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THE MISSION OF AGARI)

The n.aaaion of A(;ARl) is to bring together the leading personalities of the NATo nations in the (Icids of science
and technology relating to aerospace for the following purposes:

F schanging of scientific and technical infonnation:

Continuously stimulating advances in the aerospace sciences relevant to strengthening the common defence
posture ;

Improving Ihe co-operation among member nations in aerospace research and developm ent;

Providing scientitic and technical advice and assistance to the North Atlantic Military Committee in the field
of aerospace research and development ;

Rendering scientific and technical assistance , as requested , to other NATO bodies and to member nations in
connection with research and development problems in the aerospace field:

Providing assistance to member nations for the purpose ut increasing their scientific and technical potential:

Recommending effective ways for the member nations to use their research and development capabilities for
the common benefit of the NATO community.

The highest authorily within AGARI ) is the National Delegates Board consisting of officially appointed senior
representatives from each member nation. The mission of ACARI) is carried out through the Panels which are
composed of experts appointed by the National Delegates , the Consultant and Exchange Programme and the Aerospace
Applications Studies Programme. The results of AGA RI) work are reported to the member nations and the NATO
Authorities through the A( ARL) series ot publications of which this is one.

Participation in AGAR I) activities is by invitation only and is normally limited to cititens of the NATO nations.
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Forewor d and Farewell
Ihe very tine and inspiring address by General Miranda , V ice (‘hief of Staff , Port uguese
Air Force, and t he pictorial mementos included in this issue, wi ll remind those of us who
participated in our Annual Meeting in Lisbon last September , of not only t he gracious
hospitality of Portugal, but also its conscious and active effort to increase its involvement
in AGA RI).

Our host , Gene~ra~ Bourbon, Portuguese National l)e%egate , organized a full and most
interesting programme of activities on Portuguese National Day, w hich included the
infom~at ive scientific presentations by AGARD Panel member , Dr (‘arva thinhos, and
Panel member-to-be , Dr Falcao , as well as technical visits of three impressive sites: the
Air Force Maintenance Facilities at Alverca , a Nuclear Energy Centre . and LISNAVE. one
of t he largest and most modern ship repair facilities in the world , located just across the
Tagus river from the cap ita l city. Not t he least of the act ivities in lisbon was a series of
meetings in small groups between some thirty Portuguese scientists and officers of six of
our Panels. These meetings , organized t hanks to the efforts of General Bourbon, proved
quite successful and will no doubt help enhance the scientific benefits derived from
Portugal’s association wit h AGARI).

This issue also includes the wri t ten version of the excellent and comprehensive view of
t he future of propulsion and energetics presented by Dr Winterfe ld, t he Chairman of the
Propulsion and Fnergetics Panel, at t he Open Session of the National l)elegates Board
Weting.

All in all , t he Lisbon meeting was indeed a very successful one.

We now return to a sorrow ful note on the personal side, We are deeply saddened at the
passing away o f two very active AGARDians. Professor Michael Anastass iades, National
l)elegate from Greece from 1960 to 1967 , and founder member of the Electromagnetic
Wave Propaga ion Panel, and Owen Matthews of the tj nited Kingdom, member of our
Flight Mechanics Panel. Our heartfelt sympathy goes to t heir loved ones.

This is the year of changeover of ACARD’s (‘hairman/ l)irector Team. You will find
herein biographical sketches of the incoming Chairman . l)r Alan M.Lovelace of the
I inited States , and incoming I)irector , Mr Jack Burnhain of the United Kingdom.

In retrospect , AGARI)’s present (‘hairman, Mr Frank R. lhurston, and I both keenly
sought and encouraged active participation of AGARI)ians at all levels. We felt that we
needed to listen to the Nations and the Panels as well as to the needs of the Alliance as
a body.

At National level there has been open discussion in our National Delegates Board
Meetings toward insuring that the interests of the nations of the Alliance , large and small,
are properly understood so that AGAR I) can he responsive to their needs.

With in the framework of NATO. AGA RI) has actively responded to the request of the
Nort h Atlantic Military Committee to undert ake a study of potential technological
advances in aerospace up to the turn of the century and their possible impact on military
applications. t his major exercise , better known as Project 2000, was init iated tinder the
past (‘hairman , Dr Alexander l1.Flax , and my predecessor , Mr Olav Blichner. It has
ca lled over the past three years for a tremendous effo rt and extensive resources by the
nations of the Alliance which have cooperated and responded in a remarkable way.
Project 2000 is nearing completion wit Ii final reports expected to he issued toward the
end of this year.

While today ’s international environment makes us ever alert and responsive to the more
immediate needs of the Alliance for defence planning purpose s , we must not forget that
t he long-term future ties in maintaining a sharp scientific edge provided by our technical
Panels which collectively form the very backbone of ’ AGARI). A close r link between our
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~~~~ Panels has been suc~’esstu Il~ ac hieved in the past two years through semi-yearly meetings
of Panel (‘hairnien orgaaiied and conducted ent irely by themselves w ith the ass istanceot t heir Panel Ollicers. they thus have a forum through which i he~ are able to present
t heir collective views to our National l)elegaies Board and to At . \Rl) lliaiiageiiient
Frank I hurston recalls th at this is iii t~c a returit to t he original concept of PanelChairm en Meeti ngs of some iss ~nt~ ca ts ago .

In a parallel s~ ,i~ , t he creat ion of the Panel I secut ives (‘ouncil, c han ed in lotation h) ii 5members , has proved to he a most success ul and effectiv e venture within our I leadS
quarters. Prohl~,iis conitnon an. ug Panel I seciitivcs are aired and quickly resolved inaddition to w hich many valuable suggestions mask by the (‘ounc il have been imnpk-ineimied and have resulted in greater efficiency of ’ operat ion. One example of this is aset o f AGA RI) operatmomial guidelines, initiated by my predecessor, Olav Ulichner , whichwere completed and put toget her by tIm e staff in late 10 ‘i,. antI aie being kept current ast he needs tor u~~Iating ar ises. They h ave proven to be invaluable to new as well asseasoned mem bers o f the AGA RLI staff.
Such participatory activities , encouraging and stimulating all levels of AGARI)ians to airindiv idual and collective SICWS , base already proven their value in terms of expressedmmeeds . new i~kj~. and hcti~ r wa~ s to do things. alt of which enable AGAR I) to carry outits mn~siomi s~ it bin the Alliance eveii inure effectively .
As my terni of ot ’tice approaches its end, I ss ish all A(.ARI)ians continued success in thefuture act ivit ies of’ t his great tirganilation, and express to t heni, SUsI to my stall in parti-cu lar , my sincere appreciation for the keen spirit of cooperation, dedication and friend~ship whic h I have experienced over the past three years.

R~beri ll.Korkegi
l)ires’t~ r, .-%(;ARI)

_ _-1

~
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i ’li 1 ( ‘urest / ‘ ~ r tic c,c~.c~ It’ / ‘ 1

I lie pres entat i o n ot \ t l f l  k.m i nan .155 a ids l o t  t~ ~ too k p l~~’t’ diitIiif~ h i t ’
I liii ~( ‘sRI ) ‘snittial \li ’et iui ~ mu I t~ho i ,  l.ist Sep teit ih et I’rot Ii I e t i i t i ~
van t )osteroimi ( l e f t )  of I lie \et he r lands . ~ hose .l~so .I,iiIoli ss iii f l i t ’ I ttizli i
‘tL’tllJiiIt S P,tnel ot V. ‘sRI ) ~~~~ hack to I ‘)~,~1 55 .i~ .155 IS Ill \ t r i ~~a .i t t h5’
I t i l t ’ :iIlst ‘.0 titi.ih le i t t  iL ’ t t ’ l % t’ t Ilt’ ~\5 .m r d I1t’I ‘.oit,itl~ l( t i t  .i ~iiiiliitt ~I)i ‘s le~ a mi der t l.i~ . I S \ ,itttti i.tI l)eiecate . ( .ii’ ’’ s’) ‘S Is oI’~ iotis t~ Jt’lidite5l- i t t  te e lV i’ liii’. i s t k e t i  of recot ~I1it ioii of ( i t s oIItstatIsl lmlg 5t t i i it ih i i i io i i  to t h e
ss or k of V. , ‘sRI ) fr ont t ime hi.inds of ( h ,mirtmi.mn I- i ati k I l i t t i s i t t i t  of ( .in,i,l.m
I he s i ls e m t i ed_ it s ,mre s t i p t e s of t im e ot igin_ il gold iiied.tl (~lt ’’.t-l :ie~I to

l)i \~ kj riiij ii ca~•h reci pient Iecei \ ~’ s iii _k l t l it ion . .1 s5 roiI l~s~.i u i i t ~ th e
c itat io n iel.ited to time .usartt . ‘.ugtit’d ItS t Ilt’ V. • ‘ s R i )  ( h u t  uii .iti f lit’ It ’ \ t s
of t he t i t j t I u ’ I i s  pe rtamnhllc to h r  I l.u~ antI l’io t s - ’.stt u ‘, tii I )ost s ’ ioit i  ss s i t

rt’produited mi o u r  l ist issue ) t  ligt mhm g t i ts  5 ~ I ott page I
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l 9 7 ~~ A N N U A L  M E E T I N G  OF Til l A G . ~~Rl )
N A T I O N A L  I ) E L E G A T E S  B O . - tR l)

PORTUGUESE NATIONAL DAY
tfemherx ‘~~~ the .1 ( I  RI) \ an~ tna/ I) elega,es llt tart! a:tc,iding tilt’ / ‘) “ S - f ‘ritual lice! j nt ’
in !.isho,g in Septem ber ts -ere weleo,ned hi tiit ’ I tue ( ‘lu cy 1 .S~faj f i f  (he P~urtz ~grte’se
‘l i, lon g’. ( ;epseml f I l M. Iliraisda lie reproiluee here the 1ev! of (;e ’,z(’ral .l liranda ~c

address . de’liveretl urn the morning it) Pomiuguew \atiu ’nal I) am’ ( flit-slam , / V September)
lfl tile’ impressii ’e’ l ’unelaç’ae ’ (a l uuste (;ume ,zAiafl building in I.frhuu , :. In tilt’ ajiernu Ion .
Jele~ates were j ni ’ite’d to m lxi, m eal teehnieal Jàeili:ie s tht ’ JaPli i t i is 1./ S ‘ s t  I -/ .c/i ipm ’ord ,
a %uclear I-nergt ’ ( ‘en:re’ . and a l Vrtuguese’ fir flurm e’ Mainh ’nanee I ’aeilhtm ’.

Welcoming address by
t~,I ‘s t  It ‘sl I Mlt MI It \‘~I) ‘~. \ ice ( h i d  i t !  ‘s ia f f , I’ortuguese ‘sir I orce

I,
%lr ( hairnun, National I)elegates . t.entleinen , Portuguese ‘srtned I or~~’s shiutmil d have , in concept . t h e

It is h~ thi a privi lege and a pleasure fo r inc to capac ity of di ssu ias istn and reaction flecessar) to eliiiii-
• Stelcomne ~ tt ( i to Portuga l on the oCcj siiuiu i t t  time 1° ~s nate ag~ressuv e situati ons i t )  low pol itical co s ts , and he

- ‘s ( .ARI) ‘snnual Meeting. I ant a~ring on behalf of ‘sir able to guarat itee the time needed to s imuih tan eousI~I orce Chief of Stall, General l.enios Ferreira I Ic muc h develop the adequate and opportune external political
regrets not h aving been able to jo in nit here tnda~ il ime nianoeuver and .ithi tst t lie ‘siIi,iii~c in mn ter s erie
to the fac t that he is out et t the countrs It us , therefor e. But t h e  Puirtugu iese \rnied I orces . ss hiclu in ‘sfri cain his name - and. in fac I , on behalf of all t h e  menihers
of the Portuguese ‘sir 1 e)rce that I hid sou a it5 ts t gained a V.1s t professional experience . are now faced .

when the treat s dispos it ions .ire enf ’orce~f part icuila r l~cordial welcome.
i t s  \ rt iehe se itli an obsolete se capon’. 55 ste in to cahl ~We feel ve r~ happ to he able to ac t .is httst to our u nsuited to nicer tIu~ c imalknges of the new su l t u i t u t it

I ‘) ~~5 Meeting and we hope that sour work will he trtiI~ On the other hiamitl . the prese rut co ntext u’. more
‘su~ccss fuI - W e a lso hope that ~ ott ~ ill he able to escape .idv e ’rse to  mi lmta rs ex pendit u res. g m s en the preca riltu isfront the hard work confronting utu and he given alt -ecetnoni mc s it h a t  ion and t h e  5! ri trig alit i-ill iii tall tee I n t~opptsrlumtv to feel t he atmosp here nt co rd mal it~ - fr iend- 

t huat uisuialls fo llnts .i state ( s t a rImnes.s and warm sympathy w hich flows out From t h e
peop le of this country , so t hat ‘~oti uiias look hack ~tn I lie Pit rtuiguese s’c imut t ui is . al reash f’stiiut ’rl~ s ir suc
our stj s wit h us as having been a pleasant S i s t i  as well turaJl~ si ck . rzm p id h~ degraded nun tttil~ a’. .u result of the

as a t ifll~ u I fruit ful labour - sudden ru ~t tire of~ t h e economic l i es  then C’s iSt ing ‘u.5 ith
Portugal. the oldest nation -sta te in Europe . is toda~ 

ov er sea s territories . h u t  ah ’ .~t ms a cotisequieiice of t ime

in a difficult situation as a result of the deep political repatri ation and sl ishammd ii icn t s tf  troops . t he (lu st mn~
and economic changes l~t Ihowtng the end of a sec u lar hac k of more ihiat i ha l f  a nimll ior i I’ortuiguese whet had
presence in ‘ s t r i ca  Once it hecariie confined to I- ui rope . se tt It’d or St crc’ horn there , the sliai 

~ 
ris e in flu e r~ris’e u i !

Portuga l seas naturally faced tsttli the probleiii t i f  petrol .etc -

deciding whet her or not it should conti n ue to belong t i  t h e  Portuguese \rnsed Forces arc thus )aeed with
the North \tlantic I reat~ Organiiation . ‘us a matter utf an ‘‘ iiuup.isse ”
tJc t . Portuga l has been far dista n t tro u t the ‘uhliance for
over hen ‘ears , a period in se hichi no ts pe oh military lhe hij s c cu’iiimit nients to honour. lhev are
.tssm stai t se sea ’ . granted i t s  the cltt intr ) - ‘s6cr som e experienced in active warf are . l3ut the have lint the
tiiite ot inevitable social unrest . hut .ilso a timiie f~tr uisateria h tileans indispensable it ’. the l’iilfihment of the

— retlect ion. nir interna l political w ill asset ted i tsel f  in iiiissietn h eir hi,u s t h e  count 
~ 

t he cconioiiiic capacity to
favour ut Port ugal’s remaining in essence a countr\ of acquire them.
Wester n  I urope , to which it is linked h~ sm r t t im g cultural

I lie niilitars bu d get for h O ’ S is . It’ quote t h e  P,irhia.au th eco ni tin mc t ies t lmj t will heco me es-c it cii ‘ser sehet i i t
j i t imis t lie I ii ntpea ii I tOiiI iiifl~ ( it iiuiiiuiiitts ‘us a result , nwti tar) ( ‘null mit tee for I )e fcnce , OnC of ‘‘sutl ival anti
t he Portuguese pcnple. th rough their reprcsc ntaf is-es at nmaintcrui ice ’’ and not a “bud get to ta ke off and

ftc N .m t i,iim.il Parliament - appros eel the Cufll t inuat ion i t t ’ ml~o~ieri)i/e ’’ I his unfavourable sit nat ion ss ill liii .
ditt ibtedis - cei nt inue for severa l s eams ahead .Pu irt uguiese part is ’ ipa iii m in lie tk’Ieiicc ‘ul hiance of ’

W et ter it ~itri ipea ii ~-oui ii tries - I )espi t e I lie black pict ti re I Ii ave on tlitied t O 1)11. t lie
Portuguese -‘sir l:i,rce . with that agg ress iveuiess wh ich is1 losee’ser , Part icm pat ion in time ’ \hh ma mmc e cannot he a st irs is-al f,i ci om in .m ii coniha t dish not remain at ie’.il i m m m ite ti to a purcl~ political att i tude . _mlt houg lm . in sin_ ill
St am t itig for hettc r days .ci ’uiiutn ies such js Portmiga f . facing .ih h kinds t i f  depen-

~len ~mt’’. a nit vuilnerj hilt tics , tItu s .1 s sm i l u t es .1 u t .mI i unpor It ha  bee’ ii developing a great efTh rt to m odern iie
i.imi5 d itt t he bal.mnt ’t’ wit h resou rc e”. amid iiiilit.i r~ capabi re’%ete irce ums_ inage rial methods both in t h e  personnel
hit it’s counter an~ j~ 

tss uN~ s’s ter nal t hreat , the and materie l f , 5 ’ld s in order itt better us’ wh at t alrcad~

I ’

I t  . —~~~~~~~ - — -  - -  
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lu_ i’ . and ss lu_i t it ex pec t s lit get m u m the f utui re . I his’e iret ic_ il lu_ uppe imecl iii i’uii i um g. u I t h e  J ’ l ’ emm ’ Imite ’ i iuu m i ~
- t nit t’rgence

concepts hj se heeiu hs i etuughu t Lip te l s late I m _ u im u u img i t !  t his ’ Me’ditei m. ii me ’at t ,iimd \ui i t l u I Liiopeaui i \u t r luu_imu)
pingi . iui u ut mcs has-c be’eim ic im ess e~i aimd _ u su tu is u u hs ’i .ihlt’ it as - a l mct ’ luumuthttgit ’ s I- t u t u i t s  hus ie t im ~ m t hu It t5 _ ,i t e’ cim im i
mn_i ut thtc i of ~‘ ! f k di ‘. a hid se I ge_ i h i t s  en lit inue’ to 1 t ’ sent j e t q net resu lted t he ti m 51 e’s itt alit , mttan i ‘cu viable sh ii’smm e mudI ~ countries j et attend courses of many dil’f’erent %tr o t mg etioughm tel endure long trips over time opeit . Liii -
kiim5ls known seas .

I lii’. nie’.iius t h_ it tim e h’oi t ugliest’ ‘sir t o ,  ~‘e’ hi_ i’ . spruumg I lie ss at tem war d s 1 ui reupe’ani cx paris iutri t m _ i  t lieor se ,urd mtt to a hsoltl ,uimd opt iiui itt i~’ program it m ut e lead i mug i ts 
‘s I_ ib m mc ( )cea mm was t imus opeim Port uga I ss a’., ti~ thu _ i tthis’ at qlu ms it ion 5i f  t ilt’ skill’. iit ’ct’ss. mm to ef f ic iei m t l~ t imu te - a centre For researc h amid deve leuiuuttei t t of ’ it_ ut ic_ il

c ’spl~ re nese Scea Pohus ‘.~ s iei im ’ . sc ience’., particularly naval tcchnolog~ - caitograplms
On t h e  s t r l m e m side , it ht ,u’. .m l’.ct set tip a fairl~ se isle arid cetsmnog rap hi~ -

i_ i  it ge ’ of ph_ m it ’ . a lust prog ra mit mites mel _ it ed t t t  mite mm mipre tve - lit time preseit t ccitt t im . aeria l nay mg_ it moti iuic t hte tlt a mmci
t i  it’ll t tO t Ime’ cx i’ .  h i m  ig hle’et . _ iSt~r .i t ccli rite_ il -opec_ it met im_i l 

itt st r t i u ute i t t ’ .  se er s’ de seloped in Port ugal . cttah I mng etu i.uss t ’’.’ .ruis’ m it oh t imeit sahthu t~ iii miat mo it_ il anti N ‘s I t )  rem it’.
c he ss to cover pre.piattncd loitg’d istaitce’ air rout es i t t  em

‘ s i t  ex_ i ui t ple i t t  t hus us t h e  stu ds tom t i l t ’  eip-sI_ iting t it t h e  t h e  -‘st lantmc ~ it hm a pre5 ’ i%iet n nor possihie’ before. I recalli_ id_ in ‘.~ ‘.t et i i  se lime im is heimu g c arr met h on t mit chose c utttpem ~i r lie dat and itig ht ctt tssuitgs nt rIte Soti th em it ‘st latit it ’ ( t  lie
it ’ ll St i t hi t i lt ’ t’it ii i_ ill ce ’ u ht t c r  pa Ft . under t lie superv isi ethi Port ugal- It rat II route) iii I ~~ _~ _~ a imd I ~i .‘. . esps’ct ms’el~of l~ ROt ON I ROt - I he miter hod 5 .1 rid inst ru mcii s used se-crc’ t lieu ad et p t ed

Hut all thie ’sc et torts are’ hut ’ t sut h’ic’ie’n r - 1 lie th renmgl ioeu t time sm orlel - lhe Portuguese cenifrihuut ions no
l’n r t uguiese ‘sir I t ire e f u.u s to appro.mc hi i t ’ .  cci w irer parts r i te ’ d e s  s’lo piutcn t of ’ sc ience a itt1 t etim h u t  ltt5\ rd _ it etl lii
iii tilt’ ‘slh m.i iucs ’ st-e king ,iitl .ms t~ii .is is pI~im i’ . for rt’ aerospac e us iiots res lucetl to aim mm isi git mt lcau tt value’.
e’uluuipi i ie ’nt _ i t C  i ’ll , S i  rued , si t t Im_it  l’~ u u uug.m l tui.is he ’c utt t ie
a im .u5 lis t’ iuie’ ttu he’m ot rite ‘ s h h i ,mm t t’e ami d hu t m mt erel ~ 

\ s f ,i h .i’. I kitose , mcs e_ ii~ht ,m ct ms mis iii iii’ , c’ t t ( i i t t i t  5

p_ i s ’ .i ’, u ‘‘ _ iu i ~ .1 ) 1 t. i i ll s’ i ui ash I tilt ’’ .i it5 )to ie’tl ~~ ‘.~ ~~ 
_ i u t  t m_i lk iie’e’d mu g to he re’ .tsrga itmic d - lImo_ id k speak m u g. ml

55 s’st t’r ii I ui r~ ipt ’ St hte i c’ thu it ’d u m u_i jor c uui i c tu  t ‘. oh ‘.~‘ .i I.icks hu m mer moiia I plait it ing _mntt ce ,st rth i na rio mu , t luis head mng

t i, i t t i c  m ties’ t - t i m us, ii k .i hi It’ hui u s u hite’i ,ih Ic te t li hI ~l en in _i let~ 0 Lit PSi t . ‘ulso time iiivest isa to m s’.i i et ’u is ~~~ Is
• 5 5’ ton sit ds’. .u m u .1 I hi u c’.u ~ ‘. legal l~ defined and flit_ inc iahi~ supported ‘.us that thus ’

tta tiesnal potentialities are not at t racte d to it. It is none~It us ~i iso mi i i 1t 1 ‘ i t  .u lit lit he’,i r in tmm mr m d t li_ i t inter rma h r hclcss t r us’ r u _ i t t lie n i_ i t  tcr is at prcsen t l’e’ iimg 0 t’t ic iahl~f ~ t ‘ h im ic_ it st _ih ml it t _i bt .u s c  u t i u~h i t  i t t  it i it u t tic cn tm tl~lence d rs~-
~ s.sed _irit l has alses been t a keit up in t hit’ it_ is ’ . utmct t i_i

hi_ it ‘. d s s~’ i t t  i_ i l tO .1 ii dc u t it~ t t i c  ta ke ti t i’) pre’’~u ppnses
I its~ c’s isie ’ im di ’ u t t  55 i’ll, tnga it mse ’j , h_i l,tnce’d , and nmi~ t ig t_ ij  ed It t hi is sit em _ it in it us au mite’s ita bhe con seq ticilce’ of t his ’

m iis’51 I o r e s ’ ’. , in ss h u 5 h  u - i alt m hug m it to .it’cts n u t  r ite s’ ts nil ii istt t rm~_ ml phmeno uiuciton of t lie show evol mit inn, t iter time
gu u m at iout of rite tipt’ r _ i t m u t i m s h ire_ ire , mite ‘sir I- o nce it_ is ~‘etitt iimes , of t h e  cu lt ura l al itt Politic -al htege’ i ttc t mt ~ t t t  t h e
lie5 c ‘.s~i i u h s a prtii ii mhi eim r ro le’ to p1_ ms temperate suiht res pi c_ mi anti mendiatial to ils’s t uiwa h sit time

co ld - htt uuitid tones oh’ t he  ttor r It: if ’ it is au eh’t’s’5’t of ’ t lie
I lie Citits i it t utme in of rite Poi r ugumese Republic a rt ri’ ex h au st of eiiergics spread est er scve i .il coiitineiits .us

I’ ii ft ’s tu t this ’ ‘ur mutes t h ores’s ‘ i lie’ Ii itt or me t itu %si es n us t a result ot ’ t hue exc essiv e’ duration oh’ the’ eoioutial cs d c  i ti.m i.m: t tee’ iumg t he’ ~oittl ut me t ims t im .i st ill _ i Ihose u lie pc_ icc’t’mu I i t is an effect si t ’ I he Mcdi ter raise_i n cii nt_ it e . I eiuiperetland phui a hmst tr .m ius i j it imi of ’ Port uiguicse Sescme t S to l’t t he’ ‘st Lint mc ’ . so c_ il ni autt i pleasant , mutore lilt ~ls to
•k mut oc i_ic s ,i ru d soc i,mlu su ut ‘‘ . - 

. 
-mt is ’mt e to leisure , inte llectual speculation and verbal

c’ umtder si,i uid this iii’.sit’it it t lie sense oh’ I lie ‘s ru uucd demitagogs - amid less to tenacious . et hic’s’! ms - c’ work it’
ni ce’s iii’ I he’iuig a it act msc or e’seuu ‘‘catal~ tints ’’ d c uuieht

mittens citing mim r ite peshu t ic_ il process . but .m su a ls i lm imu t g l’hese autel m any u t  h ers are doubts , pes le ru e_ il _incl .uI’.us
s0 ulu Potte’tt t erms u r I ii~ t lts’ et ’ list it mi t its for t lie’ regular itt _i s’t’i’t_i in wa el cniagogic , to which I comi lel ntis t autsss’c l
t ’e i i i5 ’t tnt m u g  itt rite tle’muiocrj l it ’ muis t it utioiis - it tii is it of ’ aits iii tcrcst te s reply to at t lie uitoiutent - I f tc

pcsm itt is f i t_ it  th u s Norrli.Sotithi gap St ill t e’itt t j u t t’ht laigt’In Mi li t ti p. St e are convinced that tIme’ ‘shl iautce se ill tittless a closer relatiorusht ip hetwe’cii the nmemhers oh’ t huelie mitt ere st e’d mit mut_ ik iit g sure tht_ it tune of its members , -‘ulhiant’e t’ ,it i lie cstahlms hed - I’ltis is ,intstht cu stroitgleic,mrecl iii .i positmotu ut .icknesss lethgetl st r , mt e’guc va lue , reason fesr us to regard your visit with the greatest
us not so se ea k uhu _ ir it canitot , e”.~te rna lls - ~es ittri hute ititerest .
te sts art ls time collective det ’eutce oh’ t he ‘slhiaui ce . and .
itu rern_ ills - gtmar a htte e t h e  stir’. ival of theinocracs - For I see ru ms Org_ iitiiatioit tl te ’um as bciitg a source of
,mll t ht e’se reasons , it us understamttl ah’.k rh_ m t se e iii Peirtiigal si miut u li se -hm c ht , I helms’s s’. st mil lie able Its gis e incent is-c .
te’e’h ,m specia l s,ir ust ,it ’t mu in in our presemice’ and sto r k , h Its guid e’ and i ts support esu r own Ii mit i t a n h e ’s is mir t ’e’s h i ’
hse’l mete it it t i t le’ to s_ ms thtat rite Port ugtmese people , tIetciop t he’ utiost sn i (able’ hsreug raut t ities t s h’ i esearclt a iith
ht’t’,iuise’ of themr hutton auici h_ickgreitm ntl . ~~ ~ aiss .~~~ ‘. 

de’velopittt’nt . despite’ the hiiiuite’d ifle ’_ ilts tte Itave at 0111

ll,iuh lit ill tt’rn_i t hun_il ‘ itt look, d ispeis_il . ‘s t’t er _ mI I , itie’_i its are ,mlss .ms 5 Ii iuii tet l , no mit _ it t e m
ito w large t lie’S are.

I .m~1 t Po r t uigi is’se’ - looking tip I he Icing Ie’itgt it of h i s
person_mI f_ mi ll ils tree , h’uuutl s oIl t that it ms hura itchit ’ e’ ‘st eimsl In welco iii ittg to I isbesri (lie ci mst iuiguishe’tI rcpre’se’n -
ose ’n one sir inure of mans’ dit’ferent countries in the t ,it iv e’s of’ N ‘s It) ‘ulemimlier N_it i u i i t % , on behalf ’ of ’ th is’
se ut n lch ‘si_u s ie’.msu ins u- mum tie tistmncl (or titu s html t h e  ‘s ir F uiit~e’ ( ‘Inc h’ 01’ S t i l l . I c_ it t do no he’tter rh _ i t t  I t S st is it
huitmn I I ts i~ui Id like’ t it st i c’ s ’. is I lie keen mitt in e’st t h e  t li_m t thu is ‘su it ui_ il ‘ut ‘sRI) ~1 es’t iuug in ight t lie’ a lilt’ I t s h’ui I ill
I’ortiigiuese hi .ite’ ,m h ss .i~ ‘. ‘.lmi Iss ii tt i r t ime opt-nm spaces , Inc mt s uu hj e’t’ t i te ’s autd h the ’ hope tim _ it st hie’ii son ie’tului to
t his’ ht tuig ,idv enturesus ltstur ne~ s . t e sm descending into the es ur cnuntrie’s so n se-ill I_ ike’ w it It s tin t h e  i’he. isau ites t
t it s  st e ries of t h e  iunkmuose it - Sever_ il cei ut ru ries ago there’ mttcm or ie’s of s- tsuu r hricf st_ it am ong ci ’ .
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The new AGARD Chairma n

In ihit.’ , s u Ui ’ .C i t t ’ i t s  iu ) eetm t i g iii I ish uin d ui r imi g Ss’pie’iui hei i

~ l.i’.t ‘ i s _ i t t Im e ’ ‘s( SRI ) \ ,ui uuuil .u l I)t ’h~’ga ic ’’. l) u i_irsl a pprutvs’d
- ti~ ‘is m u t u  .ite l_ ui mu . ut uusut t I m e’ prut pt ts_u I i i  _ i l 11 u u u t i  t ) r S I_ u \~

l t u ’ i  s~I .uss io thus ’ It _ u r r i _ uu i s h uip u I  \ ( S h’~I ) l u l l  t lie pe’ rm t t d
si t  iss 0 s ’_ i t ’ .  I he .ippesuustnient take’ . et te c!  at tIlt.’

— s u l u t s ’ l L i ’ . i u u t m  iii i t t 5 ’ ‘s pruf le I ‘I ‘ ‘I Ni )h! \ Is’u.’ lumu g, ‘.t his ’n h u e ’
ut u tg t t i u ug  ( hm ,mm rm um au u , Sb I i .ur:k I t iiur ’ .tut u u, stil l he ham lj ut m u !
uu ’ i  c i  I mu, remit ’ .  of u u h ’t iu , s’

1,

I )r ‘sI_ in ~1.Lot ehtcc

Sh.iui 511 t ’ t d _ i c s’ S t _ i s  ‘omi t  ui ‘s u lt e rershu rg , h l t t rm s hj ,  tin Se ptenther 4 , ~t) ,’Iu Shits rrI~ _ i t ’te r t his’ end ut i tIme Ko reaum
t ushl t lmdt his’ ‘.er’ is’d iii the IS  -‘sir I nrs’t’ fnsuii l’)~4 15t I ~~~

- 
~ l)r I tu ’ i eLmeu ,’ .utten ded ihs’ I rs m vc r sim\ tic Florida S ,autle ’.vjlle , Florida, receivin g a Bachelor oi ’ Seuct ice l)egree ui

( ‘ h m eiu t is tr s m m  I - .m \ I.usier u t  Sci e m m 5 ’e I )s ’g re’s’ in Organic (‘hs’uuistrs in I 0 
~ 2. and a h)octsi r sit ’ I’hmlosop h~ I)egree iii

( ) rg _ i mm uc ‘hs’ iiiisrrs i i i  I

I ’ll “ is rig ‘cr ’ . i5 ’s ’ i i i  liii. ’ ‘sir I’orce Dr t csvel’aee ’s c u lture prtit ’essuu snal career has beeui iii t, tsv e’rnt iieutt se rvice , for t h e

~ most turf at thi s ’ - ‘sir h o rce’ \ tj t e r i ,u t s L_ ihoratesr u ~‘s F\lL_ ), SVrigh r- I’ tmt ter s ouu -‘s ir I-ores ’ 13_its’ , I )_ is to ut , () hul t s . I h ere hue
in t i t m _ i lI~ did ss- e sr k in rite field s if hluorinie and polymer ehiemt iist I’) ’ , These efforts, sin fluorocarbon and inorganic
pols ite r’ .. e’s te mided t h e  tu ’ .e’m ul reit iperarure ran ge sts -er whukhi pols ut iers can he use’d ,

lii J_ iriuma r~ I ‘1t u4 . he hecaniie (‘h id ’ Scientist nI time -‘sir h s ur~c \ ta t s’rua ls Labor_i ron - In th is rote , lie ‘is surkesl to re_h is’
mIte putt enim ia l utl ’ s’e’r~ high-strengt h. ve ts Iigbmt ’St ’e ig htt fibres being eesnsohi datesl mi a itesv s’I.us’. iii’ tr i a ie ri uI ’ .  cal led
coinpcss mreS.

In u )~ ~~, he w as naiuied l)ires’tor of t hue -‘sir Force SI_ ut e ri _ its Iahorator~ , and in October I 0 7 ’  ~‘. ,i’. appointed I)m re ’et t sr
ssf Science arid technology for the ‘sir Force Systems (‘omnland at Iieadquarters ,Andresvs ‘s it Force Base, \tarv lauid,
In t h is role he provided technical guidance arid managem utent policy tis eleven - -Sir I-ore s’ Svt te t t is (‘ot iitt iau i d I .uhuur.i-
nt t r is ’ s , five [ , i_i js isn u (fl’tlces , and t h e  t’ eimuuian i d’s hmre peani Of f ice t t t  ‘serospaee Research.

hut ~‘se pie’ r t t hu.’r I ‘~‘ Z . lie’ hacante t h e  l5riticipal I)eputy tes t his’ ,- ‘css ist anit Sec rs ’ t_ i r~ cut ’ thus ’ Sir Force for Researc h amid
I)eveie sputi emu t , In this role , he _ids’ised and _ i’ .sistcsl thu s’ \ss mst aui t Secret_ in in his si irccm iou i t ul ’ ti le s ’ n t t j tC  - ‘sir I:oree
Research and I )evelopuuiehu t I’resgramuiue.

hr Sepreunher 1° ‘4 , Dr I usvela ce left t h e  l)eparr uttent esf I)ef ’euuse It’ becoutit ’ t Ime \s ’ .uicI, i ic Sd t iu intistr att s r ~ u t  t h e  N ‘cS S
Off ice of ’ - ‘se rusruauties and Space I’echnissltsgy, St rite ’ \ssou ,’uaie - ‘ssl ut i i m i is t ra t t sr  for .-tertsnlaui cs arid Space I’eehnolssg~
he ‘is .us rs” .put n’.uhte’ for the iuuauiageuiuent of the research programme that will provide th~ basic science and techhlsslogy
advance’ . c t i , i t ‘is ill he required for f’u mttu r e t u t i h i tar s arid cis ’ ih aircraft . and t hus ’ ‘is sic t it s to s’’sp ltiii ,und exp lore s pas ’s’

hum June I ~l ~~ ‘ . Dr I et ’ ie’ha~e was appoituted I)s’piit~ ‘ssi tni li istratt s r us1 N 55 ‘s hs Pres is hemi t I’ usrd -

It )
~~~~~
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.... and Director

(hi Fu R I” ‘~ - ss his’u i s  h s mt ” .s’ um t I )i rectoi  iii St SRI i.
lii R’ ’~s s ’ m t k, u:ku ,’uti , te’h mmid l luu ’ . h ie ’ . iii’. appssmut ii ieult aui d
m e ’ t t i rut ’ .  f i t  m lt s~ t “ t , ii hi_ i’ . iu s’c’ mf  t s ’,i ’fl iII ie’i lsIc’,I his th i c ’ ‘5
\~ mi t u mi ,m h I ~s’ hs ’s ’ . i Is’ s l!u’ .u us l t h u  this ’ ‘it s I  l’ s’ t i h Is ’tI I’~ 

S

‘s it i_ i5~, I3utuiIu ,u~:i s i  ihue I K I lie ap pu t l nmtmueu ui ‘is ~uumId lie
lo u .u pe’u iesd ~‘l th ins’s’ ss ’,ui’. 

I

~t r Jas,7k Burnham

l iii am i d edLL5 , u ied mu \ u rks hum re !‘s’ tors ’ j mu s ’ uu d uuug h !ru ’ .t ’I I t ul ’ is ’ us i is  - Jack Bi iuii l i _ iri: graslua tesi lu t t~ ~—l . t s ’s’c’i ’ iuuug .1
I).it lis’i~u m it t ‘ui, ii,’iiu, t,’ si u,’ut i u,’t,’ ‘is mit t  “ps’ ,’m _ i I IIt ,mitiu u’ . i t t  tm ia thue in at i i ,’ s h is ’ t t iu,’uu ~iumues I this ’ Rti~ a l - ‘surer _ ft h- s t_ ih l isht tne i ur ,
mmi i t i _ m hl’i ,m I I _ ir m l hts rt t uug h u , ltm t ’ ’ i imu g Its h3e’d to td  ui thus ’ u.’utd 5 ui u u s c  w i th ihie Se rods nanuie I:highm I e’i l ) I l s t ’ .ju it t .
Rs’ .u t iig ‘is i t hu R SI nimti h Lime h su it uu , lie ‘.I’es’uah ised Ii ‘ i ’ ,5u ik  lot airerah ’t ~Is mialul ic respesn’ ic and . in particular . tiut air-

u be lt_ is it t tur  slii r lug n igh t tI m u utu ig hi .mI t isss p hus’ r ic r um rhu lemucs ’ - a mu d ‘is a’ . respeiris ihle’ t u i u  I his’ could net 1’ I esshlahor ar is-c
n.m Is ‘is it ii the 1 ‘. in st t ‘a ui_ id .u I n~ uil\ lint tiught me.t ‘in rs’llis’u is of iii rhu Ic nec iii and .u rt’ tu mid severe thin uide rsi or iris antI in
ll ’ lL t : I . u u t l  ss ,mss ’ s’ s u m t t mt u ns

t u~ k I! iuiumhma ,ui tuit ik lilt a ptsst ‘ isu th th is ’  \ tmu uistrs eu I)~’I
’e’iis’e ru Londtun iii h o ’ s) ‘is th u res pe iiu ’ im hi luts h~sr pert ’ts r rna urce

~u s p d ’ s’ i s  1 t t  a uiti t u i l’ter u ui ai rer . mtt t hie u i Iulider s heset c u p ur i e mit . mnu ,’Iuidiitg lag liar jui u,l Il_ its K . In I ~“I hue beca m e an \ ssi sm ,u i l t
I) u u u ,’s’ i utr in the ’ I)ep ,Ir tluue uir cu t’ luishuts i r s ‘ isutbt  res pesns uls ih i is for rite pohies and hluuat ice 5 i f  cit-il research i tin ,um rt ’rauries
ari d .isIoruii,’ s ret u rn ing iu t this ’ ‘slinistrs of I)ef ’e u m e e it : I~ 

‘
~~ a’. I)mre u,’t uu r t s t ’ -Si r5’i.u t’t Research. hIs ’ took tip his t ’ is’’.’uitpu t st ,u’. I) ut s ’i,- u u ’r of Re’ .t’ iuri,-es ansI l’rtsg rzmu ti t uu e s , s’ li’ is’r imug ti m e’ ,ue risut ,uutj ea l ‘.s’s’ii ’t of ’ t his’ (‘K ‘sIj nmsi r ’i sit ’ Ds’f’s’rice

s’ ’ .s’ .i ri, Ii prog r_ m iii ri te ’ , m t i t lit’ ‘.p ri t ig esf 1° - 5
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Prospects for Propulsion and Energetics
by 

4

( , Wj mifcrI ’cle J

ilus hrzt ’J aistorieal rt ’i ’ieW outlines i/it ’ step-h r-X te ’p e~ilargeineiit in i/ i c scope of ’! he
Propu lsion and I;’nergcties Panel’s a( ’tim ’ii ie ’s or ’e ’r the ,i ’eatir: the desc ription oJ P/ iP’ s
fie lds of ’ actim ’itt ’ indicates c/c an t’ its resulting interdisc ’ipiinari ’ inm’oh’c’,neni anti its
interface ’s with other A G.-I RI) Panels, e.g., I-’!!?, I”!) !’ and SMI~ Based on an out/me
utf ti me ’ present status of f/m e propulsion technolog,;’. time ’ m ail: /) arf of the present aliom?
concentrate ’s on time major deu’elopme,ut trc’,mds and !) rohlemlus expected wit/m i,: ,/me ~at ’ro gas-turbine’ propulsion fIeld during i/u ’ nex t two decades ,

I”uture tremuda in ram/ ct and rocket pinp ulsiuun a,s ut-c / I ax in the Ju’hi - if energetic ’s .
tv/t h u is of eumcc ’rn to i/ i t ’  P!~P. are’ outlin ed , and a fiurt ’e ’as i give’i: oJ ’ fi itu rc I’ll ’!’
interests and it s sc ope oI ’ac ’tii ’it it ’s,

In coprelusion , i/ me ’ rut /c ’ u uJ /’/:P ipi flit ’ C u  u,itc~Vt cu/ future tec hnic al dei ’elopmne ’nt , its
ppmanner of ’ approach, and its proper relation to the demands of i/me .\‘ort lm I 11am: tie
,‘llliane’e are stated,

- HISTORY A N D  SCOPE OF WORK OF AGARD ’S muante ly, energy cesmuversi omi for space app lications ,
PROPULSION AN D ENERGETICS PANEL rangin g froni clieniical rockets , his mtiagne rolty dro-

d iiauutiCS , estt ’boarui power gemueration for satellites atitl
twenty-six years age) , in 1952 , rite ’ Propulsion amid electric propulsion systems fesr space ve h icles. It W_ iS in

I-ne’rgerics I’anel was founded as o ne ssf this ’ strigini’al I 9(s5 rh _ i this ’ panel adopted its presemmt nam e:
rec lumtical groem ps t t ” -‘st ;A RD. It started its hit ’e as t hus’ Prespuilsioru atid Lnergcrics Pauiel.
(‘ouiibustinrt Pautel , t hus signalling f lu_ it the main Anot her  shift etf euiiphi’5,sms escct urred in t h e  second hi_ ill
sc ien tific eutiphzusis at rh_ it time was on a very imuiportanr elf this ’ Sixties. Whereas up te l that t ime this ’ I’anue h h ash
but limi uite eh part of t h e  en ergy conversiomi progress iut t ieemt cetmi cer nied tet broaden atud itiuprove t h e  fund_ i-
aerospace propulsion systems , namely on combustion , nuenta l kneswledge needed as t h e  basis for adva n ced
by which chemiuically-hoitded energy tsf a fuel is released sysrem ius it became necessary to take in to account tilsuu
arid cesnverted into thermal energy. Several outstand ing the ntea r-te rrtt needs s u t ’ preupul sionu sysrenu is. So it was
publication s testify to rhose early days ’ activities. Even qeuite nat u ral  t h at the I’aneh wa~ cesn f’resnted sv if h ac res
before the end sit ’ the Fifties , however , t he scope of th is ’ gas-turbine propu lsion systems . th eir d esign . d evelop.

‘1 Panel had broadeited to include the cstm iversio n tif muient amid sperat iusn. A milestone markimig the’ hieginniumg
t hme r m ii a l energy intuu kinetic energyt consequemi ml y its oh’ h his development was the I 9~

’s(, spring meeting on (i_ is
~ rains’ was c hanged to (‘onuhustion and I’ropulsistn ht aniel, Furhit ies , at a n u t s ’  when the h i gh hy.pass ratio rurbet ’

I h igh u Machi numbe r pre)pulsion by ranijets ami d their forts were in t h eir formative stage. Since thcui , t he I’amiel
der ivatives , using suhsonic a nd smmper so muic ce u muth uu stie smi . hi_is devoted mosf elf its et ’forts to t h e  needs of ’ airc raf ’t
was the fucmj s of’ act iv i ty  at t h at Iiu ime , A nes rher field e t ’ arid missi le prespulsiout . in accordam uce wit h t he AGAR D
imuherest was added wit h the advent of mite space age . charter and rIte requests of the National l)elcgares.

- l) r It ’interfeld joi ned tim e insti tut f u r  l ’hernzodt ’nanmik iimm d I ‘crbrenimung of ’ f/ m e ’
i) eutsc/ u ’ L’ersuc ’h,canstalt für I.uJ ’tfàhni in / 957 / mam ’ing fin ished hi,c If fec ’/m a,mic ’a/

- l:iig imit ’c ’ning studies at time ’ ‘i cc / m u ire/u ’ I-loe ’hse/mule .‘lae hemi, i ’/u’re . lie was oim f/me
research staff ’ für time ’ e ’ni ’e ’xt iga tion of blade’ cooling. Is a re’,cearc’lz c ’Pigi?k’c ’r , lie

-—

~~~~~~~~~~~ cc  ,micemu trait ’s! lilt u ’o l f l /) ust ion problems , corn/l us h ir mode lling, flame ’ ,ctabili:a lit tim
amid mnass e’xehangc ’, In lVO 7, o r  lt ’inier f c/el teas appointed Fle’ad uuf ’ t/ ie ’ ( ‘omn/i us-
iii in amid I / ott ’ Sectio n in f/ i t ’  l,ms ti iui f u r  I.uf ’tstrahianirk ’be es/ui ’s ’ his rc ’seare ’/ m
act im ’ities eoi ’ t ’rcd time ’ complete fh ’/d uu f ’ flit ’ aero gas-turhi,re and rain/ c t propul
s mu ’ i m ;  in parti c ular , e ’onm/ ;us f or j ;nuble ’rnx , exh au st pollution witl smep c ’r .cumie ’ cu u uim hu s-

u’ion, in / ‘i,’i.5’ he rc’ee’ii ’ s ’ul his degre’e’ of /) o( ’t (ur-I: nginc ’(’r ant i sinc ’e / 9 T”-/ has been
air appointed /e ’e ’furer at time ’ l’t’e ’/ i ni, ce ’/me Iioc hse ’/ i m de .-l a e/ me , m. In I Q7,~’,l) r tt ’inter~e/ d became’ i/eat! of ’ i/ic’ In,ctiiut 1 hr l.uflcirah/am:tnic ’iic ’ iii f/ic ’ /)/-‘J ‘/./ ~

‘

allt! ix nots’ i/ u ’  / ) i r c ’u- ’cu r of ’ t /mi x Institute , u /m i t /i has /te ’e,m rc ’p iamiu ’d Ins ti tmit f u r
- hum frie ’bstt ’e ’/mj A - , I-ar/u ’ i/ne m ’ e ’ar . / ) r hI ’in/ c ’r fi ’/d eu’a,c appointed Pro fe,esor at tile ’ h’s ’hm,j se ’/u ’ I/oe/ i,ce ’/iii lc ’ .-Iae/n ’n.

I) r R ’in tm ’rJ ’e ’i; ! / oine ’ui f / I c ’ -I G,-I RI) i’ropulsiutim aims! Ene’rg e’tj e ’s I’a,iel j i m 11) 72. lie ’ tt’as elected l) epuit ’
(7,airmna,, in / 9 7,5 , anul he ’ 1w.’, ‘iu ’n’u ’/  as ( ‘imairmnwi of ’ the l~me ’1 sinc e 1977.
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I Its’ Istem I1tmI ~IutIu 5~’~~ie ’iii t u t  a im .ui n c t at t iii ,i m utissul e us .m assmst ~ ui s ’ e’ imi t Ime PIe Pa I ; Im i it mu .imie t (lie’ me ’s messu mm g l5 m~ t’s’\%
‘ m m ma t e m I amid ci u mm u P1~’ 

x su m ht s~- ‘,t e’ iii , t his’ sht ’%e hispu t te ’ Im t ci I m ‘, gi a t e’ I uml I s .i~- k u ii ~t’, leelgesh
cc hui~- hm \mul l  mmes ’tl’, mm ueune utile thm a mm thu _ i t of aim a im fu. im ne.  ~ PRESEN I sr-t i us (JI” EN(.lNI~ E(’HNOL()( YIt t - oumi h uuuie ’~ t iuiu i ij m m ie ’t it ;il kimetss ’ hes hge ’ I tut m um ‘,e ’ve ’m al hsasi~-
s l ls tm h s hum u s ’s aim d u, u ulm ’ , e’ m t ’ , t h t m ’ u lu te s tec lummes hogi e’s . emit ts hu ie ’hi le)4lJ~ ’% m mu mhit ~u mv enuglites aid’ tim e pme ue hu ct u u h  lus um

his ’ ele’’~mgm u .uumt l the ’’, e’lu u h t umte ’ nm t oh aim eu ig im me _ iuie t i t s  imt ms ’ g m a- d ec_ id es i t t  hs t eafh i f ak uim g sle’ve hii putus ’m im towar ds tut u
n uu tmu i umt ut mime ’ , mm m s ’ i _ i f ’t ‘,v s t s ’ m i m is isass’eh , I h i s  h s i uu s ’e’ss sra ndnt ig b5~’’~.~u i m m a i t ct’ dt ie i cl tm ulp acn mme ss whuis - hi us
I iuz t ) she ’ ti mmc ’s t Ime ’ smss ’~’ ill s ’ j~’ n lvi t ies cmi ’ Ph - I’ ;us we l l as s’Ste’uit h)hI h eel imuipressuveh y ht~ f lit’ s’omn parisuui t in Fignu m e ’ -~ I

mim e m u m m et t .ut ’ s es trIm t i um mueig hiiseturiiig Paumels , Our first ht s ’ t w eeu m a J ‘uu e mmgimt s. , widely used iii iii_iui ’u aim hu s u s ’e’s cu t
tt us t _m s k .m u e ’ t i  I hint ‘ci ui’s’ am me l f ci iuui put use ’ baSic’ k tiow- t his’ alit_ inc e , ami d mit itch ciii en guile’s, like ti me R hi I ~)~ ) iii iw

he’d ge .umt c h i t s  t u  t ii’ ,e’i t t h u i~ k mitt se he’d ge mum t us flue ’ tech mime t h u ~~ 
em it erm mt g Se’ usics ’ - I he hemig n hi u u t tIme mite uhe’ m mu cn m gm u s ’  is

ui~’’~l~’~h t t t i  e’m igi iue ’ d e ’~u gmu - I lets ’ ‘,te h ave i mm t e ’l t~I d t s  ue duie ’e’s h t im a ppn i ux tutmaf e ’lv lit) p~’m~’~’ mmt - l h i ius t . i u u- iu ijss -
i s u m u i sm i t _ i f l t  se im lu I 1)1’ am id S\I h1, Oum t h u d  fidel cmi r au ie ms es t i um i hmta ry e’ n m g umm s ’s h ij te ’ im is ’ ieass ’d hno uum ‘,~ h uis ’s
,u , u u s i t ~ - e’mm gu iue ’ .u i t u ,u iu i s ’  im i m s ’ g mamut t u m , is hm ig huh~ lmm te ’ i -  ,ibut u it -~ to  isie ’ss’ m m t l~ 7 to S I ig.4), amid , as t his’ ti guu me ’
t hm ~t m ls l i iu.mms , u u u s u u ls miig ,me , ummi CletSe y s’ t uu i t _ is’ t s ss i t h 11 ) 1 1 a m m s l shuu ws _i s im m mi hm i pi i ug me ’ss li_ is htet ’mi a~’hui ~’s~’~l te i t h m ci uuu m uuus ’ u ’
, i l s uu  st i thu I 511’ I lie ts pe’ mat ion m ah asIse’s- us i t t  e u ig mmu e ’s am - c’ s ia l e u m g imm s ’s , ss hum s - lu ahwa~ h ave’ ht iu t i l t t s ’ s l  I m u s u m u  this ’
i hu e ’ i , u umm nh i , uue ’,m , mum s’, h uu ~’ lm thus ’ Panel’s mas k is to e mmh m.m m i c e m s ’c’hu m m em luigic ’al devehiupm uit ’ mit cm i’ nmi hui , u iv  emigium es Sum hO le’
t hus’ e’ \ ~‘ ie~nm uge’ u u I ex p el Ic’ mIss ’s iset ts cetu euugim te ust’m s anti t Its’ si mut plc . st m a ugh t mui r h cijen ge t s c m mted thu s’ ‘,s’ s’mie’ imu t hue’
,hs ’ -, u s ’ u me’ is I mimahis e’ mue ’ nCet j c ’”, ilIu m h l h thu tle’ h s h ush ’ act ivity . hl It ie ’s if t s mi etw tIme ’ f t i r ls t th ’ami ss- im hu ht~ pass m a m los lip f i t

~ u ui i ~ s’ u i u s  h to t i m thu s ’ c’ mu e ’ m m ; c’ .u u m d mime aurs ’ a t m m m ~ c’tuter ~el I en ut ie t me ’ , w imi c ’ht se ts tIme stage . i’ig S) t hius isr iuigu uie
hi u um 

~~~ 
,ui he ’h ti lt ‘this ’ pmi s p m mf suu uiu act ~-~u us ’s , t ime’ s pe’cmhle ’ Fuel ce t u ms umu i pt t ut u e het wm m f i t  alties i f ’ a hs ut i m t

- 0,5 kg-slaN ,hi. at alt i tu d e cruise c’ott diiions, Wi t h  timeI - m g u u m s ’ ,‘ p muu s s t e ’s .u slu c tu t s u i t e ’S cit key we ird’ , - - -
- ‘ - large rur be ita ums fo r civil ,m ur c m alr  eist lmg 1st } s as s - m aimu ls iii

~- lm.ui. u~- i s ’miiuig mhic se~ lit -c a c t i v i t ies . I hut ’ t e mm i d a mmm e ’ mmtah ‘ - - - — 
- 

-
- - t hue o ul i’m usi 4 t ut i t alt mm niche c rutss’ spec t h e ’ i iie l s t  Imisl iui i~’km m u uss te ’st e’s’ tu t  hi s’ s’ u u uisis li’ iee l ma miges t u u t m u t  tluu ith slVui,utuuic ’~, - - -

- - ‘ t ic tum is e’t’s’ui letwet , ss ’ mr hm figure ’s ,u mo umt s l ( f m ’  ke’ sLu~”-’. li,t his u i i tu ’ slt u i , m iuius ” . c’ hme ’imii~t i t , utiah e ria l Piohiertis’s . str u m s ’ —- ‘ - () vem ah l pm e ’ss ume ’ t a t i t u s  ,mms ’ muu utt be’tws’s’im (1 ,t~:th ‘(I,su ms ’ s .uu us h t item flue’s’ hua mu nc al be ha y  noun to  u t_ m m tact tm rumig - -
- - , imi a xm u it limit t t i r himn m c’ m u lct te ’mii peu a t  l ime ’s m at e ’ i ise ’ mi well

ps’~’ m .u mud mu me_ iso mimi u~ t ccliii mdlues - I hue mcc ii riolesgucal - - - - - -  -
- - abcsve I h Ot) k fet r uuunl m t a m v  euug m mid ’s: to r cit- il s ’ mm g i ume’s.iue ’,i s’ i t umuhs i mi es a i m _ u l t u m s a l  pr uu s’s ’ei uue’s with ex peri mtie u ital ‘ — - -
- - hess’ t’uhtis’s are’ be’twe’e’ut I ~O() a muth I tsO() K - I hi mu s tcmi hi .u m si w a me ’ ci cv e’hetp uncut t s , suc h as pert eti u mm a lie’ s’ hiresh is’’ - - -

- - - - - - au gi tte u mfafi e i mt hsy at ts ’ rh uu imimig Imm s’ rs’ase’s t his’ t h u f ium mis tlut umi , u mm d st st s ’iiis ,ipp!ic: mtm ui mt  St tidies , elesignt phmnh issesp ittes , , 
‘ 

- 
- 

-

4 
- 

- - - - levels h v 5(1 - eli m ites m e - At time sau te U mite ’, t ims ’ss ’ ui ieselenmuc’ tu umu pcu m ieumt t e’c’hummuul e tg ies imi chu eh m u mg s iibst ’steium s , t e s r m mmg , ‘ , , _ , -
- euugtm ies ex iinhm f lair! v gesisc l opem at u m u g flex minIm t amid

i s’s humm i c j u i e ’s .tiicI pes ts -eu plauii c’cs ti t  res l - lu im egrat ion us , - 
- - - 

-
-

- - - miicc hm a m iuc ’a l s’ist i f igura tt etmu s h ave greswmi in immt s ’gri mv te sm u i si s’et mu c ’em tied st it hi pet t to ng togs’m item i tiler , gas . , - - ‘ -
- t his’ puui mtt iii cihle ratiesi l wtthte sur f_ th us’ feir m u_ u tge’m me’ra t u sm , t. m mm .mt te i nmet iihs ’ tsr pitspU Iso m ( preupel her tsr - -

- - h u m i d  u eel s of stress aimel t h ernial s’t’ s’hes - I hue price fesrm u t t t t u  I i hu u is t u u i m mmmmi g the prespulsiiiit sv s t s ’ um m _ i ui el se’s’ts ui d , - - - 
‘ - —- 

- ‘ t h ess ’ miii pm essi s -c per teu r i i t a m ic ’s’ levels is a si g nui t ic_ i mitss mf h mm i t e ’ty i .ut mm ie ’  t h i s  ss st eu iu unites tIme aim f u ,uu i t e auie i this ’ - - ‘ -
- 

‘ - 

‘ - increase tmu c’us uuu pfe x m rv as we’ll as this ’ advent et t muewt ligiu t 5’ e tu u t uus h ss sis’i ui , I lie’ tt ps’ i , i t tust i_ il aspe cts c’u ite ’i t his’ ‘ -- 
- - - - - - - preshleuit areas such as e her erm usr af ieui i , cle_ i ram uce _ iu tet.is’ s’uutm tp h is hi i u ie ’uif u u t  m u m uss iut mis Ie t r winch rime c’umgt its ’ is -

‘ - ‘ ‘ seattntg pres hlemius cur degraelat mesn i et I It tghm pressu is’ mu rh mimec hc ’s u c utecl . all this ’ re’hiahih it s aspects imms ’lueh iui g itcal t ii
- - - 

- - eft icm e,ictes . I hits mit t urui deittands mncreas mutglv ceum uup lexut mu ~ i m m cur  m u g. 
- 

uu u ,m mmmii ’ miait c’e’ 
- 

aume l c ut- c m hi_ itt! as tve’hl as mmt ~ clevele spt uueuu r analysis and rest preuccd ti res , s u m i itg s ’u ms e’ rs’ ice’ ‘then er it s t a t  mci mu; turn lie ruticire m lie esper ’_u f mesuma I - — - - — - -
- ‘ - - _ quaum I meat mclii amid c d t  mime _ i f mclii c r mt eria as ste ’ll as cus mm i p k’xsme lt’ ium c lucls’s ‘s_ i let t  aspect s lmke vu u hti c ra b i hm ry and hire - ‘ -

- ‘ - - _itl em s”,t~tIv mw.nm tteu uau ice concepts. I hits fif e’ ct ~ie s’css t ss.u t i it _ im t el last lint mu st least , Ii fe- cy c le  cos ts and related - -- 
- - - a me ’ t u e  reasi mt g, t ties ,

pi ushl ei mus . Iii the f i f t h  area , t his’ I’amme l uet’ iews thus ’ 
-

s’ iis’i u~s’ i Is ’S .ispec ms s’c tv e m intg fuels amid h u h r ie a mmt ~. ti meir 3. F UTURL ENGINE I)E~’ELOPMEN1’S i’RENI)S
sps’c m f ls ’ , im i u u i i s  , d im_ u t ies ami d availabili ty , aiu c r a t ’t feud 3. I Future Reqtiirenueiits
s ’, si s ’u m ms , as well as e imt ’ bsuar d (lusts e’i gemie ma t itsit tom air— l’ Iue’ ele’ve ’ lu tp mu t cumt t i emm e l t i f ’ f i i t u m n e  m u t ih m u a m s e mi guu tu ’s
i’m _ i t t  ‘t v s t s ’ iu is  hsy mmm s ’amts itt ’ ; m u ixuI ia u -

~- tsr e’ i u u e ’rgemicy c le’pc’micls m umaim ily ciii
pu ts’u’s’t iii its it a l t e r  is ’s a itch cu t lucm s’ ~.c it is ’ 51 s’t is’s ’s . rIte iii f t i  re mit iss j csu m re’q uiu e’ memut s st h i s  It h a t e  t us hc

It ‘ ., c h u t e ’ e- Ieam tim _ if a tes ’hi mt is ’al sti l ts ’S ciii s u c h a large’ cleduce’d f’resmuu tIme ’ expected miu i ! i ma rv f i mre ’at - amid
t ’ichc l st - mt imm i m ,i I i i u mmted i’ramt ie uuu um s m ima t i i i  ahI~’ mue ’gk’et curt thus ’ is ’st r au m i t s set by this ’ r ese tnu m c ’ e’s avai hahsle lest
sc ’t’s’i.il i i t t p ut i t . u u t t  _ id b) s’s’ t s.  It is thm e re f ’cuue ’ t t ui m i t a i t i  i m t t e ’ mm ’ p res cu reu nem ut ansI op etam ietu i ct l  a irh s et ru te we’a pttmt
iitii ut chit s l ist t hiusse ’ field s of propm mlsieiuu st- luc re’ mitajcsr syst enus.

ci e t c h t p t uis ’ u m t s is r p re ub he mit s svi l I iii hlue umes ’ t ccliii is’al h Its’ ha t ie  u pesim i h is c ut ’ grea t cents’s’ nut preseit fly. lime
progn e’ ss it t this ’ mis ’ xt t w o  t i m t h u  cc’ el ecasle s, hIts ’ survey ci ec’ reas imt g t hu amid _il me ’s esum reeSs h~t u pr esc ’n m m e’uu u eu u t _ iutt l
c utmm c ’s ’ u um m m i i ’s on nt nh i ta i v  prumpulsies n hs u m t t a kes  mmm t t t  espemahiomi esi ’ muu ihifarv eqt iipm uieuit st-ill c’es uitiimu c te l
,me’e’eluni h .ilset aspec f t  is I coin itiei s’ma ! engi us’s st t ic ’s’ f lie’ re’ e nut Phiasise’ t his’ iteeci l’es r ehesigm u .t ci -t ’ cu st amid Ic u r decreased
are c muss s’cor nehat io iis which have’ bs ’ne’ t’ici al e f f e c t s  ciii lit’s’ cycle cess t , l’htis will imiflue’iiu,’e engine els’sigmt ,ms sve hl
best hi sic k’s - V a n iotis utu et u tbe r s is i the Pteupulsies it a mi d as emugi its ’ emsage in air  f’or ces . amid alses m u _ u i I e ut at ic ’ c’ a mid
I- ns’rget is’S I’amieh as well as ceuhheagues t’reunu oh hu s ’ u es rga mum- esv er i m a u m I piuscee l Ui es - Feed .htack f ’ris mti rIte e’mu glu t s ’ m m set tos,itt t s its h ave tsr Its mdcel mute ’ 55 m m Ii stilt st aiim Ia I st a te ’ mite ut t s cmi g u s ’  d esigners mt us m st he’ i mu ) pre ss- ed i I cesu ut iiuuiiig
a it c h s t  t u tu  mu ie’t u t s  ciii hi t i m i e ’ pretspec’ is cu t ’ 111cm pim ls iesu i ; 1 mm ad vau tces iii level es f e’mi gi ti e cap_ u il it a me tes he’ m u _u t -

mim e ’ nml,,r , I k.m Se ’ t i t mute ’ itt iou I )m ‘s.  S’s e m m mue ’rst i i iii e s h ’ ma m e d  - I ‘ec’hm u ies lu sg ics wil t he ci es’s’Ieuped iii tIme ’ tie ’ su th u re’e’
S Ph , I )m J . 1 )uut liau u u u ut N( I I-  , Mt -‘s .Jae ’ kse u um i t t ’ Rolls tes hive seams ss’Iuicli st ill luri n g iuiip me sv e’uuuc ’mut s ss mt Ii u e’spe’c’t

Roses’ and It mgs’ mt menu r cii ( ‘Its’ I’ M - Itm i au kes oh’ ( ) N I R A , to uuuai iu mc m i ;tmu c’s’ c’nts t ~~. spars’ cuugi mis ’ cesmisui iii pt ion, c’ mt g m m ud ’
‘sIr ii,( u ispiti i t t  SI hIlt , I )r I I,( ;u wIt , I )r K ,hta niermt f ’cmmi e l am uc h de’h erie uraf io’m atid u mm u it ceum itb at reac h imt e ’ss - l ime’ uuuupi us’ , c’
I )u 1) 1 lenuuecke of 5 t h  I ; t h e i r  iusust vabmahule ’ ansI helpful meuum s e’otie’Crn t hree ,u me ’as cngiiue SI uum c tuuuc ’ im t c ’lucIimig
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;ilse i pn ui m ll i ’ ut’ a 1, im u s_ic i e’i attIc m ~clti~t mu lti mit mu m I named sm guua - espec mal ls t licsss ’ wil Ii st numige r 3 -I )—e h’f ’ccIs , like f _ u s .
lilies ceiitr it ’tugal cc umm upr e ’ssc trs and I l’~turhines. and hie,ie’t’

ceum u I rihute to Ii ultet re rehiab Is’ cuiginue design amid Ii’
; ~ Futur e Prmi~~c,,n, j i m Enpine and ( ouiupo uwm it reduced dev eh ctp uit e u im cuists ,

Irt ’hnu~
- I’- 2. 2 II igh- t e~inpt ’ru iur i ’ !eehnui!m ;gt’I lie’ cit S us ,ugeel u umipue m s e’ ul t e’i t t 5 lit JC I u t C itgtute des-elm ip -

mite ’ ml h ~lepeutd essus ’utt ij Il~ cult thur pue mgie’ss reauuice l ~n Pncmg ress cmi add  gas’tuurhinues tests -aids ht ighien t h urnu s t
c’mtuul Isut l) t ’t ml amid suhts~ttt ’uim it’s- huutu t ht igs lit ac’hues e’ t h ese per unit es h airilcuw- amid mmu upre ved fuel eceuuidsmy are
giujls , engine and cu tm u i h uct uueu t m ne’scarcl t luRch cIs’ss ’hci pmns ’u i l ccutt uiectecl wit h htigliem g~is temperatures and , hence ,
(su c ugiai ut s preseumiI~ umtc teu wj5 muie is m he cimnmuui ued cur deiuuand better high’teiuiperature nita erials and inuproved
estj h hmshmeel _ u c s tiu e t uutg hi s specille reqnuneulle u mts Suns’s’ cesediuig tec h niques. Althteuugh t h e  prospects cii ceuniveut-
liii ut ut l ut _ ins euigimtes t I le ’ hem m u r e speci l lcsi tmcumt s are utest vet tucutua l suuperalleuys are limited , now , some modest
kimcutt n pis ’ t i t e’ h s - t ime’ tes’huuuuc ’ah e~ wr tis e’ prits udec i by tu icreast ’ u t  (lie wetr king tem peratures Iappre ximately
thue’sc tech rtem lmigs pt cu ~ uat us% insIst he bu s_ id euttiugh les 31) 41) eleg.) en the lives cii turbine blades c_ u he
s ’ti s s ’ i this ’ w hole rautge cut rec l uun eu tte uu ms Iikcl~- tcu hses’cuiute expected l ncm uu m dtres’tmein a I stuhi ditlcatieunu cur by greuwi tmg
nc_ il - I he pucugu anus mne ust mntchn ude time ehe ut imumis t rat tc tn utl ’ I hetmu as single crystals (I - u~ , I 2 I,
.icts.mmiced ccsuut pi tnemut techi ncu lcugy as w e ll as the evalua- Sletal tem peratures cut appre uxuu tuamel y SI) 1 (X) cleg,
( O u t  of ,me lva ,mce ’th enguiue’ cums’epis its i~tt’_ iui5 cml ahose presen mo values are preumutised isv cnucect j c mmia tc ria ls ,
deuiiciut~t ij tc u r g_ is ’gene natcmr s like (‘Olac ( Fig, 13) . w here by a caref iulls ‘cct ntreslle d

h igeure ho ‘ ,iictwt lit ,mut examp le the .Selvaums ’c’el I nirhimu,- scs lielufl cat ucum i prcucess , lesnug mnteri iteta ll ic fibres of Itight
1 ngiiue (.as ( etuerat iur I 5 II (d I spc mnss urt’el its I s SI str eu gmhi art’ fo ruiueeh w itht iuu a ductile iuialmi’c , Futhcr
-Se rem Itmcu pulsuimn I aheu r a tc m r s , ss huic lt illu strates t h e  hu g h mt uu prcsv entem tts mit h ot-part lifet imes can he expected t t~

d egree c ul ’ imu s t rs unue mit lit i itut uuecess.ury I~t t data ccu llect ieum t time use oh ei~ idatitsii anti ccsrressicsn-prevent ing ceuatintgs .
in sus’h K ~ I) prdtg rauumu ttes , l’htis IlelcI of e’itgine amid If ’ applied wit h thicknesses jut the esrder oh ’ 0,2 0.4 Ruin
cut utipi umiet it t s ’c hmuolcugy will re’miuain itne cuf I~h It’ s u t_ u t t hese protective layers ot ’fer considerable pe tent ial
sto ikung areas , st-here time htand wi ll euthiance pretgre’ss ~ 

for lcuwer ing int’l_il memuiperut ures , because the~
- alses

st mut tu laiung chiscussicun and exchange’ isl ex perience amid act as t h erm al harriers, l’hese preuspects are s- emy
resu lt s , as mi  th us’ past - In t h e  h’cu lleuw iuug Sect icutus , scutne uun pcurma nt nest csuily fcs r t nur b ines hut aIscs for ctim iuhe mstcur
ar eas will he hightligltted where major preugress can he litters , particularly iii view esh ’ alternative fuels,
expected antI w here the Ph- P’s future w- csr k will he In tIme t a m futu re , we uuuav ev etutem ally use ceramumic
feucussecl - mutat e r i_ ik . like siliceutt till ride or carbide , which camu he

c’s pcssech teu gas teuu tp e ram smres tuf I (uSO K without preutec’
-~ 
‘. / - h in, Ii! m’?ImIP?iIe ’ s it j un/i, i,Hth’hlm’X tis-e ccutiling. Imi th u_it field , research amid sleveles pnuemum

Sis mtcs r guuals (‘or t he develetptusent cii’ advanced timrht u’ work aimuuiuig at vehicu lar gas Im,rl,incs li_is ach ieved
uuusmchuiuies are , hirst ls - te s s’c k imucreased eh’fic icutcv amid ctunsiclet, ihle presgress ; fesr exam ple. restcs rs It_ ire h,een
st ,ugc loaclunig. itt circ ler tc s d ecrease this ’ uunuui ther cuf stage’s Sputi suc’cess f’u(Iy for 25 heturs tsr insure am Ieu uuperatumres
htsr a given presstmr e mat i cs , ami d, ses ’c iuu cIl~- , Its establish u I  appruuxii iuately 1 5(X) K, Once this’ emigimuc’ designer

mm utprcuved design methesds jut circler Ics red uce this ’ elevelcsp- has learned hesw to live with t h e  unfavcsturable presperties
mut ent risk , asstscizute d wit h the still w- ieIelv’used cu~ arid- cut ’ ceramit ics and desi gn rules for brittle nuamer ials li_ it’s’
Irs t isethiuds, Apart I’reu m ut li m ited prcsgress tc uw lmre ls bceuu developed . omit’ camu expect t hese m aterials te l be
h ig her  tip speeds . imicreased stage loading wit hte si nt applied also in aereu eui~ nes , at least fe)r static auid
ccsnnprmsnuising e’h’hicis’uicv cur wms rkiutg range st-ill beuueii t lightly-loaded parts ,
frcunu tte’w blad e preutllc designs, like thus ’ s u-cahled Super As Icing as utuetallic muuater ials are used at elevated
cu utu cal blades for c umpressors, where Ietsses s ’_ it i 

~ temperatures mi t h e hot secticsut ot ’ gas mtirh imtes . blad e’redu ced is~ sltcsck-h ’rce dece lerat iesn dun the blade sucticin ceseslinug lu_ is to he applied auud needs iuuipresvenucuit , II’side , I esw-aspect- rat ies hladung in cesflj tltic licsuu with the atithitiesus gctals discu ssed aheuve _ i u s ’  Its Its’ reali,ecl .
advanced nuuanut~icm uriusg mechniques show promise c f  l’hue ~‘uirrcnt tllnui cotthirmg tet-lnni qus’ hIlt s Icu be eie’veltuitcshsuhil mtm cs n ces ntr cs l for fan blades, such that eventually its higher ef l’ectivetuess amte I te l lower Ilciw ieisset, lii this ’
it still he peussmtsle _ hcspe fuully, Its dispense wit h muuiel’spaiu t iutuure it will he supplemnenuted by tra muspir s mti esn cciohiuig
elimutipers . st-Imichi sti ll cause considerable lessses tcssl ay , tcchtiuiques . and uuew appresachtes liks’ precesoling this ’

Feur csucs leel higlt-pressuure turbines it is essential that tiurhine ceseshing air unay help Its brimug alse utu t furt her
aercuciyu iamnis’ losses are ditninislied by careful cont resl cii’ presgress,
s’cu isling amr aduu iuss utsn amid secondary hlesws , lnipresve.
muuents in elesigut techniques c_ itt he expected front 3,2.3 - ‘le!u’auc’e’d Matenial,s, Ma,,uJ~zewriug ant/ 1) t ’x ig uu
acIs-anced ntunue’rical calculatituni technique’s (for examp le. I’et ’Im nüjut ’s
bI,m~1e prcst lles clmut he d esigned acccsrdimig Its demand froun Mud s presgress teuwarel s lighter , nuesre ccut uipact amid
givemu tsptuutmi ied pressure distributions , as is flue case fesr flours’ reliable acres etu~ nes czm uu be’ expected h’rcsm ut t his’
t hus’ abu ts e-mnenticsneel stupercrit mcaI airfoils), adopliesn of aehvauiccul mutateria ls, nuuauuufactn irim ig ami d

New diagnostic teles Is like Iaser4)esppler or laser- design Iechmuiques. I)ue to t lteir gescscl si rem ugt lt/ cleuusit y
I w - o- Fcuc us velcss’mnuetry priuvide experitiiental insigh t characteris ics . cemtui~~usi tes Siic’lt as hse urt uim hlhie’

mu tes h’huw priucesse s in rest csrs . ht ihhcr tes cssmnplemely aluuuuiniuutui or carhoti llhre epoxy utta te ’rials lurt’ vs’ i v
umuacc essib le , Results of mhul s type , as shcswmi in Figure II , prcsnh isiutg b r  further reductiomi Ru em ugimt c sveighut - Ihie
pri mv umle’ an excellent basis for the dcve lcspnuenm oh’ muse’ oh mIte latter m aterial will however he rest r icmcsl iii
ph ysic_ il utuite hels cu mu wh ich thu ree-e limuue’uusicsnal (low- t h e  mte ’ar future, let static parts like casings tsr muacel le’
c’ si Ic nil_ it lout islet hctclt c_ i It lIe’ clesigmuesh - (‘hess’ inch b uds str u m s ’ lii ic ’s anti nu tue Ii remnaimis let l~s’ helm ruut he litre’ it c c ituldi
sc ull gte_ it lv eiuiuauuce the d esign eul’ I tmr hcu iu iachuiu ues . he used itt restating parts - 

lt cssvder t useta llnm rgv cii t ii lltiltiuii
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_ iuid lugh-te’m npei-_i uure snmperaileuys in cttnnecti e itu with cotnpact eiigiuues demantd innprovenuents itt fuel-air
mutau mumf ac tu nir ig tec lmniques like hot  ise mstat ic pressing will n u ix memre prep aranc )rt Wit hiout , Imemwe ver , enu hauicing
alless .. ec u mmupre si c i r and turbine discs ut he made to near- c’ccu itb USf ~iifl instabi lities . lit particu lar , w hen alternative
net shape w hich c_ itt withstand higher rotatieniah speeds fuels are used. there again, liner cemeiliu mg will riced
amid at the samuue timuue pucimise better fatigue helmav ieuur as improveuiuem uts .
well as hettei uiilisatiesn of these expens ive nutateria ls.
I bough part ialis iii use presently, advanced u i_ m u _ ic- 3.2.~ Pout er Plant (~mtrol
lu r i n g tech niques lnke duffeusteums hssndmg, laser heamn Ilydrcumectuauuicah ct,ntrol systenus of aerc m enginestee lduumg , ej ec tr e mi m tie_ ins drillitug cci  e lect rctchu ,’itum ca h are being gradua lly replaced by electre unuic ct sntre lntachuttniug wn ll, mis t his’ future , _iihitw produictieu mi of mu te u re devices , and many nnodern military engitles are alreadysetp htus u mc .mm cd slr nic iurs ’s , w hm mcl m will c tc nu t ribute tet equipped w ith analesg systems. llcswever , the future willimprcsved perfetrmance du l t ime engunue. and to reduced belting t e l digital control systems , iii particu lar whenunanulac tur mn mg c t us ts . increased numbers of control mesdes are involved . Small

A ds_ iuucs ’s m u m design tec h niques arc etn i thus’ way w h ich and light-weight ccnnpumters will be available very soon. -

w il l alhuist- ~i better t tte rmm mal uu ma tchuii ug usf static amid which are programnuable and thus can he standardized
r t im ,uiung p_ iris , duuruum g t r -.mmuste nts . fiti s ’xa untple by active for use with several ~rsspuIsion systems , They will he
c hezm rauic e cem nt rssl w i th  cesnipenu saling casings cur by using able itS handle also the itilet ceunirol , t hus closely
ahr’adahle sealing materials. They are’ base d curt iuuupreus-c- in_itching inlet and engin e airflow , ami d their integration
menu in ncsn~iestr umctive t es t unmg tec h umm i qucs like X’ray inlet a tliglmt contrem l sysie uu m cut ’ an aircraft is a question
unspecl iuuru cut ’ engines . se- hichi _ille tW clear am uec ushservatiet nu es f time . depeniding largely cm this ’ deve ie pnuent e uf fligh t
during engine cuperationu , as it is illustrated by Figure 14. cetn t rcm l systenu strategies. h ost-es-er , the non-availabi lity
Other tec hniques. such .s pertornunce unesn uuteiring pro- of stuitahls’ sensors poses serious preiblemuis fsr  thus ’ use of
cedures h’uii registering fatigu e I mf c co nsu uuupt iemmi . and digit_ i) ce unt rcu hs systems, presently, Also , csmmnpletei y
improved nn-sitem mnispectiesn procedures wi ll increase satisfactory sa t ’ety strategies must he evolved ,
engine reliability amid provide ccmst -savims gs imi t hus’ un_ in-
tenancc and sver htaul Ses ’ io m - 3,3 Integration into Airfram e

l’he niost iuutportant area eu integration ct )ncerns the
engine inlet , because mismatching between engine and‘4 ( t p /,~~ç,~~~ and .-l~~t’rhurners 
inle t can cause considerable addit iesnal drag as well as

Rising ctsnuhuusto r exit tem perature s . the envisaged use serious operationa l prith iemuts due tet engine seurge or
cut alterumaums - s’ t’eue ls wi t h  Immghei (‘‘I l—ratuos . thus ’ require- blade vihrat iomis , l’lis’rs ’fo re, althcsenghu intakes netrnizml lv
uiis ’f lt hiT set t cm-t ’ree cesmhust ieun as well as for low ex haus t  fall iuute i t h e  respesmssibiI it~- of ’ the aircraft designucr. this ’pct llutant eutuussuon fur civil engine conihustors dellne the engin e dcsigtscr is interested imu -a h igh ly eh’flcieuut integra .
fr_ inns’ of dcvelopnuerut problems to he encesunme’red wit h iici nu tuf this ’ emugine , thus ’ m ulct amid this’ aur t ’ram uue , lt rstgucuss
advanced combustors, Hesides causing difficulties with c_m i he’ s’xpccmed ti etn i a h s ’ t ts ’u optimuisatisuts of inlets for
generating sdmutahle exit mcniperature d mstrn hem t uc in us . this ’ se i hs ct nti c and tu _ in su t nt i c speeds . -\nc st huer bemuef i t could
rm sm ui g gas teuusperatu res uuulluence mainly limier cuemling. ct t iuie frc cut, cs unt ht im ui mu g this ’ ct mn tro l t~

)’ variab le inlets w ithmt here , umprcsve d amid nuore ef fective cooling metheuds are engine ccsn m res l , w h i c h w ill he nut_ ide’ p tssi hle’ by advanm ccd
muceded teuge t her with better liner muuateriahs. e.g.. oxide digital ceintriul ss steu l is . Fu rt h m e rm u t c urc . t h ere are press .
dmspersucsn strenghemued materials. umu order to ensure pects t hat , cu ts ’s ’ s ’nmrrs’uit research e f fo r ts  dtt i this ’ statistical
adeqsua te liner life , This pri uh l emmu st-ill hecotne even tsuore 

~rutpertiec t u f ehymu_i unic a lly distes~t ee1 inlet h eist ’s are
serui uus with the use sf this ’ alternative fuels which show success fully completed , the u eed few elaborate i;tIet
higher soot formatitsn than w mth convent itsuial fuels, A testing wit h expensive real-t inne highm-resp tsnse miueasti r~tugseu lutm us rm nuay be expected fr suui the development of an tec hniques we suu ld he rs’duced considerably - Thus, there
adequate control of the combust ieun process (by using, is hope for ~cssi reductions in inlet design and testing ,len example , more homogeneous fuel-lean nuixtures with Improved muuan ueuverahllity during air-to-air combat at
prevaporisatiern or staged combustion , as required for high seuhsonic speeds deunands wide iuicidence rausges elf’
l ow-pollutant combustors in civil engines), This’ develop- operation for intakes: thterefesrs’ u~uore experiment-alment has to be guided such that burner systems with researc h has Its be desuu e cu m u huigh-incideusce , sust l lips.-adequate multi-fuel capability can he built. Th is w hich may eventually need t he use tit’ variab le gecsuuie tr~approach, however , will call for improved ignition lips cur boundary layer ce ntrol. Similar requirements
devices , capab le of reliably celighting combustors with exist for t hus’ integratit umi into t h e  airframe esf the noii,le.
leuw-volat ility fuels in the whole flight envelope. Here , futriher progress can he expected fresm uu thie develeip-
At hough much expermenuce has been accumulated tip to ment of improved ctsnvergent-divergent nozzles withnesw , cetmhustor development still contains a great deal sh ort length. In particular . for the reduction vu-I base -
of experimental cut.and.try work , contribut ing (ci drag by accurate nozzle integrat icsn fetr twint’enginteeh aur-uncreased c’euti , because many testing hours have to he planes t h e solu tions presently available arc still
spent at high-pressure/high-temperatu re ctsndit iesns. inadequate , amid muiuch inure attention and work shouldIniprovemerns can he expected in this h eld Irons he devoted to this h ighly ituportanu problem. Futu reresearch wesrk tin analytica l couuuhustor models. This requiremuients for innprcived high-amugle-of-attack fligh t
w ill enable computational trade.o ffs prior to testing SO capabilities will eventually be met by t h rust -vectoring
providing guidelines to the comnhusticun engineer, who, nozzles,
by this means, will he able to design more rigesresus
test ing preugran uusues. Turning tes afterburners, very 4 ENERGETICS
similar pRihlents hiave to he solved. Increased combus- 4. 1 Fnuture Svia(iouu Futels

• t ict f l  efficiency and tower setot.ft irtuiatiesn levels at
reduced afterb u rner lengt h for the sake euf m ore Temn uimug to eusergetics , t h e uflesst imui p isr lamut amid s-i t_ il
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pueth lemu st - hu is ’ ht we  h ave ’ tt i address u’ . t hus’ Ius’l Pmc mhik ’tui. e lectric Cs! hyet rauli ~’ } ic t t ts ’ r  . . \ su itabl e’ c a mme l ueh , i m e u~ th ie ’
%Iudd le distillate hmvd re mc a rho mu t’eueb .uue uue_ ir ly iels’_ i!l~ ‘ i i t_ ihl  gas turbine w h ich c _ mm he quickly s t ar t e d amid rumum
‘,tuiu ed tor avi _ iti eum u pumrpe ts es . deus’ tet t imeir fas’cu u mra h le up st it hm t txy g eu u het ’tt re being sw itch ed Its air as tux ida nut ,
Is res pe rtmes I hseat ce sm utenu t . de uusuts , ste urah m Iut~ etc I. Figure 1 7 sl t eust- s suc h a s~ ste in wh ich  is mott ler s t u d yI heist -es- er , as i’~ well kneuw-mi and ulh uu str at ed h~ l-m gture I 5 . 

~~~ t he t S. \ m u h:t5uce ~ Ae rct Preupuu lsiomu [,ahes r_ iteury Onteu sta ret s this’ end ctt ’ tiso~ century we st-ill he faced wuth a t he gresunud , it c_ mi he used a-, a nmeur mna l A I’ (T , u sin g aim
~s ’ r i t tc is gap betst ee uu thus ’ s me_ id i ls rising elem imamud for t’ct r thi s’ cttm uuh e isti etu s cut keres se iue Anest huer at ter t uat ive
h)elneicarh eumu pr iu elu us ’ms ami d the clec hiumm nig crude eHI is this ’ use , in ant eniergencv gas turhimie . of a ~s’ It-suuppl~ - -~s .is ma t i t imi cesnsunies ctuul ~ a limited a m u me uu umit t if decesmuupeusing utueuncm tue l, suds as hivdrauine-hase d fuelthe test _ il stunt of It~ hi t t ~ ,iiheui m products . heIst-ecu Is - cur mutt retus t xue le \ .0, w- hu ic bm deces muipesses te t  t ixvge u im ut t ee ami d .upprc tx imuua te1~ 0 1(1 iii t h e  Niutetie s. this gap t Im_ it cant he hsurm ut wi th ke ritsemus ’ , umsimmg this ’ remuiai uuinguutc ,uu is decreasing as -aul _ ihi hum~ - imucreas ung c tm iupet u i it t i i  ut itre tgs ’n as diluta mi t - OIlier peussibi h itis ’s are euffered byt ut i u u tot hier users , like l)ieselengtmies ,and hence increasing emiiergem ucy batter ies . wh ich are capable etf three tes fiveF u rmce ’~ It us t h uc ret e sre vmm a l t ’isr .me u, mti etm i Its sec u re aim mtuu t iut es of operation after an electret i tic liqu id isads ’qtu .ume ius’ h suip p l~ am reasesmia b le prices . m um part ucu har imuje cted. 1hese examp les uiiav sl mtt w t h a t  timer s ’ is am umple

cu r mite . m m mht t mc es . I C t t t  st.i~ s st- ill he f’es lhtt sts ’e l , space still left fiur muew ideas m u  thus’ deve lcspmuuent of
Ihe tlrst w-a~ us Its tu icre_ ise fuue l av_ iil a huh m m~ Is~ advaniced csm u ’ hcua rd power svs t euu us . which can uuseet

se udemm umi g this ’ prs’ss’iit lv rati mer ut_ irre iw spec if ica lietmms mc i f’utuure pcmw c r dem uu_ inds. 1)1:1) wi ll, in this ’ feuture, h ave Its
cc hu m c hm au .me mamuc u nu fue l it_ is to he presel uced . -‘u pretpess a h pay attemutiesm i Its t h i s  h eld w h ic h  is set s i t_ i l  for mIte safe
to n t i t u s  us sheuwnu iii Figure h u . If excessive huydr esgemu a- operation tt I umuesderm u um u i l imars aircraft .
m mon us teu he as’emids’d . thus ’ l’ues i hing ramuge amid this ’ are t m u matic

MISSILE PROPULSIONc t u mt te ’nm iu.u s let  he imucre_ ised abeuve present valets ’s (Jet A I.
gut mug ruse Its cis mhums misr pre ih lem ums . like increased limier ~uhissi Ie prespulsitmn . iuucl umdim ug rc uc ket muiettor s . ramlu~
ts ’ mtu ps ’ ratuies . iuucreasecl soot h’oruuuation , increase d rt uc ket s anti ram ’njets . are c u t thus ’ greatest im um peur tanuce feur
pi u llu utam tt prcsduic tiont etc. f lue secesnd ct-as et-huichi hi_ us this ’ arm iuee l fesr ces of thus ’ All iamic e Recemut years ’ progress
ii i he femll ets t-ed is the searcit for aIls’ rnam is-e fuels, made iii this ’ fid el cut ’ target _ icq umisit ieumu , hm esu uui tug amid gu idance
i runs till shijhc’. tar sand or I’rom cesah iietsmefactiui u techniq umes h ave led let _inshitious concepts h’or avlsauiced
pr c t dt uc is . .-~sj uIa bhs’ resu lts e tf ’ researc h work imi this missiles , this ’ rs ’a lisa ti es ul isf wh ic h , hiesweveu . uiecels

~h ure cti emuu chose thu _ it t hes e raw materials al lessv this ’ cesm uipara ble pr ugress imi missile propuuisiesn tech inesleugy ,
prtsc hu u ct ic u mu of adequate aviatt eun I’uuc ls. I heist-ever , uuiau uy l’Iueret ’emre . ni_ itt gesa ls esf mtues dern uutiss ilc presp ulsies n
putshkms re muta in te t be solved hefes re the use c i f ’ al ts ’ rm u_ i’ Jeve leupunents are
miss ’  tuck hs’ceuus ues ct~umluluesmi practice. ~luuchu st- turk uis’cels thus ’ iunprtus-euu us’ruts c u t ’ fu els withi respect te s perf ’tur ’
i c u he dismu s ’ tin s’mus’rgy’efhlciem it pre ie leuc hic muu of ’ tuew m u _mice , density anud detectabi lity e tf t his’ ex huau ms i
hus~ctreucaube s mu tuc’ts , t ie methods cml ’ how to o\CTs ~tin\e the gas trails .
Jet r m miucuu t ~i c I t ’s’c- i ’~ cut ’ cem u ls huust iomi c t t  these f’uue ls in utew this ’ iumcrease of ’ he hlexihilit v c i t  thi s ’ pres puulsiesm u
,Ic’li ’ e m ugm iu cs . t iul m h emr c’c t u t t patu h ihm mv et ut hu s’’, is tm ui g  eq u ip— s~ si s’uuis by thirtist co mutres l . t hu re m s m t e ru ni mia t iesm u amid
ut iemit bu t t ii ~m m r c , t t u  .u mm et e’ uuu ~m uus ’ c , w h ich are likely tc u he itt re—i gmuit iou capability.
se’ rs i~c’ uui tul thu s ’ c u d  ii f this ’ cci tt ii rv cur lesuiger tin intuIt i- t hue imuc re ase of ’ fuel s’t’flc iem uc b~ thus ’ cuss ’ c ut ’ raumu—
hL us ’ l c.I l\ul i m l it \ it t  c’ciillhuuit curs , st lmj chi st- ill be required feur lets amid ra utu . rtscket s .
.i cs ’ rt au im h u t s ’  ps ’ umc uel - where fume ls mache’ Its &shcl and tt~ For Sci hic h rockets and rain-rockets h’uieis with uuuet -.tlhicusew specmiica ttt um us ss ill he cit usc at this ’ sauute timu is’ - It iS addit ives are micsst- avai l_ihile st-h t ichu h ave h ig h demusit is’s
tills’ t ’t ’ thus ’ h~ - h i s f u t u r e  priutic eu b t ectu cs ’ s  i t t  st iut it i late am id h igh Sps ’c’ihlc’ iilt pum hss ’S im u this ’ circler cif ’ ~

S 2~ i) sec.ihic ’se’ ,i~~it5  ii is’s ciii ni ,mlh i.m ui cs ’-se ids’ basis . ,Is st- ill be desmi c’ I leusves’er . a fu r t h e r  imucrease oh’ t h es e  figuirs’s cviii be
iii part uc uu l_ u r b~ tuu ur new Weurkim ug Grcuup Oh , ’ till rathuer limited. Out thus ’ either h and - this ’ chs ’ ts ’s ’t abihi t ’.\l termmatis s’ Jet h- u lemnes F ue ls . cii exhauust trails tuf solid fuuel rockets hi_ is hs’s’mi ce-iuusieler-

ably decrease d -iv comuu hiuuations ot’ this ’ c lassical eletu ible-
t’sase and composite propehlains . as well as by the us e esf4 2  On-Hoard Power Generati omu -uuut ram iuumues as euxida mits . 1 here fu rth er progress c_ mi be

\ he ueherm i uuu m httar v ,mmm crat ’t ree lmuir e z m uix u hua r~ power m u  ex~~ctecI in tIme fut ure. \ Is ’thte sds for thtnmst ce sm ut Its l lu_ is’s’
t hus’ t r dcr ill’ I 50 k~t cc u u t t in uue suus h~ amud 250 kW t’or short been ftuum mud , peruuuitting _ ilSeu teruuuinaticun and re—ignitiout
ps’ruods h u e  tremu d lost are ls uuu’s re ses p htist icatec l of ’ cem m iub ums t ie- imu . t hutus increasiutg thus ’ hls’xihihit y c ut ’ sesliti

• - elect resmi ics amid steap ism i s~ stemu t s w ill s’vs’uituually cauuse roc ket uuiote irs .
t his ’se h iguures i tt  rise evemu uut t u~s’. Th is cant ss’riouusl
cesm uupreuu uu ise emugiuue perfe urunamuce . particut lartv u n d e r Iii t his’ past . liquid .f ’ueh rcucket nioteurs St~scs~l in this’
hmig hm - .iht m u ti de ci u mue h it ic um us . if I hue auux ihiarv pens-er ~ 

shiael ow of ’ suiccesst’uuh solid ‘u t~’ket ilie t til c~ esehc t p l u ls ’ m ut
ext ra ct eel t’res uti t hus’ euugiuie s huat ’t s . as is thus ’ case at t h i s  is cc iv regrettable . becau se d u e  l e t  its It ighu pest cut i_ il
p us ’ semi m there litre, it us ~h s’si rah he t cu have .me aihah le amu for  th u ru st s ’t su t m reul . and huemuce una iuess’tis ’s ’ rab ilm i - t hus’ .m m c ’
um ue te’pemteh euu I cmi t imiueuusly - n u t  nmmt g pent -s ’r stupp ly . t hus’ s- c u sc- elI suit Ccl . itt part icuu ham , I or simm foce- t es ’a tr -uui ussi ls ’ s

hlowcvs’r , ntcanwhs ilc mmmcli progress h.us beeti achiie~s’eiis i t t  puut it t  st-htuchu du es nest d egrad e cc uthi umucu eaSing 
es- it hi respect Its t h eir hi amte h liuug e~ uia h im c’s am id iuu its uuucudc ’u mu.m liii ti d e . I h uts elem itamu e l is a ce musiel s’rab he cli allemu ge (or

t h e’ c hevs ’ liuputueuu t cut su it able peuw em s~ stem ius b.mce’ct eit h er “prepackech’’ shuape thu s ’ lmquiel-f ’us’l reucket muit tc - ir c;iul be
bau d heel as easily as a se- ihi e l -r cs cks ’ t ulue s te u r.  h_ut tune‘it g,i s tu rh ins’s uur e u mi c it It er pnimu c m pIes Ecu rt huerm uue ur e . t Ime

Ice ’ t u  I .tc t i e  e’ cts nm ru- il t s ’ c h mu u iq lie’s imu ct t muu ri- i h—comi fl guu reel presgress ct- ill resuu h t f’res uii C i t  t i m is t eusc are ls iuuupriss -ee l I ht ruus t
ce u mut res h amid rs’dh uuceeh ct ~~ 5 -s- ch id es ~(( ‘V I needs amu unuiuitenruptcel power sutpph~- .

in p_u rt mcmi I.i i tnt c uss’ ~s I’ a t m  m lii rc’ t .imt emu g umu s’ t i  r the’ I or m issiles se it hi hi igher - ra mugs ’ req cu rs’ mu te’ mit s m um -

nm ~uluar ~’ pose el c ’u sic ’ it. I his rcelu irs ’s c’uiie ru~e Iic \ puusc’er b reat hu imig prc spuul sics mu ~ Si s’uuus are gau l t u g  mi te ’t e’.iSili g
i i  miii s - sc hi cli c.uu t miii mss ’ c lie’ ,mt c lv preuvueh e t h i s ’  ilccc ’ss. mr\ iumt pesrt utce - Vt luCr e_ uS fe u r  stmhsoi ut~’ -.smid tow cut pet st ’nic
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~t ci tsc  t mu i ss i ie ’s t o t  l . tuue tauu ge le tce ’ce sm l i m mu it e c h ’ I I IL tu m h t u ’  iuia c hm iu tes are presently ex pa nud uuug thue uu f ields mmui Im i ar ~
c is _ u m u d , t u ~ ’ t _ m m t s  are he’st suite d , r.uuuu ld ’us _iuid r .uu tu - a 1 s p l ica i t t tm m outside this ’ aerct s paee fleld I h e y  p sc d’r

m i t c ke ts ~ui d us ’uc d t t t s ’ kc is  are thus ’ pr umu ue camu d udate ’s I t  uuu_imu ’~ sit ups ui thse -\IIt:c m tcc ’s n_uvies , amid there is a
sum pe r cet m ui c hligh m m s s ’ l t te i t t s’s amid uui s ’ d ui um i m uau tgc .  Ilothi lumuire prt ispcc m hun t h e m  cisc iii hau ls’ tanks . t t ’ o  I hey
huq ti ud I cud au di sit lid (cue I n_ u mit ic ts  ar e umi cuss ’ t in ci muds ’ r In Ft lien utict it’ are cx pa mu d umug t hu ci r sit arc m um 
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~lec e ’lct pmtis ’ui t i t  mime a u r-h i c , iu iut i ts ’  tl ig t u i piua t -tn g cn e ra m i t tm u _imid cu th ser umi dctstit ul applicaucuiss . It scents
cx _ uuuip le t t r  the la t ter  t~ pe is time e uug u m me I ’ m  a I S lc gtcal te l mite m bmat h’I P shiu uuilel tu t u t’iu rget this ’ sps’e’ t t t t .

- tds ,mru cc il Smrategi c Au r-1~m emmu c hueel %lis’ui lu,’ I AS \ It t ) ,  uueedh s t u t ’ t h ese ui utuu ’aer cis pacc applicatietm is . in order t e t

shuict ru itt I igmm rs ’ I ~ tint a iuig hu- _ u hm m utude mcsu ’ necl mit_ ike scsi use t ut h~h h > ’ s ex pertise t i u i  thus ’ benefit s cit t h e
.t h m er time suue ’ecs ~t u l unmms ’gr~m mi t l m t  it this ’ s i tu t! t icket .‘\ l t m _ i mu es ’ .

tu tu - i  t i me raumu ~ci Lt umi i hu msic sr . fu rmb ie r pu igrc ’ss
ca uu he ex pected Irt tuul huigh-detusit~ tuck , like liquid REFERE N(ES
‘shme hld~ mie b lenmei s or solid pnui pe llam its st t i l t  het rtt n ii . mu - - - - - - -

- I - ( ,a rmt me r . \t ., 17iu ’ C u~rre-n1 - l c ’r ’  1- ?lgiFue’ Irendc vimite int one , h itit i u m um , i - e ur th t erut s c u n c , ui mip u ’ss ’d ibm cu si - - - - -1/ic ’ Iu ’orI~/ ,  ~nd Seuiii mi_ ir ciii ( , us  I urbumue I ec hm uct-
~u , m t tn t t l  st ill leach t t t  huug bier nuua ntu euuse rahm h iuv ‘I imui ss i ls ’ s . - -

- - ‘ Iit~c hiamugalc ure . India. Ntis em ber I’l - • -p_ ur t i~~.I_t m I~ mum t ime end.p hu_ ise c i t thus ’  flight - I gu t s ’  I~ l ‘ -

sb ‘ce~ _ iu t s ’ x _ mmu m ple I - ‘ m s t i s ’ i u  a t pe - ‘ 1  muucid en ul d~ucte d- 2. I)erriesse . J - ‘  i.c .c i) cu eiop~ue ’ uuui ’ u i t s  J~’ t ft utc ’mii~
rt .c k~’t eu u gi mu c , c s t i t g  a imig ii-tl euis ti s t r i t mi sc t l tc h ’  d im - ion s pu nt Ia l iii c/ t ’s -‘ k .Vu ’cic, S’~h ( t i’s ,
prt ipeh le mut ..uiud I u er u t l uut imm e a m hu r e’e- m t ’ t im ue Ih in t t t th s ’  rat ict  ptuhlt~t darts ha Revum e h(’ -‘c R 1 - 
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It ~s is rec e uuml ~ ss’k-~ t ’ I  i t t  the U~s’ it I uunt ipe ’s I t m i t ure  3, \ t t u m t g , h~ I I  n u t / c  Prac tic al I . i i tu i t a tj utns I t)  I mcei ’
JuI- se ’ J - t i i t s s t l e ’ ‘s~ S\I . ( ~t ?mt ’ e ’TS(1ttie ’ (‘l u l l  I- It nmc I t t -/ui ’  ‘1- u~’u - - 13 Intern-at ,
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hut aI temut pt u m t ~ t c i  vut m in u_ unu/e t h e  le it em ne pnttspt .~s ’t s ‘ciech, I ~~ - Noccuriher 1975 ,
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ii i’_uIicC tutu pr us emuieiu ts - the c’- Iciit .11 t i ll 01 ccli uch scull Is s’ 
-

s ’nthu r~-cd i’~ te nure t i u s s u in rcqu u inc uuls ’ nts amid time geuteral Is . Semis , Vt ,, .-l ~Jm-ance ’cI iu rb ,u/ an I: ngi ttc ’s I, ,  I.u,m t ’ •
c’ t icrcZ \ sum h a t  mu t t ,  Out t h e  tutbu e r hand , thus ’ intc reas imlg I-ut ’! ( ‘l insucunp t nu?u . AS\ I I -h’aper -T s - ( T-l ‘12,
ct iup lext t  cii engumis’s has lcd to s ’ c ui t sidc na !s le tutcrca5s ’ s 7 , l)umt hi-auut . J - and Smuu ith . I).J ,l , The Past ,- lc ’/z ic’m’e- ’
in cc -~ u to n eu mgu u uc des c Icup uutem ut ,untj uu ua it u fact t m ring 

~ne,it-~ at i fu ture  Pu ut / i c c - f t  0~ -i crc i / tlgi)tc ’
the r~ t re unt ue rm u j mmcumu _ u I  01 cip~n _ u mmct m 0 c mi u _ u umu . utij utt if3L ( m m r htmua( Iuiuitys Rese ar c h Nt 11 ‘ci —‘ 511 2
illIc’ Fs in tk’ se engine p r t p e e ’m c is mies\ V ,i sccIl .k ntswm i -

pr-.mc m tc c ‘cuui ce time price it t  be paid h’ttr f u mm uurs ’ perf ~ur- S . Wilds ’. G.l .. h i t ’ I)e,cigii and Perf ~urma,mee of I/ ic’!,
uur, m nc c ~.it its ce- ill c s ’ r iau m u h c us’ h i gher mIt _ itt m I t _ u i  cu t ’ flftes ’mi i t ’flipt ’ratmire ’ Turbines in Turbo fan 1- i ngines

tsr tese nt \ cars a~ c i , it ~v i l l  hc all t h e  tou rs’ iut i pcsrtam uu ,-\ercluia u im - Jcsuru i ,, ‘ s t - i S  I , pp.342-352 , 1077
iii hack t his ’ n eeded pru ic’rs ’ss by ca ms ’ fuI t~ schs ’c ted and t) i ‘ariahie (

~c’c) P?ie ’trt ’ aiucl %Iuliiei ’ c ’ie I- ’ng iiue ’s.
ce cI l-guid ed researc h and deve ho pme mst act iv it i es , tfl ‘\GARI)’(’etm uls ’ rs ’mic ’ : Proceed imugs (‘1~ 205 . I°7n,
w h i c h  s’~ c h_ inge it ’ experience and ~la m a sc- ill hs’ heuuef icia l - - - - - -

- - - - - hO . h3a ume u 1c m mid - k - .  I~ ut ue ’zek iicneste ”mcle,z:e,n bet ch’rteur aL l sm~les I his ts the field tnt ce huchu h i - I cc - ill c_ urns - -  ‘ . - - - -
- ‘ - - Rt ’ceiun~ ,nudcrnc ’r I,uftfa/ ,r t ’(,as turh,nc ’n- fm- h’on ce -m m h it s  act t v t m  cs - in en h ancing duscuuss mc im us ,tutet ‘ - 
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- I 9 ‘ S . t ber humigen - Heids’nsee,ac luiec c l  tot those cuurrent amid adavan ced icipucs et-ht ichu
a re cii high interest (tin the Alh iamtce as st-elI as t u r  II - Lcumugw ell . J,I’,. E d  .. ,h’t - l ir e raf ’t IIu’clrt uearhtun
pnuugress in mec itr uuc a l deve lop umtemtm . .-~~careft ul selectie sut I- ’ueIs i’ee/ zunc , ht g u’ , N-\ S -\ (‘cuui f. Publication 2033,
it nueeting amid w i r kt uu g group st ihiccts i iuz e’mhic r cvii it I 0 - - -

j dc mcc mu disputed tsr new prtuhlem ui areas trill hs’Ip Its 12, (‘huuurchi ll . ,‘c. V ,. I)e hamtev . G.L, and Lander, I l,R,.
c,mmmsI ’

~ the needs of designers and u sers , I hue m us a mu t a re _ us Future’ ,-h m ’ia t ic tn Turbine Fuels . It t . .- \ l - \ -t .Nleetiutg ,
tif 1~I- h~’s leutcure work in t he field ol’ aerts- t iurhine prcspul- Paper 78 2c - iS . January 1978
stout sc ull thums he mite achuievememut csf higher specif ic - -

- I ,s , Longwehl . J.P. and (,reihnian. J.. .‘I!te rnat,m- c ’ .-t, r-piust-er , better Ct - isi ’ anti cm ss ’ rgv -ett mc iencv . cu r thus ’ reduc- - -  - - - - ,
- - 

- : ‘ - craft f uels. \ ,\S-t.1 ccliii , t iemito , T~ci ,-‘s ,’n,t uesn tu t  elev eltspmttent risks by uuiuprtsved basic kneiwled ge 1978.tnc l advamucee l design amid! calc um lat kilt te’chtniqumes. new-
digital control techniques antI t h eir integnatic- in into the 14, t)unhans. J.. in take I) csign fur I-lglmtc ’r .-hire raJ t.
aircraft fligh t ci un t resh s~ ste m it . or iut iproved engine- AGARI)-Confers’ucc Proceedings 241 , I5aper In .
a un fr a mum e m u t c ’gnat iusn , as well as reduced detectabi l i ty. 1978 ,
Ims thus ’ flele t cit miussile propuulsiemn both air-breat h ing Is , (

~nieh , hi .. -int riehs ko~z:epte fur :uk,l ,u/ ’ti~’c’
amid rocket Ph - P shuu uu he l enlarge Its activities (as is Aain,;Jflug euge , DG LR-Amunumal Meetin g.
already the - ‘ase), s’muu p hasiiing are_is luke i muiproved I)aruutstadt . Septeuu’iber I~~7Stlexihihit e euf ~‘ lu - I - fu el rcsck ets and ranujets cur hii~hu- -

performance fuue ls. The t h ird ~ms pec m energetics ) will In , (irieb , ii., Wei ler . Vt - and Weis t . G,. I ’arj ahle Ct’ t ’/e

.uhso receive prusper alte m ititsn . first in the fuueh area . I ’ngiinc ’s (or Fighter ,‘lj rcra ft , Acl i ’anee in I’erf~ur-
ibue iu itp ut rtance u I  w h ich canmicut he esver- eutup huasi,eci . ip ianec and I) em ’elopmen t &utb/euns. - \ ( ,.-tRD-

j utc h seccinel wit h respect iii secttmtch a ry .puuwer-gemu eration Ceinference Proceedings Cl’ 24 1 - Paper IS . I e)” 5

for aircra ft . let me ceunchtide by re.ca llmmtg thu _ i t gas I 7 , Wi lds’ . (
~ L,, I -utur e Large (‘li /I I’l~rhc~fa,zs a,, !

turbines are tine c f  P1- P’s ma in wtsr kiuig areas. Thuese Puuuu’c’r Plants , 
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Specialists ’ Mee’t u mtg: Maintenaime-e of Air Operatioums while under Attack wi th (‘Iuciuuical -~geuits ( (  ta~c if 1eei I. RecentAdvautces in Aero,uautical amid Space Med icine
22 2(u Janc uary I e)7e) h3rtuss s ’hs . l3e lg iuuuum

Am t his mmmd’e tim ug , thus ’ f irst sessu cut i  (classified), eutt i ( k’eI ‘ Ma iuttem uam t e - c’ ot  .-~mr () per_ uticum i’ s w hum le ct useter ‘sh uc k wit h(‘lie mtu uc_ iI Age i ts ’, w ill ci eal cvi tIm time c hie mim ic_i! warf are thu ream te u air cuperat icuu t s . t lts ’ c i t  i c  lu cit c hm eum i ic_ il sc - art are age m i ttheir elet ect iomu ant I isropiuy las ts , t his’ pimu loso phty cii pru,tcct icsmt agaum is f ch ue- tmtu ca l cc ,m mt a rc ag em tt s , t hue’ m u m e - m h m oe t ’ , itt
provi dumtg ( h u ms bsci’scsmt _ il antI collect is- e protect mont amid! time pbmysio lc ,g ic_ il amid ctperati es m u.uI i’s ’ mta h tit ’s immi pose d h y timee lms’ mit ic_ il de t’eutce m uieaseu res eu m cmi thy ,uc- at table to t ci ii niche r tIc s-elc upu mi e itt (c ur a m re re cc - I- cur (hue se c t  um tei scssi out(uuuic l_ issitieuj ), t his’ teipuc ‘Recent Aehv _ iuuces m it Aero uuattt ica l ami d Space’ Med icmu ue ’ lu_ is h eemt retaimue c i tr o mu m lime pre’v iocusyear ’s prograuutuuts’ te s Presemit t hus’ sugm uiticam it mite ch ical actva m tces rs’garchi mtg this ’ proh t c mtt s c ut this ’ seIs ’ctusn of ti irc rs’st- am idas mr cs uuaei t s . ami d suupersomuic au th very long cluura (iom i t ligitt.

3t ut hi Pamiel Itusimicss NIs’s’t uuig -‘Specialists ’ Meeting: Aircrew Systems and Hum_u Factors iii Future Highi’PerformanceAircraft . Highs-Speed/Low-Level Flight - Aire-rew Factors
22 2n October 1070 Lish eiut , h’cs rtuga l

Ibis’ I-all m ui es ’tum ug sc-ill cover iii its I’irs t sessiom u the suibject c)f ‘Aircrew Systemmus amid Iluuu n_ imi Factors in Fut tu re
hiig im’Perhci rmtiauice Aircra ft ’. d c _ h u g  wit h this ’ operatioital ciut iracteris tics of ’ htigh’pert ’onmtiauics ’ aircra f t wit h s’uuphiasis
tilt t ius’ phmvsiologuca l auiel psyc h ological s’t’t’ects iut iposeel omi ( i ts ’  aircrew , For this ’ second session , t his’ se mhjec t It_ is t ee’mic itesse ut (ci review , muto e hu h ’y. and improve current ope rat imug syst eutu s , detitus’ c)perat ional needs and reseultimu g operatioitalcc iu uc l utm c t i t s , pat hophysulogical and perfonmitance li m its , e i sctiss m et h ods to eu ihamt ce pert’ormnance , and iuiiprovs’
st ur, ica l,

A Lecture Series will he spomusore ch by thus ’ I’ans’l omu this’ subject of ‘Intensive Air Operatiouts : Problemits of Steep,“_ ukef uil mtess and (‘ircaeli_ in R h y t h m s ’ (see tinder this’ later h ead ing of Lectuure Series for l’urt bter det_i u is t

AVIONICS PANEL

37th Panel Mcc ting/Syntmposi tumi t: Avionics Reliability, its Tech niques and Related Disciplines9 13 April 1979 , Ankara ‘furkey

‘Flue Spring Sym utpos jeu mt u is entitled ‘Aviomt ics Reliah ihity , its ‘h’ec himtiqt ues ami d Related l)isciplines ’, It wi ll seek
nmanags’,nent and engineering approaches to detintitionu (specificatiomi) of mueanimtgfu l reliability reqeu iretitc ri(s tunel t ime’nuet hods of achieving thten u .

38th P_mid Meetimtg: Modelling and Sim ulatio n of Avionics autd Command Control anti Communicatiomus System s,15 19 October 1979 , Paris , France

Flue h-all Symmiposi tum n will exam itim i c ‘Moelc hh imug anti Simtsulatiom u ~t’ Aviouuies amid Coiiimssand, Control, anti
(‘omnmuieun ica ions Systeutis ’. With advances in coutiputers and counpomient technology, s imti euh atie mu is heimig umseel
increasingly in avionics system uts . Th is Symiuposi uumiu will cover t h e  mnethodology ami d econo uttics of s i m uttuh a ti omi , s imutu ula-tuon languages , computer tech niques , and siit tuulatj omi applications , to provide au umnelersta nc iiutg of eac h aspect ciisimuttu lation (0 optiutu ite its uise in the context d esired.
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i-:i. i- , l ’ROMM ;Nh- lIt W \V I- PRO IA ;  -t l ION PANI- I

Sc mu u pt t suu mum Special lopk,s in III’ Propagmutiotu
-
, S ‘ s t_ i ’ , I J tum id’ 0 ‘ ‘~ - is t s uuut . h’ cuit uga l

l hmc ’ p lu m ptt sc ’ cut t it is S~ u ttp t t st t uu m i cc- ill hut ’ li t c’s~u m m ummid ’ mum ehc ’lu Iht t l m c ’ e t t i i c ’ t t l  kume iccl eulg d’ iii Ill ~u uc i~i, mg.uIucuum umu _ill
i ts ~‘ umm r emt t  mu c h t’esm tt e ’ uu t lt l_ its ’c h ttse ’s , .mt u cl tuc ’ u mm mut  c’sc ’hua u m gc ’ cut ’ u m u tus im u mat i t i u t  c , tum ee ’i t ui mi g ud ’t l t u im u ’ t t i d ’ u t ms e , i t i _ ih i m l u t t e ’s .ummu t
h tu t i i uc  I c’se ’ .tt c i t  c th es i t

~ t i t  hi Pa mi d ’ I \it’c’ t i t i  i~ Sp ec t i l t s  is ’ ‘sI c’ c’ t u  mug le’rruu imm I’rot ils’s and ( outtouurs in I- ~l Prupimgahioum
It) 14 Si,’p t cuuui t e’r . Stdil uiiei - Net iw,m ~

It m i s Slue’i,ua h u sms ’ \ ls’c’t mug cc- ill mdcl i  c’ss pm uup.ig,u m m iu m i h u u t i t u hc ’ iu m s . i s s c ’ e t , mt t ’t h c’, it It pm it t  the ’s .uuuu h ce t u i t u i t uu ’ ,  cii thu s ’ c i i

lhic’csr e’t ic_ il ,uspe ’e i s  ut t  d igit_ il t c ’i  i,,iit uii.i~5~t iutg . c’ u u t e u ua  i t t  tc ’ n ua u m u c h m u t ’hth uut g, t e ’ u m , u m m u  e l i c i t - , t i um . u mm u , ’ uu mu , m e l i _ m i _ k I t ’ sl i t s ,

ami d sit huse mrh .mce ’ c’ou itts uu is :umu ~h prutf ’uld’s cc-i ll hit’ e’’c , mi i t t tuc ’ut

ILUII) l)YN A%lk’S ht ,-~Nh- I

44 thu It am ie, I \te ’c’ I t t  us ’ S~ opt tsm t im mu ,&e’rodv naumm it’ (‘hma r’je’te’ristics oh (‘nu t  rots
I 4 IS \ i,u~ I ’ m ‘‘t Nap Is’s , lm ah v

I it is Sc u m mpt t s iu mm ui se-ill I’usc ’tis cumu iumi p nuic - tt mg tutu r uu m ie h c ’ms tam ie tmu mg ot lime ’ t , t e t u t i s  i lmat  ~l~’t~’i it ti m e ’ ,ie ’ i u ’ c t \  mu _ mimic

c’i t~-~ m mscuue ’ss cit e t i u t i u t i l s  l Ime ’ hligiut c ’ u use ’feu pe ’s cu t , m i ucm , mt t  are’ he’ mmm g eouut i t iu i t t t i ’ .h~ c ’ u h u .u mt e t e ’dt .u m uul u u ie m ’ ’ ,ts tt is ’  usc ’ us

ue’ ui t g m u t tu e te’ cut e’ht,’’ :r , i iuu ~ Is’c h m mic sl eu g~ (ci ,ms su s m thus ’ l u i lest amu c h m tu u iu e ’,t Like ’ e isc ’ m t i ums ti,u~hu tut ’ uuti l  ut i l e  \ I u uc t t  e’ i t t t m  t is muc uS ”

t- ie’imi g ,t hiphis ’cl f it  t Im e ’ e ls ’ vs ’ Ies h u m m ms ’ i u t cit tid’ti’,’d’ c ’ t uu t l mut t  m c ’c iuuiti leigs mut t cils m u g  t Im. ’ misc ’ cu t , * ‘ mt i  u - i tt’ , umu ehc i sc ’d h t t i~’p st.u h u ih u suu m g
s~ sii’m t i s  ct t tu  c’(sui%e ’uh i ul ’ itt t t e ’suuZmt , ii,uu ic h humug amid ) t c r t t tm - m u u , uu u c ’c’ u mmuput ’ cc ’ iuuc . t u t s  ,uui~h t hmu tmm g h t t  is tuc ’ uu ug g ic c ’ui (ci c i i t uu i e t h’ ,
‘ , uuj t ,u htlt ’ i t t m u huic ’ct hi l t  Imic ’ lt iuiium g s uite ’ i t ’ l e e )  c’e s uul  lei l

Ihue imu c rd ’as imm g u he ’ umu.u u se hs mim , it ie ’ c i t  e’eumi l r t i ls c_ ill li ii m uu cure ’ ,kc t i ia lc ’ mum e ’( h ueu -ls it t  j i me ’~ht ~ m u m mg c e t m t m i eul  c l t ,mu,uc - t c ’ n i s t te - ’c ,
iuu c ’l t iet imt g iu it e ’ m te ’ m eu uc t ’ t,’ t t e ’ e ’ t s  .u i m u f c’c c~t te u i .u t uu i t i  c i t  mt uise ’h muuc ’t hm usel s i tt e - t u t l mt i i  I fmc ~se~ m u m ~’huie h t ’ mm e ut es u i lv th is ’ t u , u t l m t m c uu i , u h
tue’ r u c lvuitu mt mic ’ e’i immt rct h su mrt _ icc ’s , but t ,u l’ ,tt ‘c hu t u t hs ’ uS , t , tmtc ’ru iuis , cc u mi gc ’ re umt s . iI_ m ~’c’ut i i is , t ’ Ic’s eu ut ’ ,. ,‘ , u ut :u u u hs , hu huscc mu e’e s mtt i u i ls ,
Ic’.ic l umu g e’ hgc c’ei m i tru t hs , i e’c’ Ii ire’c h I h mum u ct e ’ uuu t I rcu ls , L I e ’ -

~ Itit’ S~ m um pe u s mtut mm cc mIl a iu mm (i’ i- c-s e -a l lIme ’ tiuc t ic ’ iu ut h i ui m t _ u u i t  iu ieulslt ’m mt s cc iii cs huue ’hm cc- c’ i t t ’ f ’, iec ’t l ,mu t c h Its ele’ tc ’umt iu m ic  h u t ’
line ’’, , m hu tmmg cc tui c hu m c ’ ’,c- ,ui’ e’h m sf iu s ii lu h p m u tsc ’ u mm i ust t r u u m l t tu l  I ‘cpe ’ mm utus ’ u mta l chat _ u d’ eu ct ’ iuu ug till hlighut c e smu ch u hu t u mu s uuuc ’I t uchmmtg
t m . u m t - c c ’ m t u c  s isd ’d’ t ls  , i umu l t m ighm , u m m g l e ’s iii , it t ac k s cu l l b~’ mmmc huiuic ’th. -‘s Iscu ins t i e d  c e ul l  hut’ s mu uclus ’ s cut cI\ m u~u im i mc e’ Iu,mi. ic ’ t c ’i ‘s u e s

mum iu u , mumu mc ’ t t s  mc ’s , c t t i ic k ,u u , t t i ts ’  c’euu i t m t t l s . c i  i c e  is cu t m i t i c ’l t e ’ ns ’ i i c s ’  ~~t~is ami d h u umh ’tc ’ tm u ig, c.spe ’nie’icd.s g .umu te ’cl iii t u c’I u’t c ’ c’c u u utres l
iii ehi rd ’ d’( lul l  s’~ st e ’ t um s , ht re ’t i m e ’ muu ’ mm mt u t ’( hiu ’eis , , ummc l nt ’l,itc ’ti lt ntu hi hd’ u im % itt c ’ui u u t u t t i ’ ,  1c m t m m m s s u i c ’s

4 St hu I’tu m ie l ‘ s l e e t  tug S~ uim hs e s s i u u mu u h’urluuile’nI ltuuuunclar~ - Ian-eu’s I- ~periuume’imts. I’heor~- anti rcliuddhiuug
24 -

, S S~’ p he mit h s ’ r  I 0, I hue I hagu e’ . Flit’ Nc’ t hus ’ rl mu ds

It u rtutult ’ mu ce’ mc (hit ’ Iur im md ’upah uum uk uu us sc ui mu .mu u~ m , i lm t um u.u h uIe ’s ut ,’it cut . t u r cu , ml l  hum mq u mt c ’ c it c e ’i\ s m g m uuh u e ’,uui t _ icl’s. im m cc ’s iii
c-esm mt~uuuti uug td’c hmmiiu lt id’s , thi s’ uuiu ithe ’lh uuig usl liii huu ih c ’ u tt  c la im I It ,c c s st i l l  m c’slc tutu t h t t u t c ’ u u use ’ c t mud ’ he s m m um ci . i t i t tm ms . -~~hue’ t t c ’u
m u u u ele ’rst tm midim tg of ’ t ui rh su m ht ’ut i huu u u um uu h , uu I , m~ c i ’ , is c i  t a t _ i t  tu t u I t u rt  m c i  ,u,ic J u lie ’s muu a im c i  .u t t hu c’ i t t s rmm . , u mu c c ’ luIc’t lue ’t m u s m m Ihuc ’
t itus tO ium , u ss miic u miic ’ uu l t i tuu , , mm ut t s ’uie ’ u i~\ m m l .u t umiuu.uu hitust ,ui c ’ l u mt i ps i m lu i t m i _ u l  lii t he’ hc t ~’,ml ~i , i t I t e i i t s  cut c’es uie’c’ mt t ra tu cuu t .
c c ’ ic ic i t~ , .iitc l te - umu h uc ’ u tm ( t m r d ’ l hme ’re’ c’’ susls mc i  c umuiul:u u ui m t t ~ulc ’ t i t le ’ ue h .m t m mt g t itus tc ’ Iuu ts mm tumrh - i tm h c’ m t t t lescs - le t l ime ’ ci i i  ic ’ s

~uuuu ie hiuig gu- .u thmc ’ m i t ic . h um mc ’e’e mtt e’ ,uis , (h ut’cum .mm u u h uu mu u c tc ’Ihumug u t u m lim it ’ c i the ’ tilue l c ’s lud ’u ’ imm ie uut s cu l l thic ’ us l h m c ’r ht_i’,’c’ l tu lhiustt ’uh
e lms c’rgmu ig t lirc — e’h ieum is i i i  luurt s tu k ’ uu ( m e’ce ’ .i m c li Rec ’c’uit e\ hid.i i m i mc.mm t s lut ist ’ t lc t m u t i m t s t  m ,u le ’,l t h e ’ hus ’ rs mstc ’u uc ’c’ itt c ’ euh t erc ’u i t cli t is’ ’

lu re’s j ut t t m rh - iuilc ’ mtt c lue_ it t l t i c c s ,u uud ~‘t ’ uice - t I uuc - mml I c  li ,uc e’ c , i’,i c he u t m h s l utmu thu s ’ i: ui_ il ht ic , i I  t m , u i u s p c u u l m e l .u t i cu u ic ,mu t cl e’ c e ’mi out

f lue’ uuyc~’t ’ti htue ’s’, cut Re ’s u muu lchic mc s ’ rugu m utz , t isc’cl mm t s r_ i t t te ’ ,it l\ ill m uiu u u h e ’hhu m tg ahuhiruuJi,’htc ’s.

It is Ihit ’ lsmit l i t tsc ’ c i t  l Ime s~ u mu p eusiumm u m (is l ike ’ ct cu ck iii t I m e I s me ’se ’ uml s u t uu , ihi t i u t  mu muui h s u i tc ’ mt c ’c’ tc ’se’ , m mc lu t imid ho ,ult c ’uut pt ,
tic h rimiguu tg t t u gcthu em e~\ iuc ’niuu ut ’ mtl _ ih us lc ,muu t h I I m c ’u tu s’i ue ’ i , u i m ’., i t’  mm i. u lu cuui t u t e ’cS cl i i  c’ e t t t ’ u i c  m ’  ‘ ,t ic hc ’ l h umm g antI ee t s d’m i umm c ’ m ut tu ’
Ii tt ut luu uurck’r t u u c- e i uic ’e’ m ul r tmlt ’ dun tumid ’ i i i  t ime i t i u isl uuu m h u cun t ,u i mm .u h u h s lmc ’e l h u mo t - i lcmuis . (ftc ’ cc mmu l u u u c mu uumi chc ’_ils spe ’e u l m c.ill~ cc lIt
t uuihs t ile ’ i tt huiu t uumcht ui’ ~ l,u~ e u  —,, j ut h u u t h u uu uc t u m u u l u m c ’ssu l’ Ie’ i i  c’c i u mi t u t t ’sctlu lc’ hitum it tluscc h i s  t e d  p_ ipc ’ m c still iuic ’huelt’ c c, ti e- u i

iiic’ it t t ul ~Iut s imc ’s .iuuiic ’,i ut m c - I anmt u c ’ a t ic su i  cut Phi \s ie , i I  iu ime ’ mt ut m utc ’ mt tm mum tmu i h’ i ihe ’ ut t  h’ s uu i mic l_ i u% I,i’t e ’ us , %tud ’hu .ms Ilic’ Ise ’ t c ts m e ’ i t t t ’
.imiul ut i t s’ i , i c huu i t i  ui l t turh u uule ’ m m t spots , t h ic ’ c’s, mc tc ’ u m ee ’ tumi d c’ t t , ’s t s  iii l t i mm czul tu utu m u,ul  cu im t t e c ’’. mic - ,mi ,u c u t t u t h  hs cumumietau ~ - .mu u~l lhi~’
i iuc ’,- l u .u iu is i tu iii ’ tI me h u i u isu u i t g  Isltc ’ miu i mu t ei ic um s - ‘sI st i  Its hue u mmc ulc ’cl , u uc ’ i e ’pui m is cut .imi ,uI~ tut ’_ il ,uut ~h u u t t m uu e ’u t s ’,u h sc - u u mk cc Im uc hi 
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c’i t t i e t _ m t  Ic ’ u im h s hc  1cm um u c t i u Pt im jIc til t ’ it ’ s e mit e\hi t’iu uule ’m it _ lh tuum cluu u gs multi ) a tm uii u um l c ’ u m ec ’ mu me ithc ’i u i  c lclchlc ’ sse ’s (hit ’ h um tu l ’ s s s m t  t s i t t

m b_ mt t tm ~’ ui lusc’u c c’c I c t u t ic ’ m c ’ u m ( c tm t u c t c u l c ’ mi~-~d mmu u itt ’ c e ummck lc’recI uu u iuieu c heI~ _ iuuii d’dh .it .1 h51t’dhi c ’t ut imu c i t  ac- e u tlge’c i l icit u m uc lam
h_ i c c’i t t u c u l m c’ u t i d ’s I - m u m _ a l i t  - . i l t lu t mmmgh u t , iu mu uu u. u u t t uu t t u u l c ’ um t t i ,uu m~it uc t um is t i i t t ’ suc tc ’ the s c c t p c ’ u’ t t t m e c~ tu t l i t is um u m u m , uc ’s t i l ts  cmii

t t t i ss ut i l c ’ pe ’uc is t e ’m ul ulh c’u c ’ t t c ’ e I s  cu t im . t t ; s t tm t ’ t m  cmii tt m c ’ i m ul iu u h c ’ m m t h i c utu mu cl tuuv l,u~ c i  sc-ill be’ suut uc ’ it c ’d

UI(.Il l’ %lI -( ’ IIANI ( ’S PANLL

‘‘4 1 ii l _ uiu ~’l ‘dc c ’ l im i t ’ Sc umu p cicmt iii \lissik’ S~sIt’umt I’IigImI Met’hmiuni c’s
21  2’ s ~l.tc I~~ 

‘~~~, I t l i i d td i i t  l i t t l e - c l kmng c lui uui

\I t sctl c ’s , htks ’ uut _ umu m m e ’c l a u u e i , i t t  _ ,uut ’ ie ’q uuuit ’ch le t _ ic ’ l m it ’c- u,’ cci  ta u t  gt’ _ u is mm l u s ’ n fd i l tm u _ iume’t’ intl c’c ii u t m c i l tu l t u l m ls , lhic ’~ .uhci t

t m , u c c ’ tu t t ’ t ’ c ’’. the ’ s , i t i t c ’ h_ ice s cut d l ’ . u i , i t t u i t s ,uumtt ,mc ’ u t t , l~ t t , iu i i tc s .tuic l , cc t t t h s ’  shic’eet it , m , m ic ’s , au th dI% i i , u t t m t c ’ c’ l i ,t i , ic t e ’ u i s t t c s  m u _ i ’.
ftc ’ c d l ’ s  ch i t l c ’ie’iil . t ime liugh um m i t e ’ c lm. uut ucs cut tu micsu lc’s amttI ci t mi t _ i~ uic ’cl t uu i c ’ i ,il l , t t c ’ tt uu t c! ,um im e ’ui lJhI\ tluc ’ c,ummm c ’ h- tin m t m _ i tm ~
t e ’ .iss ’ t t s . tmcuc c t’ cc ’i - t h e ’ .m~ip luc ’, t t meimm cit t i te’ l.u’.c ’, iii Ilighut mmtc ’ c lmtuu m i c - s It t  i t tu ssile ’ t imi d i t iaitmis ’ch _ u t i c t _ i t t sh e ’ st g m t l i _ i ce  tt c — e’um

.ilu t t h uc ’ ch e t i ( t c ’ i t ’ m t t l c  I iic ’ t c ’ us . l l t eu c ’ tc u me ’ , uu ut tc ’ii lit lie’ g ,uuui c ’ch i i t ’ t t t  .i c t i l s ’ , l e t  m u l is , i i tc tm i ci t  It ic~ c’\iut ’i u s e ’ imi h i t ’ t c c t ’
m e - c - t t i m c i t t t g t e ’s

Ii ic c t t t t ’ ,i t t d ’ i L ’ t t  .uh i l u mcu l i u u .ui c’ t im _ it  t ime ’ i t t it i . i t  I \t I ’  , u c t i t j t \  iii t h us tu ~’lc1 ih tt u iilc h 1st’ ,t rc’sti ic ’tc’et cit ic ’ , ct c ’,u lu m u g  ~s i t hm m tuc -
liugl um ut i c ’c’ t m ,uim uc s , is h i d’ c t s  cml .uur - l , i cu mic ’ hut ’cl i iu s si lc ’s t Im _ a t  ic ’l’, - t im s c t t i t c ’ s ’ c , t e’mul , ciii ,tc ’ rc t t h ’s t i , u t t t uc  u t te ’_ it i ’, ti t ,t,- h t ie ’s- uum e ’ m Ite ’
i c’d liuilt ’d h c d ’ i t t i d i !  , t uuu h Pt’i Ic i r t tm ,a t i c ’c’ c’.ih i .it t ili t i d ’’, 1 m t ;’ lt_ ic is sc ul l  lit’ gut c’ um (ci sh icot r.unicic ’ l,uc ’tic ’.il i t t t ’ sct ht ’s .iOt l e’iuu tc ’il

ccc ’,u l id um u ,, ,t t Ih ie ’ .uum m c ’  , t t u  .u umu l iii s i t u  l,m , c ’ R i’e’s cc u th u  c i t t s t c l e ’ m . t t i c i i t  c it lc imu ge ’ u u,tt igt ’ , it i s t t i l i c e ’ t t t i ’ , s t l c’ s ,muich t tt 5’. sle ’ tu m ’ ,

cc u t hm ,u hc scs k c l t s cc mt s t t s ’ c ’ t c t c ’ cc mt c _ u h i ,ult u hit \  - I itt ’ t ut t l i .ic’t iii it’c i tuuue ’t mie ’utt s ic ’ t  l5m t uumc ’ti c’c t i t t t s ,mtub i hu t \  c e u l lu I t c , e’ ct tmi m c i
4 t s i i _ i i s  cc umug . t t t e  i _ m i t  scul l  t ic ’ e’’, ,t i i i t t i c ’ e t I lii,’ S’. u t m i ’ c . s u t u tu i  ‘.c ill ~t ’ t ts t s t  c i t  l i c e ’ se’ s s t c ’ i t s , tmm c ht i e i mmt g .t m c , uuumtl t tut ul c ’ t ti ’.e tis

‘ , uuu u u , ,uumci .m c c c t i L s l t s t 1 i  t lt .ul st i lt h t uc ’ce’ t t t  t luc ’ t t ’ t s  l.ut~’st u, ’s i th ts  uni t Immic lu m igis . I luc ’ l ius l  sc’ss ic ’ it  sc- ill e i sc c’t t ime ’ c c t t u i h i td ’ t e ’
i t t t s s t l c ’ , tu t i t m u .ut t c ’s e ’ I5 ic ’cs c ut i c  c- h t t t i c i t m  tuu tc h ulc ’sm g mu c ic ’c c ’l et pmmu c ’ u ut , t i mmt ’ u ig lm c L t i i e ’t t t Ld’d h u i t i c ’ mm m c ’t itc , tc t _i d h i s c t t s s t s ’it ed iluc ’
uu t i t thi c ’. i tu t it ts  c u im i ; t i s s m l c ’ tiigiut t t t i ’ c h t , t l i t c s c i t  i c ’ c e ’ i t t d l t c  e’let p u m u c ’ uu ts mu guich.ttic ’d’ , umm eh c e u m ui re i l s~ ste - utu s  mc ’c luu t t uh tsg ic ’s , ni t _ mm
lm , u c e ’ l’~’e’ m m m ima c ic ’ i’i’s ’st~’le’ ti~ _ uc h u , t ( t e s ’s mum c t t t k t  ‘,l,utc’ us t t ’ t i t t s tum tt i tli ~c’t u _ m ) i u utue c’ss t i t s  Ilmc ’ ~e’c’csmi c h sc’ssuc ’Ii cc ill d c_ uI cc hIm

ehi ’’sigu t tic’’. cit tpttit ’ m i t _ u mm t ’l uuc hi u ug suic ’ t t t iu im ugc ,is p mc ’himuu t i i ~ut e le’sigmt tt ’c’ h m t uui h t tc ’s t u m u cl u t uc ’llt cstlic I c ’m tmm t ’c’t m u g  uu m. m m uci c’um c me ’

rt ’qtuurc ’ u tmc ’ i t t s  Sc’s ’ ,t t ’ t i  t h m t c ’c’ scull i c t ’ .  d ’ t  s t mtmu u i , u u tut mu amid Iligiut ts ’s t  t m mg uuuc ’h uichi m ig Iu c’t t d t i t t i tuu ic ’t’, i t i . i i t d tc ’ t t s mc ’ .um mch h u t

cuu i t t u Lltuduit , t e s t  i t t” t t  i t tuic ’ t t ( . I t icum t _ ummc h (t ’c- hiuuud lti c ’c _ t u mc l rtu mu gc ’ rd’d h iu urt ’ tu ie ’ mmt s . ( )pc ’ i . ihuuuum. u h ,isi’ t ’c l c  scul l  h-it’ c d ic i’m c ’~I i i i

sd ’ sct c ium t ,iou cc mutt c’utt ~uh u,usic cu m u c’\ hu c’m - ue ’mtc d’ _ im t c l mis uuimpa c ’t ciii t u i t uim e ’ re’ d h emuid ’iuts ’ m i t c , ,ulses tt mc ’ puc ml t lc ’ mum c iii tIme ’ imu .uu u ill

thi s’ c’c uui ( mesh  Ituci ht cc ill hue’ cl ucc ’ui ss e ’ ti I - u mm ulI , .u re t t i  iie h t ~ml ’ he ’ tI ‘sc t i ssu c t it cc ill s’s plo ic’ tI me belie’ tat ’ ,  t es hut ’ e ml u t u u  tic ’ d Ii d i umi .uuu
au tt t ’rchiautge’ eu mu m _ ummu ic e t ta ur e m i t t .uui c l i i i ,s st i e ’ tc ’c’h umme ul e ug uc ’s .imiet sc -mI ) _ u~sc ’ cc llmc ’ it ttss iht i i i t i~ s tu tu  ummu t u rcic c_ cl c t ’s t t’t i c c  i m c c

mmi ’s’s

S ‘ t i t P~mm ie ’l \tc’c’m uii g S~ mim i uc us uc u m il lime L i c e’ oh ’ (‘oumm put c ’ rs as a I)euc iguu Tool
Septt ’ immbc ’r he) ‘ i) , Meiium d’t m , ( e’ t u t t . i mt ’ ,

1 ti c i tumm ~tlc ’ i cu t ’ .  it t ,umrcratt ilc ’’si s’ it luitte ’e e lmi mc ’-i , tI le’ L mm ge ’ h’~nttmute ’t ti l iuu c - c’slt itc ’m ul _ it it l tc ’c’ lm ut ic a l e’ l l c u m i ’ . imus ~ iIs~’,I . ,a ut t i

t Ime ’ mmie ’re.ust ~tg umi t pdur t . itm c ’c’ iii mime . I~asme imuilitul cu t u lj eumis mu ,utt~ l e s s  , u u u e - m a t t  Iures g r tu mtumm it ’ nc - c h i m e’ tic S _ is ’. t~’hi,u t u c c ’ dimu

c’ ttt ui l’it ite ’ m ’ s hi gc’ m me ’ i_ i tc ’ c t m liel t imid c s ’ mu m l u c’ t i l us c’ s c ’ l t t t t c ’ m t s  f lue ’ rapid t umi d gie ’.ul , ic t s , t i t c ’ e ’ s m u m  c’ui t i m h u mt t d ’u l t , tu , tc c .uic ’ m u d  ss ’ t l

Sc .im c ’ - mmiii thi s ’ iumtmic ’ tuuuu h t u t u  e’ s pe - e ’ t _ t l u ic ’ c t  mi tm tu mr c ’ cut c’cu umupuittul icsul , it _ u s e’ re’sui lte ’eh in thuc ’ gt’tte ’u att i t’t cut uu c ’cc l’i~’c’c t c i t

c’ di t i i h t i t c ’ I s ’ . ste ’ t mm c’ m m g m i tc ’c’is l hic ’u’c’ li t’, l’c’c ’ut ,u t e u mclc ’t tc ’~ lou m cc t i cI ic c ’ug uuug grc ttu ps le t s ’ mu me’rge’ din e ’ gt u t m u t i l i tel i l s
sPc’ci ,ih t /c ’t I  iii d’d t t iu ~ut ut imu g _ uutch kum cucc umug l ittle ,ah esui l ci c ’c t gmm , t Ime ’ c it he’I c e’i~ I. u t mum lm , ui  cc m ( hu ,le ’’ ,te ’ i t  - l imit us u l im huuu i u t t ’,i kut u ’ cc
ic ’c tge ’ m u  cc iiuu ~imu t uuug I h i s  u u uu ctc ’st ut u t u hc ’ sit ti _ al Ic u m i c’c tt i hcl hue ’ ,us t iu c lc ’ch i’~ m ii t pi t uc t u g  lime ’ ~‘euuit t i i t utuic ’.m Iicuii li e’tcs c e o  t Ime ’
che ’ s t g t i c ’ t  .iti,l lime ’ c’us u uu it t ut c ’r spc ’e t _ i l u s t  t lme ’re ’ is mi st ’  a uis ’e’& h Itt dt c’ d’ i c t t i u t c ’ mh ms ’ hurcu ls lt ’uuus c ut c’o mmum u u umt t t e - , im d in h c ’ t c c s ’c’ i i t i ,

cl es tcmiu ,’r _ m tm ,h c’cu mmu l utut c ’r ui s e’lh ,um uc h i t’  tm _ a u d It’ t Ime ’ e l i l tmc u u lh i t ’s , mu usuuu g t i , t t t u  h i t ’ utc ’s’~i lot luc ’ m h m c ’tu i.il ti~id h _ u t i u ug iii c ’et u m m h s m m t c ’u

~u mttgi , i i t i t t i e ’ s 
-

~
t,ilhi l t tc ’~t’ pt s uut ts  imu t uuuui ch il us uu ite ’ t t t hc ’c l ttm , m ( t h is 5 % - ut ut id i s u t u imu it II sc t t c ’ t tIme ’ t u i i ’ t c  u u um thc ’ m I t u c t i  cc’scuu im m luc ’,ushu m ug ’ s

I tic ’ I m mc m i t t  t ! u u ’ sc ’ scul l  i m t c c ’s i it ’ ,ulc ’ ( hue ’ t ’ m e ’se ’ m m t  t imid I t u t u m i c ’ i’u’ tc -u utm .m l cii c mmm,uII  ,uu m ti I_ u m ge ’ c’cuuum l s u ite ’i 5’ . st c ’ m i t s  u i te ’lt ic hi ii~’ s ut i lu

iic ’ t u tc  us c l , ut , i c d m h le ’c l  t u i ut th ief e u l s t i mmt l / _ u t i c uut  tt - c’li m uus l u ic ’s _ im m c h c’c u uiu l u tm he ’l ‘c~’~l cli icc mmmg l Ime ’ sc’ c c u t i d i  ce’’ss ut ’ t t  cc ill hue’ u i mm Il uc ’
t ise ’ c i t  c t t t tm l s tmt t ’ us iii , uu ie i , ih (  s i I e’ c’ i t i c _ i l u t t i l ,  ~‘eusc ’ri umg st ic it ,uic ’,ic .us c i h i s ’ r _ m t udumu.i h ue ’ct ’tuic ’bm ,iuiuh i m u m s c m t u m m  ,h, - t t umi l u u i u i  liii

mm u utu t , i r ’ .  , u i rc u , u Il ,anul uii,aike ’t ‘, iu uc ,‘c .,uuul l’tuc ’h e’c’eiuu u i u mi ~ l i s t  cc uini uue ’i c’ i.mi .umi c m ,u t m I lie t l uu u t i  cd ” s s u t ’ t t ,  d il l I Its’ c c t i u t lu iu t t ’t ,ui.

,i iurt ’ I i mtuuut , a rs chc ’cm gu u (e tut h , us mh l c’s , uu t ij uue ’ tht’ ilIu m_it t u t  tt ’ t ’e’Ilt till . i i t c ’ t ’ ’, I htc ’cc ’ hu .u ’ . c’ m ost us uth ’ s It’d (us t hus ’ lt t issu t i t hul  s c it

u iu .mk m mug int uit ’ de’ .u ule ’e h xl eiclie’s , tut u I ,u Isis to ,i tc ’ mu d c ’ u ic ’\ l u i~ cl s’’.’t’ Icuhu uumd ’Iu ( cu t  s ’ I t her ,u iiiumu Iii I_ it tlc ’smg l m prms e’c ’’ss - cci  thu

u m i u iu i t ’ rc ouc u lc ’ u,ut i’ll’s l’c ’tc c c’e’im c tu u  uu u u ic spe ’cu , m l m cc ’t t lc ’ ,uuui c , cii t aut mutie ’g rt m(c ’ci Iuuut d’c’ss h’ ,us~-~l du n .m Lii ge ,iule’ r chu cc i p hutm u m

~ 
ruugrtmin uuie~ , lime mdc .uu i t ,ugc - c t imi d ii ic ,u ui c ,m mit ,ugc ’s cut I hmese’ cc ill hue ’ ci i’,e’u ucsc ’ch hit s’ Ii mu,u t Sd’sc tu ut  u cc ill Icuu shc it I lie’ lice ’ uuh

c’ Itmtlpt i lem’s j ut tie tailed ulesi gum timid de’ve ’hempnte’ i t t ,  ( hit’ ,u ic’ ,is c_ usc c’ re- t i will he’ ae’reuch iia uu m ic putgr .umum muic ’s , u utc ’lumtl h u g  ctm t ’hu

ht c ’umm c us cc uu mg tksigui .a mmch tairI’rt uumui ’ priupmm ls~sn iii (egrat ion xl ruich eurtil , , mt ,mh ~ sic , mut5 - luucii iug ,uc’ i t t c ’I,i’,t ict ~ hitu mtshiu mt g

dl U at a li t ’s umu he ’ I ,tc liii mu ,iitcl h u t  tier , a oh muicure genc’rmml itemuis sc it ’hi as flighu I test hug and s~ sIc’ iii m u m le’grti t mes u t ami d
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clevelopumment - I’imrts ughmoum t all tIme ss’ss ioums eunishiasis will u s ’  placed ciii lime h’iuuam mci _ iI iuuu is hi c_ itit mu m s nt tis umug tim e c~ ct c ’t u is

cls’scri bed _ iutt l , iii t~art it’ cular , I imeir limit i (_ i( itslms ,

(;(lII)ANCL ANI) CONTROL PANI- .L

25th ht tuuue t Mee ’t u mu g Symt upoc iuuut i . Advamsc’es in Guitlauics ~ mutt ) Control Systems taxing I)igitush Techniques ((‘lass illec) I
7 II \I,i~ ~~ 

ti , UI ta ct ta , (‘tum i tm e tt i

I lie’ S~mr ummg S\ m uu l utis i u u m u m ( Nt’s I’O—(’ONFII)l-N I l-t I ) cc - ill chet a l sci lli t ij i~tIie’ tul j etmis c ml ’ mtm ic ’ r cu h tut u e ’d’ssdtr s t iu g mui c l.um tc c ’
ami d ce sm mtr c s l, tulup lic t uti et mt cut ’ tue hvt iu mcs ’t l ,uu t tul ~ ij e ’ t um i d chs’sig uu m u m c ’t h mc uc ls . sci llse-t urt ’ e icsj gim , s iu tutul a t i cu m i ami d ct u la c la t j ’ mu t
tc ’c h m iu uc i uu e ’s _ uu m m u l tu — se ’tt mc c i r Iauucliuig i’uur umm cre ’ase’e I ps ’ rtcsr uu m .amtc t’ ~iuIc t h_ t i l t  te ult ’u’ tauie ’e’. re’c huu mm e h ,a u u c v m u mtu m utugc ’ uu m t ’ m m m ami d Olue’rtu-
t ion_il t im id elc ’c- e’lc sp mum c ’ itt pe’ r I ’c u r u mm tu umce ce- i (ii t hess’ ad 5-amics ’s,

2d )tlu Pauie’I ‘ste’c’l it i g Svu mt i u i u suiuu u m : ‘sir f rutfI’is’ Manage umme uut : Civil/Mi litary Systems and Techutologies ( ( ‘ l . as silu e ’cl I
S I 2 October I d)7d) (‘c peuthmt uge ii , l)cum muua rk

~ h’ ltc ’ h: tu ll S y umm p ct s uu u m u m cc - all t ’oe’t is ciii tiplu l ictut uc um is tes tactic a l Si t t t t lh iu i m t ’ ,  u t  tIme ’ NA 10 e’ u m s i rcu u i mm i e ’ m i t , t litis us ’c~uu j r u i tg
cltussi tis’eh sd’ssituns ( NA I ( i-SI - ( - Rh - I I ltase’e h c mii this ’ huresd’ ntt t ut ie u mu cii possible e- ihue’rat ic sm mal ce’c’ i m t a rm c i s , thus ’ c’esu mt ’ert’muc ’e cciii

— e hiccm t s s t ime ack’dl ti ae’v cu t ’ those air t r a h ’tjc cc-ill treu l ce imicd’pts lit cuirr eu m I lust’ and c-ru j e’taIl~’ re-c Ic ’sc re’cemlt :uel c- tu mu c cs
imuclui d imig: eligitta l ch a t a h i t  kit , c e u iu up u ut e ’r arc h i te ct  uure , glc btal Posit icumu imig, au lleu m u mat it ’ el ist rit uui ( jolt cil’ j ut h’c srm u tat icun
d isplays. proce’ssesrs ami d umi tegr tatc c l sritte’ itts . l Ime I ramisi I icumi I c -i a t’u u I uure c’j c m t mum lu tar s - s\ she ’ mu tisim ug time ’ t m u d  adt’s a u u d ’e’cl

5 
t d ’ chim t i cjei s ’ s cc ill hue’ co mtsuc le ’re’ch , timi d s’veu lu ut j c ’ m ut i r~ j u ut ple’ mti e’ti t ,a( ic u mu se ’l i e ’ uu td ’s scill be’ Preulsoss ’et -

r
PROPULSION -‘sNI) ENERGETICS PA NI-L

~~reI I’tumte ’l ‘s tc ’ e’ i t t t g  - S~ u um h uuu s i u i t u u:  ~~litI Rocket Motor Techtnolog~-
2 n April It ) ~‘d) Os lcs , Nor sc ti~

[hue’ S v i t t i i u t s t t t m m u . (sit ‘Ses hiel Rctc ks ’t  Mcuteur lc ’c ht tmci l t tg ~ 
-
‘ ic , ulmmm t ’e h tul Iuiniui s huiuig ,t e’ t i i t t h ’ i e ’h te ’ t is t c e’ suu~ - t”.- cut h i s ’

te ’c’ lmmm c t l c t g ~ ~is -aulabIe ’ Icir solid t- ircu ps ’Il:u itt reucke ’t mutc u ic ur s a mi d ils t’uurt hmt ’r c hc ’c ’ c’lcu piui e ’ mu t e’aptaI - ij l j h i ~’s hlcst hi re’se’arc ’ h m tumi d
tc ’c’l u t te uhtsg ~ hireih le’iiis cc-ill Its’ chisctussu,’el - Se p_ i rate’ sc’ss iouts sc-ill h- is’ c fe ’seile ’eI tes iguti I icun t a m ict e’’s t j mi t t  ic umm preu bls ’mtu s, .uutc l
j ut t e n t _ il ballistics. Icu t h e  co uiib uustt omm esh ’ m iteta ls tim id ptu rt i chd ’s c’euuus ielc’ring heut hi t hit ’ b_ istc ’ lurcub le’ m m u i t t ’ s imigle’ part t~’l~- c
tas we ll tic this ’ e- cs mtu buusticsmu of pttrt ucle cltm emets ) , ta ts c l tes smtm cske le’sx hstcs tus’ Ilttutts , hu turt iccultu r att e’nt iouu will bs’ gist-il to
ctuuuib tist ic-in iutst _ iI uuIu t~- , i ts tuuutul ~’s is , a u t h relatiout sc- it hi clv u utam u tic prcsps’rt it_s cml ’ prcupt’Il t mmi t s ti mid c’t iiii pam icu ’ i u be tcc e’e’ m u
t his’esre’t ical pre’e lictiomus t i m i d cuh-ise rvaticms, I light t’rs’dI uc’itd’y imusta is ih i t  it’s , 5ei ts c ’t I couplimig. st i~uprs’ssl tsmi c he ’t’ t c ’ c ’ s t umi d (lie
thy utamum ie’ ~~ r l ’curmiiautce cut ’ mica’, Ic_ s tire i m impeurta ut I t’etu t uu re’s a much ‘st ill I-id’ c m isc ’ t msse ’ct I itt’ 5’. ita l i c t5i ii iii sc-ill h-it’ cdsmu c ’lea c le ’c l by

4 ss’ssicuuis ces uuc e’ rume c l sc-it it lie_ it I rtautsfe ’ r iii muesii ls’s ,uiich m uu s / / Is’ limit ’ rs imich um c l iuug sun I a h le ’ m mus m u Itu m mesmu i t t _ i  It’ ri_ ils .mc sc- c’ II .uc
w it it test i mug tumid mum St r u u ins’ mit tat ic )m t wit ichi bol ii se-ill be ceuve’ re’dh i mu (itt’ aspect is I ha hue- ira tesr y cc- csr k - e Is’s’e’ Icupuuit ’iu t . aum c l
t ight

54t h l’auts ’ l Mes ’t iuug/Sps’c it al ists ’ Meetings: Atlvnuic’ed (‘oumlrol Systemmis for .-t irc ’rtmh ’t Powerp hamnts.
I S ()ctc h s’r t ii ~O (‘olesguse , Germtm a a iuv (‘oum m huis(or Modellimug

h’hie lit-s t Specialists ’ Mes’ti umg te l_ it t’s t is the’ fact l i t _ it  mit re’c’s ’ uut ca m s ct )mtSit le’rti tilt’ ~urcugrt ’sx lu,i’, h c ’eum ,ic ’ l i tc ’ c s ’ c t
i mm cl mgi i_ il elect r usm i k- te’s’Imltidl tics antI t hit’ in uuss ’ iii cesm u I rol s’s- st c’ mim ic . lIt is Mccii mug sc- ill m e ’s - ic ’ cc t his’ st _ i ts ’ ’c si ’— t hie’’am’I tait t l
ci iSe ’ t iSS time tsp limit um in ccs;i trol ci r.u t c ’gt c ’s t ’cur tat ’ re-i s’ mtg i lies , t his’ pc—s itu h il it Id’S cul’ j ut tc ’grtu ted s’muginc’ iii t ta ke ami d h igh I c’u su i I t c s l
%\ ‘,ie’uu i ccii hi respect Its f m ut uu rs’ um mi h itar y tm ircrat ’t , h’hte’ iuui phc’uiit’ut ttm t ic ui cmi ’ cciii I u’cu l b~ tid h c t hli d ’e’dh hiV e 1 rc m ’ um uechut u ut j ~- ,ul
hit au c hu c , tsr electrcsnic s~ he m s will is ’  ine’lumdlecl t amith re’cl tt ut clauic ’v strategi es aitd l s~ c le ’ umm iut tc ’gril t mmttml ~- it ’ d autd c- c — u t hu ,are’dl
5’. ttii rs’eemi t esperiutte usta l e’xpcrieflcs’ cut ’ ac hv t uu ice ’cl engilis’ contrculs ,

l ite seccutici Slucc itul ists ’ Mes’tim ug will ch c ’tal wit ii ‘( ‘u ’ mmu hsust c ur Mocle’lhiu m g ’ [h is Ms’d’h iltg tluidl ic ’csc ’s rese’ti rc’hu cc uim kc ’ us
cut ’ as’ro—e ngimt e’ mu tmm tu u fac t hu rs’rs _ imud est lieu’ relta led intl tust ne ’s tax ws’ll as cut ’ i mist it ti les , Its u mh uj e ’c’ Its c’s tart’ tc iuc ’ Il-i m im ~mmui i Itue ’’
tuurt’rs ill select uumg ti iii I suu lust tint t i _ i t  imig aat leq tu tu It’ I iuecsrs’ tic_ il u t m u s c he ’ Is t iltdh , din t Ilt’ c- il hue’r hiammd , t im prtus’ ichs ’ mu m u s e ’ mci I’.
rt’cc ’ urc ’ hic ’m’s wit hi k nuuwlett gs’ bcu u I u-cal itt ic ceum u lsuus l u r s  ,u much un I It t ’ c’ ‘sps’ ni mtms ’ iu tt ul c’outc l it itsuis u role’ r ce lu it’lt I htc ’csi’c’ t ic_ il
mn ustls’hs slm ts uulul iss’ sta h uc lt it eel - I )isc’ti scicuu is cc-ill h-ic’ t’eu~-t ussc ’~l cult lutmre’hy thue’onelictml sc us rk tamuci j Ic d’t iit iptm r iscumu cci Iii
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espenit iental data. Outs ’ part ot’ thue muteeting will deal with e lem entary phenomnena like fuel injection and vaporisa-
lion, overall umiodels olc hieuumical kinetics , aerodymt ammuics of pu’imiuum ry amid dilution zones, uuiodelhiumg of gas and nietal
radiation , amid wall include non-stationary phs’nomtiena, e,g., ignition amid iuustahi lit ies , In a second part , synthesis of
ele mt ue’nts and application of models to perfornmancc . operation and opt inmuizationu of main conibustors in turbine
engimues, after-burners , and industrial comnbuustons will be discussed as well as the pollution prediction capabilities ,
eg., the geuierat iomm of carbon iutonoxide , nittugen oxides , uuubumrned hydrocarbons and smoke ,

For the’ Specialists ’ Meeting on ‘Ceramics for Turbine Engine Applications’, which will be Sponsore d by the
Structure’s and Materials Panel, PEP will take the responsibility for the session on ‘Syste’ms Design Analysis ’ and
share’ sponsorship with SMP for the session ‘Ceramic Component Design and Test Experience ’, as well as for 11w
rotund-table disceussion,

STRUCTURES ANt) MATERIALS PANEL

45th Panel Meeting/Specialists ’ Meetings: Damping Effects in Aerospace Structures , Low-Cost Aircraf t flutter Clearausce
6 April 1979 , Wi lhiatuisheurg, USA

The Sprummg Panel Meeting will incleade two Specialists ’ Meetings, as follows. The main Meeting will be on
‘Damnping Ef iects in Aerospace Structure s’ which will deal wit h the type of aerospace probleuti where damp ing is
of crucial inmtportancc amid tor which no syste mmiati c treat m ent has yet been aucmmupted fromtm a practical point of c’id’w ,
‘l’he second will he ta omie-day Meeting on ‘Low-Cost Aircra ft Flutter Clearance ’ which will review low-cost (hitter
prediction preucedeures , espec ially wi ti m regard to light airplanes and gliders ,

49th Panel Meeting/Specialists ’ Meeting: ceramics for Turbine Engine App licat ions
5 12 October 1979 , (‘ologne, Gerut-m amiy

It is becoming incre asingly apparent that uncoo led ceramic cou uiponents muiay be one of the best ways of
meeting anticipated systeu ut redhuuincuuients for engines with higher thrust-to-weight and thrust-pe’r-unit-volumtme rarios
for missile and RPV applications, Many of the prograuiinies currently cinder way are addressing and solvim’ag the
design problems outlined in a previous AGARDograph and a number of important lessons has already been learned
about the selection and processing of ceramic materials for these applications, Sharing this information now and
updating earlier publications in this area should greatly accelerate the development of ceramic engine technology.
The Propealsion and Energetics Panel is participating in the preparation of the programme for this Meeting,

TECHNICAL INFORMATION PANEL

32nd Panel Meeting/Specialists ’ Meeting: International Access to Aerospace Information
(6 - l8October 1979 , Athens , Greece

One of the main elements of the work of the Technical Infornu_ition Panel is to assist NATO ’s aerospace
research and development activities by improving the effectiveness of scientific and technical iuufo rntation systeltus
throughout the member nations, The choice of theme for the 1979 Specialists ’ Meeting stenis from couts iderationt
of this aspect of TIP’s work , The Meeting will provide a survey of the existing facilities for international access to
aerospace information and the problems involved, Thus, examples of official aerospace inforutiation channels will
be reviewed. Technical requirements and apparent barriers to internatioutal cooperation and data exc hange will also
be addressed, Furthermore , the Meeting will take notice of special problems associated with aerospace informutation ,
such as access restrictions to certain types of doceumnent and full-text information, and the utilization of nunicric
aerospace data, It is planned to terminate the meeting with a half-day Works h op Session to address problemuts raise d
by members of the host nation in relation to aerospace information in the conduct of Greek research and develop-
ment work, 



LECTURE SERIES

Lect ta re Series No,98: Missile Aerodyutaituics (with Fluid l)ymt auiu ucs P_ itch
5 o March 1979 . Ankara . (‘turkey
S 9 March 1979 , Roumue , Italy

12 h o March 1979 , Btcms ~s’ls. Belgieuutu

The cocarse will cover all t he  cimief aspects of the _ ierc it lynauiuics of tactical unissiles It wall he introduced cc ith an
e~ete’ntled overview cut ’ time more’ classical topics , stucht as flow over wiuigs _i itc l hotlie’s, w imug-hesetv tamu c h w imt g- t_ ii l u tter ’
i’erenc’e and aereud yita ut iucs of comm iplete contigeurations, l’his cc itursc will he a i’ollow’cun tro u t th us ’ pre’ v ic uems VK I
Le’ctemre Series organized in 1970 , in thu_ it the’ following inure specialized teupa cs related to iuuipnos’ect tlesigmm c ut m issiles
will be treated in uttore detail:

control of m issiles , high angle-of-attack aerodyj u_ iuumics. base’ iluuw , and
weapon-aircraft interaction (stores and steures separ_ itiesn i,

At the von Kirunán Institeute presentation c-it’ the Lecture Series, \ ‘Kl will sponscur au ac lditieun _ ih 2 clays of
iecteure s to cover the areas of kinetic h eating, internal flows im i airhr eat tmi uig euigines am id c’’ .te ’ rm u:ul aerot lymi ti mm uid’ aspects
of intakes. ‘flue peuhhislme’d Proceed ings will contain au exte uisive’ ehc uc uutm e mt tatiou u cut ’ this ’ stulsjc ’ct (addit iesna l to all t he
oral presentations) and as such will he a c’ tuluuable rel’erence c hcuccum tme m u t ,

Lecteare Series l) irector: l)r HI- Richards . Von Ktfruitain lu istit cate . Breussels , Itelg ieum uu ,

Lectears ’ Series No,9t): Aerospace Propagation Media Modelling and Predictioum Schemes for Modern Comununicatiotus,
Navigation, and Surveillance Systems (cs ith I’ Icctresmt uag ne’tic Wave I’reipag_itiout P_ iuuel )
4 5 June ld)7t) , Lond on, UK

14 IS Jeans’ 1979 Houlder . USA

‘fluis Lecture Series wall review umm odel l imug tamu tt pred iction t csp ics w h ich lmave hes’mm pre seuttcd at a itei mut be’r cuf
uumeet ings of t hus’ A( ;AR I) I:Iect romutaguietic Wav e propagatitsmi l _imie’h iii (lie last i’d’5% years , Moele’ll imug zau td pree hictie - imi
schemtmes of the aerospace radio and optical prop’~agat iom u e’nvironiuueutt based tin utuedia char_ icteri i_ itiomt luave bc’ccut ute
essential to ut ie’e’t red 1ea ure,m muentts of operational accuracies in comnutunuication , nmav igat iont . amid surveillance’ in nnilitar~_iuud civilian system uts ,

The’ lecttmres will iuicltade the following topics:

General modelling and pred iction scheiuses,
Aerospace (atm umospiter e ionor,phere , and (its’ space environutueuit) .
Sh ort- and long-termtu l’ ed ict iOn technie j emes tanch agreem uient with obse rvatiout data.
Ad aptability ot~ prediction tecliuuiqtues to raehio and optic-_il co iututt tunicatiotu . tuavigation anti scur’.-s’ill_ iuice.
Systents operating in the’ ae’rospace env ironmitent,
Effects of geoph ysical ehisturhami ces oiu the state of the mutee lia aunt t hei r  pred ictability,

Lectcure Sermes t)irector: l)r Il.Soictte r . US Arm uty (‘oml tutt cuu i ictutions Research and I)evelopmutent Comtiu ut_inet .
I)Rl)CO-(’OM-RF-S , Fort Monumnouthi , New Jersey, US.%,

Lecteure Scrues No.100: Methodol ogy for Control of Life-Cycle Costs for Avionics Systems (with Av ioutics Itm tim iel )
7 - 8 May 1979 , Honn , Germany

hO II May 1979 , Athens , Greece

The contincially iuts’reasing costs oh’ avionics systeutus eluriutg acquisitioui amid t h eir Iih’et iutte operatieumt is a utt z utter
of grave concern to the NATO fanutily oh’ nations. The NATO ( overn umue’mt t s nt’eel gre’ate’r visibility ta u cl coutirol usc-er
the’ life-cycle costs of all weapon tunch avionic systeutus ,

Fortunately, titers’ h ave been I’orituulated disciplined mutetit ods of providing such visibility anti control over hit~ — - -~cycle costs; that is. over t he developuuieuit , acqeuisition, tra ining, operating tmm uct support antI, limially, elispot_ il costs,

Th is Lectu re Series presents t ime basic principles oh’ Avionics System uts Cost Amualysis in a rapidly cluauuging
technology cmiv uroniutent _iu tdl gives proven tutet ltoels of ach ieving signilicamit cost savings,

The Lecture Series will cover the followimig scahjects:

Life-cycle costing ( LC(’)
(‘eust est imutating mnethttsds . 

- 

- ‘

Procuureunie’nt techniques,
Souars’e selection uuuethotls,
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Lecture Series No.103: Non-Destructive Inspection Methods for Propul sion Systems auud Components (with Propulsion
and Energetics Panel)
23 24 Apr il 1979 , London, United Kingdomn
26 27 April 1979 , Milan, Italy

The safety of use oh ’ mit echanic al syste m s is dependent on the identification of possible defects in (heir counpo-
nents. Th is applies particemlarly to turbine engines , certain elemi tents of which in particular , turbine and compressor
discs and blades are subjected to extreuttely severe stresses: creep, low cycle fatigue, thermuua l fatigue.

Ihese’ possible defects mutust be detected when this’ various parts are at the manufacturing stage , on t he one
hand, and , on the other , during periodic inspections when the engine is in service,

It is therefore imudispensable to have available non-destructive inspection methods which, while th ey are accurate
‘ and sensitic’e , c_ imu he used in workshops for the detection of defects or cracks , however small they may be .

A conusiclerable ammuo e unt of research work has been conducted in this field on the world scale and Imas led to the
developmt ient of various meth ods: cultra-sonics , magnetic inspection . X-ra y pictures. New procedures , which i are
comusplementary to these already conventional niethuods . are in the process of development or optimization:
acoustical emitission , laser holography, Eddy curremits , etc.. ,

The aitut of this Lecture Series is to survey the means ceurrently available, with particular emphasis on the
intrinsic possibilities and presenut limuiits of use of the non-destructive inspection methods the mnost widely applied
to tea r hine engines, and to define the state-ot ’-the-art of the most advanced meth ods.

Lecture Series Director: lng~nieei r en Chef G.Bessonnat , Direction des Recherches, Etudes et Techniques,
Paris, France.

(

Lecture Series No. 1 04 : Parameter Identification (with Flight Mecluanics Panel) ‘

29 30 October 1979 , Delft , Thus’ Netherlands
I — 2 November 1979 , London. United Kingdom

Flue techniqeme of Parameter Identification has been tinder developntent in a number of countries in recent
years and, specifically, its application to the problemuis of analysis of tlight test data has been examined by all t h e
major NATO nations, As the last AGARD/ FMP meeting on this stubject was held in 1974 , it was considered appro-
priate to bring together a neumber of experts in this field with a view to updating the information available and. in
doing so, present it in the foriti of applications dat_ i and euser experience so that it would he of practical value to (hue
fligh t test engineer

The lectures would examine basic theory and a number of applications of that theory to various areas of flight
test work. The subjects covered include seiclu topics as coefficient estimation includ ing stabil ity and control
derivatives , performance and high angle-ot’-attack parameters , structural mode identification and turbulence , types
of manoeuvre required: the purpose of parameters incleuding vehicle compliance with specifications , definition of
characteristics for simeulation or refinem ent of configemration , and research to aid future design.

Lecture Series Director: Dr-lng, P,Hamel, DFVLR. Braunschweig, Germany,

Lecteure Series No, 105: Intensive Air Operations — Problem s of Sleep, Wakefulness and Circad ian Rhythm (wit lm
Aerospace Medical Panel)

} I 2 Octobe r 1979 , London. United Kingelomum
4 5 Octobe r 1979 , Pari s , France
9 10 October 1979 , Toronto . Canada

The Lecture Series is intended for those concerned with the muianagenient of civil, and particularly utuilitary .
personnel who have to cope with irregular work and rest. It will provide an eunderstanding of the ph ysiological
processes involved in the adaptation of man to distturhed sheep and wakefeulness, and comisider approaches to t h e
problem of managentient ins’Ieuding the use of drugs,

The lectures will he’ given in three parts:
I. Sleep, Wakefulness and (‘ircadian Rhythms. Physiological and Psychological.
2. Adaptation of Man to Disturbed Sleep and Circadiamu Rhythuniicity,
3, Management of Irregular Rest and Activity,

In this first part , attention will he given to thue physiological basis of sleep. wakefu lmuess am-a d circaeiian rhm ythm t ts
and the psychological correlates imic ltuth irm g perforuiiance relevant to personmuel involved in skilled activity , Time
second part will review stemd ies on the adaptatiomt of mtu a ut to unuseuah patterns of rest amid tactivity svith special
refe rence to present day situations , and the t h ird part will tmttempt to provide a basis for the uuuauua genu emut of
disturbed rest and (he rationality for the cisc of d rugs.



the series as des igned for a wide range of interests in both the civil and , particula rly. thme milita ry context , and
hot the h_intl . sea anti taur environuiaents . A particula r feature will lie the opportunity for participants with special
amuterest mu this ’ manageutsent of suc h prohslemns to take part in dhiscussions with thie lecturers. It is intended that thue
ptartacapauuts wilt umucl e ude managers ammel operatiomu st af f  a’, well tic med ic_il ofh icers ,

Lecture Senes I)arector: Wi uug (‘ouuumnander A.N,Niclmolson . RAF Institute of Aviation Medicine , Farnhorocaghm ,
I l t i ntst . Lt l4 nuS/ ,  1.1K.

1-
MILITARY COMMIUEE STUDIES

16th Meeting of the Aerospace Applic ations Studies Committee ((‘lassiiued)
14 15 May. Washingto nt , United States

the (‘ounmittee will finalize t h e  h eruns of Reference for time topics selected by t h e  National l)e legates Boartl
as ASS Nos, I 2 and 13, I’hey will also organile this ’ Working Group No.1 2 whmich u is going to start a muew ASS in
July 1979 if so decided by flue Nation_il l)e legates at their Sprimtg Meeting.

4th Meeting of the P-2000 Review Boa rd ((‘lassifieel )
lb I ~ May. Washington , l’nited States

the Revie w Board will receive thus’ t’inal briefings from the three Studly Groups omi t h eir respective studies .
SG I: Attack of Surface Targets
SG 2: l)eh ’ence Against Missiles
SG 3. l)etection . Location and Recognition of Ground Targets

and give eultimate guidance.

5th Meeting of this’ P-2000 Review Board (Classified)
19 21 November 1979 , Munich , Ger many

The Review Board will conduct the final review of (hue tiuree Stud y Reports and the overall Executive Report
from the Studies Coordinator,

This should he the last meeting of the Review Board ,

1 7th Meeting of the Aerospace Applications Studies Commiltee (Classif ied)
22 23 November 1979 , Munich, Germany

The (‘ommittee will conduct the initial review of Study No, 1 2 if previoeisly started, draft Ternuis of Reference
of Study topics proposed by the Military Comnmittee and or2anize Working Group for Study No.13,

~1
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