstxuible cost 8ud 
omlextty.  'brs Agave equipnent W c h  consirtr of a quad h e m  mounted on a 
~ i a g l e  pedeotsl is by far the sm14st arppM#Ch t o  the problem. A det6dI.d 



iovGatigatian of the Agave indlcsted that i t 8  rccPrrcy irr a&mbh lCPa elevation 
is anly 2 .5*, and m e  th i s  would meet the r sq i r -d s  for Wxe 5- eqerl- 
mcnt, it wuald not be useful for long rangs v % m e n t e .  Therefare, we mrret , 

uon8ider a Cotar tygs eylrka aa being best adaptad t o  the tr8cking r-f .(u) 

r. "Caturn st- for "t3xolation pLLOhing and Banghqf t  and is a batae llm 
iEtsr38rolh- eyrtm ubilizing lotr galn wide beam mitemas ( u o  knm arr 
m). B e  Cot= syutm m e r  2 d i r s u t i c a  aoeinss bat; Uoer nut smam 
-; t-ore, Ocrtar In itself nlll not mtiof'y the goalti- reiqwkmmrtr 
rism oss nss&r In addition two coeinsr, eithea a remga or an aaditionel ~ o r l n e  
f'ra a different rcwroe. Since for  many of the aocg~riPrcntu altitude only i r  
deslred, u ma&e oPlly IME oy- w i t h  Paltlple object trackin8 wpability is 
reammadad t o  mrpplamarrt the Ootm &quipaeat md itPmiah the range Inforaaticm. 
With this ran&e sad tbs 2 areution cosipes one can d4temIn.e the gosition 60 
u fumtiau of tbm, and by slmpla diirerentiation, ve~loal*y i e  a fbnctlon uf 
tlm. h mentioned earlier apprabstely 10 meaoslds of data sfter brupout 
vauld, be suf!ficient t o  oclapate the cuqplete balliatia t w e c t a r y  nTcm which 
one cQLtljl obtaixl pouitlca or altitude mbe. ( ~ c L )  

f .  Baa eqerbwuts umduuted on Atl6urtiu Kiseile R e  rbcmt 2 pare ago, 
meme accuracy infomation haa been ocaplled an the Cotes rystem. An euoaraoy 
a b ~ t 5 0 0 ~ e p s l . ~ i a m r r h a a 3 d b e o M ~ w i O h ~ e a r o r m r t o b c &  
an8 tipabe Rerodaaa errors vill ran apprachstely 100 p&e per U o n  or leas 
W biss ezmffe c& rttn as guch as 500 purtr per mllliun d c p e d i q  a 
barrio aaUbrCCtion problem8 ipcrluding mammy aacm!~~~l4sr, oalibratla r r a ~ y m  
md &txnud plane lnh-. z b  s c m c y  of this syutan thn in manwin& 
ugles la wall -thin the reqatmd €LC- ob appra&mkly lo00 parts per 
aillial for thee0 srpsrhents. (m) 

g. Ssccir type rmging eqaimsnt ware cho~en t o  h m L ~ h  the range caarpah+lrt 
trrr3ectary rinw equipeat has been dawlqged arnd tested for tracking 

nmltlple objects. "Sscorw ekaas for s+otmstial Carolation af m e .  Its 
inherent acaumscy i e  sgp-ely 2 10 meters. ideal coaiigurution would 
b e t o o e e t h e S c c o r e ~ ~ u a m q p r w t f r l r P n g l n s ~ .  I n t h i r  
ccmfl@aration cmly oine trwsdtter anb one receiver TPoald be nasdsa a t  ~J&us'kan 
t o  trscg 11 vshicles. Cubic Carrporation however idlca4am tbat this eystsln 
o d d  not be fabricated tn 4 -tho. It wmhl take apprmimstely ,9 months t o  
frbrtca* a Ctrtar-Secar spaka usiqj eeqtmnbial traoktng. Th a l t d i v e  
Web be Wwmd on t h e  ir  8 rktltaaecnrrr rmtem. ~9lhIs up*. 
cosrirtr of am tmnmltter UI rseeiverr t o  tra& ll whicles I;lkswlre, 
the ~ o t u  ~ . t r  HK s t i l i z e  P;, naetverr -tea of -.- 

h. Bur the QIIIILC# l a u n c h ~ ~ ,  dlditional irretmmrktia~r sill be mqplmd 
r i m e  tlwre 18 ILO ljge of asfit oqabl l l ty i rQl  Jobdm I6Und. A 8bgI.e 
Seeor transmitter and dual rsoalvbre plua tvo &am rystaare wlll meet the 
acmtraey -8. !Be Agsvs i r  srtS6fenta-y fa- this app1iaut;Loar eiPce 
~ r c m g c r s . r e ~ n v i ~ t h e F a n g e t s h 4 m A g s w c a n h r r a i r s h i l l p r i n  
po8itlon accuraoy. 

i. C* 
C' 3 1 L = F . ~ d  

7 
JIA rrirrgle hcor traps- 

m l t t e r  and receiver wlll be needed on the ahip Wch lamachea the 1K)O km 
attenuatia2 paylad. m) 



j. -a, the follcnrlag --ion i r  mmammdad: 

(4) 8gww -tter-rsosiver 'im the ship rlbidh lawiher the 
4ookm rttam&ic%l paylosd. (q 

Pralirainary cslcnlrtiam hws t&mm that darpsrlmrsrrCr a i e h  are elom 
to ar above tbe -st would Be Ufficctlt crr iqesrible to indmwnt, a% 
-4 times, w i t h  co9vsntioxal F#/PM syWau. A digital tsystara 
la poar -~stco e m a t i s l y  .hcpL tw merT%%th 
re80OPI.blh trnna(t%er pmer. For dsta-gathe* tiplbs q p  t o  100 seearrds 
&8r lmalst, a-the-BheV tape mcc3raera could be uti l ized t o  sfare the 
irdazabtian for a later readmt. B also seems p n c t i d  to time s m  the 
V s r h z 8  ~ ~ t 8  M& pertaia a l l y  to epeclfic ~ - w c ~ I s p p i n g  time 
intervals. Fm th is  test aeries ccmventional ZX/h+! system ell be t u r d .  
(ma) 

Ihc Cr&cbine syatcaao ammwized in -sph 33 abcm w i l l  sat iefy all 
the vehicle m i t i o n  rsqyfmwnts of this prsject . (TJNCL) 



8. ~ ~ ~ a i t b i r ~ & u ~ m r s r r r ; m f ~ f o  
~ U ~ t t w q . b r , a 8 * ~ ~ , ~ ~ P r c n f d . ~ 8 8 f b g a v Q  
t e p m a l u d e r i b l l - m . l . ~ d & a w t & a s t r a g p a d a f ~ t h r a w l f M n  
r m r m d r w d ~ m 8 .  r t i s r s r r p . b d w t b s u m d P b s i r r g : ( ~ a f i  
9 J . f f t p r b w U l b - C m t t ~ a U i l l b W i Z I t b b * .  S m  
a i t h r o ~ o f t l m A 8 r ? ~ m ~ ~ L ~ ~ h . r r , D o t  
b o a  u o r ~ W t ~ 4  qPsllfied; caassqwxtly, t b  miUdlw of uafbty 
-b b OIL Of tb mu.biu* W888iXblY fore- 
crst tor them o-tu. h additinn, detailed grooedwea for tr- 
tian, *age, aowlp, and checked of ahs mhod have not ban deter- 
1-j thore-, it has bwn Mmmd that - ~d~ will not *- 
utrblbd aafb prncticlsr, A t  mh tiab .s Umm procedure~ m &fkiW,  

w i l l  bo 4 n l w U d  for wrohar (0) 

be cula pmabls 8-08 O f  -b& r b f d i a ~  8f%Or i f  
hm boa iUly  -led. Thsre mt (1) rirsj (2) .ad (3) opera- 
f i a a a i t b b a ~ a l f W a g ~ .  B&!lanaly&b%# conuormd 
at& ths fbkd BOUI'CO* 'Phs lf8rbod all b CerUfud cw8 8- by ths 
A8Cw ~ ~ f o ~ a r a B o c k w f l l m s r r l t i n , a t ~ ~  aaslsipodnt 
-, m~. r  rmp re- be m ~ b .  L 
~igeiiicrrat ellbfw irr 0-- b the hi@ euplosim* a- om*obt 
Mmat%m m barn5q of the tcrrhred w i l l  rarult in ears pl- mattar- 
as b& k anlrtnq fo -0 h a d .  S m  ds~o&a&Wbim rs;lgtit 

pldaaium C O D ~ Q Z I  i a  8 p r o b l e m  rstbr 

(2) t h f i t y d O d M 4 8 i A t h 6 k d l & . a d ~ ~ - ~  
Shl-mlilr rather thrn ibil-am, (U) f 



(2) ?h# Iakpratipg low- kr - w ~ m t  T8L dm- --- & 3 J k O l Q f ~ ~ ~ ~ i l ~ 8 ~ ~ -  
t l l v d  a o o a ~ ' Z " C ~ * m d b  ma pmvidel r e  wsqj gm- * 

(3) The A m & h  WtAbr %%U &* w i l l  m m r l l j r  L o W  
fb*e&-pcrrrrr-a-rt.G#PerGil3rrrt*=foL-, 
at whbh tjr %% rill k mUtliWd hwr C-1 Off2aedr Coerolr $0 
prorLdr 6-a ~d ibdw.  Th50 r h ~ ~ l d  b tilapable of king 
u a t u l ~ r a f b d b u t ~ ~ ~ ~ .  % 



( : T '  rsyrstc#o 
i 8 o l a h  the m-b 

H t w l u r  8-w d d a g  dosage irr depmdmt en th6 above eat- 
pacrrafs. To&-- to dabmpbpla rnIi&iu*$ p e l a m  pr&ubui$r$ *., 
~ h n n t o b ~ t o b u r e ~ f h 8 ~ i g p r s q r d s c w s n b ~  

a88apliUlmd. 100 di i f iulty sa armeipated in  q m l u y b g  w e e  c- 
lMaentS, and it 5a believed Uuf thcrJr will provide m adoquata degree of 
ramher doring ground aper&iau. 

8. St- a t  thb T e s t  Qita".* ib mlIlt11166 that ~1~hbad/l&.d~l* 
V ~ l e ~ 8 o a b U e a r d l l n o t b t r ~ d t o f h e ~ s i t e ~  jut 
e t o f h s t e * .  l I a w 4 ! l 0 8 1 ! , ~ 4 b e r t t b , a i t e f a r 8 i B w ~ l f f l o P r  
to mat3ag w3th ths m i m a U ~ .  Physical recrrr iv  t o  protect .gsinrrf dotage, 
m, and 8haclr rrmst be provided a t  tbs storage rite. mveral dedces 
i n f & h d , h g u b b ~ S y & e m U ~ t e d i n 3 . b a r e w l l l p ~ i d m d b ~ ~ 1 t S  
safbty drprine t h l o  oasitcr etarage period. (U) 

be Uuhsad Checkout: Prioil. t o  BI- of the Be4nta-y Vehiole to 
fbsrd.sil., a r o r c ~ ~ f r o t l m g o i t h e ~ d r r i l l b s r r ~ t o  
a m m n U M I l t , y a e ~ l l ~ t o ~ f b b ~ ~ c c m d i j t i O Q 1 o f ~ t l l S b . 6  
. n d ~ b d n g a n d I F h s j m s t ~ .  8 l t o h ~ c ~ r d l l b e o c c o q p l i o d ~  
ABC -or p ~ m ~ a r s m b l .  Tha tart eqoljgapnt and pmwdPPrr lPPat not in 
#mml.rcr degrade q oi the aafeLr fbaturma o f  In gamrrl, 
fb 8- c O U & & ~ ~ ~ O O C )  ~4 t o  fhr c h @ W  wr8fi0BB W m 

rbaolb for larhacd stOr8ge. ( 0 )  

c. Wubrd & r i b  lbL-2 After wparaW oh.okolirtcr of fbr 
r b . m U m d e r d ,  t h O ~ l o r d ~ ~ b ~ ~ f 0 t h e d U 8 % b 0 a t b  
~ k f ~ ~ ~ r b r ~ ~ ~ p o d ~ .  nhtingwillbe 
me-4  8 -& ~ 1 1 1 b .  @@pap& rad Prod-8 f a  lOd- 
~ ~ ~ ~ ~ p q r l o r d a r s t k d s 8 1 l g u d t o M ~ t b , I + j C l k O i ~  
~ ~ r l ~ t o ~ ~ r d .  
bdie&ao that fBb I)IPICt l r e l m i ~ a  tha* uould mault Proa drappiag tb 
pryload probrbw wcmld not wtlcle dstonrtion o f  %he Mgh explosive. It b 
probable th8t .W2wal mm h&dung equQmm& rill bo mod for this ap.r* 
tlon, ud that u h t y  rUl.08 for the ope1?~tloru1 lBDB w d d  apply. y 



d. Qrarmd lkmitorbg8 &o- inforddm f h t m  the AEC indicrtea 
t b t ~ r i l l k m & d u g o f t b ~ o ~ l p p a w n t s t h r o u @ r s e p r r r t e  
tmbUb8l CQJMI)~W~.  8hdl.d prod& adaquato ~ ~ U F U L O O  that  tlm $Ofe 
canditimx of the cr2tte& cmolp6nts &U remda llndmpd. (u) 

8 .  k h  cmtml: The two-pen concept of hunch control wil l  bs 
follaPbd in thfs opbrrfian. This should bp-e no aprrrtfoml dirffc93tf4sJ 

TEOE lam& eqpipmnt is des- t o  0 - 4  with tbfs mqulremnt. 
U k U  the Teet Directas. ell have compbt. authority t o  lam&, the mqulre- 
r& for two indivlduab t o  perform esprrata key action6 before r launch 
c m  oaatrr ell reduce the possibfpitjr of an accidental or u 1 1 0 w k o d d  
lAmteh. (U) 

f. C ~ ~ M O V L L ~  Durhg copntdaorn, Ou, U t y  p r o b h  i s  c-&& 
Sn q re8p6cts Yith thrd of an operational balUatie mdasib 6yatam. 
S Q n i t t c u r t  a.irty 88pimts of the c ~ ~ ~ l t d o w n  8m 88 follou6: (U) 

(1) ~ r P 1 ~ n A a a t  @Olri.S f u u c t i ~  withfn the yot'hlead 
dralng md h i n g  +tern w i l l  prevent r n u e m  &tamtion. Theae include 
t b  warbad pumr -4, a c h  ia not activated MU jllst prior to  l a d ;  
an alti* smaiDg device, which i n t s m p t a  the power srrpply outpat cir- 
crdtt m aeceleromt8i., which interrupts the wrrhnad aPadag cirouitsj  a 
safe eeparrtioa timbrj bad tbe rbserrce of r codrd commd ulnrPng a+. 
!!haso ebannbs m capable of providing an adequate level of safety during 
tbe ccmurtdarm. * 

(2) The rctarl humblag  f'bnutian -11 be closely controlled 
to pmnt  inodmrbnt ar pz~~uthoril;.d launch. &y =rib Indicrtioa of 
-tical -ad components trill be cruaa for holdiag or rborbbq the c h -  
dawn. I n  addition t o  hunch area rrfsguarda urd pracedvrer normally em- 
pl-d during a conventlonab ndsaile conatdawn, U W  radio-h&al monitor- 
ing Ubd decontaadmtion equipment md p~aobltlsl wil l  be available rt th@ 
b a t  rri*. (U) 

In order for m author%md launch to ocatrp, a l l  srfsfgr c a d i t i a m  
w e d  by the C m t a - o l  O f f i c e r  llmst k aetb&d. Aa r mlnlnm, thee9 
will  Sncluda =-an of th guidame md imck ing  s y s t e m  rerrdkrsesj 
elemuwe of tho lrwch m a  and of the range i tseEfj mrdineee of th. 
&utm& and the condition of thm -.dm P e w  a detoffrd 
m b  of h- W F ~ ~ & ~ D J  5% P m  8 d a b b h  t o  pmdde 

btar loek in the hunch sequence t o  be controlled by the Control 
0ffle.r. (tl) 

Tho =st critical. phase of the t e s t  w i l l  occur d u r b g  tBe hunch 
poriod, dmo =t failure8 of bolllutlc rdssilas have occurred at  this 



L 4 T b  B.~Q Slprrat%an . b o  lma 
t o k 8 & f # ~ r r t f x m 8 t f h e ~ ~ 8 e ~ A 1 ~ 4 s f t c h i n f b i s  
m e  ntm prob&u* of aprJa&- M m a t i d ~  $8 -ckr at fhis p a t  
f h . n t t m y O t h e r t i r *  C ~ ~ ~ a x l d " ? 3 E E " 8 ~ ~ t 8 t i l l b e  
mcei-d k f ~ m  8 PP114c.l. nmllsm d . ~  -dm the 

' wt p-t tbB m- 8% rrhich th. S 8 f d  Sqm8flQLI T* ~ ~ ~ l b t  bd 
retivabd I s  dotordad, tho efibctr o f  8 fUl4cal.o brfaartlgn on the 
launch sib ~uvm to k d d a w d .  In tho r e  fbt the ,probnMUe 
of m t u r o  dotQQdinn at tkb is i d  to be m a p t a b l e ,  and that 
tb didbum dmrr nof provida mfiPci.nt rafb mpuatioa, It is probable 
th8t fbr traJectopr7 can k ra-d r o  that OM ur buth of theea al.Prrats 
us11 not k 8ctiva$8d ma1 .rf. ~~ h m  beon aehbved. * 



~ r r i u t ; r ~ a t a p n O t p n m a o h u ~ ~ b a e a  
msPnd, Obrdditimef a a t l c h a r r c r r 3 n r t d - t o t o ~ ~ c n n o n r P  
h u r r b t h 8 t . r r r o o f ; c ~ ~ i n p r r ~ ~ s ~ ~ e  F- 
or d.6kd o f  %ha &dl. YU1, at mat, (ztm Q L W ~  dm$omM.ou of th. 
wasbad, nsr3$ing k thm rcatter of m ~ o b r c  Y ! b  plubnlum 
r c r t k r  prwbh i. af nq&%gibb rigmlfbrrser. Bootfrp Id...flr hunch 
~ l n - 8  m-err;di.tioll--8aaircriLI 
thr avwrb of m, qpbsian  of th. dS83PI pmpll.rrt, .rpd frrlling dOwl.0 
8fwr d s ~ t I 0 1 1  at an r P t I m 4  8- d e c q p t ~ n r r  yill b neCe868ry 
If tb f d l ~ ~ b  oecppl on or I n  thd mar v i d d J  of the hunch pad. (U) 

The porrriblllty &ts  that the mapan 6 1 1  not detonate after 
t h b ~ ~ r s l p e d a n d t h e f Y r s a i e p a 3 h o r r b e e n g i m n .  Cnnn*ndandtber 
dsstrawb are prorided to &&crg  the^ weapon in thir event* If 
-be dUVhBr u s  fril to  operate, then the posaibilitq exbt8 that a 
mclaar &tastia could occur a% mm p& dmm betrsen the t ea t  
hertioat aid m projected ia3pact point of the BD* % rre tarem should be 
dotcrraehprd for each ah& and Ps cleared. tion c b r h g  the Z l r W  

8hould be cause fur W d $ & e  destruct of the warheado The U t n  of these 
areas w i l l  have t o  be defadned fog each spd can be made aa brosd as 
mcoarres7 to agWdse the lqortance of darn range era0w and the importance 
of m test. (D) 

I, '72,3 1 
r%Wa reqpfreplent should not prove 

I to be a ualtatl@n .en gafhe* b 8 t  data. (0 
II %-\c!4 7 

a. This feat pro- I 8  ~eppble ef achi4tjdg the 88m, orr a better, 
do- of n*azlsaf 8- a is preseat3y prmUed for pescetrsne c r p ~ r a ~ r ! e  
with mbar WapaM. (0)  

b. range aad lsonch eaiefy h u s d  of this aperartion, exclrding 
ths -1 bat ever prsmnt pocrulbuity of a  ~ e c ~ c a l n  &tonstien, are no 
roJ'b rlgmoua then tho8e a~8wipted w i t h  othar rdrrrfle htrache60 The mjnr 
mt- viu 8 r m - t w  *(u to w c e f ~  of plor 
tardm matter in ca80 of lamnch foilare. (U) 



b. Phase 2, oi 30 WW- M m s  
the &brIo radiates aa r bfaeir b q ,  dtw * 

4‘ xl8%%22 
m.rurwi.nth. w b 9  goiagtoa.r.dir c Z 4 7 0 m .  (q 

M 8- a d  * 8Ufb-8ide e8*tbl3 Will. 'can~Ider that Sll 
l n t e r u l  in the debrle (in Phrure 3) te emitted in the a l b l e e  



The foil* are results of rough calculations which assum a 
tranamhefan coefficient within the e p  of 0.5, the eye t o  be a perfbd 
lens mlth f = 1.7 cm, mil radiua - 0.4 cm (night adapted), and afmos- 
p b l c  transmisaioa - 1. 

,i,o q ( i ) ~  2.19~ 10-3 
9 where 

~ , 2  

7 (1) = A.(u:t;Sm ai to ta l  bad, e m  gl mdtfsd in dJ3ibI.e In is! ph.w, d Y =yield in calories (1MP 10 cal.), radius of' be& debris 
(4, a the a-gJ &mi* (cal/cm2) Of%& On r€ltins. rn 

This wimt i t~ .5 s  indspeadent of the distance f'ra the smc8 
since the re- i&ge s ip  &creases a t  the sam rate that total  
decreases. * 

I .- 
Far 1.U 

Thew figure6 represent the intensities as deterodPsd by 8bgd.e gecaabtr3.c 
apticrr. The zdniaam sliae image an the retina fe U t e d ,  however, bg 
diffractian and chs-tic aberration t o  a diameter of apprdnately pemn 
mhcrarrs. c a l c W 0 ~ 1 ,  t h s m f m ,  f e d  a a g e m t r i c  v sY' leas t b a  7 micram d i d r ,  must be corrected bg a factor of d /(7) 
( w b r e  d is the geamstr5c ianage rltarrrrter in  &ram), i.e., by a factar 
of the are& ratlo. (U) 

hrtbr, the intensity of a s i b l e  radiation on the retias bagha 
t o  decrease with the e v e  of the distance frm earlrce for thoee uams 
where the &Anal image siae i(B W t e d  bg dipfraction and chromatic 
aberraticm . ( U) 



The assumption of complete t ransmission through the  atrmsphere must a l s o  be 
revised. The 400 km shot  should be v i s i b l e  a t  about lo0 from Hawaii, a t  which 
angle  t h e  t ransmission through t h e  a i r  should be about '33%.r 

C %L.f,r 
I f  we then co r r ec t  t he se  f i gu re s  f o r  t h e  l a r g e r  a rea  over  which t h e  t o t a l  

energy is spread ( f o r  those  cases  appropr ia te ) ,  and f o r  atmospheric t ransmission,  
we ge ts  

b. For 1.45 MT a t  a range of  1850 km. 

The maximum r a t e s  f o r  t h e s e  doses a t e  on t h e  o rde r  of 100 cal/cm2 s e e a m )  

4. Conclusions 

a. These exposures appear t o  be within s a f e  to le rances ,  p a r t i c u l a r l y  
when one cons iders  t he  l i b e r a l  estimates of  energy p a r t i t i o n  t o  v i s i b l e  l i gh t .  ( u )  

b. There is some d i f f i c u l t y  stemming from lack o f  knowledge o f  eye 
response t o  high r a t e s  a t  sho r t  times. There is a l s o  t h e  p o s s i b i l i t y  of t h e  
image f a l l i n g  d i r e c t l y  upon t h e  o p t i c  nerve; t h i s  would probably cause damage 
a t  energy l eve l s  not  o t h e n i s e  harmful. (U) 

c. I f ,  a s  i n  t h e  case of t h e  Orange shot ,  these  a r e  publ ic ly  announced, 
one should consider  t h e  p o s s i b i l i t y  of s igh t - seers  using binoculars  t o  view t h e  
detonat ion,  and t ake  some s t e p s  t o  prevent t h i s .  (U) 



C >LrL l 7 One should 
nda fhst p- (U.S.), Wsshlagton Idand (U.K.), and Howland 
Irlrzrd (U.S.) and French m a t e  Shoals are slightly nearer t o  these pro- 
pm8.d sh* tJm &*.Li, rlth s l i g h t u  greater hrsard. m 

e. To eunmmrise: 

( 2) l.hS MP a t  LOO km altitude, 360 N .NOS,, l80 N.M.W. of 
Jobnetcm Iblaad, 

L J 
Theee h teae i t i e r  appear t o  be safe, judging fran gretr lm test8 

porfommd using rabbits aa subjects, bming the chance phmmnt  of the 
iPage d i r e c t 4  on the optic n e m ,  with unknoun reasdlts. 

1. B l e e t  and thermal effects for a rang@ of bur& height and yields 
arc given in flgums 1 through 3. (U) 

2. The~rml effect8 on personnel i n  the open should be negligible. A 
l s m l  of 2 t o  3 calories has been shown on figtare 1 aa the region for flr8t+ 
dome bur- for the entire ranne of, altitrrdee and yields considered. - 
.!I >14f a* 
other -ld-altltttde combiastion~ ~roRosed win maat in even - - 
effecth en the ground. (0) 

3 s  

i - 3 k ~ ~  z 
Thus some cansideration must be given to  blast protection for esnrritim 
equ ip&.  Peremnel in the open wil l  not be directly af'fected a t  this 

1 
Isvel. (u) 

L. Time of arr ive  is s h m  on figure 3. f 
*LJ J(U) 

2 
r -pdt" 
5. Inf t la l  awlear radiation dosage should be we11 blow 1 mr. (u) 



7. Bya bram are treated in mtlon B of thirr Appadh. (U) 



DESCRIPTION OF m T S  

1. pi reba l l  Blackout Weriment  

The objective of this experiment is  t o  dotarmine the  time a f t e r  burst a t  
which the  f i r e b a l l  region becomes transparent t o  EM signals i n  the  1 t o  10 KPiC 
frequency range, Several transmission paths through the f i r e b a l l  region a r e  
planned t o  give maximum coverage t o  the  r i s ing  and expanding region. Two Nike- 
Cajun rockets a r e  employed. 
r -p4- )Ad 
C d It i s  presently planned t o  launch one rocket from 
Johnston Island and one from a ship a s  depicted in Figure 2. However, the  plan 
is suff ic ient ly  f lexible  so t ha t  both rockets could be launched f r a a ' J o h s t ~ n  if 
a ship-board launch is  not feasible, (m) 

Both rockets w i l l  carry three transmitters: one equipped with 1, 5 ,  10 KMC 
frequency instnunents and the  other with 2, 4, 8 KMC frequency instnunents. 
Each frequency transmitted r e w i r e s  one receiver a t  aach of the  four receiver 
s ta t ions  as pictured i n  Figure 2 (SECTION 11). Thus, the t o t a l  number of 
receivers required i s  twenty-four. T h e e  ships w i l l  be required, cach deplogad 
a s  i n  Figure 2 (SECTION 11). (UNCL) 

2. Gamna Scanner b e r i m e n t  

Fission f r a s e n t s  produced by a nuclear detonation decay by beta and 
gamma d s s i o n  with s well known time dependence. A t  high a l t i tudes  (above 
100 km) gamma rays have mean-free-paths ranging from tens t o  thousands of 
Idlometers. It is possible t o  u t i l i z e  these character is t ics  to  determine 
the  f iss ion debris distribution. To do this the region containing the  
debris wl l l  be acanned from a distance with highly directional ganrma-ray 
counters. Observed c a n t i n g  ra tes  w i l l  be used t o  determine t he  location 
of the  f iss ion products, (m) 

The Gannna scanner is positioned a distance D from the debris region 
whlch is  a function of the  a l t i tude  of t he  burst. The instrumant i 6  contained 
in the nose of a ver t ica l ly  launched rocket which reaches apogee a t  about 
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300 km. Data i s  gathered for  a period of between 5 and 10 minutes. A s  
tho rocket spins about its longitudinal a d s  it all- s w e r a l  detection 
crysta ls  t o  nloolt" a t  different angles t o  t he  horizontal plane t o  give spat ia l  
resolution t o  the  dotarmination of debris distribution. Data transmitted 
wi l l  glw gamma in tens i t i es  i n  a form which can be interpreted t o  dotarmine 
the debris distribution. (UNCL) 

3. m-UHF Attenuation Emerimsnt 

It is axpected tha t  the Major D region blackout effects w i l l  occur i n  
the  MF-UHF frequency range. The purpose of t h i s  exparimant is, therefore, 
t o  measure the  attenuation of these frequencies. A single booster w i l l  
place one or more payloads in and a b o v e ~ e  D region. Each payload w i l l  
contain several transmitters with ~ e q u e n c i e s  i n  the  range from 30 t o  1000 mc. 
Ground stations w i l l  observe aignal strengths a t  each frequency a s  a f'unction 
of time. In addition t o  basic attenuation meaeuragemta, aa  stteunpt will be 
made t o  p b r e  lock two frequencies by which phase shirt measurements wl l l  
allow determination of electron densities a s  a f'unction of a l t i tude.  (UNCL) 

The maJor unkrtowns which preclude direct  calculations of ionization as 
a function of time a f t e r  the buret are the  ra tes  of a t d c  and molecular 
reactions which determine electron depletion. Indeed, it is d i f f icu l t  t o  
datemine those reactions which are the most important. Measurements o f  
MF-HF frequency attenuation w i l l  give electron densit ies as a hnc t ion  of 
a l t i tude  from which reaction ra tes  can be inferred. A more direct  method 
is  t o  determine atmospheric constituents with rocket borne eqaipment. 
Techniques for  making such determinations include: maas spectrometer 
measurements of neutral and ionic species; electron and ion densities; 
par t ic le  energy distributions; and atmospheric pressure, density, and 
t eanperature . ( UNCL) 

5. Debris-Mametometer Ebmeriment 

A major requirement for  understanding the phenomenology of the 400 h 
shot is investigation of the debris-ambient interaction. The theory tha t  
predicts a zero geomagnetic f i e ld  inside the bubble assumes that the debris 
a t  the  surface of the expanding surface of the h b b l e  is inf in i te ly  conduct- 
ing. A measure of the  conductivity of the  debris i s  obtained from obsarving 
the f i e ld  changes since the  f i e ld  l ines  may diffuse back into  t h c  bubble. 
I n i t i a l l y  t h i s  magnetic f i e l d  w i l l  be very small and can only be measured 
with a very sensit ive magnetmeter. -a 

To make these messurements, a magnetometer is  required a lo f t  near the 
burst point measuring quit accurately the magnitude of the f i e l d  with a 
time constant of about second.. A s  the debris eqands past tho 
instruments, measurements will be made of the magnetic f i e l d  changes at  
the debris-ion loaded Meld interface. An attempt w i l l  be made t o  include 
some debris analysis instruments - ion catchers, Faraday cups, etc., in 
the magnet omst e r  payload. (UNCL) 



T h i s  experiment d l l m e a s u r e  the D-region absorption of MF-HF frequencies 
by monitoring a signal transmitted from a ground s ta t ion  with a rocket borne 
receiver. A ca r r ie r  rocket w i l l  be launched through the D region prior t o  
datanation t o  measure t he  ambient. After detonation another sounding rocket 
is f i red  t o  measure changes i n  the  imosphere. The atrength of the  ground 
transmitted signs1 i e  monitored by the rocket and signal stremgth is tele- 
mutered t o  the ground. (U?lCL) 

7. TOD Side Soundina a e r i m e n t  

The objective of this experiment i e  t o  determine the electron density 
prof i le  above the D region aft-  the  datonation. It is d i f f i cu l t  t o  meaenre 
electron denalties above the  D layer frm below as the increased absorption 
by the  D layer itself does not allow tranemission and reflection from higher 
altitudes. Therefore, IF pulses w i l l  be t r e n d t t e d  from a rocket above the 
D region and the time of the echo returned from the  upper D region recorded 
and td~l l le te red  t o  the  ground. (UNCL) 

This experiment w i l l  provide data on the  effects and tharnral response 
of utructurea t o  f i r e b a l l  thermal radiation. (UNCL) 

Two pods carried approximately t o  burst point by the Thor wi l l  be 
anployed fo r  t h i s  acperimsnt, one t o  be positioned within one bn of the 
fireball, the other within 2 km. Ths pods wlll contain t he  following 
types of Inatrumentation: h p l l s e  and ablation gauges, calorintstere, 
tsmperature sensing devices, accelerca~eters, and a pinhole camera. The 
measurements t o  be performed are etructural  loading, r a t e  and amount of 
material ablation, incident energy, characterist ics of the  thermal fir* 
ball, G-loading, and early time disaasambly of the  ueapon. (WCL) 

b. Radiation Flux E x w r k t :  

This pod should be positioned apprdaate1.y 20 km down from thn 
taarst point. The experiment w i l l  measure the neutron f lux and spectrum ar 
a function of time and distance, gaitma radiation i n t e m i t y  in variour t h e  
intervals a f t e r  the  prompt gaarma pulee and integrated gamma radiation levels 
as a function of distance from the  burst, gaanna energy spectrurn a8 a function 
of t h e  erpecially In  the  time interval from lmicroeecond t o  1 milllaecond. ' 

t UNCL) 

This experiment w i l l  be conducted only on shot Kingfiob a d  is dO8ip0d 
t o  measure low and high f lux effects vis passive instrum~ltation.  The pode 
should be positioned a t  apprcdmately 20 rindJ-40.b hokiaontally from t he  
burst point. (UNCL) 
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9. Ground. Shirr. Airborne Ebamdmmts 

These measurements using spectroscopic and photographic t e c u q u e s  
wi l l  provide badlg. needed data on the fundamental mechanie~le for  the production 
of optical and I R  effects follo#lng a nuclear explosion. Two ins tmentad  
ground stations, one in the burst area and one in the conjugate point area, 
wil l  be used. Tuo U-2 aircraf t  will  be eclufpped with optical meaaurment 
equipment - one t o  observe the trurst area and one t o  o b e m e  con3ugate point 
area. One adequately equipped KC-'135  umber 3l31) will also be nown in 
ths conjugete area t o  obtain photographic spectrographic data. (UNCL) 

Burst point early time phendpnena and the l a t e  time sky glow effects 
w i l l  be obrmed from ground and a i rcraf t  stations. Measurements in the 
conjugate area will  concentrate on auroral spectroskopic analysis. In  the 
case of the higher alt i tude shots, garmaa detector observations wil l  a l ro  be 
made t o  ascertain the presence of bomb debris. (UNCL) 

The equlpnent t o  be utilized includes scanning spectrometers, calori- 
m e t e r s ,  interferometer spectranetera, p h o t d t i p l i w s ,  dieperdon wri ts ,  
all-sky cameras, and a broad basld infrared a b  mapper. Observations w i l l  be 
conducted down t o  low (auroral type) intensities. Brightness vereus radius, 
a t d c  and mo1ecular spectra, and f i rebal l  r i se  by optical methods are among 
the  major measurements t o  be performed. (UNCL) 

It should be recognized that adequate optical inionnation does not 
exfst for high al t i tude t e s t s  despite i t s  importance far weapon effects cel- 
culationa. TH s experiment in each shot i n  the t e s t  series w i l l  be accorded 
a high p ~ i o r i t y  commensurate u i th  its high importance. These experiments 
cannot be performed during the daytime and s t i l l  provide meaningPul data. 
The shots must be during the night, or a t  least  pre-dawn when darkness d s t s  
at high alti tudes and a t  the conjugate points. (UNCL) 

There are Sevaral experiments concerning long range radio frequency 
propagation which are not essential. t o  the fulfillment of the stated o b j e d i v a ~  
of the tests .  Homer. they remesent mi l i t a r i l s  bmortant c d c a t i o n s  
systams problems, wi thk t  r'equiking large expend i t~ i s  of funds and manpower. 
( ~ c L )  

The objectives of these experiments a re  as follows: (1) t o  deturmine 
the nature and the characteristics of VLF-ELF' phmamem associated with high 
alti tude nuclear bursta; (2) t o  determine the VLF phase pattern of a burst 
a t  short range; (3)  t o  determine the exbent t o  whlch VLF signals fruu a burst 
can be separated into discrete ground-wsve and sky-wave c 
where the two components normally overlap (300 - 1500 miles (4) t o  perform 
long range radio int erf erameter measur~~~enfs at VLF; and (5 t o  measure the 
r a a o  wave propagation effects of high alti tude bursts. (uNCL) 



A network of ricuneters will be employed in the  b s t  area and at the 
conjugate points t o  measare the c o d e  ray background abmrption (which is 
related t o  the average electron density in the ionosphere) produced by the  
burst, A strong of several riameters w i l l  be positioned Northward from the 
burst point t o  observe the rapidly moving "patchn of beta ionization. Other 
riameters w i l l  be positioned around the burst and conjugate areas t o  observe 
the more widely spread ionisation densities. In  addition, ionorphtmic sounders 
will be employed t o  determine the frequency a t  which radio waves are reflected 
f r a t h e  ionosphere as a finction of time af te r  burst. These Instruments will 
be used in both the burst and conjugate areas. (-1 

One =face based radar wUJ be ueed t o  track the weapon carrier 
vehicle. Thie radar plus two others wlll also be employed in obtaining 
f i rebal l  position as  a function of t h e  aft= burst. 



L 3 The w o r t a n t  aapects of %ha aequentld. ordsr of launuh 
l a  in d e t a d n l q g  the bpactr of holda on the position accuracies with 
msgeut t o  the burst point of the sounding rocket bmne psylosds. By 
Usrtuo of tbs swing ayutema being re lu t lmly  high acceleraffan solid 
propellant vehicles, those payloads required t o  be a t  altitude a t  burst 
tiw can be launched sub&mtlally later than W low acceleration Thor 
o p t e m ,  A s  the solid vehicles haw virtually unlimited hold capability, 
holds in the Thor system, or due t o  any phase of the aperation, have 
little *act on the sotlndiag rockets launched subsequent t o  the Thor, 
Thuse few payloads determdning background information and hence 
launched we11 I n  advance of the Thor, have considerable tolerance on 
their tindng and holds on the order of 10 ndnutseeubsequent t o  the i r  
launch do not detract from t he i r  ueefulness. A s  holds for extended 
periods of time or  cancellation^ can occur, it would appear neceeesry 
to  haw back vehicles and payload8 for those few launches that do fell 
in thia  pre-Thor launch ca%egarg. 

2. Operational Consideratiom . 
The launch sequences resulting from the position-tiam requjsements, 

and the system uaed fo r  positioning, are relatively straightforward con- 
e iderbg the mmber of vehicles 5nvolved. Hardline central seqaencer 
launch of a l l  Johnston based vehicles i e  considered, with individual 
vehicle override capability in the went of last second nialtbnction 
negating a usef'ul experjment. Time tolerances on nnn-Jobton Island 
launched systems are such tha t  verbal commands appear t o  eufYlce, a 
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Electran Density 

Table 3 



O n e  of the inhnmnt dfificultlne of an airburat operation is the large 
llllrnber of di8gnoetd.c~ and effect8 p.yloads to be positioned at altitude a t  
or near burst t b .  Saturation of launch f'sciliths, conmpnrfcatione, and 
track stations can s e r i c m ~ 4  hmpr data gathering on a l l  q e r i m n t a ,  To 
alleviate th is  situation, emrg effort must be lRlde t o  einpUfy the p e p  
load positioning aperatlon conmsnsurate with acaarmpllshing their object- 
im8. - 

fn a tes t  pLan with longer laad tins8 It w o u l d  be remonable to  ex- 
andno ve1.g carorully the excess pglard  capacity of the prlolb warhead 
c&er far use w i t h  secondrrg pqyloads, Thore are a variety of pod or 
arm11 r o c h t  boosted payload configurations that a d d  be attached t o  the 
moSn vehiole ~ 5 t h  a possibls resultant reduction i n  cost snd an Improve- 
mnt  I n  eprbmnl i  positioning relative t o  the detonation pobt .  In 
cases where these advantages a m  most outatanding poda w i l l  be cansidered 

Lead ti8ss3 but only i n  m unsophisticated w q u i o k  fixn conZYgura- 
tion. 

W i t h  the bulk of thb prylord r e w n b  thus relying on eounding 
rocbto for poaitloning the veldale s e h t i o n  ari turir  atrasaed the 
following concepta t 

be Rhlndze launah faeilltiear by selecting vehicles that can m e t  
payload plecenmnt mquirearents far setreral eventtit fiom a 8Ingl.a launch 
8l** 

c, MIrddae the variety of mhlcbs,  launchers and launch locations 
t o  redme the n w b r  of personnel, ground suppbJrt eqwlpmsnt, and C- 
nnxnicatlone problems. (U) 

Req&wnran.ts- for pgload positioning am tabulated in tables 2, 3 
and 5 i n  section 11, Tuo auundlng sysfenm and one pod o ~ a t i ~  w i l l  
satisfy these reqd.remcrnts. Th. eaunding aysterm selected are the S h o t  
put and the N i k e  Cajun. The Shotgut is  a NASA dovelapod, une\;lided solid 
propellant vehlals conaietlng of an XH-33 rirat etage w i t h  two W re- 
cruit  booatera and an optional eecond atage caneieting of the X-248 mbtor. 



Altitude and pwlosd capabili* can be veried m e  o f  the optional 
second &age. The basic systsna and lmncbr P$E demribed Jn figure6 1 
and 3. The Nlke Cajun consbts of a Nike-Bdax  booster ae a first &uge 
with a Cajun second stage motor. This simple, unguided, economical u p -  
tern is wed for peyloads less than 100 pounds a t  altitudes under 1s hn. 
Perfonamce and canflguration am defined I n  -rr 2 and b. Theae two 
sounding systems offer the following advantagest both sJrstsare can txtilise 
the standard USA boon and mast Sergeant launchers as shorn in flgures3 
and 4 althau@ the Cajun can uti l ias  an cmm simpler rrgstea?, all ground 
handllng can be accomplished wlth an A i r  Log M o d e l  4100 t ra l ler  and a 
10,000 lb. capaciw hoist, both sJrsterms have been flom organisatinns 
throughout the countrg &n a variety of slpplicationa ath resulting 
universal f w l l a r i t y  with operational caacleptg and aurrent contramtar 
capability existe for vehhles, launchem and ground support equipmbnt. 
Numerous advantages in  aperational simpliaity a m  OMOW. Hoet isportant 
of these is the interchmgeebiliCy between vehioles of launch crems, 
Launchers components, spares and ME, permitting naxSm\n utSlieation of 
personnel and equi ment as requlsements change with the progression of 
the t es t  eeriae. .PI, 

Three .piggy-back" pode w i l l  be carried externally on the af't rrec- 
tion of' the 'PBOB (prime carrier). These pode w i l l  wfgh a t o t a l  of 
1OOO lbs, each with an instrumntatbn pqload oapability of apprmbly 
650 pounds. No boost capabilify U anticipated but rather placem~ent is 
obtained by ejection *om the THOR a t  predetermbd tiares during t h  boost 
phase. TNs u i l l  aatfs* reqimmnte for accursfe poait iaing below fhe 
burst point, StaMU-trg and orientatfon ell be accoarpUh6d by a e r m  
and w s c o p i c   ma^. A s  reaaverg l a  a requlren~nt, each pod w i l l  have a 
caaaplete r e c m r g  agetern, luck@ drag chute s y s t e m ,  floatation gear, 
and a r d i o  beacon qstesl.\ 



S H O T P U T  
DIMENSION INCHES DlMENSION METERS 

PBRFORMANCE WEIGHTS 
POUND6. LESS PAYLOAD K I L O G W  

10979.9 Launch 
3357.9 B. 0. 1st Stage 

Aerodynamic Reference Area= 5.25 h2  

F-3 



N I K E - C A J U N  

DIMENSION INCHES DIMENSION METERS 

1 \ I A 1 I sta. 0.0 t 
34.2 (6.0" uft of tip) r i r  -PAYLOAD 
26.6 6-50 .16 

COMPARTMENT 

--m. rC 

107 .O 2.72 
4 - CAJUN (TE - 82 - 1) 

316.6 8.04 
(2.8KS - 8000) 

b 
I 

rL NIKE - AJAX (MS) 
BOOSTER 
(2.5 D6 - 59000) 

148.8 
16.50 -m - .42 

3.78 - - Aelrodynamic 

2.5 ft2 iin 
Reference 
Area 1.485 ft2 

60.0 - .cr-1 .52 

PERFORMANCE WEIGHTS 
LESS PAYLOAD 

POuNm 

1518.9 L a d  
754.9 B. 0. 1st Stage 
216.9 Fire 2 Stege 
97.4 8. 0. 2 Stage 



PAYLOAD VOLVME 

\ 
SUMMARY: 

om- &age whlclo employlnl 
SERGEANT ath tuo a u x t b q  
RBCRUTB. 

Paybad Volume 

M a y  be made 88 grrrt u 
add up to 8 cylbder 
10' bng and 91" dlMetar. 
(Payhad can be intJrrud ln 
dlometer and ahortoned La 
length at .om. expenw ln 
prlormance. ) 



SUMMARY:  

Two-etago vehicle employing 
MKE, CAJUN. 

PwW Volume 

8'' dlametor standard 
payload comportment or 
ecrua (m mmm 4). 
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A few of the mador references pertinent t o  Operation fishbovl are 
listed according ta three orrbjects: Motion of B& Debris (~henon~nology)~ 
Blockout Effects; and Argus Ef fec t s .  Po attempt & been made t o  include 
a l l  works, and certainly numy others, especially weapon t e s t  reports, 
exist and p r ~ d e  additional valuable information. 

Hotion of B& Debris (Phunamnalogy) 

1. AFSYC TR 57-16; " h l y  a s t o w  of High Altitude b l e a r  kplosione,@ 
r, 31 Hay 57 (SRD). Detailed study of the very early time 

pheaomszlogy of a high alti tude nrehrr  burst^. 

non-equilibrium condition of the air following a nuclear burst. 

3. BFSYC: TN 58-19 : uWltrahigh41titude Heasurement Feasibili ty Study, 
h. E o  ~ y e r o t g ,  e t  al ,  15 Bug 58 (SRD). Pre-Hardtack report - bs- 
crlbes basic wapon phenomenology, wlth considerable de ta i l  on XllRay 
interaction with the atmmpbre. 

h. AeSwC TN 58-4: q h e  Effects of Nuclear Weapons i n  S p a ~ e , ~  E. B. 
ller, e t  al, #ar 58 (sRD). A test concept and general phenomenology 

of very high alt i tude detonations. 

5. AFSYC TN 58-6: llCalculatiaas on Ugh Altitude Weapons Effects," J.A. 
k l c h ,  Jr . Bug 58 (SILD) . Pre-Qrgue Beport - Discussion of trapping 
and magnetic bubble effects. 

6. AFSW TR 59-59 ; WPhysics of Nuclear kp los iom in Space," K. A. 
B r u c h r ,  e t  al ,  Oct 59 (SRD). An extensive discussion of space 
detonations with detailed dlecusaione of bomb debris motion, phenomn- 
ology, trapping and some effscts. 

7. AFSWC TR 60-29: "Research Studies in N u c l e a r  Effects in the Upper 
ta~ephere,~ ga W. Hendrick, e t  al ,  ~ a y  60 (SBD) . Describes ionfsa- 

t ion production with maJm emphasis upon early t im weapon phenonusn- 
ology. B l l i e f l y  describes debris produced f onisation. 

8. F U D  RM-2361: 'The Pancake Shot,n A. L. Latter and R. E. b l e a r ,  m F m .  A description of the phenamenon associated with a 
LOO h, 2 2 shot. y 

9, IUS &17: "Teak Pheaomnology,w H. b e r m ,  b y  60 (SRD). A a t m m y  
report of' Theomtical and ExperiRlsntal Studies of TEAK with emphasis on 
the physics of the major phasee of f i r eba l l  development. 



AFSWC TR 59-51: Wltrahigb Altitude S t ~ d y , ~  L S D ,  Oct 59 (SRD). Do- 
sign for X-ray and debris measurements for 
c w l e t e  discaatdon of a gamma scanner 

AFSWC TN 60-26; "Fluid Dynamics of a N u c l e a r  Burst,w W. Gibaocr, July 
w i c a l  st* of th. -8 b d  c l d  rh8.h 

BF6E TR 61-1: "Theoretical Studies on the Hotion of Bcmb Debris,. 
3 Pols., L. $adoff, e t  al, Apr 61 (SBD). Theoretical deecrlption of 
bursts from LO0 - 3000 h, Includes some discussion of electron loss 
ficuu the aagnetic bubble. 1IC) 

NSM: TR 61-20: uTheoratical Study of the Motion of Bomb DebrlssH 
(SRD). A discuosion of burate a t  altitudes of 100 

dFSUC TR 61-278 WTheoretIcal St* of the notion of Bomb Debris,' 
0 . .  -f, Apr  61 (SRD). A theoretical discueaian of the 

Teak, @, and Arm shots. kperiPenta1 data and lnterpreh- 
ti- are given. +) 

TR 61-a: wF?hpicr of Muclear m l o r i o a s  in Space," D. A. 
hmUns e t  a&, Oct 61 (SgD). A theoretical discussicm of burst ex- 
p l u i o n r r  at loo0 and 3000 knt. 

&FSWC (Control #9S 35,382) a mF'roposa1 for W i l l o w ,  a Oct 59 (SRD) . 
-ription of messuremente and phenomenologg for the W i l l o w  high 
altitude shots. 

'VT 1&9: 'Growth of Pireball Bsdii at Very Xigb A l t i t d a , '  61 
HARDTACK - Project 8.3. Photographic coverage of Teak, 

Or-, and Yucca Mreballs. 

Blackout Effects 

RAND BEI-2168: Wm Bffecta of Nuclear %plosione on Propagation 
of Waves,' R. Latter and R. Lelevier, 58 (SBD) . Pre-Hardtack 
dirctlssion of D region blackout. 

QE TEHKl B# 59 TMP-58s aA Hodel of Bomb Induced Ioniaatioa in tbe 
Per spheresu 0. Rohringer, Jua 59 (sBD) . Early tawatmsnt f Z o 2 Z l  p r o b w  carried a to electron pr-tion ratrs. I13 

IJSBO-13s 'Conjugate and Local Blackout from High Altitude N u c l e a r  
Be Tucker, Dec 59 (SRD) . Describes conjugate and burst re- 

@on blackout caused by betas. Develops calculation of effects. (Y 



21. AHRAG: Proceedings, Vol. Iv, Ibeting of 8-10 h y  1961 (s) Pagea 27-la 
conkrin a gensral descriptdon of blackout. (C) 

22. (iE TJWPO Rbl 60 T)IP-32: .X-ray kidwed Ionirtation in the Upper A b m -  
phere,* W. F. D u d s U ,  Jun 60 (s). c a l c u l a t i o ~  of X-rep pro- 
duced i d e a t i o n  f a r  speclf fc  Irttrats. 

a RH 59 W47: m e 1  of Ioddrtatioa by Fission Fragment 
beta Decq, a R. Y. kbndrick, Aug 59 (SRD) . A brief deecription of 
beta ionisation including the effbct of tb ear%, s magnetic field. && 

2L. AFSWC TR 60-27: "W Ird-d BLackoutsU 6. A. L~kasic, e t  a18 Sep 
M ) m m h u l a t i o n  s c b m  for blackout rtpdies. (u) 

25. AFGUC TB 60440: "A Statdy of Blackat &onombnasm D. H, Holland, e t  al, 
p m i c a l  intorprotations of the Teak and Orange 

blackout data. 

26, RAND RM-2302% #A Survey of the EM Effects of High Altitude Muclear 
betonrtiom, Po Tamarkla, e t  al, Dec 58 ( S B D ) .  A Quick Key report 
dealing primarily with En effects obeerved i n  Teak and Orange. 

27. BAWD RM-2392: aAurors fiola the Teak Shot," A. L. h t t b r  and W. 0. 
&Millm, 59 (SRD). Carrslater Teak observation8 With beta imirta- 
t i o n  from a ria% and erpandirPg tmnd of fission proctPct8. 

28, ILFCE TR 60-105: Wperatiaa Hardtack/bewsreel: Rsdio Attenuation and 
ction ihenomna, * Lo T, Dolphin and R. 8 .  Dyce, Feb 60 (m) 

29. IDA ARPA TR 60-3: "Beport on Nuclear Interference" (SRD) . Report of 
b e  February 1960 RlWD coaference. De~cribes the r tate of the art in 
atm~oepheric reaction phyaics~ interpret6 8- Hardtack data. (u) 

30. GE 'PEMPO R40 TMP-1: "Study of the Effect of Space Weapozrs on Ulitary 
Ehctroaic Syatema , m 3 Vola . , Jan 61 (sRD) . Extensive report an 
ntlclem tsle on8 blackout effects on laany classes of radio and radar 
sy8tem . % 

31. TEHW 611 61 TW-98 *Study of the Effects of Space Ueapolpn on MU- 
c t ro  ," Jan 61 (SEU)) . Thie report atudies Teak aad ZSlLta Z T F a t  p w ~ i b b  mes of bwkout  r. a penetration aid. 

33. 1229: nElectromagmtic Blackout Guide,' Wey 61 (SRD). A handbook 
?or calcdlation of effeeta of high altitude nuclear bur8ts on EH uams. 

33a. SRX Semi-Annual Report 2s " ~ n a l y t i c a l  Studies on NIKE ZEUS Capability" 
I. W. Yabroff and J. H. Bryan, Jun 61 (SRD). Corn l e t e  ~ ~ S C U S S ~ O ~ S  of 
capab i l i t i e s  and re l a t ions  t o  blackout e f fec ts .  



3Lb WT 1&5: W' and VIP Attenuation and b f h c t i o n  Phsncam~na,~ Jun 61 - Hrrdtack-Project 6,11, Radar, r i a~e t e r ,  satellite,  radi-ter, 
and earth-patsnth1 memmmmts. ( U) 

35. GE TEIW) Rt4 61 !l!lE-64: "Penetration Aids - Pre- Study,* L. I. 
kopeildn, st el., Sop 61 (sRD). Offemlm w e  of blackout t o  aid In 
s ~ c e a s f u l  penetration of ICBM(r. 

366 IDI AF@A it 59-1% *Raporti of the second Aqua Working &up at LBZI, 
Peb 59", bpr 59' (SRD) , Interpretation of ram of tbb data from the 
Argpcr e-. (U) 

37. MSA 1223: mart of the Third Argua Working Qroqp, * B. B. %e, 
an 61. (B-). ~kscribes c m n t  &stw of Ar t h o r y  and re- 

iucuotia. of Arm teat  data, rlth mmmmxhtioRpI% 

flsynchrotran EhBiation from Argus B l e ~ t r o m , ~  P. Nakada, 
) , A detdled t r e b n t  of Brgrrer nobe. 

39. MSEG Bn 12  & 17: 'lobe From an &tendad Argus S h ~ l l , ~  B, I. Schwarts, 
&w 59m-hobe aa a ibnction of frequency, yield, and antenna 
location. 

LO. AFSWC RI 61-31: .Argu~ Noisea, J. A. Welch, Jr. and J. F. A h e m ,  
61 (S) 6 Tirrbulsnt Brw dOscripti~n. (4 

41. A l W C  T'FEL 61-21: %& Simulation of Geomagnetic Trapplng of &cplo~~ions 
*om -bar rirplos5oma8 E. L. Ch-, e t  al,  k r  61 (SRD) . A 
Ilboratory bm11. e x p m b ~ n t  t o  rtudy rtabil i ty of hi@ electran 
W i t y  trapping. 

42. AFSlJC !Mt 61-38: n A r t i f i e b l  3tnJectlon of Electron6 into the Qeamag- 
m t k  m ~ d , ~  6. E. $Lllot, ~ a y  61 (u). A description of eatelllte 
elect20n accelerator experhmta. (u )  

L3. AFSWC TR 61-70: "Plasma Cyclotron -tion,' H. R. Ibsner, Hov 61 
S). Description of the extent md iatomity of Argue &el1 rodia- . h) 

b&. W 1668: RSatsllite Wsrrure~unts~, Apr CiO (SRD) . Explorer IV 
EGZ&mmta During ths &gua shots. (u) 

5 .  AFSUC TH.'60-8: nTab&r of A d i a b a t i c  Iwuliance for the bomrsg;asU 
J. A. welch, ~r . ,  e t  al, Apr 60 (U). 



h6, YT l.669: wSotYding Rockat ~ b s s m m n t s , f l  (SBD). ProJect Jason. RC- 

-0 the rocket nmrsummnte hunched *om the U.S. d u r h g  ths 
Argus shots. (* 

L? . WT 1670: "Surface &asuremnta,n ( SRD) , ProJect Midas. World wide 
staiebemsasmw~snts during the Argua sbta. 

k8, J. b o p m  Ebch, vol  &, (Aug 591, SJonpOaium on the Scientific 
Effects of ArtificialLs Ihtrctdtleed Rsdiationa at H i g h  Altit~dea,~ (U) 
fncludea papers on theVtheorJr and experiraents of the Argus  shots. &d 

49. LAMS 2337: "Hi h Altitude Explosions and Eyeburn Problem," H. HoerlLn, 
e t  a l ,  Ncv 59, Psm) Discussion of early fireball phases and miss ion 
of v is ible  l ight.  6 
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