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ABSTRACT 

This paper gives a comprehensive summary of cosmic-ray 

in tens i ty  observations a t  high la t i tudes  over North America and 

over Australia i n  the al t i tude range 550 t o  1100 km by means of 

Geiger tubes i n  Ekplorer V I 1  (Earth s a t e l l i t e  1959 Io ta ) .  me t h e  

period covered i s  October 13, 1959 t o  February 17, 1961. 

special in te res t  a r e  the observational data on some h a  solar 

Of 
a0 

cosmic-ray events including maJor eyents of ear ly  April 1960, 

early September 1960, and of mid-Nmember 1960, Detailed study 

of the la t i tude  dependence of solar  cosmic ray in tens i ty  w i l l  be 

presented in a l a t e r  companion paper. 

The following i s  a brief tabular summary of the solar  cosmic 

ray events observed by Ekplorer V I 1  during the period October 13, 

Dates 

November 9, 1959 
November 30 - December 2, 1959 
January 11-14, 1960 
March 18-20, 1960 
April 1-2, 1960 
April 5-6, 1960 
April 28-29, 1960 

April 29-30, 1960 

Approximate Absolute Peak Intensi ty  
of Protons having E > 30 MeV 

b a r t i c l e a  cm2 sec)-’-J 

10 

0.3 

0 -3 
210 

s5 
32 
18 
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Dates 

May 4, 1960 
May 5, 1960 
May 6,  1960 
May 7, 1960 
May 13-14, 1960 
May 18, 1960 

June 1-2, 1960 
June 4, 1960 

26, 1960 

Augus t  12-16, 1960 
September 3-9, 1960 
November 12-14, 1960 
November 15-19, 1960 
November 20-26, 1960 

Approximate Absolute Peak Intensi ty  
of Protons having E > 30 MeV 

40* 
11 

13 
25 

50 

0.8 

0.8 

5 
1.3 
2 

250 
12,000 t o  46,000 

11,000 

1,800 

* Primary peak not observed with Explorer VII. 
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I. INTRODUCTION 

The IGY composite s a t e l l i t e  Explorer VI1 (1959 Iota),  

launched orr Cctcber 13, 1959, included an instrument prepared by 

t h i s  department G d w i g  and Whelpley, 19a f o r  comprehensive 

study of (a )  the lower parts of the inner and outer radiation 

bel ts ,  (b) the primary cosmic-ray intensi ty  near the earth, and 

( c )  the arrival of solar cosmic rays. 

properties of the two Geiger tube detectors i n  t h i s  instrument 

E a n  Allen and Lin, 19q. 

Table I summarizes the 

This paper reports the solar cosmic ray intensi ty  a t  high 

la t i tudes,  both north and south, measured by Explorer V I 1  during 

the period October 13, 1959 t o  February 17, 1961. 

present report were derived from receptions a t  Iowa City, Iowa, and 

Ottawa, Canada, and a t  the NASA stat ions a t  Blossom Point, Maryland, 

and Woomera, Australia. 

A l l  data of the 
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11. METHOD OF ANALYZING DATA 

c 

. 

The method of analyzing data used i n  t h i s  paper i s  similar t o  

t h a t  previously reported Baa Allen and Lio, 1 9 g .  

It has been found meanwhile by examination of counting r a t e  

data under high intensi ty  conditions dur ing  the November 1960 solar 

cosmic ray events and during passages through the inner radiation 

zone that the apparent counting r a t e  of the 112 G.M. tube saturated 

a t  a considerably lower value than tha t  found by Ludwig and Whelpley 

/‘i9q i n  pre-fl ight calibrations.  

the 302 tube a l s o  saturated a t  a lower value, 

has a considerably smaller geometric fac tor  than tha t  of the 1L2 and 

since the additional shielding of the 112 has l i t t l e  e f fec t  i n  

absorbing the radiation encountered i n  the lower edge of the inner 

zone near the equator it was possible t o  construct a n  approximate 

curve of apparent rate vs  true r a t e  of t he  112 by using in- f l igh t  data. 

The apparent counting r a t e  of 

Since the 302 tube 

This curve was then checked and refined by an extended study 

of the character is t ics  of the spare f l i g h t  uni t  of the Explorer V I 1  

apparatus. 

voltage t o  the amplifiers, pulse formers and scaler (nominal value 

6.5 vol ts) ,  and separately the high voltage supply f o r  the G.M. tube 

(nconinal value 700 vol t s ) .  

The significant variables were found t o  be the supply 

The following a re  sample r e su l t s  : 
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Circuit Voltage High Voltage Eaturation Counting 
Rate of 112 Tube 

4.05 vol t s  630 vol t s  305 counts/sec 

5 *35 630 385 
5.20 640 515 
6 .oo 700 930 

Full character is t ic  curves of apparent vs t rue  counting were run 

f o r  each of the above conditions t o  correspond t o  various f l i g h t  

conditions (Figure 1). 

An additional check on the  va l id i ty  of t h i s  procedure wits 

that the laboratory value of the saturation counting r a t e  of the 

302 automatically agreed (approximately) with i t s  f l i g h t  value f o r  

the same supply voltage conditions i n  the laboratory t e s t s  t ha t  

mark the saturation r a t e  of the 112 do so. 

The saturation counting r a t e  of the 112 G.M. tube as observed 

during passages through the inner zone showed a systematic depen- 

dence on loca l  time with a maximum a t  08:oo loca l  time, a minimum 

at  19:OO l oca l  time, and a maximum-to-minimum excursion of 

60 counts/sec out of a t o t a l  value of about 400 counts/sec. 

e f fec t  i s  presumably due t o  a combination of the e f fec ts  of the 

s t a t e  of charge of t he  ba t t e r i e s  and the temperature. 

This 

It i s  f e l t  t ha t  a reasonable leve l  of confidence can be 

placed i n  the revised curves (Figure 1) of the  re la t ion  of apparent 
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counting r a t e  t o  t rue counting as obtained by the above method. 

Most of the data of the present paper required no dead-time 

correction and are, therefore, independent of the above discussion. 

Only the high counting r a t e  data of the ear ly  April 1960 and mid- 

November 1960 events are  s ignif icant ly  affected.  Previously pub- 

l ished absolute in tens i t ies  f o r  the April 1, 1960 event are  

corrected herein (see pertinent section of Chapter 111). 

The data of the present paper a re  those obtained when the 

s a t e l l i t e  was a t  or  near the highest dip la t i tude  which it reached 

(orb i ta l  inclination 50.4" t o  equatorial  plane). 

a re  obtained counting ra tes  having the smallest possible contribu- 

t ion  from trapped par t ic les  i n  the outer zone. 

i s  fur ther  subtracted i n  order t o  obtain the  net  counting r a t e  due 

t o  penetrating par t ic les  (i.e., cosmic rays, i n  contrast t o  the 

sof t  radiation of the outer zone) by the following technique: 

(a) 

112, NIE, and of the counting rate of the 302, N 

assembled f o r  quiescent (non-solar event) conditions and f o r  

the highest available dip la t i tudes .  

In this  way there 

This contribution 

A large body of observations of the counting ra tes  of the 

were 302' 
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(b) 

time t o  yield the respective t rue  counting r a t e s  Nl12 and N302. 

(For data shown i n  Figure 2, the dead time corrections were t r i v i a l . )  

( c )  Then a p lo t  w a s  made of N vs N (Figure 2 ) .  From t h i s  

p lo t  it i s  seen tha t  Nl12 i s  a l inear  f'unction of N and tha t  a t  

N ; ~  j zero, NIE approaches 14.3 counts/second . Since the r a t i o  

of geometric factors  (Table I)  f o r  penetrating par t ic les  (e.g. 

ordinary cosmic rays) i s  13.3 an N 

N* = 1.08. Hence, the intercept a t  N = 0 i s  taken as the pure 

To any extent necessary these data were corrected f o r  dead 
* * 

* * 
* 112 302 * 
302 * 

* 
= 14.3 corresponds t o  112 * 

302 302 
cosmic ray  r a t e  of the 112 tube. The equation of the curve of 

Figure 2 i s  

* 
Nl12 = 14.3 + 0.iig Co2 

or  

* 
NIE - 14.3 

( *  ) = 0.119. 

This r a t i o  i s  similar t o  that  usually observed i n  the sof t  radiation 

region of the outer zone, thus fur ther  supporting the bel ief  that 

Figure 2 can be used rel iably i n  subtracting the contribution of 

sof t  radiation t o  the r a t e  of the  112. It is, of course, evident 

from the la t i tude  dependence of the counting r a t e s  of the  two tubes 

that the time-varying outer boundary of the outer radiation zone i s  

the principal cause of the variation of counting ra tes  a t  high 

la t i tudes .  The use of Figure 2 makes it possible t o  considerably 



6 

increase the s,ensit ivity f o r  the re l iab le  detection of solar 

cosmic rays. When N 
* 

i s  less  than, say 100 counts/sec, one can 302 
c lear ly  detect  an in tens i ty  of solar cosmic rays as low as 

2 par t ic les  (cm 2 sec)-’ (having energies greater  than 30 MeV 

(for  protons)). It i s  probable tha t  one could hprove t h i s  

detection capabi l i ty  by an order of magnitude with a s a t e l l i t e  

passing over the polar caps, 

Two examples of the  use of Figure 2 follow: 

In the pass which covered from 0720 t o  0736 UT on November 18, 

1959, the posit ion of observation was chosen a t  0729.5 UT 

(Figure 3 and Table 11). the apparent counting ra te  of the 

302 Geiger tube, i s  17 counts/sec and Nlu, the apparent counting 

ra te  of the  112 Geiger tube, a t  the same time i s  16 counts/sec. 

From the curve of apparent counting v ia  t rue  counting r a t e  for 

N 
302’ 

the 1l2 Geiger tube (Figure l), one f inds the  t rue  counting r a t e  
* 

NlU, corresponding t o  N 

Table 11. 

= 16 i s  a l s o  16. This i s  shown i n  

By Figure 2 and the above discussion, the estimated 

112 

contribution of sof t  trapped radiation i n  the  outer edge of the 

outer zone t o  the counting ra te  of the  112 i s  
* 

A NIE = 0.119 = 2 coullts/sec. m e  net  t rue  counting 

r a t e  due t o  cosmic radiation i s  taken t o  be 

* * 
- = 14.0 + 1.0 counts/sec. 

** 
912 - - %2 - 
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On 17 June 1960 in the pass which covered from 0542 to 

0557 UT, the time of observation was chosen at 0551 UT (Figure 4 

and Table 11) at which N = 60 and Nlu = 20 from which NIE 

can be inferred as about 13 + 1.5. The error was estimated from 

(a) the fluctuation of near the vicinity of the observation 

JCX 

302 

- 

* 
position, and (b) how large the correction term ANlE was. 

During large solar cosmic ray events there is an important (or 

perhaps dominant) contribution to N 

in addition t o  normal cosmic rays. 

* 
due to penetrating particles 

Fortunately in such cases there 
302 

is usually an accompanying depletion of the outer zone (cf. 

Van Allen and Lin, 1960) such that the correction for trapped 

radiation may be negligible. In solar cosmic ray events for 

intermediate size (say 20 times normal C.R. intensity) the final 

value of N 

-- i.e., by first using Figure 2 to find A N  

)tic 
is determined by a two stage iteration process 

then taking 
112 * 

112’ * * ) and the relative geometric factors of the 112 and 
* (N112 - A N112 

302 to estimate the penetrating contribution to N 

Figure 2 again to get an improved 

then using 302’ * 
ANlE and thereby an improved 

** 
%l2 ’ 
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111. OBSEBVATIONAL JXTA AND DISCUGSION 

A .  Normal Cosmic Ray Intensity.  

During the period of observation the average net counting 
** 

r a t e  Nl12 due t o  galact ic  cosmic rays as observed a t  the highest 

l a t i tudes  Over North America and Australia by Ekplorer V I 1  w a s  

about 14.5 counts/sec ( c f .  Table 11). 

m i d i r e c t i o n a l  in tens i ty  a t  the a l t i tudes  of observation 

This rate corresponds t o  an 

2 = 2.0 par t ic les  (cm sec1-l . 
JO 

It is, of course, w e l l  knm t h a t  such a measurement cannot be taken 

t o  represent the interplanetary cosmic ray in tens i ty  f o r  the  follow- 

ing reasons: 

(a) the sol id  earth blocks a substantial  f ract ion of 

4 T steradians. 

the magnetic influence of the ear th  may not be 

negligible even at these high la t i tudes .  

there i s  doubtless a contribution due t o  cosmic 

m y  secondaries produced i n  the atmosphere (cosmic 

ray albedo). 

(b) 

(c )  

B. November 9, 1959 Event (Table 111. 
The first case during the observation period of Explorer V I 1  

t ha t  NIE exceeded 20 counts/sec was on November 9, 1959 a t  about 
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1051 UT during the pass which covered the period 1042 UT t o  1058 UT. 

. 

** 5 counts/sec. During the following pass which 

covered the period 1230 UT t o  1240 UT on the same day, the counting 

r a t e  curves of both the 112 and the 302 exhibited concatenated 

bumps i n  the high la t i tude  portion of t h e i r  counting r a t e  vs t h e  

curves i n  the region where both curves usually exhibit valleys.  

The bumps were narrower i n  time extent than f o r  usual solar cosmic 

ray cases (and therefore corresponded t o  a high la t i tude  threshold). 

A t  the highest value of lati tude,  N 
* * 

= lo7 and NIE = 90. The 
302 ** 

result ing IVlu = 85 - f 9 counts/sec. Hence the radiation being 

detected was considerably harder than typical  outer zone radiation 

but - considerably sof te r  than tha t  i n  a typical  solar cosmic ray 

event. 

After subtracting the contribution from cosmic rays, a net 

2 intensi ty  of 10 (cm 

highest l a t i tude  a t  1234.7 UT, on the assumption tha t  the  pa r t i c l e s  

being counter a r e  directly-penetrating ones (e .g . protons of 

E > 30 MeV) and a re  not non-penetrating electrons which a r e  being 

detected v i a  t h e i r  bremsstrahlung. The la t i tude  dependence leaves 

l i t t l e  doubt that the primary radiation must consist  of charged 

par t ic les .  

see)-’ i s  found from the 112 data a t  the  

Other interest ing aspects of t h i s  event are  tha t  no associated 

geomagnetic disturbance was reported and that no plausibly re- 
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sponsible solar disturbance has been identified.  

C. November 30 - December 2, 1959 (Table 11). 

On November 30, 1959 a f l a r e  of importance 3 was observed a t  

Sacramento Peak beginning a t  1722 UT and ending a t  1904 UT a t  the 

location No8 1336 , & n p i l a t i o n s  of Solar-Geophysical D a t q .  

Explorer VI1 d a t a  showed an increased counting r a t e  of about 

lo$ - 20$ above normal cosmic ray intensi ty  i n  ear ly  December 1 j  

a similar increase w a s  a l so  observed during late December 1 and 

ear ly  December 2 .  The intensi ty  had returned t o  normal by ear ly  

December 3. 

D. January 11-14, 1960 Event (Figure 11, Table 11). 

A t  2040 UT on January 11, 1960 the beginning of a solar f lare 

of importance 3 a t  the location W3 ED3 w a s  obsemed a t  Lockheed 

Observatory ,@npilations of Solar-Geophysical Datq. The f l a r e  

ended a t  2355 UT. 
** 
N1J2 

2 1 2  was 

Ekplorer VI1 showed that a t  the middle of January 10, 

was 14 (which i s  the normal cosmic ray value), and a t  the middle of 

January 11, which i s  before the solar f l a r e  was observed, 

about 17, an increase of about 20$ above normal. 

-E+ 

A t  about the middle 
- H e  

of January E?, NIE was  27, corresponding t o  an excess pa r t i c l e  

in tens i ty  of 2 (cm sec)-'. Thereafter, the in tens i ty  decreased 2 

gradually, and was back t o  normal by about the middle of January 15. 

This small increase i n  intensi ty  and long decay t h e  were supposed 
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t o  be due t o  the location of the f l a r e  on the sun, according t o  the 

model of sun-earth magnetic f i e l d  suggested by Obayashi and Hakura  

l!z9@7* 

E. March 18-20, 1960 (Table 11). 

An increased N 
M 

of about 10% - 20$ above the normal cosmic 

The increase, which 

112 
ray value was observed from Ekplorer V I 1  data. 

does appear t o  be significant, has not been identified with any 

other phenomena. 

F. April  1-2, 1960 and April 5, 1960 (Figure 12, Table 11). 

A f 'ull report  on these events has been given previously by 

Van Allen and Lin , & 9 q  including the report  of a 24% Forbush 

decrease dur ing  the ear ly  morning of April 1. 

An bnproved estimate of the maximum in tens i ty  on April 1 has 

been made with the help of the s e t  of laboratory curves (Chapter I1 

and Figure 1) of apparent ra te  v s  t rue  r a t e  of the 112. The 

choice among the family of curves t o  be used was made by finding 

the f l i g h t  saturation value of the 112 i n  nearby inner zone 

passes a t  a similar loca l  time. 

340 counts/sec . 
The saturation value adopted was 

** 
The resul t ing value of N at about 1023 UT on April 1 was 112 

1600 counts/sec. This y i e l d s  

2 JO = 220 - t 30 (cm sec1-l 
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fo r  the omnidirectional intensi ty  of solar  protons of energy greater  

than 30 MeV. A t  the 

- 
Jo - 

of protons of energy 

same time the counting r a t e  of the 302 yields 

greater than 18 MeV. The combination of these 

two resu l t s  indicates t h a t  the spectrum was not r i s ing  appreciably 

between 30 and 18 MeV and hence invalidates the earlier spectral  

remark of Van Allen and Lln b p .  3001 top of column 2, 19q. 

- 

The peak intensi ty  of the April 5-6 event was not observed by 

Explorer V I I .  A t  about 1000 UT on April 5 the omnidirectional 

in tens i ty  of protons of E > 30 MeV w a s  5 (cm 2 see)-'. 

G. April 28-30, 1960 (Figure 13, Table 11). 

Three important f la res  were observed during t h i s  period. The 

first occurred a t  about 0130 UT on April 28 ( H a w a i i  Observatory), 

the location of the f l a r e  being SO5 E34. The s a t e l l i t e  data show 

a s l igh t  increase from normal cosmic ray intensi ty  a t  about 

0323 UT. 

from the observed time history of the event (Figure l3),  it appears 

that the peak of t h i s  event was not observed with Explorer V I I .  

The proton omnidirectional intensi ty  with E >. 30 MeV a t  1920 UT 

w a s  about 32 (cm set)-'. The in tens i ty  decreased monotonically 

with time t o  about 03 UT on April 29. 

r a t e s  sham i n  Figure 13 during l a t e  April 29 and ear ly  April  30 

Then there were no data u n t i l  1920 UT (Figure !j), but 

2 

The increased counting 



. 

were presumably 

a t  N l 2  W20, and 

April 29 a t  the 

due t o  f la res  beginning a t  0107 and ending a t  O23O 

a lso  beginning a t  0612 and ending a t  0822 on 

location of NL5, W20 (observed a t  Lockheed and 

Capri s respectively) @mpi la t ions  of Solar-Geophysical DatZJ. 

H. May 4-8, 1960 (Figure 13, Table 11). 

On May 4 polar cap absorption began a t  1044 UT b i n b a c q .  

The f l a r e  which was apparently responsible f o r  t h i s  event began 

before 1020 UT on the west limb of the sun, and w a s  observed a t  

Thule, Greenland. 

The event a t  around 1100 UT w a s  of very short time duration 

and was not observed by Explorer V I 1  due t o  the absence of a 

suitable pass during the event. Ehqlorer VI1 d a t a  show an 
** 

increased N a t  1516 UT and a t  the following pass a t  about 112 
1700 UT the omnidirectional in tens i ty  w a s  about 16.5 (em2 see)-’ 

which was about 8.3 times normal cosmic ray intensi ty .  

observations by Winckler, Mosley, and May E9g were obtained 

at  the same time (1700 UT) the excess ionization r a t e  a t  6 g/cm 

Balloon 

2 

atmospheric depth w a s  about 25% above the  normal galactic cosmic- 

ray background ionization ra te  a t  that a l t i t ude .  m l o r e r  VI1 

data show peak intensi ty  for t h i s  l a t e r  event on May 4 during 

the pass covering 1837 t o  1848 UT (Figure 6). 

in tens i ty  f o r  protons wi th  E > 30 MeV was about 40 ( c m  

The omnidirectional 

2 see)-’. 

The next and subsequent passes show a steady decrease of in tens i ty  



1 4  

up t o  about 0040 UT on May 5. 

1450 UT on the same day. 

decay of the event from 1700 on May 4 t o  0200 UT on May 5 .  

the peak intensi ty  shown by Ekplorer VI1 a t  1830 might not 

correspond t o  the maximum intensi ty  of the May 4 event; the maximum 

in tens i ty  apparently occurred between 1700 UT and 1830 UT. 

i s  a s t r iking leve l  of general agreement between the s a t e l l i t e a n d  

balloon measurements on the  time his tory of the event. 

112 the amnidirectional intensi ty  of protons with E > 30 MeV 

was about 40 (cm see)-’ at 1842; and from the 302, the amnidirectional 

in tens i ty  with E > 18 MeV was about 52 (cm 

Then there were no data u n t i l  about 

The balloon observations showed the 

Thus 

There 

From the 

2 

2 see)-’. 

A thorough study of the spectrum of solar  protons (and of 

solar  alpha pa r t i c l e s )  during a balloon exposure of nuclear 

emulsions i n  the period 1700 UT May 4 t o  0200 UT May 5 has been 

reported by Biswas and Freier E9a. The average d i f f e ren t i a l  

number energy spectrum dN/dE = const E -(’*’ - + O o 3 )  w a s  found fo r  

250 4 E 4. 1000 Mev f o r  protons. - -  
Between 

observations, 

with time. A t  
** 

0040 and 1430 UT May 5 there were no s a t e l l i t e  

NIE was about 35 a t  1452 UT on May 5 and increased 

1819 UT there w a s  an apparently maximum value of 

** 

= 77, corresponding t o  an amnidirectional in tens i ty  of 512 
9 (cm2 sec)-l ,  a f t e r  subtraction of the galact ic  cosmic ray back- 

ground. On May 6, a t  about 1844, Explorer VI1 reported another 
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value of 

about 15 

** 
Nlu equal t o  about 110 counts/sec, which 

par t ic les  (cm2 sec)-’. After subtracting 

corresponds t o  

the cosmic ray 

background of 2 it gives the proton flux of about 13 (cm2 see)-’- 

On May 6 a f l a r e  of importance 3+ w a s  reported a t  Sacramento Peak 

beginning a t  1404 UT a t  S10  ED^ @ m p i l a t i o n s  of Solar-Geophysical 

htq. This f l a r e  was a lso  observed a t  several other s ta t ions and 

i s  presumed t o  be the cause of the  May 6 solar  cosmic ray event 

E e e  Leinbach, l 9 q .  

On May 7 no f l a r e  with importance more than 1 was observed. 

However, Explorer VI1 data show an increase of intensi ty  and at  

about 2100 UT the peak value of N1= was 195, corresponding t o  

27 (cm see)-’ absolute omnidirectional intensi ty .  After subtracting 

2 the cosmic ray background of 2 (cm set)-' the solar proton in tens i ty  

was 25 (cm see)-’. The intensi ty  decreased thereaf ter  and returned 

* 
2 

2 

t o  normal by about 20 UT on May 8. 

I. May 13-14, 1960 (Figure 13, Table 11). 

The next increased intensi ty  was observed on May 13. The f l a r e  

which w a s  supposed t o  be responsible f o r  t h i s  event was observed by 

several observatories /Compilations of the Solar-Geophysical h-tq 
at  about 0522 UT and of importance 3+ a t  the location of approximately 

N30 W64. Unfortunately the f irst  pertinent data fram Ekplorer VI1 

were not received u n t i l  1330 from the Womera station, which showed 
** 

an NIE of 58. The next pass showed the highest observed value of 



dip angle of 78.3 degrees, Hence the  rap id i ty  of time decay was 

16 

** 
namely 370, corresponding t o  a proton in tens i ty  of 9x2 

50 (em2 sac)-’ a t  1512 UT. This reaul t  w a s  confirmed by the 

Woomera s ta t ion which also showed the decline of intensi ty  during 

the next pass c o v e r i a  the t h e  1652 t d  1705 UT (Figure 7).  

pass Over North America t r t  about 2112 shared t h a t  N 

a t  t h i s  time the subsatel l i te  point was a t  75.5 degrees dip angle, 

compared t o  the previous pdds over North America a t  about 1927 with 

The 
** 

was 25 but 112 

probably l e s s  than would appear st first glance. The value of 
** 

was back t o  the normal value of about 14.5 counts/sec sometime 912 

before 1600 UT of May 15 . 
J. May 18 and May 26, 1960 (Figure 14, Table 11). 

On May 18 a f t e r  I200 UT an increase of about 40$ above the 

normal intensi ty  was observed by Fxplorer V I I .  About the same amount 

of increase was observed around 12 UT on May 26. 

K. June 1, 2 and 4, 1960 (Figure 14, Table 11). 

On June 1 a f l a re  of importance 3+ was observed a t  Capri S 

Observatory, s ta r t ing  a t  0824 UT and ending a t  1340 UT a t  the 

location of about ~8 E46 Eanpi la t ions of Solar-Geophysical ktq. 
*3c 

A s l igh t ly  increased intensity IilU = 18 was observed by Explorer 

VI1 a t  1021 UT, about two hour6 later than the beginning of the 

f l a r e .  The pass previous t o  1021 showed normal intensi ty .  Thus . 



the solar protons began arriving a t  the ear th  sometime before 
H 

1020 UT. The highest value of NlZ during the event was 

5 1  counts/sec a t  E O 5  UT, corresponding t o  a solar  proton in tens i ty  

of 5 (em2 sec)-' wi th  E > 30 MeV. 

N~~ w a s  22 counts/sec, corresponding t o  a solar  proton in tens i ty  

of about 1 (cm sec)''* By 1120 UT on June 3 NIE had returned t o  

i t s  normal value 

During the  middle of June 2 
-)tw 

2 # 

H 
Again a t  0900 t o  E30 UT on June 4, N12 was high, be- about 

* 
21 caunts/sec, and by about the same time on June 5, NIE was 

normal. 

L* August 12-16, lg&l (Figure 15, Table 11). 

On August 12, 1960 at 1924 UT a flare of importance 3t was 

observed a t  Hawaii a t  the location of E 2  E27. The f l a r e  ended a t  

2042 UT. 

a t  abaut 1240 UT on August E. 

t o  a solar  proton intensi ty  of 2 (cm 

0850 t o  1220, the intensi ty  was 1.3 (cm 

day, during 0820 t o  1010 UT, 0.8 (cm see)-'. 

1130 UT, the excess intensi ty  was s l igh t ly  higher than 0.8 (cm sec)'l. 

On August 16 Nlu w a B  about l5$ t o  20$ above normal. 

day NIE was back t o  the normal intensity.  

Q l o r e r  VI1 had only one pertinent s e t  of observations, 
** 

NIE was 29 counts/sec, corresponding 

2 sec)". On A u g u s t  13 dbring 

2 sec)-' and on the  following 

2 On A u g u s t  15, about 

2 

3t)c 
On the folluwing 

3t3c 
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M. September 3-9, 1960 (Figure 16, Bible 11). 

One of the most interesting ser ies  of observations was made 

during t h i s  period. On September 2, two f l a r e s  of importance 3 were 

observed without being accompanied by Type I V  radio emission, and 

on September 3 a f l a r e  of importance 3 began a t  0040 at N17 Ego. 

This l a t t e r  f l a r e  was accompanied by Type I V  radio emission and i s  

presumed t o  have been responsible f o r  the emission of the observed 

par t ic les .  

Mosley, and May, Phys . Rev. h t t e r s  l 9 g  on September 3 

observations were a l so  made D v i s ,  Fichtel, Guss, and Ogilvie, 

Phys . Rev. Letters l 9 q .  

Balloon observations were made a t  Minneapolis B a v s a r ,  

Rocket 
I 

Unfortunately, there were no simultaneous 

data from Explorer V I 1  f o r  direct  comparison with t h e i r  r e su l t s .  

During three passes a t  0037, 0221, and 2322 UT, on September 3, 
)c)t 

was 1.2 + 2, 10 + 3, and 1000 counts/sec, respectively. There- - - 
fore the time a t  which solar protons arrived near the ear th  w a s  

a f t e r  0221 and before 2322 UT. From our data the peak in tens i ty  
)c)t 

was observed a t  0155 and 0337 on September 4 (Figure 8). NlU was 

about 1800 counts/sec, which corresponds t o  a solar proton f lux  of 

250 (cm* sec)-' with E > 30 MeV. 

event i s  i t s  very slow decay. 

A very interest ing feature  of t h i s  

If one assumes tha t  the peak in tens i ty  

observed by Explorer V I 1  was the  maximum intensi ty  of t h i s  event, 

then the time width of t h i s  event a t  half- intensi ty  exceeds eight 



. 

hours, being much longer than  tha t  of the April 1 event. 

N. November 12-28, 1960 (Figure 17, Table 11). 
w 

A t  2300 UT of November 12, the peak intensi ty  of NIX observed 

by Explorer VI1 was between 85,000 t o  330,000 counts/sec (Figure 10). 
* 

There were two passes ea r l i e r  than 2330 UT. Their NlX were 

16,000 - t 5,000 and 32,000 - + 10,000 at 2101 UT (Figure 9) and a t  

2245 UT respectively. 

The ground observation of November I 2  and November 15 events 

were reported by StelJes, Carmichael, and McCracken Egg. 
On November 12, the two d is tan t  peaks of the neutron monitor 

data (about 1600 UT and 2000 UT) were very well explained by the 

model they used. According t o  t h e i r  observational resu l t s  and 

explanation, both counting rate  enhancements on November 12 were 

due t o  cosmic-ray production i n  the large flare which s tar ted a t  

1320 UT on November 12. 

When we campare the peak intensi ty  of Explorer VI1 at 

2330 UT t o  the second peak of the neutron monitor data, the peak 

of Ekplorer VI1 data lagged behind by about 3 1/2 hours. Since the  

detection of neutrons on the ground implies a r r i v a l  of high energy 

particles,  the  lower energy par t ic les  lagged behind the  high energy 

par t ic les  . 
At 2330 UT on Noyember 12 the  proton (plus a-par t ic le)  

in tens i ty  was between 12,000 and 45,000 (cm2 see)-’. The upper 
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limit of the peak in tens i ty  was determined by the 302 Geiger tube, 

since the 112 Geiger tube was driven far beyond i t s  saturation 

value, namely in to  a portion of i t s  cal ibrat ion curve which involved 

substantial  uncertainty. For the  November event, apparent fluctua- 

*ions of NIE i n  Figure 17 are i n  large par t  due t o  differences i n  

the la t i tudes  of observation. 

st)t 

m e  successive en t r ies  do not provide 

a homogeneous ser ies  of observations from which the detailed time 

his tory of the  in tens i ty  can be simply determined. 

For geographic la t i tudes north of abaut 48" N at 1000 km 

a l t i tude  Over the polar caps it i s  of i n t e re s t  t o  note the time- 

integrated omnidirectional intensity.  

16 Nw. 

3 
12 Nov. 

Jod t  - 2 x 109/cm2 . 

This r e su l t  B. A .  V a n  Allen, Private C c m m n i c a t i o ~  may be 

ccnnpared t o  the one year integral  of galact ic  cosmic ray in tens i ty  

i n  interplanetary space Dan Allen and Frank, l95g 

J (Jo)c.r. d t  = 6 x 107/cm2 . 
One Year 

The in tens i ty  enhancement on l a t e  November 20 and ear ly  

Nuvember 2 1  (Figure 17) observed by Explorer VI1 was apparently due 

t o  the flare s tar ted a t  2055 - t 10 UT on November 20 at a solar 
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longitude some 120° N of the center of the solar disk, which was 

predicted by Carmichael, Steljes,  Rose, and Wilson Ehys. Rev. 

k t t e r s ,  19a. 

and Hanrey ,@ye Rev. Letters, l g q .  

Their postulate was strongly supported by Cuvington 



c 

22 

REFERENCES 

Biswas ,  S., and P. S. Freier, "The High-Energy Cosmic-Ray Flare 

of May 4, 1960. 2. Ehulsion Measurements", J. Geophys 

Research ,J 66 1029-1034 (1961) . 
Carmichael, H., J. F. Steljes, D. C.  Rose, and B. G. Wilson, 

"Cosmic-Ray Neutron Increase From a Flare on the Far Side 

of the Sun", Phys. Rev. Letters 6, 49-50 (1961). 
Covington, Arthur E., and Gladys A. Harvey, "Measurement of 

LO .7-cm Solar Noise Burst of November 20, 1960", 
Phys. Rev. Letters - 6, 51-52 (1961). 

Davis, I,. R., C. E. Fichtel, D. E. Guss, and K. W. Ogilvie, 

"Rocket Observation of Solar Protons on September 3, 1960", 
Phys. Rev. Letters 5, 492-494 (1961). 

Leinbach, Warold, "The Polar Cap Absorption Events of March 31 
through May 13, 1960", Geophysical Inst i tute ,  University of 

Alaska, June 3960. 

hdwig, G. H., and W. A. Whelpley, "Corpuscular Radiation Ekperhent 

of Sa te l l i t e  1959 (Ekplorer VII)", J. Geophys. Research -3 65 
1119-1124 (1960). 

Clbayashi, T., and Y. Hakura, "Propagation of Solar Cosmic Rays 

through Interplanetary Magnetic Field", J. Geophys. Research 

- 65, 3143-3148 (1960). 

Steljes,  J. F., H. Carmichael, and K. G. McCracken, "Characteristics 

and Fine Structure of the Iarge Cosmic-Ray Fluctuations in 
November l96otf, J. Geophys . Research -, 66 1363-1377 (1961). 

U. 9. Department of Commerce, National Bureau of Standard Central 

Rad i o  Propagation Iab orat  ory, Boulder, Colorado, C omp i la t  ions 

of Solar-Geophysical Data. 



23 

REFERENCES (continued) 

Van Allen, J. A., and L. A .  Frank, "Radiation Measurements t o  

658,300 Kin. with Pioneer IV", Nature (Iandon) -7 184 219-224 

(1959) ' 

V a n  Allen, James A. ,  and Wei Ching Lin, "Outer Radiation Belt and 

Solar Proton CFbservations with Explorer V I 1  During March- 

April 1960", J. Geophys . Research -2 65 2998-3003 (1960) 

Winckler, J. R., P. D. Bhavsar, A. J. Masley, and T. C .  May, 

"Delayed Propagation of Solar Protons on September 3, l960", 
Phys. Rev. Letters 6, 488-491 (1961). 

Winckler, J. R., A b  J. Masley, and T. C.  May, "The High-Ehergy 

Cosmic-Ray Flare of May 4, 1960. 1. High-Altitude 

Ionization and Counter Measurements tt, J. Geophys . 
Research 66, 1023-1028 (1961). 

i 

L 



24 

7 

b 
2 
0 
M 

o o r l o  

I 
0 



25 



26 

c 

+ I  + I  +I + I  +I + I  +I + I  +I + I  +I + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + 1  
? ? ? ? ? ? ? ? ? ~ ? ? ? ? ? ? 9 ? 9 9 ~ ~ ~  

. .  . . . .  d i;' G 
iJ - P - P + > - P  5 8 ' 8 8 8 8  3 R 

-9 - P - P  
8 8 8  



27 

! -  
I -  

I -  

+ I  +I + I  +I +I + I  + I  + I  + I  +I +I + I  +I +I + I  + I  +I + I  + I  +I  +I + I  + I  
9 ? u ! ? ? ? ? ? ? ? ? ? ? ~ ? ? ? ? L ? L ? ? 9 ?  

. . . . . . .  . . . 



28 

. 
' .  

c o \ D c o \ D t - L n E - C n ~ t - m w c o f ~ ~ = . f n F c u M m  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

. .  . . e e 0 e 

t5 
R 

6 
R 

f; 
R 

t5 
R 



m m m w m ; t w c u ; f w c u f L n c u  m t - o d m L n c u  0 o o o o o o o o o o o o o o o o o o o o c u o  

e .  . . . . 
13 R 8 R 

g 
R 

. 



I -  

~ 

I -  

- 

d d r l r l  r l d  

r l c u  cu m 4 - 0  cu m l f  rl M O  cu M O  rl m d c u  M r l  o o o o o o o o o c u c u o o o o o o c u c u c u o  

0 rl c\l M 4- 
M 

i 
R 

Z 
o\ 
rl 

. e e 

. 



? ? ? ? ? 9 ? ? ? ? ? ? ? 9 ? 9 ? ? ? ? ? ?  
r l C U r l r l d ~ d r l r l d d r l r - 4 r l r l r l r l C U ~ C U d r - 4  
+I  + I  + I  + I  + I  + I  + I  + I  +I + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  +I + I  
? ? ? ? ? ? ? 9 ? ? ? ? ? ? ? ? ? ? 9 ? ? ?  
d ~ r l d ~ = I d r l r - 4 r l r l r - 4 d ~ d r l r l d ~ ~ d d  

M M  M M f  L n f  L n f  M A  v3 Lnd Ln M M 

? " r ?  ? cu."  9 9 
m r l  m a l  
0 0  

8;1. 
0 0  
r l d  

E 

a 
w e- 

O O C U O C U M  M M r l  N O C U M r l M r l M O  o c u o ~ ~ 8 o o o c u o C U o C U o ~ o C U ~ o ~ C U  

o , = I  f Ln w b co m 
Pi . . . . 

. 



' L  

? ? ? ? 9 ? ? ? 9 ? ? ? ? ? ? ? ? 9 ? ? ?  
r l d r l d d c u c u c u ~ a M r l ~ d r l ~ M d d d d  
+ I  +I + I  + I  +I + I  + I  + I  + I  +I + I  +I + I  + I  + I  + I  + I  + I  + I  + I  + I  

. .  . *  * .  

B B  B B  

. 



33 

L ? ? L ? L ? ' L ? ? L ? ? ? L ? ? ? L ? ~ L ? L ? ? v ; ' ? ? u ; '  
D r l D r l D r l ~ 4 c u D r l D r l c u D r l D r l c u D r l l i D r l r l r l 4 l i D r l 4  
+ I  + I  + I  +I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  +I  + I  + I  
L ? o . ? L ? ? ? ? L ? ? ? L ? ? u ? L ? ~ ' ? ? L ? ? L ? u ?  
l i D r l r l 4 ~ 3 D r l l i ~ ~ 3 3 4 l i r l D r l l i r l r l r l d  M M M M  M M  m ; t ; f L n * u \ 3 * m  

c o o o o m o F o o o o m o m g m m o o \ o m  
I I I I I I I I I I 1 3 r f t + f t 3 9 - 3 ' r - 2  * l n L n L n = f L n = f L n n L n L n  

. . . .  . . . . . . . . 



34 

? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?  
li rl rl li cu c\J cu m m 3  m m a  M r l  cu rl r l r l  
+ I  + I  + I  + I  +I + I  + I  + I  +I + I  + I  +I + I  +I + I  + I  + I  + I  + I  + I  
???9???9???????999?? 
I n f 3 M F F t - L n b F a I n l n f m W k 4 - M m  
l i r l l i t - l l - l r l r l c u c u c u c u c u ~ c \ J c u l i l - l r l r l r l  

cno 
rl 

. .  . 
b 

. . 

c 



. 

t- 
rl 

. 
CO' 
d 

o\ 
rl 

0 cu 

9 
5 

!ii 
5 

. e 

35 



o o o o o o o o o o g o a o u a o m o o  r r r r r r r r r r  I T T r r ? r ? T T  

t - c n b a w a w a  lnb3  L n w * w Z f u l 3 I n m  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

8 cn 
r-i 



37 

? 9 ? ? ? ? ? ? ? ? ? ? 9 ? ? ? 9 ? ? ? ~  
r l r l ~ r l r l r l r I r l r l ~ r l r l r l r l ~ r l r l r l r - l r l ~  
+ I  + I  + I  +I + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  t l  + I  + I  + I  
? 9 ? 9 ? 2 ? ? ? ? ? 9 ? ? ? 9 ? ~ ? ? ?  
~ x 3 r l r l ~ ~ r l r l r l r l r - l r l r l r l r l ~ 3 r l r l r l  L n f  m M 3  r n M f  L n f f v )  M 4 - w  

? ? ? 9 ? ? ? ? ? ? ? ? ? 9 % ? ? ? ? ? ?  
w r l l n t - r i * a  r l L n M O c o * c o L n m C U  f - m f  t- cu c u 0 L n f  M r I O L n M r l A -  cu r t f  MCU rl L n n r n  

Ln 
0 

m L n  
0 0  8 4- 

0 
cu 
0 

3 
0 

M 
0.  

M 
0 3 8  8 0 

0 
M 
0 

rl 
0 

M 
0 d CU 

0 
0 
0 

. .  . . . . . . . .  . . 

cu 
0 



38 

?9??????????9??99???? 
r l r l r l r l ( u r l r l r l r l r l t - l r l r l c u r l ( u r l d c u L n ~  
+ I  + I  + I  +I +I +I +I +I +I + I  +I + I  +I +I + I  + I  + I  + I  + I  +I + l  
? ? ? ? ? ? ? ~ ? ? ? ~ ? ? ~ 5 ? ? ? ? ?  
r l r l r l t - l r l ~ r l r l ~ r l r l r l r l ~ ~ ~ l - i ~ r l r l r l  
L n m ; f A -  M M  m a  M L n f  Lnw 3 L n M 0 3  

. .  . .  . .  . 
0 Er E 



39 

t- a 

. . . . .  . . . 

I -  

- 



40 

9???9?99??9?9??99999 
cu cu cd cu rl m r l r l  m c u  4cu r l N  m r l r l  rl li rl 
+I  + I  + I  + I  + I  +I + I  + I  +I + I  + I  + I  +I + I  + I  + I  + I  + I  + I  + I  
? 9 9 ? ? ? ? ? 9 9 ~ 9 9 9 ? 9 9 ? ? ?  
3 2 ~ r l r l l - l r l r l l i r l r l 2 L i r l 3 r l r l r l r l r i  m ; t f - d - n L n u \ f m  3 m  m m 3 3  n 

. .  . . 
i! i! 



41 

0 rl cu M 3 3 cu cu cu cu cu co 
rl 

. 



42 

? ? 9 ? 9 ? 9 9 9 ? ? ? 9 9 9 % ? ~ ? ~  
r l d d c u r l c u @ J r l r l m r l f - l r l r l r l r l r l c u r l r l  
+I + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  +I + I  + I  
9 L ? u ? ? ? 9 ~ 9 ? ? 9 ? ? ~ ? ? 9 ? ? ?  
* = l - l n u \ u J * * * * ; t M *  m-=+-U3 r - m a  In- 
r l r l r l r l d r l l - l P l r l l i r l l i r l r l r l d r l P l r l d  

c 

=1 sr" 9r co 
0 

0 
rl 

rl 
rl 

co 
0 8 k 

0 
ch 
0 

t- 
0 

ch 
0 

m cu u cu f- cu co cu cn cu 0 
M 

. . . 
B 
8 
ch 
rl 



43 

. 

9 9 9 9 9 9 9  
r l r l r l r l r l r l r l  
+ I  + I  + I  + I  + I  + I  + 
L ? ? ? ? ? ? ?  
32=1d=1=1=1 

? ?  ? ? u ? ? ? ? ? ? ?  

3 L A w w L - Q c n o  M l n W  e-a rn L-cn m e -  ~ ~ o o o o o o o ~ ~ r l o o o o o o o o o  

rl rl cu cr) f m 

k 
4 . 2  

. 
k k 

2 2 



44 

. 

? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?  
t i c u i - 4 l - l i - 4 L n L n a l M c u c u t i t i r l c u r l i - 4 l - l l - l i - 4 t i  
+I + I  + I  + I  + I  + I  + I  + I  + I  +I + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  
? ? ? ? ?  ? ? ? ? ? ? ? ? 9 ? ? 9 9 ?  
~ r l i - 4 i - 4 i - 4 ~ ~ r r ) ~ ~ r n i - 4 ~ ~ r l ~ t i r l ~ ~ r l  

3 m m a  L n W  0 r n r n L n L n L n M 4 -  Ln 

L ? ? ? ? ?  ? ? ? ? ? ? ? ? ? ? 9 9 ? 9  
M M  

f Ln 

k k 

9 9  

W 

k 

2 

0 
l-l 

P- a m 

k k' k' k' 
2 2 9 @ 



45 

1 .  

L 

? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?  
r l r - l r l ~ r l r l I - i r l ~ ~ ~ c u r l ~ r l 3 r l r l r l r l r l  
+I  +I  + I  +I + I  + I  +I + I  + I  +I  +I + I  +I  + I  +I + I  + I  +I + I  +I + I  
? ? ? ? ? ? 9 9 ? ? ? ~ ? ~ ? ? ? ? ? ? ?  2 ~ ~ r l r l 2 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r l ~ ~  M M  m a  

M 3 u c u . = f u 3 L n m L n F r l 3 c u 3 o A c u  M r l M  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

. . . . 
k 
2 

k 
2 

k k 
9 3 

k k k k k 
3 2 2  4 2  

c 



46 

? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?  
r l 4 c u c u c u c u r l r l d r l r l l i d r 4 r l r i d r l r l d  
+ I  + I  + I  + I  + I  + I  + I  +I + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  
? ? ? 9 ? ? 9 ? 9 ? ? ? ? ? ? ? 9 ? 9 ?  
u n w 3 A - t - 3 m m m m m m  r l r l r i r i r i r l r i r l r l r l d r l r l 3 d d Y r l d A  m m  f m f  

~ ~ 8 € ! o c u o c u o o c u o o c u o o c u o ~ c u  c u r l r l m r l m m d c u c u o c u c u o  M 

. . . . 
k k k k k 

3 . 3  $ 3  2 

8 cn 
rl 

k 

2 
k 
4 

k 
4 



47 

9 9 Lnw 0 0 co e- Ln Ln f- 0 0 0 9 3 9 0. q 0. 0- 

+ I  + I  + I  + I  +I + I  + I  $ 1  + I  +I + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  
r l r l r l r l r l r l r l  

c u r l r l d  rl a d d  d c u  

c 

3 
rl 
0 
3 

r! 

r;' 
co 
0 

1 
4 + 

o! 

7 
co 
0 

=t 
u3 
h3 

I 

L? 

3 + 
cu. 
i2 
r-F' 

1 
0 
t;- 

L? 
rl m 
I 

u3 

c 

. 



48 

L 

L 0 
W 
Ch 
rl 



49 

r 

+ I  +I 4-1 +I + I  + I  + I  + I  + I  + I  + I  +I + I  + I  + I  + I  + I  + I  + I  + I  + I  

? 9 9  9 

0 
0 

f 
rl 

w 
d 

co 
rl 

0 cu 0 cu cu cu 8 w 
rl 

r- 
Pi 

co 
rl 

0 cu rl 
0 

f- 
Pi 

m 
Pi 

0 cu rl cu 

v, 

P 

t- 

P 



C- cO 

P P 



f 
rl 

P 

-00 
rl 

P 



l -  

+ I  + I  + I  + I  + I  + I  + I  + I  +I +I +I +I + I  + I  +I + I  + I  + I  + I  +I +I +I 
I n I n o I n I n I n I n o o o n o  I n o ~ o o I n o n ~ o  

o I n o o n o l n o o o o o  o I n o L n o o o o I n o  

o I n o o l n o n o o o o o  O I n O L n O O O O L n O  

3 rl 
N a3 ch 0 

d d cu 

9 P  



I n 0  
riri 
+ I  +I 
0 0  

M M  
d r l  

. .  
0 0  

+ I  +I 
r i r i  

I n 0  

2- 5 

0 

r-i 
+I 
0 

3 

o l n o l n o l n I n o o o o o o o o o *  
r i r i d J 2 n i d r i ; ; r i r - i ; ; r i F - i  

j e j * w  4 d  d ;\D ui&*22 u i - r t .  r; r; 
+ I  +I +I +I +I + I  +I +I + I  + I  + I  + I  +I + I  +I + I  
I n o o o o o I n o l n I n o l n o o l n l n  

d r l d r u N r u r u d d d r l r l r l d d r l  

0 
d 

0 

+I 
ln 

rl 
r; 

0 0 0 0 0 0 0 ~ 0 r u I n I n 0 0 0 0 0 0 0 0 0 0  * . .  
w c o c o  Fr; r;m* A od ni ni u i  00. r-i j* L I i  O : o o o o d  d c; LIi 
j M r u ~ l n O f  M O l n f r u d O O I n j M l n j M d  

9 9 9 9  9 

rl 



c 

+I +I +I + I  4-1 + I  + I  +I + I  +I + I  +I +I +I +I + I  +I +I + I  +I 

rl N M 4- 4 0 
M 

P 



55 

5 



~ o ~ l n o o I n o o o o o o ~ m o o o o o o o  
N ~ r l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r l ~ c y  . . .  
+I + I  +I + I  +I +I + I  + I  +I + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  + I  +I +I 



57 

o o o q  
I - i R i d r l  

Wiuicui 

+ I  + I  +I +I 
l n l n o m  

r l r l r l d  

O S  r i d  

$ 6  

+ I  +I 
0 0  

r l r l  

0 

+I 
In 

M 
ri 

r-i 

* 

Ln 0 0 0 0. IA 0 0 o* ": 
rif- ir i l- ir lr ir ir-ir lr l 

0 In Ln Ln In 0.0  0 0 In 
+ I  + I  +I +I +I +I + I  + I  +I +I 

5 i i i i Y r l r l r l r i  ui ju id  

L n o o o o o o o o o o o o o o o l n o l n o o  

3 3 3 3  
5 5 5 5  

3 
5 

h 
rl 
1 
5 

3 
5 

0 
v3 a 
rl 



58 

+I + I  + I  + I  + I  + I  + I  +I + I  + I  +I +I +I + I  + I  +I +I + I  + I  + I  



59 

. 

o n o l n o l n l n o o o o o o o o o o o o o o  

h 
rl 
3 $ 3 3 3  5 5 5 5 5 

3 c, 3 3  3 5 
5 5  



60 

0 0 0 0 ' 0  0 In In IA 0 0 0 0 0 In ln 0 Ln In 0 
~ N i c u ' U i c u ' ~ ~ ~ ~ c u ' ~ a - j * ~ ~ r - i ~ ~ ~ r l r i  
+ I  + I  + I  + I  + I  +I + I  + I  + I  +I + I  + I  + I  + I  +I + I  + I  + I  + I  +I +I 

o o o o o o o I n o o o o o o o o n o I n o o  

r l M r l M N ~ N r l ~ N r l r l N r l r l r l r l r l r l r l r l  
< cu' 6 a* d od d \d 2 c; 4 Oo'd LIi tfi \d od Ni r; 6 < 
o o o o o o o I n o o o o o o o o L n o l n o o  

~ M r l M N r i N ~ ~ N r l r l N r l r l r l ~ r l r l r l r l  
< d 6 cu' d od d d-$ d Ui od w* LIi 4 w* od 4 r; 6 < 

o I n o o o o o o o o o o I n o o o o o o o o  

0 
\D 
in 
rl 



61 

r 

0 0 0 0  
2 r - i n i 2  
+ I  + I  +I +I 
n n o n  
ri N i r k j K i i  

0 

t-i 

+ I  
0 

M 
rl 

0 
ru 
+ I  

. 
n 
i 

o n 0  
dnir-7 

n i \ d - j f  

+I + I  +I 
o o n  
r l r l r l  

0 

tfi 
+I 

tfi 
ln 

rl 

o n  
l n w  

* .  

+I + I  
Inn  

9 3  

0 0 0 0 0 0 0 0 0  

+ I  + I  + I  + I  + I  +I +I +I + I  
o n l n o o o o o o  

A j - r 4 U i d n i $ r - i t 4  

b-i-i5irinpis$ 

rl rl ru M 3 n \ob  co 
M 

. .  
4 9 Y Y Y  4 4 4 



62 

co m 0 
rl 

Y Y Y  
4 4 4 

. .  
Y Y Y  
-4 4 - 4  

Y Y  
4 a Y a 



l n o o o o o o o o o o o o o o o o o o o n n  

w O c a O c a c n c n ~ ~ c a ~ U J ~ n b b ~ N N L n N n  o r l o r l o o o o o o o o o o o o o o o o o o  

. .  . . .  . . . .  

0 w cn 
rl 



64 

o n  
d d  

0 .  

+I +I 
o n  

0 0 ’ 0 0  

+ I  +I +I +I 

0 0 0 0  
d d N N  

t ; ( u . c \ j r c ; o o o o  

+I +I + I  +I 0 0 0 0  
e . . .  Y r r 9 d O I n O O  0 - 0 0 0 0  

O O C O C Q  
d d d d  

0 
4- 

+I 

0 
00 
M 

0 
4- 

+I 

0 
N 
M 

0 0  0 0 0 0  
3 M4- M Q  M N  

+I +I +I +I +I +I +I 

0 0  
N N  

+I + I  

0, n 0 0 n 0 

b < d G d < o o o o o o o o  d d N d d d o L n o o o M o m 3 ~ ~ 3 o 4 - 4 -  0 0  o n n  
0 0 C O C O  4- M a  N M a  M N  d d d 
l - t d d d  

0 0 0 0 0 0 n J 0 0 0 N N N 0 0 0 0 0 ~ 0 0  N N M j O N M d d r n d M M O d N M 4 -  d N  

4- n \D r l d  M M . 



0 0 ' 0  0 . 0 , o  0 0 0 0 0 Ln 0 In 0 Ln 0 0 0 
0 0  rl d l J i d u i m M t f i G ; d u i & ; ; D ; ~ d ; ~ ;  
+ I  + I  +I + I  +I +I +I +I +I + I  +I +I + I  + I  +I + I  +I + I  +I +I +I 

o o o o o o L n o o L n o o o o L n o L n  
O M d L n d T i ~ ~ ~ d ~ ~ ~ N i ~ ~ ~ ~ ~ ~ ~  
L n L n L n L n a - M m N r i c u r l r l d r l  

0 0 0 " 3 "  o o n o  O m 0 0 0 0 L n O M L n  
M M N r l  T t m m n d 3 O m f \ D r l ~ \ D p J M  r l r l  N 

PI 3' 0 00 M h cn C\lm M 3 N rl Ln cn b M Ln \D 0 M 

d d  . .  
+ 

co 
N 
0 
rl 

1 

. b . rs 
+ 9 

M 

0 
d 
I 

N' 
cu . co 
3 
rl + 

b . 
d 
d 
I 

4. 

n 
rl + 
d 

N U )  

+ 

m . 
3 + 

. . .  
% % Z  

I I d  + 

0 

Ln 
rl + 
A 

t4 
Ln 
A- 
d + 

. N 
d 
4- 
rl + 

\D 

2 i '  rl 
+ 

" 

N M r l N ; M M d M O N M O N d N m d ~ c o d  T I N  N N 0 0 0 N O  N . 0  cu cu 0 N O  0 N rl rl 

. 
4.a 42 4 

tll 
4 
tll 



66 

+ I  + I  +I +I + I  + I  + I  +I +I + I  +I, + I  + I  + I  + I  + I  + I  + I  +I + I  +I 

6 ui B j ui \d aO'ui G 3. r4 2 d m *  & - u i r c ; v i M L n  r l r l r l r l r l ~ ' r l r l ~ r l r l r l r l ~ ~ ~ r l d r l r l r l  

0 0 0  0 m l n o  m o I n 0 0  0 o l n n o o  

. . . . . e . . .  
c, . .  . .' 



0 0 0 0 0 0  
e * * . . .  

+I + I  + I  + I  + I  +I et +I ; + I  + I  +I +I + I  + I  + I  +I +I +I +I 
0 0 0 0 0 0  . . .  - - I  +., 

. . . .  . .  . 



68 

0 L n 0 0 0 0 0 0 b 0 L n  N b w  8 8 8 8 m L n N r y w o o m r y M r l Y  
N, N ry Nl '", Om 
N rl r l &  

+ I  +I + I  + I  + I  + I  + I  + I  + I  +I + I  +I + I  + I  +I +I + I  +I +I 
o o o o o o o l h o o o o L n L n L n o o ! n L n  o o n o o ~ N a 3 w o o u ) ~ ~ ~ N ~ u ) d -  
'J, d, rl, 0, (r Ln ry 4 0 Ln oma3 ry N I4 ry 

0. 

0 0 0 0 0 0 0 0 0 L n 0 M O b  8 8 E 8  8 L n r y m w o  o u  ( r m j  N N 
ry rl, 4- 0, m Ln ry rl 0 L n  0 co N N rl ry 

n e n  

M *. 
03 co 
I 

M 

0 
rl 
I 

I4 
0 

u 
t 

jo 

0 

m 
0 
rl 
I 

od 
a 

b 
u) 
I + 

0 

a3 
I 

r-i 

d + 

Y co m o  rl si rl d r y  ry 

.; 
0 
2 

0 
v3 cn 
rl 

s 
0 
2 



+ I  + I  +l + I  + I  + I  +I +I + I  +I + I  +I + I  +I + I  +I +I + I  +I + I  + I  

n N 4 - N N r l r l r l d ~ ~  r l d d d r l d  

o o o o n o o o , o o o o o n o o o n ~ n  
j! ; 4 d 00 0; 4 2 r; j 5 t j  j 4- 4 4 \d \d r; 

n o  0 0 0 0 N O C O  I n M v 3 D \ D c o \ I 7  0 nco n N  n 
M r l  N N n N  cu M u 3  M d  rl rl M b N 4 - b  

d 

o o o o n o n o o n n o ~ o o o ~ n n o o  
4 - N ~ r l n 0 n 0 0 N d n N 0 L n N n L n 0 0 0  

. .  . * . . . e  ~ G d c o a 3 v 3 ~ 4 ~ 4 o N d n o a 3 d ~ ~ ~ 4  

8 
M 
N 

a3 
d 

N 
N 

0 
0 

4- 
N 

b 
l-i 

M c o  
N d  

a3 
rl 

d 
N 3 n rl 

. . . . .  
g z z 

v3 
rl rl 

rl 
N 

N 
N 

v3 
rl 

N 

00 
rl 

m u  
d d  3 a d 

M 4- 

O 

a" 
0 O 
a, al 
FI f=l 

0 
v3 m 



I 

o o ~ n n o o L n o I A ~ n o o o n o o o o  
vi ni d Pi A ri 7 i  r; ri t-i ni r; K; a* 4 2 3- Ti ri ni 
+I + I  + I  +I +I + I  + I  +I + I  +I + I  +I +I +I +I  +I + I  + I  +I + I  
l n o o o o o o o o n o o o o o o o o o o  

o o o o o o o o o o o o o o o o o o o o  

+ + + + + + + + + + +  + + + +  + + +  

n w  & a m 0 
rl 

. .  
r l N  M 
r l r l  rl 

. . 
4- 
rl 

. 



o o o o o L n o o o o o o o o o L n o n o o o  * .  cu'A I4 A < A d  r\l ;,-i F F ; I 4 d c u ' A A 4 A A A r ;  
+I +I + I  +I +I +I +I +I +I +I +I +I +I +I +I +I +I  +I +I +I +I 
o L n o n n o o n o o o o o o o o L n o o o o  
wivi;rii 
r - l r - l d r l  

j;; Ir; GLI ;  FF; FF;;\o'LI; j . \o '*  $9 
r l r l d r - l r l d r l r l r l d d r l r l ~ ~  

+ +  + I + +  + + + +  + + 

Ln 
rl 

\o' 
rl 

b a3 
rl ri 

0 ' 0  

8 a" 

cn 
rl 

. 



m m l n o o o l A o o o o o o o o o l n m o m o *  
~ ~ ~ r i r i n i r i ~ ~ R i N i ~ L f i n i j . ~ r i r i r i r i N  
+I + I  +I +I +I  + I  + I  + I  + I  +I +I + I  +I + I  +I +I +I + I  + I  + I  +I 

o o m o o o o o o o o o o o o o o o o o o  
u i & ; o d < r u .  d d r l d r l N j N M N N N M r l M M r l r l d r l r u  0';;  &Rid<  d W i L f i ; o o - o ; r i  

o m o l A o o o o o o m o l A o l A o o o o o o  

o l A P m N d o M o o ~ ~ r l r l 4 - N m m ~ o  $ r i G G  d W i G d  Wid d < t . - . d  ri r - i r x * & G d $  

M M A -  m j  Lnw 0 M O  M N M m m d r l b N m  
d r l ~ d r l d r l r l d r l ~ d r l d r l 0 r l d O d d  

. . . .  
V 
a, 

FI 
V V al a, 
FI Q 

V 
a, 

FI 
v v v v  
a " a " a " a "  



73 

n 
r-i 
+ I  
0 

a3 
rl 

. 
n 
4 
+I 
n 
w 
rl 

. 
0 L n ' O  0 0 0 
t 4 i r i l - i - $ u i l - i  

+I + I  + I  + I  + I  + I  
0 0 0 0 0 0  K j3+ jn j$  

o n n o n o L n n ~ n o * ~  
d ; r - i d l - i r - i r -L -hJ r44 -N  

0 0 0  n n o  o o q n o  In 
+ I  +I + I  +I +I + I  +I +I + I  +I + I  +I 

r; L l i  lli Ni ui w L r i  3. b G j 3 
d r - i d r - 4 d r - i d r l r - i ~  

rl r-i 

N 

n 
rl + 
A 

m r l  . .  N . cn 
b 
I 

Ln 
rl 
rl 
rl + 

. 3 
G m 

I 

. cn 0 

i + 
b- 

0 
rl + 
o' 

Ln 

+ 

4 . 
k + 

N 

N' n 
rl + 

cn 
b 
0 
rl + 

0 . 
3 + 

4 - N  b 

rl 
rl + 
l-i 

. . .  . .  . . .  . . . . .  
0 
a, 
FI 



74 

L n o o o o o o l n o o o o o o o o o o L n L n o  

N r l r l r l r l ~ r l r l ~ N N N N N N N r l r l r l ~ r l  
2 00. 00' ,.J Od 6 0; 00' d $ d ni d d c; r; u; 6 u i  \o' wo 

r l M . = f j r l N j N . = f r l M r l N r l N O N N M r l r l  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 N N N 0 N  

i 
5 



75 

o o o o o o l n o l n o m o o o o o o o o o o  

o o o o o o l n o l n o m o o o o o o o o o o  

o o o o o o o o o o m o o o n o o o o m m  
N O  M r l  m a  0 3  n 4 -  N O 3  m a 3  m N O  M M  
d -3' d 0'00' d w 0: 4 r-i r;; d 6 3 -  G d odd 0 ' ;  d 

b 

. . . . .  . . .  



76 

. 

1 1 1 1 I  I I l l  I I - - 



77 

/ *  

w 



70 

r- I I I  

. 

h 

I 

i ,  

I l l  I I I I 



79 

c 

I +  

' +  - 
/ . 

I +  

i 

\ \  
I 
I 

b 

3 
D > 



\ 

v) 
k z 
3 
0 
0 

I 

a a 
W 
I- 

+ z 
W 

[L 

a a 
n a. 

- 
LA1 
ALT. ( KM) - 

- 35.6 
1026.8 

112.2 

- 

7 
1910 I! 

1 129.7 
-44.8 
368.5 

28 APRIL 1960 
(IOTA) 

- 
-152.8 1 
-50.6 - 
395.5 - 

- 

5 1920 - U.' 
Figure 5 



81 

Long. 
La 1. 
A l t .  

lP00 

I oa 

I C  

I 

405.6 
-43.5 
044 (KY) 

+I293 
-48.6 
003.0 

447.5 
-80.3 
936.7 

I36 1840 I845 -- I€ 

Figure 6 



1 1 1 1  I I 1 1111II I I 

1 1 1 1 I  I I 1111II I I 
P 

33S/ SlNfl03 - 31VU lN3tlVddV 



8 3 '  

Id 

2 IO' 

Q, a 

- - 128.3 -- 

- - + 40.0 
- 507.9 

- 105.5 -77.51 
f 48.3 

565.2 
+50.3: 
587.4 ~ 

-302 1 

4 SEPTEMBER 196( 

I O T A  I 
1 

0335 0340 
I@ 
0330 - UT 

Figure 8 



84 

t 126.0 + 138.9 t I565 
-21.1 - 336 -43.2 
9 11.8 ( KM) 830.4 762.7 

12 NOV. 1960 
( IOTA ) 

a055 21 

Figure 9 



05 

IO 

I - .  

59.( 
$44: 
177. 

- 

- - - 12 NOV. 1960 - - 
- 
- 
- 

LESS THAN 1.5 
t 

1 

I 

3 
0 
0 

I 

a 
W 
k 

a 
I- z 
w 
a a n n a 

Figure IO 



86 

c 



07 

rill I I 1111II 1 I 1 1 1 1 1 1  1 I 1 1 1 1 1 1  I I 

1 I I I 
. 

n 
I I I I 

8 

I 1 

m- 



88 

c 

. 

. 

I I 

r- 
I 1 

n i l  I I I * ~ I I I I I I  I I 

I I- 



89 

c 



90 

. 



91 

c 

' ?  

=+- 
=I 
I 
i 

L -~ 

7 -- 

T . 
t 



I .  

m 

92 


