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Foreword

This report summarizes the recent
achievements and progress of ongoing
programs at the Air Force Geophysics
Laboratory. It is the thirteenth in a series
initiated by AFGL's predecessor, the Air
Force Cam bridge Research Laboratories
(AFCRL). Written primarily for Air Force
and DoD managers of research and devel-

fir, opment, it shows how AFGL met the
needs of Air Force systems and extended

4;Ii g. the technology base in geophysics during
the period from January, 1985, through
December, 1986.

JOSEPH R. JOHN.-ON
Colonel, USAF
Commander
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I AIR FORCE GEOPHYSICS
LABORATORY

The mission of the Air Force Geophys-
ics Laboratory (AFGL) is to understand
the geophysical environment in which Air
Force systems operate so that it can
define design parameters for these sys-
tems.

AFGL is part of the Space Technology
Center, headquartered at Kirtland AFB,
New Mexico. The Center reports to the
Space Division of the Air Force Systems
Command, Los Angeles AFS, California.

This report describes the achievements
and activities of AFGL from January 1,
1985, through December 31, 1986. During
this period, AFGL conducted research,
exploratory, and advanced development
programs in the physics of space, the
ionosphere, the atmosphere, the earth,
and optics. The products of these research
and development programs were transi-
tioned into the Air Force as military de-
sign standards, computer-aided design
tools, databases of geophysical effects,
tactical decision aids, computer models of
the environment and of its interaction
with Air Force systems, feasibility stud-
ies, and prototype hardware and software.

In 1985, Colonel Joseph D. Morgan, III,
commanded AFGL until July 18, when he
was succeeded by Colonel Joseph R. John-
son, formerly Chief of the Strategic Com-
mand, Control, and Communications Divi-



in foi irte I eu * tv Chie f of Staff. Re- and satellite platforms for experimental
SeachLT. De)velopnment and Acquisition. Col- payloadls arid the expansion of computer
ml i I.Zonv BarthIoloi mew served as Vice Capabilities have greatly advanced knowi-
Commnander of thle Laboratory, Ni ul July edge of geophYsics. The fourth edition

21,1. 1! k lhein he wa replaced h) Colonel emp~hasizes the space environment with
.JZmeS 1K. MID)1 mough-. prvcmsvInstal- chapters on the sunI and its emissions, the
lat Ion Comiimander a~t the New Boston earth's; mugnetic field, the radiation belts.
.\ S. Newx Hanmpshire. D r. A. T. Stair, Jr.. the ionosphere, and the aurora. Air Force
apint(61ed C hi f Scienltist In -hJanuar.\ l9S2. des;igners ol space vehicles will find the
retired in) I euemller 1Ps.section on electrical charging of space-

craft especially Useful. Infrared astroijo-

HANDBOOK OF GEOPHYSICS AND lInY, thle proNperties of the near-earth at-
THE SPACE ENVIRONMENT imh)51hei'e. and the earth sciences, are also

included. Selected bibliographies are given
In 19(,-1- tie Air P Icei ;ijh-k Laho- at the end of each chapter.

rato rV InL~lilseil the ti)iIrth edlitionm of it's
classic hiaindbook for Air Force dlesigners, FORTIETH ANNIVERSARY

en~ gies a ni sstemns operators. Since
1 961V. w\hen thle thirdI edlitio n was ptih- The Laboratory celebrated its fortieth
I is he I the idevelohpment of large rocket annix ersary vealr in 1986. Originally called

Thb. \P* ;[. i~prmeti koairri S. t.t duiift to right): Dr. Robert A.. MD iih~lireiir if the Atmospiheric
>',irniis k lvrmii CI i Jurn., K \! Il),iiniug Vice. Coimmiandier CI .1 1"Ihsi. Comini derilr: Mrs, Rita

Niga ii.I lii ('f tb. Space Ph; -ii i vision; auud D r. Do.naldl H, F kh ioilt I )urvvtir if the Earth Scicrnces
ki',.,,n %:ali'g , ruiiro Lt Col Riiliard G. Gaiwav. Ilirctoir of(i ph siis, P'rogramns D~ivisioin; Dr.
Ilanlail F, Nfoirph%. I liritiro tf tIn ItririiI 1'eehnoihigv ii;- ii:r1 Ir Ki rd G. Hendl IDi-ector of' T-rhnical
l'1ri; iiI k 1 ii ii- Mr No Iii 'kri% iLt).k I Irricr ofthei Iiiiisphi c Ph lvsii; IDivi.sin: Dr. Farl Go.
I ir,r. t I i I1 twi~i F'iu I)u6 ioi D t~~fh K [i rbi f o.Fililtir. I ire tiiro ii P.. rch Servici's IDivisiiin: Lt Coli

r i i t'. li t : i i : kiI i- n S Iv n M Ta i i g (i ui (n t I ) i % i I )n 1r. eiaI Stark, D~irector i f the
A .r ii.Erg r k iiwir Nf.1 FiI vrr Irinli. A\ssistanut fir Mauuageiquueit Iufiirniatioiu ps*Fjhito biv



:3

'MIaj .John A\. (Gautiit. I 4-putv I hrcitor of ti1w
Adolph S, Jursa deft). Sitctific Ediitor iir.aud sp ivsj' Ih sjio. dcittistrat". lasic
Mariur 'schiruct. Assistant Edijtor. jrsi princile of physics, at AF'G1, (1w pu t i -Ii-.

ho fourth eliutj'n if thu. Air Force ~ ITi stuilunu suaItd tu i a ruvilrg chair
I-inuduui,k iif ;i;phsics ant h( Space udiscvers lo\% hurl it is to turnii :t uIsitumtig

Ft iiinicftitt t (Col . 1. It. Jo nson, A-Ft 1 whel- \% hilu b i, rotating.i (1I 'SA.F phoi lv,.
( ",-11. mander I ( "A F photo bYv c x 1.1viS . L. Stutunrs).

the Cambridge Field Station if the Army [)ivisi1on by the Ali- Force Association of
Air Forces, the Laboratory began recruit- Los Angeles )in 1 986. Its unique contribu-
ing scientists from the Radio Research tions to the Space D~ivision mission Include
Laboratory at Harvard andl the Radiation building anl infrared database for surveil-
Laborator ' at MIT in) August. 194;5. It dfid lance satellites, measuring the acoustic
nt receive formal status, however, until environment at the Space Shuttle launch

June, 1946. The Cambridge Field Station comp~lex at Vandenberg AFB, California,
became th( Air Force C'ambridge Re- developing a ground-based laser radlar to
search Laboratories (AFCRL) in July. measure atmospheric density for shuttle
1949. After a major reorganization in orbits, and inventing a revolutionary tech-
1976, AFCRL, was redesignated the Air niqlue to acquire missile plumie signatures.
Force Geophysics Laboratory and elec-
tronic functions were transferred to the SCIENTIFIC STAFF
Rome Air D evelopment ('enter.

Fortieth Anniversary events included The talent and reputation of the scienl-
anl Open House in April, the dedication of tific staff are the Laboratorv's chief asset.
a new P~ayload Verification andl Integra- Of the 254 scientists- and engineers at
tion Facility in July. and a gala Anniversa- AFGL, 95 have doctor's degrees. 76 have
rv [Dinner in October, at which Lt Gen master's degrees.
.James A. Abrahamson, D~irector of the Dr. George A. Vanasse, physicist in the
Strategic Defense Initiative Organization, Optical Physics D~ivision, received the
was guest speaker. Harold Brown Award in) 19S5, the third

.\F'G1L was named the Outstanding Brown award to anl AF'GI scientist since
Aerospace Unit of the Yfoar in Space 1976. IDr. Vanasse decveloped1 a revolution-



Mrs. Ruth K. Seidmtan, director of tile
'A AFGIL Libro rv, wvas named the Outstand-

ing Technical Librarian in the Air Force In
1985, for her Initiative in automiating thle
libraryvs catalog.

First Lieutenant Frank J. lannarilli, re-
serhphysicist in the Infrared Techinido-

gv Division, was one of three Air Force
officers awarded the Air Force Researchl
and Development Award in 1985. He de-

.1 4 F 'r,~tS Me~irtuv ijutri.velopedl new (lata-analvsis methiods for
C.1,lnado 4 - at 11\~m 11,6 Oct(h4I- infrared target signatures. He increased

19,; ithii ribbol at dtIiiat4 - the efficipey of the data processing and
fI- Fi .~r ii TwFPa% ''!aniti operation by a factor of tenl. His

A-t 11Lit 1111 w-, a ' TtWlt C.. mnethods were recently appliedt h hr
* i t) Vw C'H.mi 1* t hr acterization of thle infrared signatures, of'

I' I)P. -0-1. M:irk .\liii. naval vessels in support of thle Navy.

\Hd h.%jt S\ James H. Brown, Robert R. Beland,
Efinlund A. Murph v, 1 Lt Susan Sheldon.
and Edmond M. [)ewan. of the Atmo-

:ticv ii t ra mnt cal led 8( Backgroun~d spheric Optics Branch, won an Aiir Force
Optical >nr press on S vstem i) ti detect tar- SyNstems Command Quarterly Science and]

ctwith lo w In fraredI signatures, such as~ Engineering Technical Achieve ment
04 isl ic 1i us. against backgroundI inter- Award in 1986. They dlesigned a unique
f-rev t. It enhaiwes the effectiveness of optical ttirbulence sensor to be used in
,frared u orvk-i lk ic 5stems. The* Ai d*(evelop)ing and siting grotind-base1 lasers

F rct Wnitis iS i rznltor'\ and Space for .the .Strategic D~efense Initiative Or-
I ivis oin chi isc this inst ru nwt to ob tain gan ization and the D)epart me nt of
laser kill ass snwnt s fori the -Strategic Defense.

IeiieIniit iative Itri igra4ls. Ms. Margaret Ann Shea received the
iommemorativye Medal honoring I100)

Ma~ter Nti '(utl ge r W. Sands. I(- Years 4f International Geophi'ysics from
starch andI hvlntttchniciani in the the 'Soviet G;eophy-sical Commiittee of tile
Fart h -icwnco-I ivisit n, w i the I efcinse ['SSR Academyv of Sciences,.
MapI in Agtniv, -,s R1esearch A\ward in The prestige of the scientific staff is
114--l- for his i nrIo isti) th'i design, further evidenced byv thle election of A F( F
iiilittrlltiii. ;tiid iI)tnatioii o *\ AFG(;s scientists as fellows of their professional
tmtanslortaIi l-i t g ravinttr. He is soieities: the Optical 'Society'1 of America
thi !'ir-t,1 l~i ma! ti win this award. light fellows). the American Association

'Ph travne i Oll 11e1unY instronient for the Advaicenent of Science, the
M. taiei the- I t Iii States to nea' Sirt American Meteorilogical Society, the Geo-

:thsilhit, r\i. h() lI Ilepart mint of ltogical Society of America: antd l)*v senior
Iri~i iii kniwlelgi is ittil t o Iii iniimbeshi1, in thle Institute of Electrical

i Ow ~thii a roqipirtl hY oir si ia- anti Elect ronic Engineers, andi memiber-
* i~a~ Hns H-,t o sship in the New York Academy of Science.



Al-ti I-rtetbAnivrsay mnr.( eadtale uetsinc(*lude Hantscom iAVHii (bajlain Father Mauuii (left;.
J s 1udith -Jaims a. gut-st spaker Lt ( n.Janws A. Abirahamuson. i rector of the Strategic I efunse I itiative

)rvamization. and Col J. 1I{. Johnsn AFt;. Conmander; (SAF photo bY Josephb liglik-llii.

AFGL scientists also serve on commit- Sciences, the National Research Council,
tees of such international organizations as the Office of Science Technology Policy of
the International Scientific Radio U~nion the President. the American Geophysical
(I'RS I). the International Association of Union, and the American Institute of Aer-
Geomnagnetisin and Aeronomy (IAGA), onautics and Astronautics. (A co~mplete
the International Association for Mete- listing is given in Appendix B.)
orology and Atmospheric Physics ubr fAU sinitsaeci

(TAMP),theIntrnaionl Uionof ure tors of p~rofessional journals and members-
aind Applied Physics (I U PA I), the Scien- of editorial boards, such as the journal of
tific (Committee on Solar-Terrestrial Phys-j

ics SCOTEP, ad te Iteratit .ial PlanetarY and Space Sciencne; associate
Vics SoSTGePdes and tehe scs (neratona editor of the Journal of GeophysicalI Re-

listingno (h k s ee and Geop vicsA.) so ' search; associate edlitor of the U.S. Na-
ci!:plet liting seeApientlx ~tional Report to XIX General Assembly.

LaboratorY scientists are also called to international Union of Geodesy and Geo-
work on committees of mnany national p~hysics; co-editor, Adv(Jances in Sp~ace Re-
organizations, both fedleral and profes- sac;co-editor. Radio Secience (special
siona1, such as the National Academyv of issue on ''Ionospheric Effects on Radio



Many nembers of the scientific staff
were invited to give lectures at important
conferences, such as the High Resolution
Solar Workshop, Munich. Germany, 1985;
Fifth General Assembly of the Interna-
tional Association of Geomagnetisin and
Aeronomy, Prague, Czechoslovakia, 1985;
Invited Professor, University of Paris,
1985; Fifth and Sixth Workshops on Maxi-
mum Entropy and Bayesian methods in
Applied Statistics, 1985-86; COSPAR Gen-
eral Assembly ("White Light Movies of
the Sojar Photoflares from the SOUP
Instrument Spacelab 2": Chair, Plasma
and Neutral Gas Injections, of Symposium

A r .\ \anasse. Ilyivist il the on Active Experiments in Space), Tou-!. l t}-lv'- I~I\5 sifl. r y',en tire
tta', I li,,) .\warri , i lt, v i louse, France, 1986; Fifth Sym posium on

i , ., .I r - t ,hfi ,s s A t o m i c a n d S u r f a c e P h y s i c s . O b e r t r a u n ,
l a ck r r ,in .n i r a drl l i atl i , , ! r I:fr , l l , r r ra I s ' i g f l U A u s t r i a , 1 9 8 6 ; B r o t h e r t o n L e c t u r e s a t U n i -

, t lrar ,' t:Ir w.ts 'rIt as rirr ssile -ersit of Leeds, Leeds, U nited K ingdom ,

¢ I i, , . , .\ . t \ >., , t ,',. , .19 8 6 : N A T O A d v a n c e d S t u d y I n s t i t u t e o n
Structure, Reactivity, and Thermochemis-

/ try of Ions, Les Arcs, France, 1986; Amer-
ican Chemical Society Meeting, 1986;A, Workshop on Trends and Perspectives in
Fourier Transform Spectroscopy, Vienna,

" Austria, 1986; Workshop on Atmospheric
Transparency, Cari, Italy, 1986; Bates
International Colloquium on Atomic and
Molecular Physics, Queen's University,
Belfast, Northern Ireland, 1986.

To maintain its excellnt technical staff,
AFGL must interest the best young scien-
tists in its mission and its technical pro-
grams. To accomplish this objective, the

I r rhn mt I':iuiir. r',Ii?( h rhe ist in th, Laboratory has for a number of years
ll,,rstrrrr i rPv s-i ,.s I isill. wrrl the

[.a'ratryw'r s iriit,r [.rsr .\ward participateO in program s to attract and
f r isr "oar r a hie iflr .lts Ii attn s pi'ric encourage young post doctoral scholars to
i',.1lstr , I S F ,h, t ,, h.\ John F. continue their research at the Laboratory

with internationally recognized experts in

Systems,'' 195;i editor,. 'The Lower At- their fields.
One such program is the National Re-

nl sh.r of Solar Flares," Proceedings of search Council Post Doctoral Associate-
the National Solar Observatory/NASA ship. Through this program, candidates
Sunimer Symposium. 1985. receive one-year appointments (with an



opportunity to renew for one additional Other programs in which the Laborato-
year) as regular or senior appointees. ry participates are the USAF Summer
Recently. there have been four or five Faculty Program i,nd the Graduate Stu-
such appointees at AFGL each year, in- dent Summer Support Program adminis-
Cluding both United States and foreign tered by the Air Force Office of Scientific
citizens. Research. Qualified faculty members

from universities across the country work
at Air Force laboratories during the sum-
mer months. AFGL has benefited from
twelve to fourteen suc, appointees each
summer during the past two years. Two
of the 1986 Nobel laureates in chemistry
were formerly sponsored by AFGL: Pro-
fessor John Polanyi and Professor Dudley
Hershbach. Six graduate students were
also working on research topics of interest
to the Air Force during the summer of
1986.

In response to Air Force concerns aboutl )r. M. Susan (Gussenhoven (left) and lDr.

David A. Hardy (center), physicists in the a projected shortfall in scientists and engi-

Space Physics Division, and Mr. Ernest neers because high school students no
Holeman, AFGI, contractor, shown here longer seemed to be preparing for techni-
with AFGL Vice Commander Col. James K. cal careers, the Laboratory initiated a
McIlonough, won the Laboratory's Marcus
1). ()'Day Award for their statistical study of high school apprenticeship program in
auroral electron precipitation, in which they 1985. Seven students from area high
analyzed over 14 million electron spectra.(IS Fphoto by Joseph [uglielli). schools served eight-week apprenticeships

under Laboratory mentors in each of the

last two years. After learning FORI RAN

The AFGL Geophysics Scholars Pro- and how to program the VAX 780, the
gram was initiated in the fall of 1982. This apprentices contributed to such Laborato-
program also awards one-year fellowships ry programs as short-term high accuracy
which can be renewed for an additional weather forecasts, an interactive weather

year. It is open only to citizens of the display system, and the analysis of daci
United States and is designed primarily to for the Defense Meteorological Satellit,
attract young scientists with newly Program.

awarded doctoral degrees and little or no The Laboratory sponsored twenty-one
nonuniversity experience. Geophysics workshops in the reporting period in
Scholars have numbered eleven to thir- which scientists from the other services,
teen over the past two years and have government agencies, universities, and
come from universities across the coun- private contractors joined the AFGL
try. The contributions of these young men staff to exchange information and plan
and women scientists, along with the ideas research on topics of mutual interest.
and enthusiasm they bring with them, are These include the Infrared Information
readily apparent and stand out as exam- Symposium, the Interactions Measure-
ples of the program's success. ment Payload for Shuttle (IMPS) Experi-



nicnters NVorking ( r )U. the AFt;, I. glnixat itis other than headt~quarters,
D A RP A Nutclear Tet's Hain " t1itt il i~ rO Usetd tt )H ndct c~tntinHi Hg lwIOgrains.
Rese(_arch Group,1) the USA F NMe.otscalti
Lelihi1cal EMhltagIL (;1'01t1p, the '11t tkeC
andi Aero)sil Wortking ;rttijt of' the Joittt
T1echnical (ordinating Grimop br Muni-
tit n FfBeetive Hess. ali the Neutral P a rt i- L
tc Beam Hihet tY M eeting. As thle techiii-
Cal agent oft tile D epartmtent otl I efense
ttmr atrtttslheric trallttlsslttl motes. thle

Review cttflci'encus tflt atmosptheric .

trasHlis iti n tnt it lels and gives an annunal
wwksli (H the codles at Wright-Patter-
soH Air Fitre Base. [rhe iltol(atir v also
contlucts an annual Tri-Service (louImd
MNodeling W trksho toi evalunate thle et'
fects (d cliol tH weapon sy stems, anti to Lt Gell Ali) sius (.ts'Spa>ce I)iviin

leetsIntowar gmes. AFG ;. ii;chti Amp. wich S~uports tit(
[it ! t the Atmospheric Sciences LDivi- LzIirtm.rv- scjutitifjc pro'grams. Mt.
spitn grax( a tjtori*al ttnvi -fiiismlain I t~it'Xt thc Fahricatimu

anti clttut-freo. line(-of-sight mod)(elintg for CIie gf(Iwa i m .Sen lmk Rgi.
the Strategic [)ef'ensv Inritiative ()rgani-
zatiotn. The Earth Sciences IDivision 5sitH-
st rS I 'L (;l1-t\ i~~it~t~'( n (I receives.- SU ilot fromt the Elee-

ference at the Air Force Academyo with titmic SyNsteims IDivision, the host rai
representatives frt im the D ep art ment ()f zatit n at H ans;cont APFR in accounting,

I )eense N .SA .iiitnstr. ani ii>tivrs011t1r(tel ltrtCtrentent, security, civil en-

t ies gineering, and suplt tlv. Hollomian AF13,
New Mexico, provides services to the
AFGL Balloon Detachment. AFGL, sup-

ANNUAL BUDGETS po)rts two divisions of' the Rome Air Devel-
tltnient ('enter ait Hanscom AFB in the

The aiinnual hut gets ftor the twt) ' Ytiiai areas tof the Rtesearch Librarv, laboratory
coveretd in this report are shtowi in the materials needed for the electronic tech-_
aCco mpanyv Hg talte. The totals includelt notVy m issio n. the computer, technical
salaries, etqlipment, travel. supltiets. cmn- phtttographY, mechanical and electrical
puter rental, andtimtse fintds going intot engineering, labtorattory layouts, electronic
ctntract rtsearch. The largest eitentli- instrumentation, and .woodiworking.

nurc is for con tract researchl' Ii;itwi del('t t I- All;, L itr acts are mon itoredl ltv scien-
mnit. tists whtt are thenuselves active, Itartici-

Funds( reteciveti frtn All Ls' higher pitting reseatrchters, and who plan thle re-
heatdtuairttrs. thet HQ A Fs( I )irettr of searCh, organize thte ltrogram. interptret
>eitrttt andi Teclimttttvy I m,. ami to a tOw results, and ,ha~rc the( wttrkloati ttf the

ltst' exen thsereet fritni A. C FS atoilcachi.



TABLE 1
SOURCES OF AFGL FUNDS

FISCAL YEARS 1985 - 86
FY 85 ($M) FY 86 (SM)

Air Force Systems Command-DL 60.2 60.9
Air Force Systems Command-Other than DL 5.5 8.5
Defense Nuclear Agency 1.4 0.3
Defense Mapping Agency 4.8 4.6
Defense Advanced Research Projects Agency 2.8 3.5
Other Defense Agencies 19.0 16.4
Other Govt Agencies 0.5 0.2

94.2 94.4

FIELD SITES AFGL launched :34 research balloons
during 1985-86 from its permanent bal-AFGL operates several field sites, the loon launch facility at Holloman AFB,

largest of which is the Ground-Based New Mexico, a fr om ar site

Remote Sensing Facility in Sudbury, Mas- at oelc, n Mxo, Rmoa, Ci-

sachusetts. Here four meteorological ra- foia, Ne UtahTes Rane Thi-
darsanddat acuistio an prcesing fornia, and the Utah Test Range. Thir-

dars and data acquisition and processing teen of these flights were tethered bal-

equipment, including Perkin-Elmer 3242 loon misi.

and Digital VAX 11/750 computers, sup-

port a variety of meteorological inves- During a series of landmark tethered

tigations. operations, an AFGL i00,000 cubic foot

In New Mexico, AFGL operates a bal- aerostat was flown at a record-breaking

loon launch site at Holloman AFB and altitude of 22,500 feet above sea level. It

maintains the Solar Research Branch (sev- carried a target for a small, radar-guided

en scientists) of the Space Physics Divi- missile. Flying on a 4-mile long tether

sion at the Sacramento Peak Solar Obser- anchored to a tank, the aerostat was

vatory, Sunspot. safely towed over the desert to change the

At Goose Bay Station, Labrador, position of the target.

AFGL's Goose Bay Ionospheric Laborato- Free balloons launched from remote
ry studies subarctic events, including the sites to fly in the stratosphere over speci-
aurora and polar cap absorption of high- fied, limited test areas were also success-
frequency radio waves, fully flown for the SCRIBE 99 and KES-

AFGL carries out field tests at a num- TREL programs. Both payloads had pre-

ber of military installations, including cise pointing platforms controlled by radio
Sondrestrom AFB, Greenland, and the command.
White Sands Missile Range, New Mexico. AFGL conducted test and experimental
In addition, the Poker Flat Research balloon missions for Space Division, the
Range, Alaska, and commercial airports Electronic Systems Division, the U.S.
are also used. Army, U.S. Navy, U.S. Marine Corps, the
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Ill f9,1)h ive m.inldint', rockets

wtere latuncelled ill suppo-l~t ()t' A\F'(; scieir-
tiStS. ' l'tih- \r totalISlscce2ss ful.,
butt a vehlicle <ste >t'a ill ()n one. All1

Dk'evkl1aiIm1 t' iml four idr'ing rmeket

A'miwit. hlfll tin. techicail effofrt iror-
inallv applll to re'search vehicle work is
1i4'w (1(.\ 'tt'l to te-lvn satellite and
shultttle i a' - se initegration. Ill thle

ri e r t I r~i g X Itellk t.,w ref0Wi

I t IO l,''-liisi' resf~irrh has conitinl-
ut d Ill t he areasI )fl ni cc'( )iiwics-sr-lbaseti
' I qti h I meeiltt\' systli, intelligent A H; 1, Mihilv LidarVtit at 1', ker Flat.

latS ij'"'e( ' 5vstemns. ailii commfland / A his a.

('('lt) s ' ytenirs. An aiilltive controller

' a' il-vehi~ed fo li se, o)It ;(!t Aw~ p- summer of 19835 and tested at AFGL. The
cla shuttle jiv'''trailer was taken to W~allops Island, Vir-

ginia. in September, 1985, and~ the sounlder
LIDAR SOUNDING LABORATORY was used in a meteorological study. The

A FG) s laser sti riding laboi'ator.% instrument was transp~orted to Alaska in

I LEA\N ondhse Lidar Experiment January, 1986, andl obtained a database on
t( ~ A on i bet Masuemens) as een high-latitude atmospiheric density variabil-

fosed Atmos e phechn auenn for bouniln itv to assist in decisions; on shuttle reentrv

iitriIII'sjheric pro pert ies. D uring the past from polar orbit.

tw') years. deh'rsitv arid temperatu re ieas-
u remetWS have bVee1 Made using ml)een- AFGL COMPUTER FACILITIES
hir s cattering. The technique holds the
Irmrlisf (of p)rvidliiug remote mecasure- AF(IL is continuing to update its comn-
Ilerits if atiosphecric i lensity and temper- Iluting facilities. The former Computer
attire p~rofiles which could eVentually re- (Center, which consisted of a large, cen-

I la 1 lst ()f the' current effort with t ral-site processing facility' , has been aug-
meterolo 1gical ro ckt ts.. A t unrahle laser inented with a brroadband Local Area Net-
h ms heonr a'dd ed to st inly~ thre 'sodIl i lay' er. work intercon necting the mainframe com-
depIt' d hI l'y ui'te' 'c 'Iust b etween 80) ;uter and numerous me(Iium-size virtual
a'1 100k111)il. memnory hosts. The hosts are a CD C Cvber

11rilig the IIii)Ia ui',lile lidlar sound- 180-)_860. a VAX 86350, and a VAX-il /780.

IT has heen le'vfiojo' arid tested. The A. pilot network which has been operation-
ir.trhniuilWasas'rlle~ 'uring~ tile al since the spring of 19843 consists of
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three main host systems and numerous phasing of information systems growth,
intelligent terminals, such as IBM person- and the identification and definition of
al computers, Tektronix color graphic ter- viable alternative information system ar-
minals, as well as a number of DEC chitectures to meet the stipulated evolu-
VT100 and VT200 type terr i The tionary needs. A new plan is being devel-

fully operational network was inle- oped to further respond to the needs of

mented in December, 1986, and is valued the AFGL user community for the next

at $19 million, five years.

A long range evolutionary plan complet- AFGL RESEARCH LIBRARY
ed during FY84 is being carried out to
provide a migration toward an advanced, The AFGL Research Library has the
full capability distributed, multimedia in- largest and most comprehensive scientific
formation system. This plan addresses and technical research collection in the
future network enhancements and ser- United States Air Force. This collection is
vices, translation of future user needs into international in scope and includes exten-
information system capabilities, the time- sive holdings in mathematics, chemistry,

BLACK HISTORY

The diverse collections of the AFGL Library permit it to mount a variety of exhibits throughout the Year. Here
Eleanor Gildersleeve, Serials Cataloguer, and Ellen lDobi, ('hif of Reference and Circulation Services. view the
Matthew Henson ,exhibit, which presented the true story of the discovery of the North Pole.
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physics, astrophysics, electronics, and In addition to its collection of publica-
geophysics. Each year the library adds tions, the library offers computer-aided
more than 2,500 new titles to the book literature searches of the Defense Techni-
collection. The library also subscribes to cal Information Center's (DTIC) extensive
approximately 1,800 current periodical ti- files, as well as many commercially avail-
ties. Of these, approximately 4,000 vol- able databases. This service provides the
umes are bound each year and added to patron with immediate access to millions
the permanent collection. Inhouse and of citations from journals, books, reports,
contractor technical reports from AFGL proceedings, and reviews published
and the Electronic Systems Division are
also maintained, both in paper and micro- throughout the world.

fiche.
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II SPACE PHYSICS DIVISION

The Space Physics Division conducts
the basic research and advanced develop-
ment in the solar-terrestrial system re-
quired for the development of the next
generation of Air Force space systems.
The results are essential to the design of
survivable, reliable space systems and to
the conduct of increasingly complex Air
Force space operations. The results are
applied directly to the development of
space weather forecasting tools, to space
systems design, and to optimizing the
performance of command, control, com-
munication, and intelligence systems.

The sun is the primary source of energy
in the solar-terrestrial system. Under-
standing the physical mechanisms respon-
sible for solar emissions is essential to the
success of the Air Force space mission.
The Solar Research Branch of the Space
Physics Division studies fundamental so-
lar processes, including the emission of
electromagnetic radiation, energetic pro-
tons, cosmic rays, and the solar wind.
Solar-particle, plasma, and electromagnet-
ic emissions determine the characteristics
of the interplanetary medium: the solar
wind and the interplanetary magnetic
field. The solar wind, in turn, is a major
determinant of the shape and size of the
magnetosphere-ionosphere cavity (see the
figure), and of the energetic particle con-
tent of the magnetosphere. The solar flare



is the most striking example of solar performance of Air F"orce space svstenis
diSturbances which can produce cata- is profolndlv affected by" energetic parti-
strophic effects ov \ir Force space sys- ties found in tie Elarth's Illagletosphere.
tens. Exciting result, have been achieved For example, these particles can seriously
from the solar experinients on Spacelab 2, degrade electronic components or cause
including a new understanding of granula- single event upsets (SEV 's). On both the
tion in solar magnetic-field regions and surface and interior of spacecraft they can
the nature of large-scale solar motions, also cZause charging, and discharging of

Most Air F orce space operations are materials which couple to spacecraft elec-

carried out within the ionosphere-magne- tronics. Unusually high particle fluxes

tosphere s.Vstem , as shown inI tile figure. generate a radiation hazard for manned

The outer boundary, the bow shock. is spaceflight and can interfere with high-
1 cated appr( xinmtely 10 erth ralii up- frequency radio communications ill the

streanm f'om) the earth along the sun-earth Earth's pola' regions.
line. rh, inn, r otlindary is identified Is To address these problens, the Space
the base of' the ionospheric E-layer at Physics Division is studying the fil'n'(tssts
ailriximately 100 kill. Within this svYs- governing tile energetic particle environ-
tem. regions of great inlportance to Air ment, beginning with the origin of the

Force operations are the earth's radiation particles in the solar atmosphere, their

belts and the high-latitude regions, inclhd- travel through the interplanetary nedium.

ing the aurioral zone and polar cap. The their acceleration in the Earth's nagneto-
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sphere, and their effects on space systems for space weather prediction. Further, the
and the ionosphere. Much of the recent analysis of the flight results have led to
work has focused on forming an integrat- significant discoveries about energy and
ed picture of this process, combining the particle transport across the boundaries
results of solar-flare research with solar of the solar-terrestrial regions. Factors
wind and magnetospheric models to pro- contributing to large-scale thermal plasma
vide a more complete specification and motions and the production of small-scale
new analytical representation of the dy- irregularities which produce scintillations
namical nature of energetic particle popu- in radio and radar signals have been
lations in the space environment. The goal determined. The results contribute to the
of the Space Physics Division is to develop operation of Air Force communication and
a capability to model, monitor, and predict surveillance systems operating at high
the behavior of the entire solar-terrestrial latitudes. Magnetic substorms are initiat-
system. ed when the energetic particles in the

To carry out these programs, state-of- earth's plasma sheet and dayside cusp are
the-art space flight and groundbased diag- suddenly accelerated along open magnetic
nostics must be developed, and analytical field lines into the near-earth environ-
and phenomenological models of the sys- ment. Studies of ionosphere-magneto-
tem derived. During the past year, 18 sphere coupling will lead to a capability
spaceflight instruments were delivered to for predicting substorm and auroral and
the SPACERAD/CRRES (Space Radia- polar cap ionization. The results will con-
tion/Combined Release and Radiation Ef- tribute to models of satellite drag, auroral
fects Satellite) integrator. A principal goal infrared emissions, improved frequency
of this program is to accelerate the trans- management, and to specification of con-
fer of new microelectronic technologies to ditions under which serious signal loss
Air Force space programs. The and unacceptable fade margins will de-
SPACERAD satellite will continuously velop in high-latitude communications
traverse the earth's radiation belts. The systems.
payload includes a wide range of advanced More complex, larger, high-powered
microelectronic devices and wave, particle, spacecraft are planned for future Air
and field sensors. This program wiii estab- Force missions. The development of our
lish the in-flight performance of micro- understanding of the interactions between
electronic devices, will relate causes of space systems and the environment is
device degradation or failure to environ- crucial to the proper design of these
mental conditions, and will generate the systems. Ongoing Space Physics Division
first dynamic models of the earth's radia- basic, applied, and exploratory research
tion belts. and development efforts focus on several

The high latitude ionosphere-magneto- space systems/environmental interaction
sphere-thermosphere region is being in- problems including spacecraft charging,
tensively studied by means of satellites, techniques of charge mitigation, space-
aircraft, rockets, and ground-based instru- craft contamination, spacecraft signa-
ments. The results from Space Physics tures, degradation of surface materials,
Division particles, fields, and plasma in- and on the development of design guide-
struments on the DMSP spacecraft have lines for future space systems. Measure-
provided an important new data source ments of spacecraft particulates on
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\\~u. u~ns io hih-iixvr fsilils rogralnis to improi~ve our timItstallilit
Piwct iciii leech ijm llen I ilg tit( paslt of biasic siolar pliemiliieiia thro ugh spalce-

deveiih aulld :iuillii ill Ihliginistic senisors baw ohsvrvatiOlis. image t'iiliitcelillit.
tisucd to mloiitiil tilte Ioli liittal effett, and observatioins o f solar-like s tars I.-.
produced liv active (tissiiiis make active Branch personnel participated inl NASA\'s
kAPrillcilts iii1hlv fcasile .. \A heam cnuls- Spacelab 2 mission and are co-itivestiga-
slon rockt tc.-t i(BFUT) wa suc.,fd tor, (it NASA's Suilab (the reflight of het(
toiducitc-tti for til u do c iid liarti- solar Instruments fronm Spacelah 2) and
cle-iutaii ttuilspiuit andu 1,01 i(ctettl,: t~itll H igih Rtsulitionl Solar 0observatory'
oft the effect, of beal1in unllssiun onI thle (Hits()) missions. lIn addition. several eV-
host vehicle. I-iitirtu tinuuhscr\ d beamn- litrinielits have heeln proposedl fo )r Ith e
induced oVi avus wire llwaistlreth. which pro-(- Space Test Pro- )gra of I1 thei Air- Fo rcec

Pldl a llco, un'l-taI~titIIii of huini propa- Space I )ivision. These missions will pr-)
gatiori effects, yide solar datai inl the x-rav and extreme

Thil I )iisioli prograinl is carried out by, ultraviolet spectral regionls whi10h are tin-
meanls (I inl-h' uusc labi rato ' v effi rts. an1 availal le fromit tile- ground hut are of
exteilsivc fichl pirograill. and a broad coii- funmental importance to understandinig
tractual prugranl. The field ;iriiils ill- solar. act ivItv.
o. olve satellite expecrimenrtationi and rocket.
aircraft amid vroiuuld-iiaset invce;tigatiolls, Spacelab 2 Results: One of tile, most
The gI i1UIIui-ilQSCi prograi-itilul IsI' solar exciting projects carried ouit by the( Solar
st tudies at tilt S avranie nt.4 PeYak 0)1 serva- Research Branch10 du in'lg 1 HS5- I 9S; was5

tory, inl New Mexico. H ighilights of' the helpilng to Illan., execute. and alialYze diata
ilsod i es1111 ami1d advanices Ill solar-terre s- fronm tite Spacclab 2 mission (NASA's
trial physics by. 'Space. ihvsics D ivision Space Sihutt le Flight 51-F, J1ul iv 29) - Ail-
scittiists duiriiig the past two ,years are gust 6, )i) Spacclah 2 carried four solar
dlescibued ill thle following~ sk-ctiuuis. telescopes allig its pavloadl of fourteenl

ex pcrmennt ( )iie of these was the Solar

SOLAR RESEARCH Optical Uniiversal IPolari nicter (SOUP1)
bilt bY the Lock heed Palo Alto Research

Solar re-earch is perrl'? ueu w\itiil tile, Laboratoryv. Solar Research Branch scicn-

Sparfu Phxsc iviio hY th s o l' Re- tists have been Involvedl with this puroject
~urhBranch, Vihich 'as ,sole riuspoiisiuil- as co-investigators (one also as a payload

it.\ within t!- Air Fir(- for ulevelopung specialist astronaut) since its Inception a


