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The f o llowing abs tracts on meteorology and planetary sc iences are 
from s ignificant papers presented at the Second Wes tern National 
Meeting of the American Geophysical Union in Stanford, California, 
December 27 - 29 , 1962. 

SATELLITE CLOUD PHOTOGRAPHS ASSOCIATED WITH A BLOCKING PATTERN IN 
THE PACIFIC OCEAN . Sidney M. Serebreny (Aerophysics Laboratory, 
Stanford Research Institute, Menlo Park, California) The uses of 
cloud photographs f rom satellites fo r operational purposes are 
demonstra ted through a discussion and illus tration of a series of 
Tiros 1 photographs on 14 orbit s for the period May 18- 24, 1960. 
During that time a blocking pattern developed in the east centra l 
Pacific accompanied by an invas i on of tropical air a l oft into 
northerly latitudes . The r a tionale for the pos itioning of the 
jet s tream over the northern Pac ific using c l oud pho t ographs i s 
discussed and illus trated. As an a id to a be tter unders t anding 
and interpretation of satellite c l oud photographs, such photo­
graphs are presented for Ocean Station Vessel Papa a long with 
the corresponding surface observat ions . Time sec tions of verti­
cal motion, temperature-dew point differences regime s , wind di s­
tribution, and lapse rates are illus trated and compar ed to a 
study made in the North Atla ntic of a simila r synoptic s itua tion 
prior to the advent of Tiro s 1. The infer ence i s made at this 
time that s ince the parameters were virtually the same , the 
distribution of cloud in each case wo uld have been highly com­
parable regardles s of area . 

THE LIFE HISTORY OF TROPICAL CYCLONES IN THE EASTERN NORTH PACIFIC 
IS REVEALED BY TIROS SATELLITES. J ames C. Sadler (Interna tiona l 
Indian Ocean Expedition, National Science Founda tion, Wa shington, 
D. C.) The tropical eastern North Pacific i s a me teorologica l 
paradox for tropica l s torms . It i s a region of frequent s t~rm 

development (many to hurri cane intens ity), as well as a regLon ~f 
storm dissipation or weakening to depress ion s t age . PhotographLc 
data from Tiros a r e used to illus trate s t ages in the life cycle of 
such storms , and their histories a re discussed in relation to the 
mean atmospheric c irculat ion and sea surface tempe~a~ure s . Com­
parisons are made with typhoons of the western PacLfLc. 
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• UNITED STATES WITH THE AID OF SATELLITE PICTURES . 
SOME SURVEYS OF ESTE~ l' , S rvices Divis ion, U. S . Weather Bureau, 
Richa rd D. Tar ble (Hydro Og1C e f the snowpack is of ma jor im-
" hi t DC ) The a r ea l coverage 0 
Rsa "g on, . . ed with f orecasting river fl ow and water 
port.oce to hYdrO lO~i~~S~:~~:~~ou s regions . Various methods o f obtaining 
.upply f r om .nowme l d' luding fixed photographs and areal re-the e da t a have been te s te, 1nc . P 

d thod has been entirely sat1sfactory , hoto -eonnsi. S8 nee . To a te no me . 1 db ' 
r a h. f rom Tiros 1 wea ther sa tellite indicated that,1t wou e Poss1ble 

~o ~etermine the area l s now cover by this means . US1ng photographs from 
Tiros 4 and 5 taken during the period from Ma r ch- July 1962, the changes 
In snow- cover di s tribution over the mountain ranges ~f the western ~n1t ed 

ta t es ar e 5 own. S h The po tent1'al for future observat10ns f rom the N1mbus 
polar- orbit i ng sa tellite i s discussed , 

SUMMARY OF REFLECTED AND EMITTED RADIATION DATA MEASURED FROM TIROS 2, 
3 , AND 4 , W, R. Bandeen and W, Nordberg (Goddard Space Flight Cente~, 
NASA, Greenbelt, Maryland) Tiros satellit es 2 , 3, ~nd 4 carr1ed med1um­
reso lution s canning radiometers sens itive in three 1nfrared and two so l a r 
regions o f the spec trum, namely, 6 , O - 6.5~, 8-l2~ , and 7 -3 0~ ( e xcept Tiros 
4), and O.2 - 6 ~ and O,55-0,75 ~. An a ttempt i s made to interpret the 
intens ities measured in these spec tral r anges in terms of the planetary 
heat budget for the time period covere~ by these satellites. Several 
important featu r es found initially by s tudying individual ca ses were 
analyzed for the additional sa tellit e data which a re now available . In 
particular, these features include the indication of the presence of 
water vapor in the s tratosphere derived from relative radiation intens i­
ties in the 6.3 and 8-l2~ region, the apparently excess ive atmospher i c 
absorption of emitted rad iation in the 8-1~ 'window' region, and the 
spatial and spect r a l var iations in the radiation reflected by the Earth. 

RADIATION CHARACTERISTICS OF A MATURE HURRIC~ DEPICTED BY TIROS SCANNING 
RADIOMETERS . Tet suya Fujita (Univer s ity of Chicago, Chicago, IllinOis) 
Detailed analysis of radia tion patterns over the area of hurricane Anna 
was made, using analog traces of medium resolution scanning radiometer 
of Tiros 3 . Even though we do not know the noise superimposed upon the 
analog traces , all maximum and minimum values on the Earth-viewing swa ths 
were plotted. It was found that most of the peaks and dips on radiation 
traces corresponded extremely well with the cloud patterns obtained by 
rectifying satel lite photographs. Results of channel I-V radiation 
patterns are presented in an attempt to explain the physical and dynami ­
cal processes taking place over the area of the hurricane. 

TEMPORAL VARIATIONS IN THE PLANETARY- SCALE OUTGOING LONG-WAVE RADIATION 
AS DERIVED FROM TIROS MEASUREMENTS . Jay S. Wins ton and P. Krishna Rao 
(U. S. Weather Bureau Wa shington DC) D"l ' 

' , '. a l. y compOSl.te chart s of 
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outgoing long- wave r adia tion be twe 1 
from Tiros 2 meas urement s fo r 26 den :titudes 550N and 550S were derived 
early January 1961 . In spite of t~YS e ~we~n.late Novemb er 1960 and 
the daily radiation da t a l a t1·t d. e lvar1ab111ty and incompl e t eness of 

, u 1na and ove 11 d . 
go ing l ong-wave radia tion wer e obt . d r- a . a lly aver ages of out-
observed in the long-wave r ad i a t . a1ne . Sub s t ant1al t emporal varia tions 

10n over the norther h . h fo und to be generally re l ated t 1 n em1Sp er e wer e 
av

ailable potential ener gy F 0 ar ge- sca l e varia tions in kine tic and 
. or exampl e d . 

availabl e energy that occurred in this ' .u~1n~ a remarkable cyc le in 
l a ti tudes , that the long- wave radia ti p~r10 , 1t was f ound, a t lower 
.ntensified . Mean map s of 0 . on ecreas ed as the wes terly fl ow 
~erent periods during this e~~~0 1ng l ong- wave radia tion for four dif­
bu tion of this radiation; over ~he c~~!ethPorthray . thhe geographical di s tri-

1 1 
ern em1sp ere the r adiation field s 

are we 1 re ated to features of the mea 700- b fl . . 1 f·l f . n m ow. An aver age lat1-
t ud1na pr o 1 e 0 T1ros 2 long-wave da t a f 11 d . . f . .. or a ays s tud1ed shows 
max1mB 0 outg01ng rad1at10n of 200N and 200S (the 1 t·t d f h b . 1 h· h) . a 1 u e s 0 t e s u -
troplca 18 s , w1th lower values in two convergence zones north and 
south of the equator . Radiation is generally 1 . h· h 1 . d Qwer 1n 19 er atltu es 
in both hemispheres . Comparisons of these measurements from Tiro s 2 
with previous estima tes of long- wave rad i a tion db· . f ma e y lnves tlgator s 0 
t he heat budget s how relatively good agr eement. 

ANALYSIS OF RADIATION ~~SUREMENTS BY TIROS. S. I. Rasool (Ins titute for 
Space Studies, NASA, N. Y. ) Radiat i on da t a fr om Tiros 2 and 3 over par­
ticular regions of the globe are compared with surface meteorological 
observation · for the same period . The comparisons involve Tiros radia­
tion data and ground observations on temper a tur e , humidity, and cloud 
cover. Th radiation escap ing from the top of the atmosphere i s ca lcu­
lated for local r egions in the 8 - 12~ and the 7-30 ~ interval s . 

. Konra d J. K. Bue ttner and Robert 
lson (Depa rtment of Meteorology , Univer s ity of Wa shington, Seattle) 

Satellit r conna i ssa nce of the lower a tmospher e may use electromagnetic 
waves betw n 0 . 2 and about 105 ~ waveleng th. Of existing and propo s ed 
experim nts, only a few seem to be he l pful t o the synoptician without 
overtaxing th sa tellite' s capacity . Our proposa l s concern the measure­
ment of th t ota l ozone thickness and the detection of areas where rain 
is falling . Y llow so lar light is ref l ected back to the satellite, thus 
passing through ch atmOsphere tw i ce . A spectrophotometric study near 
tbe Ch ppuis b nd s hould yield data of total ozone and of total air above 
reflecto r height . The variable por tion of thi s total ozone thickness will 
provid info rmation on horizontal advection. Radio waves, emitted from 
all wartu bodi a , h ve been used t o measure temperatures of, f~r example, 
the Moon, Mars, and Venus . The ener gy emitted from the Earth s surface 
is only mod rat ly ttenuated by c l ouds at the l - cm wavelength; however, 
rain xc ding 4 Ii ... /hr will meas urably change the flux. If a l-cm re­
ceiv r with l - 2m p rabola is ins t a ll ed in a n Earth-oriented satellite 
such as Nimbu , it s passage over a r a ining cumulus cloud would result in 
sudd n n gativ puls s of a width of approximately 0.1 sec. 
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PUTNIK 4 FRAGMENT . Bill C. Giessen a nd 
INVESTIGATION OFo~ Metallurgy, Massachusetts Inst itute of 

:ichola. J. Gran t (Department d h nk of metal st ill very ho t, was 
T chnology, Cambridge) A 20~0~~ S:p~ember 5, 1962, a nd is ass~med t o be 
found in HanitowoC, Wiscons14 , It as shipped t o t he Smithson ia n As tro_ 
port ot the Russian Sputnlkbrid e ~assachuse tt s , a nd a section was handed 
physical Observatory ln Cam h g, hi cylindr ica l piece, abou t 3-1/ 2 

f i t·gation T e roug y . 
to HrT or nves 1 . . d' amete r is composed of thr ee mal n sec -
I h 11 d 8 to 10 inches 1n 1 , 
ne e. ta an d a nd mac hi ned f r om 0 . 32 pe r c ent ca r -

tions: (1) the cap, probab!y for~\a rge r diame t e r tha n (1), we lded ont o 
bon steel ; (2) the brim, a lSC ~ er cent carbon s t eel; (3) r eacted 
(1), hot-ro~ledlan~t~ut !~~dO~~toPthe other side of (2), 0 . 07 pe r Ce nt 
frothy stee , S 18 Y m' t en The specimen wa s g i ven a we t chemical 
carbon 0 040 per cent nl rog . .. d 11 

,. . l ' hardness tes t e d and l nv es tlga te me ta 0 -and spcctrosCOplC ana ys 15, ' k 1 f th 
hi 11 The res u lts show t ha t mel ting has ta en p a ce r om e t op 

~;a~r~al ~~o deca r bu r ization a t O. OOl - i nch depth) a nd the side of (2) 
( . i t 0 1 l· nch depth) while s ome deca r bur lzatlon (0.01-decarbunza t on 0 . , . ( ) 

inch depth) occurred on the s ide of (1); the other r eglons of 1 a nd 
(2) are unaffected by hea t or atmos pher e . Pa r t 3 consls t s of deca rb u­
rized iron with spher oidized oxide i nclus ions and nltr l de n~ed les , indi­
caling slow solidifica t ion. The ver y high t emperature gr a dlen t on the 
face of (1) is exp l ained by bri ef exposure to high temper ature s . 

MINERALOGY OF THE MELTED PORTION OF SPUTNIK 4 . Ur s ula B. Ma r vin (Smi t h­
sonia n Astr ophysica l Observatory , Camb r i dge , Mass .) One of the pr esent 
sur faces of the Sputnik 4 fragme nt i s cover ed wi th a layer of mel t ed 
a nd partially ox idized me tal. X- r ay diffr action films a nd po l i s hed sec ­
lions of the r esu lting botryoidal ma s s r evea l a compl ex assembla ge of 
minerals t ha t ref l ec t s nonequilibrium c ondi tions of forma t ion . The 
melted ma t er ia l consis t s mai nl y of a i r on t hat is c ove r ed wi th a th i n 
black c r ust of wUs t i te (FeO) , a nd ma gne t i t e (FeFe203). Cohenite , or 
cement i l e (Fe3C), the al l oy (A13Fe), a nd several unident i f ied pha ses a r e 
also pr esent . Per iclase (MgO) occur s as a soft wh i t e c oating upon the 
bl ac k oxi des . WUs t ite has her e t ofor e been unknown a s a natura l miner al 
i n ei tlle r t erres t r ial rocks or in me t eorites . Howev e r, the di scove ry 
of wUsti t e among the oxida ti on pr oduct s of Sputnik 4 l e d t o the examina ­
t ion by X-ray diffr action pr ocedur es of the crus ts of nume r ous ir on 
me t eor i t es. l{us tite was found i n assoc iati on with ma gne tite in th e c rust 
of the Bogou i r on tha t fel l in Upper Vo lta in Augus t 1962 ; i n the crus t 
of Br aunau, Czechosl ovakia , that fe l l i n 184 7; and in the c ru s t of sever al 
other s. It i s evident, ther efor e , t ha t wU s tite can f orm a nd pe r s i s t f or 
long periods , although i t s phase r e l a tions indicat e that it is uns t a ble 
bel ow 570

0
C. The per ic l ase wa s depos it ed a s a s ublimate up on the s ur face 

of the iron OXides : As the s t ee l is ve ry l ow in magnesium, thi s e l ement 
mus t have been de r lved fr om some magnes ium alloy that was sh ie ld ed dur i ng 
the maln s t age of melting a nd oxi da tion of the steel a nd that de composed 
ver y la t e during fl ight i n the atmos phere . 
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H3 AND A 
37 IN A FRAQ1ENT OF SPUTNIK 4. D T' 1 . 

. D felice (Smithsonian A t h' ., les, E. L. F,reman, and 
J. e s r op ys,ca l Observator C b 'd '\ ) 
S utnik 4, launched in May of 1960 y, am r, ge, c' ass. 

p 1962 . The orbit had atli l' ~ re-entered the atmosphere September 

5, about 670 km. After A r~~ ~~:t,on of about 650 , and initial apogee 

of . P 2 the apogee was below 400 km and in 

the southern hem,sphere. A.9.5-kg fragment of steel believed t o be part 

of Sputn,k 4 was recovered 'n Manitowoc W' . .. 
. . , ~SconSln, w1thln a few hours 

after r ~ - entry. Pre11ml.nary determinations of argon-37 and tritium 

activi tleS are: 

disintegrations/min kg at fall 

plate <0.5 4.5 ± 1. 0 

cylinder 2 ± 1 5. 8 + 1.0 

The argon-37 activit~ sugg~sts a flux of about 1.5 nucleons/cm2 sec during 

the last few months.,n orb,t . Cosmic-ray fluxes near the Earth, together 

with some contr,but10n f r om trapped protons over the South Atlantic near 

apogee, can account for this activity. The H3 activity in the plate is 

less than 5 per cent of the amount expected to be produced by cosmic rays 

as estimated from the argon activity. Any additional contributions of 

H3 from the solar flares of 1960-1961, from the stopping of trapped tri­

tons and from the spallation by trapped protons in the early period in 

orbit, I<ould decrease the 5 per cent limit. Very 101< H3 activity has 

also been observe~ i n some iron metjorites (e. g ., Sikhote-Alin). Our 

result s suggest d,ffus,ve loss of H during and after re-entry heating. 

Thus the hypothesis that tritium in iron meteorites is lost from kamacite 

(0: phase) is stre1"\\lthened. 

G~~-RAY SPECTROMETRY OF A SPUTNIK 4 FRAGMENT. Ernest C. Anderson and 

M. A. Van Dilla (Los Alamos Scientific Laboratory, University of California, 

Los Alamos, N. Mex.) Measur ements of the r - ray spectrum of a 6- kg frag­

ment of Sputnik 4 were made using an 8 x 4 in. NaI (Tl) crystal spectrom­

eter. A series of 1000-min measurements over a pe riod of 3 weeks led to 

the identification and approximate quantitation of a number of cosmic - ray 

induced spallation products, including Mn54 , V48, and Sc46 . The method 

is nondestructive and rapid and offers a simple means of identifying ob­

jects that have been in orbit . 

RADIOACTIVITY IN SPUTNIK 4 FRAGMENT. John T. Wasson (AF Cambr idge Research 

Laboratories, Bedford, Mass.) Positron a nd r - ray activity has been 

measured in a l47 - gram slice of the Wisconsin fall thought to be a 
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fragment of Sputnik 4. Positrons have been measured by counting the 
annihilation quanta on a r-r coincidence spectrometer. The counting 
rate "as determined to be 0.40 ± 0.05 cpm/kg on September 8, 1962. It 
fell to about 0 . 25 cpm/kg on September 16, and t o about 0 . 16 cpm/kg on 
October 3. Thus, a sizable fraction of the initial positron activity 
decayed "ith a half life of about one "eek. The decay time is attribu­
table t o short- lived nuclides, such as 5.7-d Mn52 . Longer-lived posi ­
tron activity is also present. A r -ray spectrum taken on September 7- 8 
on a 3 x 3 i n . NaI crys tal and lOO-channel analyzer showed a r ray of 
0.84-Mev energy attributed to Mn54 . The disintegration rate of this 
activity is 100 ± 20 dpm/ kg . 

CHEMICAL AND METALLOGRAPHIC STUDIES OF SPUTNIK 4 i'RAGt-IENTS . O. F. Kam­
merer, R. Davis, H. L. Finston, and J. Sadofsky (Brookhaven National 
Laboratory, Upton, N. Y.) Metallurgical, radio chemical, and chemical 
analy ses were performed on fragments of steel recovered after the dis ­
integration of the U. S.S . R. ' s Sputnik 4. These determinations indi ­
cated that the material "as a hot - rolled carbon steel with hardness meas­
urements similar to those found in a structural steel with a tensile 
strength of 55,000 - 60,000 1/1 . Metallographic examination revealed that 
the major portion of the steel exhibited a banded structure characteristic 
of hot - rolled material . The upper surface of the material probably under ­
went heating to or near the melting point, causing the formation of a 
narrow band similar to a n as - cast t~idmannstaettan microstructure. Heat 
treatments are being conducted to simulate the temperature conditions and 
to reproduc e the microstructural features between the base material and 
the s tructure found at the top of the specimen . A melted steel agglome­
rate that had formed at the bottom of the specimen was also examined. It 
consisted of a solidified steel containing several different varieties 
of inclusions and compounds . The argon-37 and tritium activities were 
determined : Ar37 , 2.3 ± 0 . 3 dis/ min; Kg and t r itium, 6 . 5 ± 0.7 dis/ min ; 
Kg, T/ Ar 37 atom ratio of 23 ± 3. The T/Ar37 atom ratio is approximately 
equal to the relative production cross sections for these isotopes; 
hence the large excess of tritium previously r eported i n satellites ex­
posed to the November 1960 solar flare was not obse rved i n t his specimen . 

• 

PRELIMINARY REPORT ON THE CALCULATION OF UPPER ATMOSPH ERE ~!oDELS FROM 
FIRST PRINCIPLES. Gilbert Ya now (Douglas Ai r cr af t Co. , Santa Monica, 
Ca li f . ) It i s of t en for go t ten when i nvestigating general characteristics 
of the pla ne t s tha t the Earth , too , is a plane t. The Earth has t his ad­
vantage : a good deal of da t a has been compiled abou t it , permit t i ng a 
check on val ues ca l culated f r om t heor y . I n this work a list of t he photo­
chemica l react ions , with r es pective rate coefficient s , c ross sections, 
and recomb i na tion coefficie nt s wh ich a t present bes t desc r i be t he mech­
anisms of the Earth ' s upper a tmospher e has been compil ed f r om a ca r eful 
search of the literature and f r om disc ussions wi t h l ea di ng i nves t iga t ors 
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, 

'n the field. From these reactions 
1 . l' a set of simultan . 
different~a equatl.on s tha t determ' h eous, nonl 1.near 

1 d
· l.ne t e c once t . 

'ons and e ectron e ns1. t y are inte n ratlons of the neutrals 
1 , h grated on an IBM 709 ' 
rium manner over t e parameters of s lOin a nonequilib-

lt 
0 ar energy t' 

\.fuile the resu 5 are preliminary th '. ' lme, and altitude . 
1 d 1 

' e lndlcatio ~.Jhen proper y eve aped, the method ns are most encourag ing . 
. f 1 may prove to b the r eductlOn 0 p anetary probe data. e a powerful tool in 

A ~IODEL OF THE LUNAR A'j}10SPHERE. F. L 
R 1 Lab 

. Hinton and D. R. Taeusch (S 
'PhysicS esearc 1 oratory Univer si t of M' . pace 
simple model of the lunar a~mosPhere i~ res~chlga~, An~ Ar bor) A 
model was constructed on the basis of p nted l n thls paper. This assumptlons conce' h 1 
surface temperature and probabilities f . rnlng t e unar or atomlC proces I' 1 
implicitly assumed that the selenomagnet ' f' 1 ses. t lS a so 
lunar surface or atmosphere from the efflCt lefd does not shield the 
entire sunlit side of the Moon is POSit:\S oh the solar wlnd, that the 
ultraviolet radiation, and that the 1 ve y c arged due to the solar 

h 
. unar atmosphere 1.5 essentially an 

exosphere. tee 8nlsms for the accretion and . . d 1 1 h escape of va r lOUS gases are 
comblne to ca cu ate t e partial neutral n b d . . . . h urn er ensltles and positive 
ion dens l.tleS at t e surface. The res ults are' f' . d fl J A' 9 glyen as unc t lons of the 
sola r Wln ux. ssumln~ J ; 10 particles/ cm~ se th f 11 . 
values are found: 5.4 x 10 atoms/cm) for H 9 2 10c3 e 0/ O~lng 3 1 1 / 3 4 ' . x a toms cm for He 
1.7 x 103 mo ecu es cm for H201 5 .4 x 10 a t oms/cm3 fo r Ar , 1 . 7 x 10- 2 ' 
atoms/cm for Kr, and 1.9 x 10- atoms/cm3 for Xe The t t 1 b 

f h 
.. . + . 0 a num e r 

density 0 t e pOS1tlve lons H He+ H2+0 and A+ i 1 5 103 . / 3 . . . ' ) ) r s . x ~on s cm . 
Qualltat1ve stalCments concernlng the distribution of density over t he 
lunar surface are made, based upon formulas for the range and time of 
flight of partlcles on ballistic trajectories on the lunar sur face. 

OZONE HEATL'G L THE A 10SPHERE OF MARS . A. Arking and S . 1. Rasool 
(Institute for Space Studies, NASA, New York, N. Y. ) The distr ibution 
of ozone and its effects on the structure of the lower Mar tian at ­
mosphere arc calculated for a composition of 2 per cent C02' 98 per 
cent N2, and various trace amounts of 02. The temper a t ur e pr ofile is 
based upon exact numcrical solutions of the nongrey r adia tive t r a nsfer 
equation with a heat source that i ncludes the absor pt ion of sola r r adia ­
tion by ozone and oxygen . It is shown that the ozone heat ing is effec ­
tive only in the lower atmosphere a nd has a small inf l uence on the 

temperature in that rcgion . 

THE GEOMAG ETIC FIELD BOUNDARY AND ASSOCIATED SOLAR WIND . V. L. Pa t e l 
(Department of Physics, University of New Hampshire, Durham) and Laurence 
J. Cahill, Jr. (National AeronauticS and Space Adminis tra t ion, Washingt on, 
D. C.) Thc Explorer 12 satellite surveyed the magne t ic fi eld in the 
sunward r g10n of spacc . During its active life , i t measured the t otal 
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ve t l' mllgn Li fi'ld from 20,000 km to 83,000 km from th center of the 
EarLh . It passed t hrough Lh' ' boundary of g omsgneLic fi ld' several times. 
Th preliminary r sults huve be n r porLed lsewh re . Here further re­
sults aro dis ussed, parLicularly on Llle position of the bound ry and the 

hllnge i n Lh magnati fl ld aL Lh boundary. The strengLh of the as-
S iat'd so Lar plusma, or Lh e so- all d ' solar wlnd, ' is calculated from 
Lh m usuccd vulue f t he mugl1'Lic field at the bound ry. IL is fou nd 
Lhat L1 le val>ue of NV 2 i n reu ' s by Lhe factor of 6 in Lh hLgh magnetLc 

tivity ompur d Lo Lho very qui L geomsgn Lic aCLiviLy . 

SPACE. Laurence 
. , tional Aec s and Space Administration, Washington, 

D. c,) a nd V. L. Pa tel (DeparLmenL of Physics, Universi ty of New H mpshire, 
Durhom) A sever geom08" Li storm was observed on Lhe EarLh on September 
30, 1961. The SC Lim r porLed wos 2109 UT. The Explorer 12 t this time 
WdS in Lhe l' glon outside of Lhe ' magnetosphere ' at 76,000 km from the 
enter of the Earth. The complete results of the magnetic field measure­

m nL during Lhis high-a tiviLy period arc discussed. The detalled study 
I the field around SC time reveals that Lhe ft ld in the outer sp ce 

decreased slowly by 20 '7 six minutes before Lhe SC was recorded on the 
Ea nh. IL sudd nly increased by 25 '7 jus t before th SC Lime. On the 
n xt returning pass, a higher a nd v rying magnetic field was observed 
oULside the m gneLosph re dudng the main ph se. It is rgued that some 
part of Lhis higher field was possibly the consequence of the hydromagnetic 
turbulenc outside Lhe boundary. During the main phase the geomagnetic 
field boundary was peneLraLed by Lhe satellite. The det iled study in 
th vicinity of the boundary shows the irregul r m gnetic field regions 
inside the magn Losphere. 

~:.' e ma n , J. A. Van len 
iversity , Iowa City), and L. J. Cahill, Jr. (Nation l Aero-

nauLics a nd Sp cc Administration, Washington , D. C.) The phen ome na at 
a nd near the inLerface betw c n the magnetosph re a nd the i n terpl n tary 
medium on th sunward sid e of the Earth have been observed repe tedly 
wit ll a system of low- nergy particle detectors nd three-axis fl ux -
gat magnetometer i n Explor r 12 during t he period August-December 1961. 
The r adial position a nd natu re of t h e i n terf cc vary markedly unde r v r y ­
i ng sola r a n d geophysical conditions. On occasion t h e r e is a s ha r p d is ­
continu ity i n both trapped-par Licle i n tensity a nd m gnetic - fiel d i n tensity 
a nd d i r ection a L r a d ia l d is t a nces as sma ll as 8 Ea rth r a dii. Th e r e is 
a l so ev i de nce fo r Lh e presence of a plasma containing e l ct r ons o f e ne r gy 
1-10 kev jus L be yond the int e rfa ce . An assoc iat d effec t is the s trong 
e nhancement of the inte ns ity o f e l ec tron s ( E - SO ke v) in the oute r por ­
tion of the tra pp i ng r egion. The rad ia l di s t a nce t o the inte rf c e und e r 
qu i escent condiLions i s observed Lo lie be tween 10 and 14 E rth radii. 
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. thal direction appears to be quite 
ld 1 · es i n the az~mu . h 1 plasma acrosS fie ln 1 ng field lines lnto t e po ar regions 

1 However, the plasma moves a ~ l'ng no plasma is formed. Magnetic smal . h cavity contaln 
of the dipole so t at a . . the equatorial plane from the diPole 
probe measurements made rad,al~y)'n increase of the field strength in­
toward the plasma s tream show a ~nfew centimeters wide in which the 

. (b) an interface a . f side the cavlty, . 11 anceled by the actl0n 0 the plasma 
. f' ld' d ced and h na y c . ' dlpole le lS re u . field in the plasma beyond the lnterface . 

and (c) a region of no magnetlc 

RBITlNG SATELLITE. J. D. Mlha ov, .. 10tt, 
LOW ALTITUDE POLAR-O G A Paulikas and A. L. Vampola (Aerospace 
S C Freden F. S. Mozer, . . , 
.. , C l'f) Two phoswitch-type proton spectrometers that Corp Los Angeles al. . h 1 
. . , 12 h' 1 pulse height analyzer wlth tee ectron spectrom_ tlme-shared a -c anne . d 1 wh 

. 1 d d' the instrument package mentlone e se ere. Elec -eter were ~nc u e ~n . . 11 b . 
b 1 b t 1 Mev were deflected from the SClntl ators y sWeeplng trons e ow a DU 

th ' trance apertures These proton spectrometers covered magnets at ei r en . 
f bout 60 kev to 4 Mev and from 2 Mev to more than 100 energy ranges rem a ." 

M t · 1 Together with the lnstrumentatlon descrlbed else-ev, re spec lve y. 
where, they measured the flux and energy ~pectra of proton~ ~nd electrons 
in the natural radiation belts in the vlclnity of the Brazlllan and South 
African magnetic anomalies. Similar measurements were ma~e on particles 
with L~ 4.5 at many longitudes. Spectra and flux data wlll be presented. 

THE FLUX AND ENERGY SPECTRUM OF PRIMARY COSMIC-RAY PROTONS AS A FUNCTION 
OF TIME. Peter Meyer (Enrico Fermi Institute for Nuclear Studies, Chicago, 
IlL) and Rochus Vogt (Normal Bridge Laboratory, California Institute of 
Technology, Pasadena) During July and August 1961 the energy spectrum of 
primary cosmic-ray protons was investigated in the energy range from 80 
to 350 Mev. The observations were made in five high altitude balloon 
flights at geomagnetic latitudes A > 73°N. Solar flare and quiet day -
spectra were obtained. A comparison of results obtained in 1960 and 1961 
leads to the conclusions that (1) a significant flux of low energy protons 
is continuously present in the primary radiation in the years of high 
solar activity; (2) this flux, which decreases with the declining level 
of solar activity as the galactic cosmic-ray flux increases, is concluded, 
therefore, to be of solar origin; and (3) the time dependence of the ob­
served proton flux rules out the possibility that these protons originate 
in the rare large solar- flare events. They must be produced within the 
solar system, either continuously or intermittently in association with 
frequently occurring small solar flares. We shall dlscuss the implica ­
tions of these results. 

THE MAGNETIC MOMENT OF MODEL RING CURRENT BELTS AND THE CUTOFF RIGIDITY 

~~ !~~~a~Rg~~~:'e Sr~:~ICh)i Akasofu (G~ophYSical Institute, University 
g , ka and W. C. Lln (State University of Iowa, 
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10\43 City) The magnetic moment MR of the ri model ring urrent belts, together ng current is calculated for 
equatori 1 radius. A I with their magnetic fields along an 

, 'h grapl is constructed to show the the nltio ,·1 "'E ,,·IE ~ the magnetic relation between 
H of th' ring current field at th moment of the Earth) and the intensity 
sholm tha t th" ring current canno~ equa tor on the Earth 1 s surface. It is 
cutol1 ri idiLy of solar prot hP:oduce drastic reductions of apparent 

ons, w lch are obs d b d arc carri d by balloons and s t 11' erve y etectors that a e 1 tes . 

PRELI1IlNARY OB ERVATIONS ON VARIATIONS 0 
IHTH VARIATIO'S IN SOUR ACTIVI F EXTREME ULTRAVIOLET SOLAR FLUXES 

( TY. W. E. Behnng J C Lindsay and 
1,1. ~1. ,,,up rL G ddard Space Flight Center NASA 'G' b' )' A 

h ) , re en elt, Md. 
scannln m n c r .aLor, mounted as a pointed . OSO 1 has 
been U' d tor rv tions of '. experlment on -, 

. l' Vartations of solar extreme ultraviolet and 
s lt . -r ,Y t ux . In th spectra 1 range from 50 A t o 400 A. The period 
of b ti n encompassed more than two complete sola r rotations and 
m re than 6000 sp ctra Were Obtained. Analysis of several of the'brighter 
em's I n Iln"s ov r period of one solar rotation indicates variations 
.nich n b r lat d. to o ther indicators of solar activity . Data indi­
cat an nhanc< nt In the He 11 Lyman-a (304 A) emission, integrated 
over th <nlir 801 r diSk, of 33 per cent during a period when the Zurich 
pro , i ~ I r I.t~v" unspot number increased from zero (March 11, 1962) 
to a Cl8X' u of 9 .. (}larch 22, 1962) . A corresponding decrease is ob -
s"cv d S lh un POt number decreases from this maximum. Additional 
enhsn nr la obs cv d during flares. In a typical case the increase 
Is I p r nt 11 r" of importance 3 which occurred on March 22 , 
1962 . Th nt n I y of s~lec tcd coronal lines is also observ ed t o vary 
w'th sol r l[vlty, th mount depending upon the origin of the line in 
th" solar cor n. Preliminary correlations have been made between these 
var,at l n nd 8 v r I Visual indicators. 

!-'SER R rIO. f R THr. A \LYSIS OF LUNAR TOPOGRAPHY. Charles H. \~ilcox 
and Al :under D. J obson (lIughes Research Laboratories, Halibu, Calit.) 
Th<: r~c nt d l ctlon of la er echoes from the Hoon by Smullin and Fiocco 
has stl ulat d i nter It In the use of lasers for geophysical exploration. 
W hav mln'd th us of high power, short - pulse (10 nanosecond) lasers, 
Invent d by R. W. 11 ll~ rth, for the determination of lunar surface fea­
tur s. 'Ith luch an Inst rument, height measurements could be made to an 
accur.cy of St· t nd r solution areas to a mile across, and external 
not .~Id b no problem, ven with present short - pulse laser systems. 
Avallabl per. ar only marginally useful, but the advance of laser 

ats that an ad qu te system will be developed in a year 
or I .a. ound m asurem nts will be limited, however, by libration 
and av llabl b mwldths in th determination of accurate height profiles 
but not stru turst f aturea such as 'boulders. 1 Information can also be 
obtain d on th lunar alb do, slope distribution, and flatness ratio. In 
all th . ar I, las r rad rs have the potential of yielding more precise 
data th n orr sponding r dar backsc tter measurements. 
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COHPOSITION AND TEl'IPERATURE NAPPING OF THE LUNAR SURFACE BY SPECTRAL 
ANALYSIS OF THE THERMAL El'llSSlON BY AN ORBITING VEIl ICU; . R. C. Speed 
J . E. Conel (Jet Propulsion Labor tory, Callforni lnstltut o( T ·ch.' 
nology, Pasadena), and R. J . P. Lyon (Stanford Res' rch Instltute, Henlo 
Park, Calif.) Spectral analysis of therm l redl llon frOOl h, lun r 
surface by instruments on an orbiting vehicl Is pot ntl 1 m thod of 
mapping lateral variations of composition o( th lun r IlIrt c. Expe r i _ 
mental data on the change in emissivity with wav I n th tn lh 2.5 to 25 
micron region indicate that different mi n ral a nd rock. n b (d ntlfted 
by their spectral emittance. Spectra of granltlc, b'l I c, nd ultra ­
basic assemblages can be distingu ished with Ip Clf) I r lolu I n of 80 
cm-l (at 10 microns). lVith increased sp cUll r 80l.l1 n r pr elae 
data on mineral content and composi t ion can b obt In d, .nd 1 •• ea 
can be distinguished from holocrystallin r ckl ol th bulk c po.l -
tion. Radiation temperatures of nonb l ck bodl. n th qulllbrlUIIJ 
can be measured correctly only with sp CUll d ta. I lr slli -
cates at lunar temperatures depart s conald rably It bl k-b dy d atrl -
bution, though the degree of departur I. I lun t n 1 lurf. try. 
Both absolute and relative lun r tempcratur . I ul d ol . 1 
radiometric measurements or sp cttOti opl u 01 I 11 th 
fore be erroneous in many cases. for x ~pl , ap c n 0 

dunite, both actually at 350oK, .pp ar to dll( r b 11·' n r d 
temperature as calculated from total Ilux ur nt nd th 
Boltzmann law. The discrep ncy r sultl Ir diff r n n h 
emissivities (from 2.5 to 25 mi rons) 01 lh t r • 

v r se 

THE LUNAR SKIN: DUSTY OR POROUS: Konr d J. • Bu ttn r 
Heteorology, Univers ity of Washington, S Lt I :.!...,_ nd 
Santa Honica, Calif.) The low valu 01 ( 
P = density, c = specific he t) re uti 
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• r n 1 nd xt rnal processes were operative 
• 01 Pt o l ~ us . On the basis of the ' rela-

• nd [ r quancy dis tributions of the total 
e r L r • it i s tentatively inferred that 
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C. H. Sutton (Lamont Geo­
. S . Neidell (Department of 

r 1 y 01 Ca bridge, Cambridge, England), 
1 D r to ry , Univer s ity of California, 

~ n i megr aphs fo r lunar use, with 
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P to ob rYe tidal tilts and changes 
h d term in tion o f gross physical 

(bl . Theo r e ticaL equilibrium 
"'leh ob 'rv d tides to obtain the 
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r h ,loon . urner ica L calcula tions 
v ra l I c tion indicate: (1) the 
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OF LUNAR BASING . 
Calii.) Similarities of 

S rpentine ridge on the 
use of the ridges, as -

ur In th Hyginus rift area, 
I x mplified by possible 

1 nd nd lav tubes of Oregon . 
o h 0 k" r mp r d with smoot 

r h I ph r. Calder features in­
ntrie t rr es (Nyiragongo), 

(T n r, To)' , N wberry) are com­
(Cl hu , Bulli ldus, Agrippa, 
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t P rnl 
Langranus, Timocharis, Rcgiomon I~ u . lnv Iv! 
mineralogy and petrographYb fve: I;;t nt In 1 
extrusives as at Aso, may with aid I (A 
The association of m3ar crat'r 1 Or n) 
depression floors (Tarawafa, C ntf 
the exploration of water in th lu r 
of the lunar base, becau< ar -t P 
a high water table. 

Narsha I (U . S. Geo ieal 
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mapped by the U. S. G 10 1 
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LUNAR HELTING AND HELTING OF GABBRO AT HIGH PRESSURES. E. Azmon (Northrop 
Space Labor a t ories, Hawthorne, Calif.) The melting curve of gabbro at 
press ures of 1,000 to 50,000 atmospheres was determined through the use of 
a trans i s tronics kiloton press with an internally heated graphite furnace . 
These pressures cover the estimated range of pressures in the rocks from 
the surface of the Hoon to near its center . By plotting the melting curve 
of gabbro aga ins t the various published curves of lunar thermal gradient , 
the depth "ithin the Moon at which gabbroic rocks would melt can be de­
termined. 

ING P . Charles 
E. Kaempen ( Systems Group, Hughes Aircraft Co ., ullerton, Calif.) 
Current space programs related to the manned exploration and utilization 
of the Moon and planets have highlighted the need for developing systems 
and practices that promote an optimum management of limited resources 
while subjected to a hostile external environment . This paper discusses 
how and to what extent such systems and practices are directly applicable 
to the construction and implementation of certain advanced terrestrial 
facilities . Special attention is given to faCilities or .helters that 
will be necessary t o enable personnel to operate effectively in hostile 
terrestrial environments that exist or may arise due to natur 1 or man­
induced circumstances . Comparisons are made with regard to the n'wber of 
shelter personnel and their probable stay times in hostile environments 
assoc iated with r epresentative lunar, planetary, and terrestrial opera ­
tions. Performance characteristics and descriptions are provided of 
applicable life support, power supply, display computer, temperature 
control, cOlldllunications , waste management, snd remote handling systems . 
Particular emphasis is given to the character of the training programs 
needed t o enhance the effectiveness and/or survival of shelter personnel . 

• 
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