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PREFACE 

report su~rizes workcompl~ted and work under way durin~ 

the perioq 1 September 19~2 througp '29 February 1964;o. 9oztlsNe$ 

at\ ~- 988._ eoc W QU·•)· The ~ffort duscribed in this report involves 

an investigation of radio comml.\nication problems of concern-to,Project 

AGIIE. 

Owing to the joint workir.~ ar~angements existing between Tha~~and, 

Ministr.y of Defe~se personnel, ~he U.s. Adv~~oed Research ProJects 

Agency ¥te.Ld Unit, U.s. Army Electronic~ .Laboratory personnel, and 

U.s. Army Signal Radio Propagction Agency personnel, overlapping and 

.:!t'i~t working parties are a~sig~ed to technical problems. An attempt 

bas been made in the report to properly give credit to the many organiza­

tions involved. 
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I HlSTOiilCAL BAOKGROUND 

Du_r!n& World. War II, United Stat~s military force& operated exten• 

sivelY ' in tropical areas·~ thereby ·gaining cons1der~~le ·practical exp.eri­

encc in cOIIUINnicat'ion prqblems in tropical forests and· . ~jung).e areas • 

Unfortunately, the -pressure of military object~ves li.tte~ scientific 

exploration into mQny of the ·spec~~i~ pro~lems th&t arose• Sizable gaps 

in our knowledce of coaamuziicatior- in eq'o/'torial r~tiona r&mained.. The 

·prosetrt-do.y interest of the. Uni.ted, States in assistinar and proaotins the 

development of natiqns ln these regions· has revived interest in communi­

cation problems and·~apabilities there. 

Under Proj,'ect AGI.t£, tha Advanced Res~rch Projec~s Aielley (ARPA) 

of the Uui ted Stat~s · Dep~~tlrlOnt cf Defense has been c<.~ndq.cti:tg; variou• 

proiraQ that provide research R.nd eNtineerib.g support · tu .enhance the 

capabilities of 1ri,ndly local ~orce• in r~ote ~reas ~f potenti~l o~ 

actual contlict and to benefit the ·Unit~ States th~,~ atre~wthe~i~ 

those countri·es, deriving pidance .tor the conduct of reante area o"ra-
, . 

tiona, and deterainiq. require.nts for rel·at9d research and develop•nt. 

Special eap~aia baa been liven to the proble .. of Co.MU~ic&tion in 

aouthea~t Asia, w)lere tbia portion of AGII.B has been ident·if.ied as SM 

CORI, .-an acJ:ooop tor South laat· Aaia eo-&nlcation Rea•rch ~roaraa. 

T~• f:tienc~Jy ·a~ cooperative workiq ai'raq-.nt exiatiq betw"n 

T~.ilaDd ·and tb• Uoitecl $tatea baa, re,ulteci in joint atucl1 of t~~ical 
- .-...... . 

~ a a~-c&tio~ .: .;,.•r:~l- by ataff ••bera of the 'i'bail~d lllD:latry .of 

Defenae .aDd -~ .. aeiea of the ·United st~,:t•• Goyei'Ueat. f}everal 1•r• aao, 

' 
' 

a joint T-i~Dd-vntted. States a1ency· called the Collbat &Del DevelopMilt 
, ' -.... . 

Teat Center (CDI'C) •·~) establiahed tQ eo'DduQt r•l~a~ic ·teats of ·.-.Jitary 

bard'l'&re alld to f9ater re~_earch ~ ·•111 -subject• in a tropical enviroa-. , 
. ~ -

Milt. The Cm'C waa staffed by ~raODDel froa t~ T~11and Jli~at~ ·of 
.. , 

·o.,fen•• aad .ti"'a 'ARM. Support waa ob~a1.ned 1ro. •DT additi~~~ T•i-

laacl aDd United Statea qencies. Under ARPA· a\liclaDCe, the U~~ttd Sta~•• 
. ' 

ArliJ Blectronlo' I.abonto11 (U$A!Ll ~udertook ·the ~ppon\ of c~ntoatiou 
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research itt T4a1land. Stanford Reiiearch Institute, under contract to. 

USAIL, has implemented the variou~ in~~&tiaationa ooncerntna communica­

tions. In early 1964, the name o! the joint Thailand-United States 

agency was changed to tbe Military R~searoh and Development Center (MRDC)~ 

to better desc1•ibe the functiotl of" the organiz•tion. 

. ' ' 

'I 

-, 

* Bxcept ia direct quotation, current noaeuclature i•, uHCl in the foliow­
iq •actions qf tbis ~port. 
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IX PAOILITIES 

A. Introduction 

Early in the SEA CORE ·pl"?gram it was conte11plated th~t an elec­

tron~os laboratozy would be established in Thaila~d as soon as practicable~ 

with a st~ff conducting resear,ch jointly with Thai p~:tsonnel-. Oft toe· 

sp~e-, necessary sta.ralttJ- and ·houae.keepinc servic•• wcr• ·to be p~ovided• 

and a van-mounted c-a vertical-incidence ionQsonde wai t~ be collocated 
~-

.... -

with the labor~tgcy by the u.s. Army Signal!. Radio Prop"aation Aaency 

(USASRPA). It was anticipated that the laboratory proper ~ould best 

be configured· - ~n v~4s f~bricated and· equipped in the·un~ted Sta~~s and 
0 

th~~ shipped for immediate empiac~mont a~d operatiQn. 
,. 

Co~side~a~ions of av&ilab~lit~, r~l1abi21ty, stabitity, and pr!ce 

indicate~ . that i~ woulq bo ~dvi~able to· fu~n~sh .a~ 1n4ependent pQwer~ 

te~e~ting capa~ility, at least to~ the- l~boratory and sounder. Trans­

portable van and power-ceneratinc cap-bil11:ies .;·lso aeeaed desirable to 

permit field · experi.-ntation remote .from the laboratory. It waa antic­

i~ted that suitable office and storaae apace ·with aontiauou• lan~ area 

:for the laboratory, antennas, c-2 1onoaoade• and power a•.neratora could 

be leased in or' .n,-ar .Banakok. 

B. ~1 te Preparation 

In December 1952, a field site survey was conducted tor the ru~ae 

ot locatinc a suitabl• site n.-r BanakOk for an elect~nics laboratory 

and suppqrt activities. llr. W. R. Vincent ot SRI and llr ._ Howard n tts 

ot VSAIL pa~icipated in the SUfvey. · Major Jolm Krana, the onsite repre­

sentative of USOL, assisted in liaison with the Tbai'l~nd. Ministry ot 

Def4tnce, th~ ~A Thiai~aiic! Continpnt, aDd requi~ed- local buaineaa orpn• 

izat~.ons. T~~--· Janalq & Bailey Co~ratica bact undertaken ~ a\lrvey ot 

T.,:ai:J,a~ tor rellote propaption teat aitea, tor •=' QOIIPaniQn prosraa 
., . 

u~der t31e d~rie:tion·-of ARM and U~.. Tbe~-r -experience and. lm.owled•e 

ot Tbaila~ were helpful and ainiai&K. t~o wo~k requ~red :for th. SRI 

sur.V6)'-. A a~i table location was selected near ,the n.orthern qe of 
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Bangkok, where ~ thTee•story Chinese-style store b~ilding exist~d and 

adequate l'ice-paddy land W$~» availabl~.. 
1
, ~ ,~,-::: 
, 

An adv~noo party of SRI personnel arrived i~ '~hailancJ, in February 

196~ to complete loRae arra~ement~ ~nd start ait6 prepa~ations. Since 

a .rice paddy 1• flooded in the· course of a yenr, ~+.was neces•ary ~o 

place rock till 1~part of the ar~a to cre•te ~n el&~ated s~rtace to 

receive '*be van QOliPl•x ·~ furnJ.sh W9ridnc sr .::e.. Coucrete ~ds and 
'I 

'' 

~oundations were Nqu1red for th·e laboratory and sounder vans,. the :·so~nder 

an ten~, and· tho power -building. Rock fill and topping were also re• 
'' 

qui-red to i-mprove ~nd create ro~d and pai'king a-reeD • The tJower b"ildibg 

and shelters for Thai guards and drivers were con•tructed in tbu form of 
' . . ) -

sheds • The pcllWer building includes spat,:e ;r,-,1~ a smali shop and ~tora~e 
/ 

of mechanical equipment • su,po~t equip.ent and diesel --~ner&tors t~ 

f\lrnish 60-cps wwer to the ·vaq. c'oaplex w•re rec.etved: during l'•bruary l 

and the gener~tors we~s· insta~led after completion of the power building. -

Wood poles were, .set in the ,rice paddy for ~ntenn•s! ~ncl a catwalk wa~ 

cons-eructed to ·cive acces~ wbcm· the ,addy is flooded. Tbe van ~rea, with 

labc)ratory,. .power· buildin&, mobil-e 'Shelters, and· a wire -trr~e:can be, 

seen in Fig. 1, 

The buildinc for oltices, whiqh can be •••n in the diatanc~ in 

Fie,. 1 and in a closer, view J,n ~~~. 2, had ori1in&lly b"n QtaD.ti'Uot~ 

in the fora of five ~cljoinint; tbree .. story IICXI\Uea·, Witb aolid ~walla 
- ~ ~ \ . 

between and se~rate atairoaaes in each, Jloc:lule.. It waa neceaaary: to open 
I, 

doorW&ys between t~ 110du1ea--to 11 ve free acceaa throuahout •oh floOr--
,' 

and to floor over the ata~rwaya in each of ,thw-,"laree cea:tra~ ~1••· 

Oth•r work was al~.O zequired, iilcludiq 1in1ahina, w1r111J, 11-tiDC, ;•ir 

conditio~nc, and plubiq,* The upper floora are now ~~1~ b7 

,-, 

• In TbailaDd it ia nor.al bUa1n••• practice f~r the ~..... to aake 
:t•oeaaa17 cl~qea in bu1ld1qa and prope"y t.o ~t hi•. naeda. 'B~• 
tbe. conatruct1oD aDd in~allation-work wa~ do~,th~ oont~ct• wl~h 
the Unltecl, rita tea K~VJ O~licer in oharp, ot · Coutruct1on, ~outbeaat 
Auia. (loot';lly kDown •• OJOC) a~d wtth' looal -ccmtraot~ra, ·~• Yel~ •• 
by UI pei-IIOUQ•l· - I) 
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officesi one groub~-tloor modu~e is used ~or reception; and the remainder 

of the &round floor prov.ides air-tiopditioned stor.ag~ of electronic p~rts 

and equipnte~t. ~l'ect-r:t.c power, 50 cps, is tu;rnished from the Bangkok 

distrib~tion system • 

I~ addition to si-te prep,ration in -Bangk~k, arrancements were ade 

to establish · a n;t.Ote collllluiUea'ti.ln tef.l~in&. ar~ about 215 ili_los sooth-

'' &ou~h-west o~ BaJlt'kok, near Ba~ s._phan. S01_1e shelter ~· ~lr~4Y avail-

able there-·(a hunting · lodge owned by a Banckok: l)usiness•n); this was 

improved to serva ae a beadq\lftrtera • Severa~· tellporary- test huts we" 
I 

cons.tructed, of l:~lly available Jl\lli:eri~ls, over a 23 .. mile. span wit.,f::n 
~ - . ~ 

a heavily ·forf;sted area a A typic•l hut is sbown in l'il'. 3. 

c.. 1800 ·Electronics Labora.-'torY 
.. 

Simultaneously with ~~ site survey, pl~ns ~~~ ~e it sa~-Kenlo 

Park tor the .laboratory · con~iauration, laboratory teat equipMnt, and 

auxiliary equipMnt. The ~~bora tory .proper was desiped ·to take th~ 

fol'll of three air-conditioned· va~s · c9nnected in· the ~ora of a tee, •• 

shoWn in-Fil-· 4. Four ti•:J.d shelters tra~iporta))le by 2-1/2-ton t:nick 

were ~lao ptovided. The air~conditioned- field sherter~· were equippea 

with work benches, relay racks, and atorace cabinets.. An estil[lated que­

year supply of electronic parts and 8\ipplies we.s sp~~eified. OWins to 

the extensive ~ou.tructio~ and procunnaent o"f ~ipaent requi~ to pro­

duce the l~~or..~ ~ac~lity, the USAEL contracted with the Electronics 
- -.. ,. 

I)e~ense Labo~)tsey . \BDL) of Sy~vania Electric Produc,t.~ 1:.o a~oJII)lish 

this task-. Th_\"~ sepa~te shipaents were -.de "froa BDL. to Thailand, 

inclu~:~g: 

(1) T.-van laboratory coJDplex 

(2) Power-generatin& equip .. nt 

(3) Test equipment and supplie1 

(4) Portable shelters for field operationa 

Three views o:f th~ labQ~tol')r· i'llteri.or are shown in nc. 5. The tr&Da­

portable field shltlters ~n be seen in .lil• 6. The lat?o~tor,y Ullits, 
' ~ ~ . 

mbile test shel-t~rs, ~est equipment, power cenerators,··aud otber 

7 
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FIG. 3 PHOTOGRAPH OF A TEST HUT 
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FIG. 5 INTERiOR OF MRDC ,LABORATORY COMPLEX 
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FIG. 6 MRDC LABORATORY ·coMPLEX AND C-2 IONOSPHERE 
SOUNDER BUILDING 
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- •tel"iel were ahlpped over••• by ai.r aDd water during the period J'ebru.ry 

th~h May 1"3 and we~ inatalled •• they 0 rived.· 

~rlq the ini ti&'l period of ~be contract, arranpMnt• had been 

-•~• twtw~ ARPA; -u~L, and USASRPA to send a-.c-2 ·vertical-incidence· 

ao~er :-to Baftikok._ The:UWRPA ~t into excellent qonclition·-·· van"!' 

hou~ c-2' .aoWMI~r, ahip~ the ~UDder to ~bailaatd, ·an'd ·l»ro'V,id'fld· two 

enliated .. n. to operat~ tht aounder 'ncl to .C~i.e data. :Prior to the 
~ ·~ lj . ·. ' ~ - ' : F 

arrival pt "the aoubdel'> van, a sMll: area ... til.~ eel; a concrete ])ad was 

prov~ded for· the van; a base -and suitable ~Y an¢bors were consi~cted 

tor the· SQuncler ~llte~; "'1'4 t~e •11tenna tower waa erected. Close coor­

dination -ri~ tli()~~- co~c:.~ed resultecl ,~n the c-2 becoaiuc operational 
' ' 

very 8001l a'fter it• arrival._ 

After portion~ of the •in bulldiDC had b,.n -•de Jsa.bitab~e in the 

·Hrq apriq of 1963, aoM lab~ ·atoey act1v1~iea Were ataded. The 
. ' 

bu'ildilW, laboratory fac$-litie•• aDd outside work we~ ~leted duri:nc 

tbe 111llllier of li63a a full.- sc~l• of laborator, activity was· theil ~nior: 
:!- " , ~ 

tiated. Tbe Bl~t~i:ca laboratory- waa dedica~ed in· tonal OJM?nin& 

cera.oDle,a ou 4 Oct~r- 1963. The ~ru .at. t~ ·op•i_JII c~~iea by 

~or Gelle~l Siq•1 lleu.•uta, DOW COII*nd:l:~ O.Ueral, JIRDC, aDd. by 

~Jr. T .. ~. Bn'mdap, Dil'eetor, AR.PAIRDJV:-T. ~ftd t"he reapoue by Air· 
. ./ - ' 

Cbief ll&rabal l'awee_ Chull.-aPJ&t Chief of St~,:t;} Sup~ Ca-.Dci·, are 

reproduced in Appendix A • 

The •Jor ·J.abc)ratory 4M{Uip~~ent· pro~ided is listed in Appendix a·, 
iQCl~DJ Gove~nt•furDiahed equl~ut ·an~ other equipaent added -sub• 

seque~tly • 
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A. Introduction 

The qpentiona aulyiia effort duriq the per~Ocl cov•~; b1 tb'-• 

report incl.udecl· ·so• inveatiption ot relevant factor•.• -i~lllcliq Tbai 

~peech i~iications, but ... laqely d~vote.d. to- planl1~1QC Gt. worJt ~d 

preparation of •terial to be aubld. tted fQ;r th-. ••t»Pl'Ov&~ ot hl1~r Thai. 
• • ~ : ' 1> 

aut~rities. This ettort ~~ essentially compl•te when ~~truc~ioaa 

were received to revise the task and·subiask stat.-enta~hat ·~d been 

prepa~. Tlie revisions NqUired· dWelt-110~ c;»n ,eaphasis ·~ - llode of 

presentation than. on substance, a-ad, accord111&1Y, tbe. Jliat~ri.al · previou8ly 

prepared is present~ in this res)ort. It ruaina larceiy indi~~+ve 

o"l the approach to be followed. 

At the begiiUliDC ·of the project .in Sept.-.r, 1~3, it was_ pl&•ed 

tbat tbe initial operati.ons ••~yais effort .would .be Oil the orde~ of 

one to one-aDd-one-half •n. 1-n iovuber, 196Jj the pro~ect pr~tacipa~· 

d.cicltkl that the operations ••~r~• effort · .-,u,lcl be ,..,_u.t.J_ aDd lai'lelr· 
' 

held in abeJ&QCe u~tll Oollpletion of ·tbe lleo~roDica ~ntol7·• eo.-
. . . 

ae~cing in February, 1963, ao• ·work wai ~-.:unto ·ptber ~ 
. ' 

dat& (approxt.ately three .an-.,.,.ths of e:t:tort w.ere exp.cted)_, wlal!it 

c~ncinc in March approxt-.tely three .an-mDths were devoted· to tbe 

question of the i~licationa of Thai speech in relal"d to oo ·' 1nicat1ona 

iut:ll-iei~llity. ·In IIQ', two staff iiellbera w~re aent to 'l'hail•D4 .:tor a 

SBATO •neuver. Approxi•tely t~ree .an-110nths were expended. Work 

apin beca. ~lU.mal until late Sept.-,er, 1964, wbea a project teaa o:t 

five operatlou aulJ•t• was de.~pat~. ·Tbe t ... _ ·llellberli •d• seweral 

field trips -aDd uaciertpok bibiios~phic · i~••earcll fo~ bacql'OUQd intor­

•tioa,· preparatory- to trana~er to BaialkOk. Tbey ·arrtv~ in TballaDCl 
. , 

in ·1fovellber aDd Decellber o:f 1963. The JIOiltbs of :Deceltber, 1M3 tbrOup 

~1'8-,ua:ry, 1164 -were de'fot~ to preparation o~ a PI'OIZ'Ul· ·p~ to. be au~ 

Jlitted tor htper-level approval. 
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B. Objective• 

" . QO.-Ani~ti:ona•orien~ed operatiou re•eal'ch in acc.ordance with. 

pldance ·aDd t_.e -T~Ilica~ Guidelines of July 1962 (as -.odified by 

•ir..-et at -tb~ tj.M of execut-ion of the coatract) _.is required .by the 

foll~wina·stat ... nt of Ta~k I objec~ivea: 

"Tbia taak b&s ·tor· 1.t•- •.:ior obj~~,_ v, the :•urvey ab&lyaia 
and eval~tio~-of t~• capacit1 rellabil~~·aDd liaitatioaa 
of exist~ili 1Uclic~noua ailitary ·col!l••nicat!onli i.n -the, leo­
sraphic aft& of· interest to -the. coac. * to ~ncl~e auch- re­
lat_ecl capabi~~'ties for camnications •• •re conaider~ 
:approprlate by the- DU.Cto~ cf C<*: ••• .Anoth8r· objective 
of thia taak ia to carry out s~~al ~asipMJ£ts related 
to tha.e above.· ,special att~ntioa sha_ll be .aiv•n to pto­
v~diq sbOr~·tera feedout of solutions to the above pl'Obl~aa, 

~- ' _, tt -
i .-e.. t q~i~-ft-s. • . 

While the ·proa~ objectives of Tas~ l b*v' bHn variously stated, 

in th• ~ferences cited, they way 'be ·seneral1Sed and·rea~ated aa, f~l+o~s: 

(1) ~t•nU.~e th• require.nta for ~nioatiODs capabilities 
,to -perait effective ®unteri~uxT.:)ncy operatiuu ·-by Tbai 
~orc•ll· · 

(2) CoiiP&r• _tl.le· 001 ri 1utcatlona capabilities that_~ avai-lable 
or~iann!d·w~t~ tb015· r~f~, ta deter.iile wba~ addi~~aal 
ca~iliti~~.! required. _, 

I ' 

(~ ~P~vide tbe deaip. ancl a-.J,ysis for field ·~rt~tation, 
.,_ '"='" ·~~ ~ ~ ~ ¢ • - r_ 

·- ~- -~-J.nt-..r.~:tiu;{C.the data fro• ·Task II,_ that Will demut:rate 
in the operational env1roiliflent tbe effect1v.eaeas of d'fined 
capabilities and establish operatioal reca.uirei\e'Qta foi.' 
RD1'H :pooaraaa.., 

- . ., 
Por co~apletenesa • th• co...Unications ••••.-ent aDd deteraiuation · 

of require.nts aust include those co-.anlcations required iu· aupport of 

the c~nd and control functions fronl tbe Supr•e Co-.~•1!' t clown 

tJarouah the- various ca-aDd echelons of the llilitary aDd -paraailitary -fori!H-,._-to the re110teat outposts .and border patrols. llorc:overJ t~e sup-· 
~ • ,,... • ~ l _, 

-por~ of ai~itary co._and control &t all eehelo~ •st:~· ~vi~·i.lifMI durinc 

variou• .. levels pt conflict, ,to iDClud~ en_, illfil t~ticm, aubvel'liOilt 

paasiV. n•inance, .au•rrilla action, ·aDd in-"qei&cJ· on illCrealiJll aca1ea; 

* ~ 11 now IIIDC. 
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nttac'ka by i,rl"e&Ular external forces; and invasion aDd/or -~•~•sion by 

or1anized uuitor.ed en~ toreea (i.e., ~nventioail warfare) • 
.. 

1. General 

,ln -this research prorra•, operations analysis is to be cooduc1;~ . -

in concert with the- associated technical investiptio~s of Taak- ~-I .• 
• < 

-Thili w:tl.l assure the proof of concepts 1 techniques • and •ter"iel. in 
" . . 

1ield·eXp&ri.enta, froa~hich c~unication re4uireaa~t• cau ~ deriv~. 

In the followinc.pacea, ~he Task I effort is described in terms of sub­

task proaram eleaents. The work to be perforlled 9an. pe cat~orized as 

:follows. 

(1) OJ?erati~al Bnvirotament 

Thia will consist of: 
(a} Studies to dete~ne the operatio~l factors affec~ina 

co.unicationa wit~in the various ·envi:ronilents in ''lhai-lancl. 
~ ·L&ter .xtension of these atu~ies .ay be .. cle to .cover 

i _'_; Southeast Asia. . 

C·b), Study· of the· interrelatiolllhip· of the four liain factors­
of the enviroDMJ1t--i.e., politica1o, llil.ita17, ecoaoaic, 
~ aocioo~tu~l,* with initial etforta direct~ to· 
villaa• ·~ ·distr-ict- l•vel enviroDIIilnta·. 

(2) Capability Analysis 

Thi• category Will include: 

(a) Analyses of coaainications capabili tie• .a'Dd. t41Chniques 
ou.a ay•tea basis, to assess such factor• aa ~heir 
:!eaa1b1-1'1ty, coat~/tille c~racteriatica, prfo~9e 
w~t~ln operat~onal constraints, and over-all ef~ect~venesa 

(b)- Aualxats o~ c~~ent ~ndfunctional relationship& of 
the syst~ in the context of· their operational11ae 

(c) Exalat~J•tion· a'Dd asaes8Mnt of per1onaace apecificatiou 

(d) Isolation -of the -tilie clelaya inherent in co mtuatiQna 
OPtrati~ in paraa.tric valUes related to·~saioa acOo.­
plt.-.nta, operati~l tactic•, aDd couuteriuurcency 
tectintqdea ~ 

' . -

* Jl&xiJI!IUII use •111 be •ct• of data aDd r*aul t• fro• other aasooi~tecl aGel 
Mlat'ecl op~ationa au.~7~is· efforta at JaDC-AIPA/IDIU-T ••· a• -lAC, :.~+o. 
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(3) C6apar&ttve R~aearch 
_,..·, - ' 

Included h~re w~ll bo: 
' 

(a) Selection <?t ·aspects of the. operational envi·rouent that 
prove sia~ficant tor the'eval~tiou, and ~~veatia&tion 
related to pertinC"~t envil'Onaental conditions in 'thai-land' 
(extended to S~theaat Asia at a l~ter date)-, where i·nau~-

.acnt operatiOnS haV!J OCQUrncl o-r JaY OCCUr 

(b) Det~raination of the operatiopal environmental ·differences, 
if any,. *hat •i&ht be eXpected-to alt~r th~ conclusions -
rea~ed in the ~~itial evaluations 

(c) -An atteapt to conatruct a cene~liz~ MOdel appl~cable to 
the different env~ronMnta·l si t\l&t~ona .. 

~4) !!P..Qrimental ·nesipt and A~lyais 
. . 

'The final cateaory wil;f coo11st of: 
< • 

(a) Study aDd defini~ion of the objectivea·of tield experiments 
in_o~ratio~l and technical te~ 

(b) Desian ot testa takinc into account tboae factors uncQvered 
in other •~•• ~f the ~esearch· effort 

-(c) Qutline of the a~alyt1.cal basis tar teats, and the types 
and quantity of d&ta required 

(d) Del~n.&ti~n of criteria and establi~nt of the fora of 
, ~ta a-.lysis expected to produce· the level of confidence 
req\lirect 

(e) Desi~n of for.ats for observation fo~, questionnaires, 
and loa• ~hat will allo~ ayst ... tic tr•atment of the data 
~~teh4 thereo~' 

(-f) Couatruction of siJIIPle models of ~:factors aff~tinl experi­
. mental deaip, where appr9priate. 

2. Subtask Scheduli~ 

It is apparent from a brief review of the aubtaaks t~t they are 

i!lterrela"tfacl ~d constitute interdependent se.-nta of the 9vera-ll Task 1 
~ \ \ 

stucly. Much of the research effort a~\ ~eecled data are· applicabl• to 

two or more aubtaska, which cin, .in cert"ain pha--ea, be concluctecl aiall­

tueously. In otheJ;' inat~nces the fiDdii)s o~ ~aults of one subta,_sk 

&'l'e required in order to continue the work of the a~! Por •xuple, 

the re-~1 ta of Subt.ak 2 (Survey of Bxtatilia Co..unic&tiolis) .uat be 

fairly well oo~leted before an e~luatio~ cau be aade 1n Subt•ak 3 
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(Bsti~t• of ~h•~~nioaticns Situation) of the ·adeqpaoy of ,~he exiat" 

iq -•Y•t••• to •~;port tbe el&l'rRt -•t~toaiea and ~oa.t-iD&ency p~au. 

3_. 1'ft!•. of Data R!J,y1Nd 

T~• tJP•• o·~ data ua.ct in thea• at"diea iucludei o~ ia ~erlv~ . 

fro•· the tolloWiDJ: 

(1) lnfQt.ation, t0t8ther with, illuat~ti~e .. ,.,- ladioat~UJ .· 
curnnt -~~ pot•~tial threata, aul.J•i• Qf auoll tllre.._-w.,_ 
ad th• pro'*b1l1ty and •an1tucle- ot · va.ri;~u•,_ ~cvela oi 

(2) 

(3) 

(4) 

(5) 

(8) 

(7) 

(8) 

ooa11ict - · 

Inf~rat~on, al9n& wit~ liapa and ctiqraiu, itll:li<'oatiq tbe, 

aiae, nu.ber, ttpes of unita, ~••1~1; •nd terrlto~ial 
Qrpni·t~oli. of -the -teapecti Ve -Jilli~~U'J' oabd lM)lioe fdl'CO~ 

Descriptions and diaaraaa ~lluatrati~ the:oa..aid~on• 
trol atructul'e· o:f th~ T~i liilita17 aftd polio• forcea 

Dial~ al.ld ciata 11ld1oat1Qj' _tbe 'iallit-.17 pqltc;s• aDd non• 
11111 tar, ftx.Kl ancl a*i.:fixecl · \~•~•tio~• ~two~ -anc~­
their te~la i:t· ,the v•rioUI at11tar,. aDd .po,ioe ·4eacl­
quartera, -aDd/or other: oor;auuoatioiUI ~at<era ' 

MaDWil•, clireotivea, ud verbal ata~-.t• o9Deemi~~& 
uo·x.·l aDd eMI"'ellOJ ·~nicatioaa p"roc..ar.• -•• ·' 
p~cticea · .. 

Diaou_uiona with o~nioatioaa of·:fioiala oo••~Gc 
reapo-.iven•••• oa-,actt1, rel·ta~ilttrt. Ad lild.tttlODa· 
(*'f &DJ) iil equ:Lp-tlta, aJ~t••• aDCl pJ:IOCIMhll'ea; aqd 
periOilul n-.Ja 

Qbaervati~na a~ data ptherect bf II(QC a'"' 9tbe:t .~.per110~ 

4ur1DJ' Tb&i ailit&I'J·, poiict, a4d SIA'l'O f.1~1c1 teats, 
exe~ciaea, and aaneuvera · 

Revi4iW-of liata ~f equipMnta avatlable to or ~.laud for 
tbe Tb&i lorce_, • _ .. 

, 

4. Colleoti~n of.- BiaclyNUDd Inforilat~_oa •. 
. '-~ 

Tripa were aade to ~rioua · 4o11'1tiea io -ob~aia.~!ufonpatl~~ 011 t~e­

IIUbjec~a "f oountertuurP.Dc1 Q~~tiou, propu o.quiatlOG, _and t-. 
:-' . :.· ·) - . 

teohlli~l appiicatioDa. ~t various qa ·u aaioation.;. equ1p.nt'. fte -yll!ita 

1nolud~: 

/' --,' ~ 

..... 

(1) ·Am .Blectronto P~•i!l ~t·O&I!!da, ft •• ..,..,., ·~~-
~ - ~ I" • • < 

{ ....... 

The -pruceclurea aDd ~~nat , for initutina IDd ~0. ~-l•JAs· 
evaluation teata 0,! o~Ul:i-tioa equi,...t _. jJat_.- .,,. "­
viewed. The applt•t101l of ·tbne p1'0Ged\lNa bJ tile lt~l- &t :.. 
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USAUG ._. • ._ dW.Oil.ftra1~~- "Q _:._ cbri3f.1_ .. ) em ~~~, ~ft/y :{,~ctioa'l · o . • 

. m.dio interte~QC. 'at\ld~····· ~·rl .. atJI .la ··pq:NSs at· ,; . '> 

· ···lttat , ·t.lae ~ ~p00ial ia&~~fati()+ •• e~~Plo,.t tOo dete~ · 
. u• ·the ~lativ. ·pertora..- l• .. l• Q,f Veta. oa•aloiatiaa 

. . ' {-· ~ . . . 
. ?l~ita • Thi• apgcl·~- ~l'PJ!Idt; wa.a_liot,:.ooasi-...t' to be . 
..tlt•bltt, :tor u~4t ~ll 'tta.~. expal'~MI\ta .:p~ tor IOQt .. t ' · :r 
~·1- ~"' of' ~be, cast. as wll .. 'tbe ~lOci:' Miaj:at.•na~--' 
41t!lcult~••· 

'o " ,.. ~ , - : "' '·, 

~~~~ ·-~C~ter, :n ....... lroH~ · C.'ie'J!~ 
~ . ~ ~ \> 

~ ~,..unir-ttOa:. procedun• -,aMCl )aJ -:vad.~ .~*,,.,. !i . · 0 
apiea'ial warfare t .... ""' d1.-aaecl /,'IP1ttt· fl&e; i~tn.ototo• '' 
.Ud' offic·j.~ o.t· 'the Ceatel.': a• :wU •i ~-~-t~ft. ot ·'~ < t.._ retun.d il'OII ~0\18.. potat•. ,.~ --.-.ri • ._. ot . 
~bMe t~ w·~· o~t'Ull4fa, fl'Oa a ,.. • . •~'pi o~ ~~~~ --, 
tiou·, ran.,1q¢tro• !~let 'Wq' 11 ·tla...,..P <J.,..,_ _,_. Viet_.. 
~-~~ll •xpeclt•CJ ••w1.'?1s. a ···il*ellt ... r Olteratt~-- pro- . ·_ 
~n• ahowed -~- va~at~o~ (attr~.,Utable' ·to 1:-~- -Px.oe, ~ ·_ .· : 
&M. Jroup· .s.,aton). · - · ~ · 

-... ;_ . 

(·3) ,Alrboru, ll!otl"l'llio ailcl Speoial Warfare ~rei; . ..ft ~ ..... ... 
-rt~ ea_rOJ:la -. ·,: . - ' ' ' . . . .< ·. 

- --

_ .. 

!be ·"noal. - 1.Atfl'¥l~ eqreii"aQd a. ~·1~ ~ llavt.. t~- ,. 
vat1oou Uat ~d .-.,..:the .~tol'ilnoe of ~-$tiq· . , 
~t1on,alr:' _...,llilllta .. : <-'COul-.rabl~ .ia,•reat ·was ~inC·. ·: 
-~'~:io tM ~~~QJIMIIl't of • . low-ooat, ·ligh!:f':f:-~\ 
~it,ol•, llliJ: _ .. ft~l~nJ .. t_. IO••;:J&• with . _ · , '< ,;· 
-l;l~~trol •. $ - BMW~~~~· wen ll*l•r ooul~eft.• ·v. 

ti.oa,; t•~ oouldc ·&. , appltoiA~ ~~ the ~~~·:t .\•1.!l 
opef'&ti~. Of pa~ioulat~oto wU tM "tl~- 'Ni11 e. ,, 
aa~ftD& tut oouicl ·lM ra'»'cllJ ••~ up or. cll'•~~tl~; A~110, .. 
experillep~~ "l'e· be~· ~cted wl~~ · dou~let a~t~n_. 

t?l&oecl at· different· b_eiahta ~boY~ - ~'ll• . .,:l'OWtcl-. -:<-·.-

•) 

4 

. ' 

. ' ' 

.. "' 
• ) ~·(I~ ,: "'' 

A su.rvey·· trip -. _. 1:o ~TIIIU.ln4: t~ obiJei!Ye aolpm~-tio... . . , , : .: ; >-.:, ,, 

9peratto~ ~ p~s- 1-. -u.e *1.0 ...... .w- ··o~ 1fl3 •. · '--· . · , - <!. 

·op.~t~ns ~t!i~t*" ,wen dla,..a~eii· ~1~ ~teld'·'t~-~, ... · ("/ · ·. · ~· ··. 
,(p·r.:l~ilJ .~) ~~t-. ~....,, to tM ....... ..-¥ 'W~l-~- (f -• • ~ /! i}:~:; ·· 
·routine· -operat~:t)""z, · Tbe ~ r. _.at ott loa Nq\1~~,--t~ fu, -
;QOUDterll\J1Un• .f liper~tJ:oo• .(at ft.i.t.OUI.· ·.l,ftlo•) ~- « " 

~vi~ecl wi"f:l.~llfA per~ ~n· .... * . .__. , ~l'la't~- .< 

a~Ud.~u- di~cu;aed. .._, '.· 
' /' (' 

A vt.it was· .u• to ~7.le hr ... , JA1fld ~··· Bdtiall :~ 
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, ;~ • . Approvala 

~ -· ~ Alt~P.,·::a, .. ,.~eral 'l,Yel"&ll approval. has be~n received by ·the· 
. . . . ... ~ 

Director, · ·~A/RDI\J..:T, f~r u~dert&king the- tas.k~/of tho s'I cont~ct, 

i~ -ia,nece~aary to· obtain .the approval of tna Co~ud~ng General ~jor 
' oC> • I' ~ - • • 

, t;ie~t,~l . Siqc~~ MeD&a~ta), \. ·Mili ~ary Rea~r.c~ ¢~n~. ijevelopunt Center, 
."' . • ¢ ' . ~ • - '" ot) '\" ~~ ... ~- • • -

. and: t~• su!}re•e-~--~d, _T~~1.anc:t'; f9r each individual_ su~task-. This 

·--_~pp~val 1.~ taqu1r.ekl· in or~er . to v-iai t ·van•ious-1-.d.li~ary headquart~rs , 
~ '". -~ ' - - -

·o~ticea·, !fici .. ~it~~a;-~ild u~o.ts, observe ~lit.ry 'x~rc~s•_.• conduet ex-
~ ; ' ' _,. ~ ~ •,.-

. .. 

·pe~i~~ts invo~v~rig ~bai :milita~y pe~sonnel, ~na obt~~n ~cce~&- to essen-

- .-: 1:·ial docUments· an:d d~i~·· ~S~lltask 1, .sma;l.-1 ... Unit and' Patrol Comilunications, 

· ·~ ~ '. ' ~ - .. ' ~ . ~ 

·_ . was approved .by t~e ·supreme· .Co~~m&nd on 2'2 August 1963 • 
• h~ -, - • ' 

' 

~ 

. . ·D. 'Concept, oraanization and StatUS-' to Date, by_ Subtask 

• >' 

' ' 

,_, 

" . 
··,_) 

-- , 
. . . ·: ~he ·:fol\ ,~,inc· discussion· of Subtasks 1 throu ... 'h 6 outlines the areas 

··ql ~~~rch investigat~on anct· ana1rs111. As these ~t~dies progress, it 

m(_.,Je · D.eces·sary i:o modif¥ or . a~d to -tile content Gt / these areas • 
,_, . 

1. Subtaslc 1-.-small Unit .Patrol C:,inmunications* 

The? terri~ori~l borders of Tha,iland are, for the most part, adja-

, , :cent tQ.'eXiating or potential res~rvoirs of co~unist insurgents, remote 

, :, , .:. f~m the center of Thai population •nd industry, and ~early devoid of 

" 

t.. 
<; . ·~ ' 

~ _' ~' ''• .-" ..., 

/' ·.·' /_ ,_ ' ~t 
! . 

mod.~m commu~;lcation tacil·ities. The detectio.n or prevention of insur-
.. ' 

gent activity ·a~o~ these bord~rs is the respqn~ibiltty of s~ll units 

of Border Patrol Po~iee, with Army un(~~': ~11 ros.~r.ve suppo·rt. .Since· the 
I 

'I 0. -1<.-(..: 

effective~~ss of action agains~ insurgents ·~~~~l~Y i~creases greatly 
' '· '• ~ -~ 

wit~ the speed with which it .qan be appl1~.;1,- i~ ·J;& obvious that a means 
- ~- .· . 

of providing. timely communicatio~ is es-..ential to the efficient and 

effective .pertprmance of these small unit patrols. It is the purpose 

-.of this ~"tU;tJy to investigate how modem commun1.cation t,chnology can· be 
< 

appl16d tg improve the performance of the border patrols in ~:feguarding 

~he ~~A ·borders ·against insurgent a9tivity. 

~--~~----------
*·subta~k 1 has already .been a~proved •. The work initiated by 

,Pr. ~Is. • . Barber, ~A/RDJU, i~ be~~ .cont~~uec:t-. 
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a. ·Phases 

The study will ibclude the follow~~ ~has~s: . ' 

(1) 

(2) 

(3) 

~velopm~nt of ~ detailed ~efinition pf proseD~ 
pa~~l: activity,· ~he definition to cover envirqn­
meut, threats, g"OJls, techn~ques? and:_ resources· 

Study of modern commuui~t~o~s technology an~ ·the 
postulation of potentia1l~advantageous !~ovations 

Calcula1:ions of the cost~ '-nd pro~p~~i.ve returns 
from the postulated i~ovati~ns·and the ident~f~ca-
tion· o! those which.are potentially p~~ctical· 

·(4) C9nduct of pilot field tet;ts to, -assess the c;ost an~ 
worth of the propQsed innovations 

(5) ¥or~lation 9f recommendations supported by the 
tests and appropri~te to ~he resources-available. 

b. Status 

The research program for this s~~task has ~een outlined and 

studies are being made of current border patrol activity. The ob~erva- _ 

tions made during field trips to·Border Patrol P~lice Units ~re being 

evaluated. 

·2. Sub-task _2--~urvey of Existing Communication 'Systems 

a. ObJective 

The objective of Subtask 2 is to compi~e a catalog consisting 

of descriptions of the physical ~acilit~es and operating characteristics 

and capabili ti:es ()f military, parami~i tary, and other government or 

private fixed a~d semifixed co~nications systems. 

b • !Pproach. 

To obt~n the necessary data to evaluate ,properly the capa­

bilities of each system, it w~ll be ·ner:essary to:. 

(1) Determine the i tEtms of data to be gathered 

(2), Design the catalog forma~ and data collat;on system 

(3) ldentify.a~ locate the various fixed systems 

(4) Obtain permission and visi~ the depaL~ments, agencies~ 
or firms where necessary data may be obtained 
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(5) Visit various field installatio~s, as requ~ied, to 
o~t~i~ additional data 

·(6) Obtain, record• ~ollate, and catalo~ data. 

1:. ~ources of Data 

Data s~urees will includft consultation with Officer8 in Char&~ 

of 'Co...-tnications, and reference to the reeords of- co-.ani~ations for 

t~e various Kinistrie~, Dapartaents, and privat~ busi~ess firma~ 

4;1·. TyPes of ·Data· Desired 

The desired data may include ~~ be derived from: 

(1) Route map and circuit diagrams 

(2) System design specifications~-e~g·~ cable, cpen 
wire, microwave, carrier, SSB; Fll or All,, nUmber o'f 
c~nnels by mode (v~· \e, teletype), multiplex 
schemes (F.DM, TDM, .ss~) 

(3) llod~s o~ translliission-e .g •. , Morse, CW telephone, 
teleprinter 

(4) Type and ~e of equipment 

(5) Points of interconnection with other systems and 
alternate ~utes 

(6)· Maintenance practices 

(7} Operating and mainten~nce p~rsonnel requirement. 

e. Personnel Require<:~ and Estima_:ted Length of Time ·of Subtask 

One MRDC-Thai Officer (preferably with a good tec:Jlllical c;a.muni­

cations background) and two Oper~tions Analysts ·(~RI) will be ~eeded for 

a period of approximai:ely 6 JAOnths. It is, expected that·, for 'IMlch of the 

time these i~ividuals will make visits to pertinent T~i officials and 

co~ni~ation~ i~tallations. 

~-~ ;Results EXpected From This Stuciz 

It i's. expected that the resu.~.ts of this study Will': 

(1) D9velop a central catalog of existing,communications 
eystems of Thailand 

(2) .Develop a procedure for obtaining, recording, and col­
lating data on existing and fut~re commuk1ications 
systems to inc~ude modifications and extensions 
thereto 
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(3) ·Provide ·a ready source of intoniation on the .re­

aourc•a in. ~JII!IUDicat~ons systeas •v•ilable in 

Tbailaud iu the event of national ,emergency. 

g. Status 

Subtask ~ :has been outlined and the initial tield trips ~t.le 

to various private aDd ;overn.ent&l organizations concerQ~ with c~ni­

c&tions a·re .,_inc ••lyzed. 

3". .Subtaak. 3--Bstiaate of the Co..anieation Situation 

a. Objectives 

The first 1bjective is to review the military strateaies .an4 

contemplated operations of tbe .Thai Armed ~o~ces aaainst possible threats 

and aili tary eaeraencies at various levels Of conflict IIDd '&&seas the 

adequacy of the ex~sting and cur~ently planned comacnic•tiona systea to 

support thea •. 

The second objective ot Subtask 3 is to<de~er..ine additional 

requirements for communications systems and operations ~o ad~uataly 

support such military strategtes and contemplated operations, wi~~ 

special emphasis on strength~ning Thai counterinsurgency cap~bilitie~. 

b. Appr~ch 

The research effort will include the follow~na ~tepa. Firat, 

a r~view'wlll be made of the strategic l~timate 9f the S-ituation. This 

includes: 

(1) The threat analysis--current · ancl poten~i~l- thr•ta 

to tile security of Thailand from int_ernal ~nd/9r 

external eources 

(2) The composition, orga~za~iQn, ass~gned-~asiqas, 

and rules of tJle respective Thai lifi~i t&F)' and ,pOlice 

forces 

(3) 1he te~itorial Grganization of Tbail~nd for -national 

defense; the curren~ deployments aDd d~apositions- Qf 

various Thai Dlilitaey and police units 

(4) The co~d-control orpnization, systea, and noraal 

cha~els for exercising the co..-nd, tu~ction f~ the 

Supreme C~~nder down to ·small tactical el,._n~~ 
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(5) War or.co~-4n&ency planniDJ--i~e., t~e p~ans proposed 
, for the ~e-ployme ... :.a ancl operations of Thai mil.itar.y 
•nd police forces a~ various levels of threat or 
conflict. ' 

Second, a review will. be -de of the exiatiD& a~ nomailit~ry 

ca..unic&tiqns systeas, utilizing the infora&tion and data obtai~ed in 

Subtaaks 1, 2, -4·, and 6. Particular attention wi·11 be paid to those 

c~nications for ca..and and control fro• the hi1hest to lowest mili­

tary ech8lou. 
. . 

T~ird, an evaluatlon will be Dl!lde of t.lie adequacy of the 
,. 

existinc aDd currently planned comaunications systems to support or 

re~nforce ~he strategies and planned operations of Thai military forces 

in ~be various postQlated threat situations. 

Fourth, conclusions and rec011aendations will be derived. These 

will indicate both "quick fix" and. lone-ranee solutions, and the rela-

t·i ve urgency or priority for action. 

c. Types of Data Required 

The types of .data to be acqui-red in this study w~ll include 

or be derived from t~e tollowing: 

(1) Statements, together with illustrative maps, t~t 
indicate-current and potential threats, •nalyze 
sue~ threats, and give the probability aDd magni~~de 
of variou& levels of conflict , 

(2) Statements, along with maps ~nd diagrams, indicating 
the size, nu.ber. types of unit~, •issions •~ terri­
torial organization of the respective military~n~ 
police fo;rces 

(3) Diag~ illustratins the c~nd-control structu~ of 
the Thai :rl.li~ary a11d police forces 

(4) Diagrams an4.~ta indicatinc t~e fixed a~ se~fixed 
co-.nicatiolis n~twork• of tbe ailitary- and nonailit~ry 
polic~, •nd the1r terainala -in the various Jli.litary 
and police.h~~quarters, ~ndlor other ca..unications 
centers 

(5) Manuals •nd. verbal stateaen~a co~el111nc noraal a~d 
emerg~ncy communicati9ns procedures and pi'actic~s · 
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(8) D1acuast1oJls w~th ~~cat~ons . of~iciaJ.a ~erninc_;. 

•peed ot co.uDl~tiona, reapollsivealea~-. ·capacities, . 
re~iabi1ities aDd defictenqies (~f ~ny) in equip .. nta 
&Ud syst-, .\la well as -in procedures and personnel 

need• 

!1) .ob:f,rvp.tio• and :ptberiQc of data by ~- an~ ~RI 
-"r10~l cm.,r..lr. ... Tba1- aili~ary~ ' Pol·ice,_. •nd S~TO· 
••r~iae• and ~neuv,rli •. · · 

~ - - - . 

(8) L;lat• .of equip•nt •va~labl;e --.to Qr plaDned for · tile 

Tbai ···ro~c••· 

d. Sourcet~ of .Data 

' ' 'v 

TQ ~tain the data ~nd infor.ation•saential -for thia aubt••~• 

i~ . Wi·ll be necesaary t9 DaVe access to and, coordiut·~ With offlcial.s in 

v~rious ·Thai ·llin1.atries and &leru:ies and us:..~~aoc:Lated aae~! ~ -~ that 
' . . ' 

a&y be concerned with (1) intelli,enee abd· ·1;Ju-Mt ana~ya:La,: \ J.· /tar, 

st~teaic, ·anct contiDCeDCy planniq,_ (3) ~1:1£tary. &Del poit;, /co;._n~-
. - . ( 

control orcanization and ~perat~9D&1 (4) syit8,1l pliliUl:iile and operations 
. 

-for bQth Jllilit•ry aDCl. nODIIilitary co .. n1-.c-atio~• syste~1 aDd (6) train-

ing of' Thai C~nicat·ions Specialists. Accordiilgly, pe~saion will 

be nece•sary fo~ access to and· ·discussio• wi~h approp~i~~e personnel in: 

.(1) The supr•aae~c9Duiand 

(2) The· Army, Navy, · and Air Forcea 
/ 11 .. 

(3) Police (inciuding urban, ·provincia, river, and border) 

(4) TOr ~nd. IU.nistry of. co.-anications 

(5) ARPA spons9red projects ol various &lencies--e .g., 
·RAe and R."im -

-(8) ctiOO officials concern~ Ytith cOIIIlunication project 

(7) JUSMlG staff ela.ents conc•rned w~th inte~lia,~ce, 
plans ~Dd" -operatiol;la; ~nc;\ with cOIIIIUnt·cations';· 
~ncl~41nc logistics and trainiq aupwrt for collmUni-
catioa~ ' 

(') -~her Thai and US offices and officials it aeeu 
deaii'abl'e: to visit -durinc -the cou~··· oi this study.* 

----------------* It w~ll be aecesaar,y to visit various headquarters, operations qentera, 
and co..u~cations insta~lationa :1~ Thi.il~Dd for obse~tiau, an.;t tq: 
participate in field' trips f~r- firat-b&Dd·&ppreciation of ~he facil­
ft~e., operation~~ and p~ceclurea eliploxect. ,As indica~ed above, the 

•80Uritj i.~ se.nait~v~~y &~Pec~Ji 9f these data are rec:~nciz~, an~ 
pro~r c9Dduct will ·be sqrupulouslJ o~served in consul~iDI w1-.th the 
above offices .and .officials·.·, · 
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e. Sat:lat8 of Per101lnel R!Cluir.ecl 

P.e~oauel required iDCl'-d• one full-ti• Tbai aill.;taey· ottioer, 

at lea_~t of' Co-.llder (l{avy)_, oX' Lt .• Col .• <A-. or Air _ l'o~) -~, w~$b· 

acceas to the Supl'8• Ca..~ (TS cle&J>&ncie); and one ful~-tu.,. VI. open• 
. . . '../ . 

tionli analia~ ·(Sill) f..Uliar with ldlit_ai'y atrateay-._ ailit&I'Y ope.ritlOft¥) 
,, . .. ' ' ' 

military pla•i~ at nat.-.onal and .-al~er unit .leve~ii, aDCl Y(it~ t~tl•l 

c01111iln1catioba (TS clearance) • 

In· additioo-, the o:ther Thf,~ officers· aDd SRI pereOIUlel 4lillpiecl, 

1~ Taak I will contr~b~te to this effo~ froa .ti.e to. tiae aa available 

and approp_:iate. 
/ 

t. Bsti•tecl Leyth .of. TiM: of Subtuk 

It ia eatt.ated ~bat •ftort on tbi~ subtaa~ wi •• aonti~ue tor 

the entire l•ncth o~ Taak I--i.e., i6 ~nths. 

g. Result~ Bxpectecl Frolli_This St;a<b' 

It is expect~ th&t the results "f this stu4J wt:ll:· ·(1) ·hiah­

lia~t the current military c011U11Unicationa problem areas and indi~te 

step~ for their solution or t.prov.-.nt, (2l provid• procedu~s _ for tu• 

ture assessments and evaluations of Thailand's ca..un~cation Situation, 

aud the determination ot requtrellents, and· (~) train. Thai of~icer·par­

ticipants in the metbod of approach and. techniques for preparina an 

estimate of the ~91111DUnicati011s sit-uation, to~ .future continuinc eftort • 

b. Status 

The. research procralll for this subtask bas been outlined e- Bow-' 
. -- -

ever, research activities are inactive -due to the lack of approval by 

Thai ~uthorities. 

4. Subtuk 4-•Police aDd Jlllttar;y Interface 

a. Objective 
. ' 

The objective of Sgbtaak 4 is to establish r~i~n~s :for 

eff.ctive inte:rcOIUl~tion 0~ the police, ~litari,_ aDd ot~•r- ~n~ca­

tion networks ao tbat oper•tioaa1.coordination can 'be achieved and al-
- . . . . 

teruate routina effected in ·the event of syste~ ~~~· 
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b. Apero.ch 

~<;bieViliC the object·ive will require a -three-part approach to 

_the problea; 

-(1) A study of the present and pot,~ti~l Ilia~ i-ons, roles . 
and practices of the police and ailitary or"ni&ation 
w~ll be conduct~ ~o ea~&bltsh the n~ for an effective 
interconnection of c~nic&tions ,n~two~ka. . - ' 

(2) A st-Uc!y. of· ,the· :p~e~,nt. p~edurea ·and, ;~nt.t~~nectton 
faciiflitie• avatt·abie to. the .police, •1;tit-.J7·. -.~a 
ot~·~ cQ.-unic~~ion networks will be ~nd~rt~e~ tQ 
provide the ba·aia for- tbe. ·establiabae~t o:f inltit~ 
require~nts. 'this part wi-il concern ·over«·l;l ayatenua 
intecrat-ion ·and altet'nate ro\ltinc- in_·-tlre event of 
sy.stelil dU&ae. i 

(3) When initial requirements ~ve b~n -eat~blilhed- and 
syatem apec~fications have·been impl..&nted, teat~nc 
of such intercomllUnic:\ti.ons will be cond\ictect. The 

' - ~ - -;, 

reaulta of ~efitfi will be evaluat~. and reports· wi-ll 
be prep&~ed to include any additional rec~ndations 
that. uy ~ indicated • 

c. ~· ~f Data Reg,uir~ 

Stateae~ts· of roles. and missions~ and results of oba,rvation of 

the practices of the police a~ military oria~izations will be required 

along with statements and de~criptions of plans and .pro~sed operations 

-~ncludinc t!loae pertainiq tu c~nica.t-ions • 

Exp~riences of noii~boring southe&st Asian co~ntries with similar 

problems of integrating co~nications networks a~d in caunterinsurcency 

operations w;l.ll be studied_ ~qr application to thia aubtaak. The type of 

data required will also in~lude tJtqse ~ tema noted ill Subtaaks l, 2 • aDd 3·. 

d. source of Data , 

A par~ of the required data will be obtained in conjunction 

with Subt~k 2.. It will thus be necessary to visit th~ Ministries, 
' . 

Depart~~ents, Divisions, etc., noted i~ Subt~sk 2. Also, f~eld trips 

will be made to ob~erve .operat~ons and·consult with border police and 
J 

military personnel at all command !evels~ In ~h~ event ot field-exer-

cises, obs~vat-ions will be made_ of operatio•l .OC.es a-pd coordinatiop. 

of tte oommunication eff9rt • 
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Reports and stucli~a of exp_,rioncos in .southeast Asian countries· 

will· ·be reviewed tor pe.rtillel\t data • 

. e. l~tmate o; Personn~l ,R!CJ!li~ed 

It 111 . eati•ted that the ~olloWin& poraomu~l w~ll . be· required 

on .a full ti-.e or frequently a.vai'lable basiJ, as follows: 

(l) One Tbai ~lttary officer, at least of co ... ~er. 
RTH, or .Lt-. Col. ra.nk, with acc~as to exp~ted 
~SQUrc•• oi' d(lta and with f& Top Secret cl~rai\c.e ~ 
·It ~· -deaired that this officer be available for 
6"montbs ~~Il ·tt.G. · 

(2) · on,·'us o"'rat:i.ons analyst (SRI) cleared. for Top 
~eeret. 

(3) Thai o~ficers (o~e troa each Service-, and 9ne 
froa~he Border Patrol P~lice), qualifi~ in 
cqm.unicatio~s and operations for his Service, 
to be consul ted as requir~. 

i. Estimnted Len1th of Time of Subtask 

It i~ eatimat~ that it will take approximate\y a·months to 

conduct ~his study. ·certain parts o~ th~ study can be iuitiat~ ·at once 

in conjunction with related subtask~, Thi~ would include the catherine 

of the .initial data pertinent to Subtasks 1, 2, 3, and 6. 

I• Bena:fits to Thailand ExPacted from the .Findiya of This 
subtask · ·- · 

It is expected that the benefits accruing to_ Thailand from 

~his tas~ will include; 

(l) I~~oved operatiQnal coordination among militar,Y.and 
'police elements 

(2) lllfii'o--ve<.t ~ffective int~rconnection of pol~ce, military_, 
·~ other communications 

(~) Improved ~tilization of existing faoilit~es and per­
sotmel 

(4l Establ,isliment of alte~te routes of coa.~~cations. 

h. Status 

T~e res~-rch -program has pe~n ·outlined, ;but is ~nactive due , ._ 

to lack o;t approval by Thai authorities • ..:. _ - - -1.- ... _. __ .,;"' --
21 
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~.. Sllbtaak ~--co.unications Systeas l!J!lic&tions of. Major Thai 
Dlalec!!, · · 

a-. _'Objectiv~ 

Subta$k 5 haa.as its objective~ th~ determination of the 

hi~ran~e t.o o~l Thai Co~nicati~ns iJIIIX!!.Ied by ct:trtain deaip character­

ia·,ics qf voice eoauni~tions equip~nt employecl bv the ·ailitary <•nd· 

param111 t~ry) forces, and ·the specification of pra~_tioable illlprovements. 

b. ·Approach · 
-

The'/me~in:g of words in.~ tool lanauag& aucb as T~i-, depends 

i~ part upon varying pf~ch. Failure to discri~nate differences in 
. ' I 

pitch ·couldp there~ore, result in ioss of intell·icibi·lity. 

The d~ailb, spec;ifiaation~ .for voice colllinlnica~iona equipment 

for aQdern military use pre~umably have evolved from at~dies to perf~t 

equipmer&t for the transmission ()f la~a1es ot~er than Thai. that are not 

tonal. Tbt.. possibility exists, therefore, that presently available 
'· equipment does.not embody des~Jn characteristics that are optimum for 

. 
the tr&~Pi1Jaion ot the Thai yoice. Thi·~ stu~ l'~quires investigation 

of the· relationship ~etween intelligipility, pitch, and:bandwidt~ t,, 

determine the potential ma1nitude of improvement in intelligibility at­

tainable ~Y a more optimum selection of val~es for these characteristics. 

Essential steps of the jltudr wi-ll include: 

(1) R~view of existin& information on,th4!t compositi'on of 
the sounds of spoken ThAi • 

(2) Developme~t of a valid test of intellicibility. The 
J'ai~b,.nks Rh)'m• Tea~, an out1rowt~ of the widely used 
Ha~vard Payqho•Acouatic Laborator,y Test, Ducc•ets a 
type of .. asu~eaent tool that might be adaptable to 
the. Thai lanauace. 

(3) AcquisitiQn o:t the neces!&rY "uipment to conveniently 
v~ry and' ~ontrol·ba~dwtdth ~nd' sicnal-to•noise ratio 
aecordiqly. 

(4) Meaaur+ment of the. inteililibil~ty of the voice trans-
mia.ions of a panel of Thai _personnel coverinc,ranaes 

~ ',:; . " 

of the thr~ variable-. 

-. 
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c. '~'1~.! of Data ~equ1.r.4 ~ 

The typea of-~ta req~ired·includei ·(1)· teQhfttoal dat~ pet­
taint~ to th• de•icn ~baracteristic' ot the equip .. nta, •Ddlo~ ~Di• 

-= ~ . ... - . . 

c~tions ~~nne~a ~ver Which the testa are'oonducted·-•·1· 1 ba~width• 

~~atc~ti9n ~ae1tors, noir:e (:internal a~d Ubient), ~~ · othera~ ·that -.y 

-, a1fect·eir~u~t in~elli&ibility; and ·(2) intelliaibility testa (ineludin& 
· ' 

word li~t•) and test scorinas resultiP' from their:u••· 

d. Sources of Data 

to'- be teat-.d: w~ll be obta~ned· ·from. auu~aeturers or from _labcir&tory- ·and 
'I 

fie~d mea~urements in ~~iland. 

·Native-born T .. _i speakers ~ncl' liit~~~J~ in ThAiland •11i be 
- ~ . . ~ 

used ~s requ:i,red -to.r· speakinct listenil1c_. and recordiq data ·in con11ection 

witb·th' Thai inteiiigfbil~ty test~. 
. - . ~ "" 

j 

e. EstiJiates of P~rao!U_lel Req~ired 

Personnel esti~tes are: 

(1) One SRI speech eqin*Htr (to plan, oraanize, •nage, -" 
- 'J • ' , -

(2) 

(3) 

and cond~ct the ~eats, intt~a~'Y ~t Me~lo·Park, 
California, and then inoT~a~l~d). 

One Thai offic~r or civil~an·aa~iatant, Bnalisb 
speaking, to assist in p~anning~nd to cr~rdinate 
the efforts ol required.:. Thai pe~nnel. 

About 30 native Thai personne_l, · ~nlia~ed or ci vi:l.ian, 
as talkers and l~ateners for ~"t 8 hour a- eaoh ., 

, 
; 

t. DuratiOn of Subtaak 

Total ~ffort will contimte for 12 .anths·-about 6 months effort . ·,, . . 

in ~Jlailand and about 6 aonths. i~ ':the US • 

I·• Results -Expected From This Study 
~P ~ ' * 

It is anticipated that Subtaak Swill reveal tbe-l&ill3·~~~n~ 

tellilibi;Lity of c011111un~oation with. the Thai voice tb_at can JH1. aqhtevec:l 

~Y chances in the equipm~~t design,cha~teristics. 
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h._ Status 
. . 

,-.. 
'~' 

A 
.'! ' ~. 

The project roqui.renaen~ tor evJLl,uat1~_ Q£ voice co-&ta'-cation 

..., 
'< ' :\\ . 

. "'" . . 
syatea per.fo~ce in Southea$t Asia ,_.-.ct-~Pl•l.J ~Q- b4t ,.,at ·satiafied . .,. _ e' "· ~- ::: ~--

- ..._.._, - ~ - - - ~T ~ • (,¢>" ~.,. l 

by the uae of· ~'inte~li&ib~lity" te.t&• ';r.he .. t•ta:·hfYe' ~al Ulittd' fo~ , : ". l. '_- ,:, .. ::t; 
- . ~ .. 

Reveral yvara by co11111nicat~.ou eq1Qeerts J.n tbe US·, · •ad -the_ ()eper.t~ol\. , ~ " 

of ••ter te1t tapes in Inglish is readily ••apl1,,hed ., J!41tcause ·the 
~ ~ I ~..::.--·-'/: f: -,., 

po•a1ble transaission iapairMnt to tonal laDpaa~e• ~pt vary 111, JIAI""" 
- , . r--,., .( .. -,_ 

nitude and. \ype .from IngliSh, ;. pr~ltlliutY invuti:aa~toft. ~~ the t-..~-, 
' •J /\ > 

bili ty of: d•ve"loping a ai•tlar type lieat i'r. 'i'bai -was' ~--~- -~a· .Coci~ 
' . . 

.t\opt wa~ di,cuased at tbe ll~S. A~ Lall~U*&e SchOol, . .Monte"y, Cali.f9hl~a 
1""'r -r - ' 

With ~r.,. Tekawa (Director, Far Bast ~· D~viaia.l).: · Dl'~ .ri•~"'- .:· 
show~ c;~~s~derable interest arui: provided •ev,ra~·-'*'\11~- .-leo ~bd, ~ail-

- ~ 

paae i'nstnactors for the rcc:,-,_~iina ot. i.~l.ctecl 'J;-i :.¥Orcl•·;:; The del!o~-
, ~ '· 

stratect interest and. cooperation auapats' ,that/ the requir.-nt for, ·~ , 
• ~ ;:- - , ~- f 
.r - • ~ 

speakers in the US can be partially fulfilled wi~ll the a,aal.atanc•- of t~e 

.staff at th• la~ag~ schOol • ~)-. · 
0 

As ~ result of the ~irst viait tq ~h• JctibOl, fou~ t~a q~ .. 
the,Baaic Thai cours~ were obtain~.and have ~n analJ&ed to det~~ne_ 

·~ . 
the Nlative frequency .of cccurrence .. _of d~ffe~t Tbal_ vowel1~l"q •. · 

·The cqunting and catalo&iDJ o~ the~e to~ ~ve. b.- ·QOJIIPleted. De't~r-
< 

mination of relative frequeBCtaa and ~rison tber,o~-~~~ Eotrl.~fih' vo~:•:t. .. ,~-
. .... ( ,..~' .; ' .; ~ ~ '• ' ;:. 

form frctquencies was btp~n. In addition, the reco~'i~Di• o:t •~leeted. .. ·.J_ 
- ,,f - . 

Thai words spoken by adult •le Thai lanpap 1~'8't'nlctorw have b«Mn ,au~ 

.jected to a frequency-spectrua Analyaia. The -t~i_q~ used e)IJ)loya. ·a 

Sonoc~ph to produ~ a per-.nent record of the voice fnqn~~y c.nents. 

·.a. Objective. . ... 
, I. 

. ~ .... '~~·:-= 

. \ . 

., . 

.(• . ,. 

0 

The objective of this aubta¥> is to 1.nvest!p~~ co•LlQ.ica~iou ~-
, . - (,;. ... . _... :.~ " 

personnel akills 1Pld. ~btl:i.t-iea _ in Qrcler t~ detenalt\e 'W~~- .1'1 r-autnct (/ · · ~: ·~ 1( ·~·L .. ;. 
for (1) equipmolit deaian and op~at'ional procedures, and.- <.~).':per~·el . ~ > c- : -::;<o:; ' 

• • ' ¢- ' ' ... , 

selection, tt~aininc, and .pl&c ... D.t t.o prov~~~ iaprovc· cOJIIIII"ioati.on · ,. · ' ' <, "'_. -~-~ _; ."' 
'· -~ ' 9 ~ .;. tf' . 

~ . .:,. v . ~ - '' : ~ :4" 
·-D' <'" 

~ 0 .; <-~ft..~ 
:: ··,.,~ 

''• 

~ y ... • ~" ""-' '. 
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b • - Approach 

T~e ~uJpose of Sub~ask 6 is to increase the probability that 
" any, measurable fa~lure in a ~ornmunication system is not fromnuman 

-failure. .Human failure i~cludes t·he engineering of the equipment, the 

ca~~bility of th,•· operat~r personnel, procedures used, -etc. This inves­

tigation ·Wi~l also include the ~ppra~~~l nf manpower availability and 

trai;ning programs and'facilit'ies. 

·The resea,rch effort will attempt to qetermine the following: 

(1:) The psycho-p~ysica~ traits gf opera~or perso~el that 
result ~n subst~ndeTd utilization of foreign-made 
a,~~Thai equipment 

(2) The. extent to which the human resou1·ces are sufficient 
to suppiy th~ neces~ary skills and ~bilities in the 
communipatton jo~s 

(3) T~~ effects oi equipment weight on ccmmun~cations 
.performance, P'-trolling qistance, and patrol fire· 

(4)· 

(5) 

power· 
-

Existing langua~e diffic1lties that degrade the com-
mu~icat ions wi-thin and among the military police.t 
)nd-other ~gen~ies · 
The critical deficiencies and/or limitations in t~~ 
capabilities of co~unicat1ons personnel to perform 
their duttes under the stresses, of prolonged counter-
insurgency P..ctivities 

(6) i'i.te minimum training r~qu,:!.~ements. 

c. Types of Data Reguired 

.Data· required wi:Ll include: 

(1) Communic~ti~ns skills and nbili~ies among the military, 
police, and governmental agencles 

(2) Anthropometric data 
(3) Test performance ·scores of operator personnel 

-. 
(4) Equipment p~ysical ~aracteristics and operating 

mechanics. 

d. Sources of Data 

Most of the data will be obtained item field assessm~~ts and 

w1.11 i,nclude: 

-~ ...___""1 .... - - ·--- - ---·- .... ~ •• ,._ • .~...._ 
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(1) OJ2erating units· records and llerformance data 

(2) Per~onnel recorqs 

(3) ~raining schoQl records 

{4) Op~rator measurements-. 

e _._ Estimate of 

, 

'Required personnel of this type Will .in~lude: One Thai officer 

and one US operatio~s analyst-. 

f. Est:::mated Length of Time of Subtask 

E;ght mont~1s is the estimated du;oation of th~s subtask. 

g. Resuits Expected From Thi-s .Study 

Exp~cted re~ults 9f the subtask are: 

(ll Identification of s~i!l requirements for communi­
cations jobs 

(2) Establishment as to what -extent loss in performance 
is attributable to personnel inadequa¢i~s 

(3) Training school and man~wer needs 

-(4) Identification of ,particu~ar design requirements 
for be~tar equipment usage 

(5) Selectio~ of tests and standards for communications 
operator per~onnel. 

h. Status 

The re~earch program has been outlined but is inactive due to 

lack of approval by Thai authorities. 
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IV WORK ACCOMPLISHED DURING THE REPORT-ING PERIOD--TASK II 

A. Introduction 

Discussions between SRI, ARPA, and USAEL representatives led to 

the ~ormation of a set of specific subtasks. The3e particular subtasks 

were chosen as guidi~s fa~~ors !or work plans during the init~al stages 

of laboratory work. Frequent review of the value of each subtask was 

intended, to permit new items to t;e ~tubstituted in place of less fru~t-

ful rones. 

The initial list of subtasks served- to focus the attention of per­

sonnel on a few specific tasks rather than spread the effort so thin 

t~t little would be accomplished on the broad task of investigating 

communi~ation problems in tropical areas. Th~ initial list -of subtasks 

is given be1ow, followed by a discussion-of accomplishme~ts under each. 

S~btask 1: Testing and EvalvAtion of Tactical Communication 
Techniques and Devices .-

Subtask 2: Noise Measurements 

Subtask 3: Antenna Orientation 

Subtask 4: Ground Constants 

Subtask 5t Earth Potential 

Subtask 6: Frequency Prediction 

Subtask 7: Antenna Terrain Effects 

Subtask 8: Flutter Fading 

Su})task 9: Vertical-Incidence Ionospheric Meaf?UU~ments 

Subtask 10: Oblique-Incidence Ionospheric Measurements 

Subtask 11: Technical Assistance 

Subtask 12: Special Investigations 
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B. Subtasl~ 1: .Testing and Evaluat-ion of Tactical Conununication 
Tech·uiguos and Devices 

1. Work Accomplished 

Early in the contract, consi9erable emphasis was placed upon the 

determination of the capability and shortcomings of vario~s radio sets 

for field •vork. Consequently, work was started on Sub task 1 even before 

the laborato~·y complex was completed. Fielc;l tests of seven types of 

man-pack radio sets have been condu~ted in forest regions of southern 

Thailand, over a flat delta region. near Bangkok, and in a 4illy forested 

area about 100 miles northea·st of .Bangkok. Both HF and VHF radio sets 

have been tested. 

~he following tests have bee~ completed, in t~is o~d~r: 

(1) Tests onHF and- VHF sets in a for~st area qf ~outhern 
Thailand 

(2) Tests on HF sets over a flat delta region near ,Bangkok 

(3) ~ests on HF sets over a mountainous area northwest of 
Bangkok. This series also included tests over e.xt~nded 
ranges up to 100 miles between terminals 

(4) Tests on vHF sets ·over a flat delta region .near Bangkgk. 

The field testing 4as been conducted under conditions as nearly 

operationa·l as possible. Both voice and CW tests· have been performed. 

·Generally, results have be~n deter~ned from a score based upon comp~r­

ison of receiv~d text with transmitted messages. Field tests have nor­

mally been conducted on an established schedule. throughout the 24-hour daya 

2 • Conclusions 

Since there are major differences in the performance capabilities 

of HF and VHF sets, the test results from each class of radio sets must 

be treated separately. Direct comparison between ijF and VHF sets has 

not, therefore, seemed feasible. ~=~ following comments summarize present 

findings: 

(1) Sets employin& solid-state components are noticeab~y 
light~r in weight, are small~r, and have smaller prime­
power-source requirements than others. No noticeable 
4egradat'ion 111 perfor~nc~ was obse1•ved for the sm&.l·l:ar· 
tlnd lighter radio sets. T}le smal~er, recently designed 
sets generally· outperformed the older sets. 
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(2) The frequency flexibility of the one HF set employing a 
versatile syntheg.izer providing frequeacies at 1-:'kc 
intervals over its range was found to be valuable in 
minimizins interference affects. 

The-antennas used had a majo~ bearing on s~t per­
fonmu~ce ~ Of the three standard types of antennas 
employed, the dipole antenna performed best; the slan~­
wi~e antenn~ rated next; and the whip antenna gave the 
poorest perfo~mance. 

On tests using HF sets, ~efinite diurnal variation in 
communication success was noted~ Early m?rning com­
munication was poor, owing to low iono~pheric critical 
frequencies during the period-between about 0100 and 
0400 local time. (See Sec. IV-J for 1•emarks on C-2 
sounder o9servattons.) 

(5). Although it is difficult to achieve reliable tactical com­
munications with man-pack HF radio sets in the tropical 
jungle, there are time$ during which communications can 
be established over rather large distances. This factor 
~y be important ~n situations where the detectio~, 
~nitoring, or direction finding of t~nsmissions is 
undesirable. 

(6) Terrain features between sites did not prove to be an impor·' 
tant factor ~n communication success, when HF sets were used. 

(7) Observations on signal quality, fading, maximum propa­
gating frequencies, and diurnal variations in these 
factor& have led to the conclusion that communication 
duriJ!g a-ll tests using HF radios occurred via sky wave. 
This w..-as true of range~ as short as 5 miles, -th-e minimum 
range over whi~ tests were conducted. 

(8) There is no practical way to specify the maximum or ev.en 
the best operating range fo:r t~e HF sets tested. An­
tenna patterns a:fect the received signal strengths;. 
however, the use of highly directional antennas on man­
pack radios is not practical and does not seem to provide 
a good .basis for the specification of range c·apability. 

(9) The VHF sets teste~ .generally provided ad~quate voice 
communication through mode~a~e forest at Tanges ·UP to 
3 miles.. On one test conducted in a region of extremely 
dense undergrowth, total loss of signal was observed at 
a range of less than one-half mile. 

(10) With whip antennas elevated 70 fee~ above ground and 
lashed in tree tops, adequate co~nication was establishe~ 
9ver a 5-mile path~ When both antennas were lowered to 
• v 

30 f~et, co~nication throug~ a moder~te· farest area 
could not be established'. 

(11) No significant range diff~rence could be found betwean 
the two types of VHF sets ·tested in fore~t ~.reas. 



The above retnarks summarize the res"'lts of ~est~ conducted to d~te. 

To obtain a :mo1·~ ,cqmplet_e unde-rstanding of tb" tests, their limitations, 

constra_ints, and ,results, interested- readers are urged· to review the 

report~ listed in Sec. v. 

3 ., -Plans 'for Future Work 

Plans are under way to test several VHF man-pack sets over the open, 

flat, delta land near Bangkok. It is believed that results obta~ned 

here wtll be-applicable to other ar~as in southeast Asi~ us~d ~inly for 

rice production. 

Discussions ~re:under way co~cerning additional testing of ~IF 
" 

sets in ~orest:and jungle areas. In add~t~on, discussions have been 

.held copc;:erning the desi-rability of field testi~g several special~purpose 

radio sets in Thailand. 

9. Subtask 2: - Noise Measurements. 

1. General 

Ba~ly i~ the:program,- it was recognized that radio noise levels 

limit the·perf~~nce of field radio sets. The frtq~enqy of tropical 

thunderstorms emphasizes the need for an understanding of' the magnitude 

and variations of noise levels. While co~iderable k~owredge is avai~­

able on tropical noise-levels from ~he existing world-wide ~oise·measuring 

network and from a wide variety of scientific explorations, several 

specific problems related to the inter:protation of performance of field 

radio sets· remain. Some of' these follow:· 

(1) Noise level measurements are required simultaneous~y wit~ 
the field te~ting of, radio-sets ~f accurate resu~ts are to 
be -obt~ined and i'f these results- are to be extrapolated to 
locat-ions *ith di-:tferent_ no~se\.-levels. 

(2) Field radio sets ~req~~~tl~ employ horizontally polarized 
-antennas. Th~ existing world-wtde noise mea~u~ements ware 
made PY using vertical ante~n~s over gro~nd screen~. No 
known experim~itt he.s· related-.noise maps obtained from the 
-existi~l network to the use of horizontally polarized 
antennas. 
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(3) It is Qelieved that most noise .energy "arrives at rela• 
~ively low angl~s of inc~dence, No known data exist 
indicating that tropical vegetation could absorb more 
energy, thus reducing effective noise levols for-~dio 
sets.used in tropical forests. 

2 • Work Undertaken 

~nder Subtask 2,. an investigatio~ has been sta~~ on t~e des~gn 

of an experiment to investigate a· variety ox: problenu:---.. ·-t~?in-' those 
- I , 

listed above. Equipment paramet~rs and the gene~l sp..._ __ • .£¢at ions for 

noise equipmen~ have been explore~. The·poss~biiity of obtaining a 

standard ARN-2 noise measurement equipment identical to those used in 

the world-wide network has been explo~ed. 

To initiate a meas~rement :program, an available five-channel VEF 

and LF noise recorder wa8 shipp~ to Thailand and placed in operation. 

Various specf;fic siqle-.frequency noise elq)lorations ·have been made by 

\\sing an Empire Devices HF205 noise me~surement set·; however, a co~pre­

hensi_.ve program has not been fe~sible·because of its limi~ed dynamic 

range and single frequency. 

3. Plans for. Future Work 

A detailed ~est plan for s~btask work is bein' prepared and will 

be completed in the next reporting periOd~ In addition, the· design of 

a suitable aoise·receiver is under w~y. Personnel from the Bou~der 

Laborato~i~s of the National Bureau of Standards Qi.BS) have indicated 

a wi·llirlgness 1:o cooperate and assist in the design. ,Emphasis has :been 

given to a 'a~ign providing data consistent with those obtained ~y the 

network of ARN-2 noise receivers now operating around the world. 

D. Sub task 3: Antenna Orientation 

1 • 'Work ·undertaken 

It ia norma~ procedure to o~~ent dipole antennas broadside to each 

other for HF conununication ;1 * Theoretical ami experimental evidence 

" 

* Refe"ences are given at the end of the report. 
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indicates ~bat such an orientation is not always~ the bes~, ~specially 

for short paths near the equator where the e~rth's magnetic field .is 

essentially ort~ogonal to the near-vertical propagation path. The 

polarization of down-coming ionosphericaJly ~ropagated· signals and the 

differential absorption between ordinary and ex~~a~rdinary waves are 

factors aff9cting optimum orient~tion of a dipole or any linearly polarized 

ant~nna. 

A the~reticsl inve~tig~tion of the ~actors related to antenna orien­

tation near the magnetic eq~ator was undertaken. 2 Early tests indicated­

that an improved communication capabil1ty should result if al:l antennas 

were oriented in a north-south direction. A field experia.nt was designed 

to meas~re received field strength for antennas·with vari~~s orientations. 

Initial m9asurements using cw signals as sia~al source• have ~een 
~ompleted on the paths between Ba~gkok and Ayudhaya and· betw~en Bangkok 

and Nakornpa~hom, w4i~-are ~pproximately 60 kDi 4ue north· and· dtie west 

of Bangkok. Transmissions on frequencies of 1.7, 3, 5, and 10 Me we~e 

employed in the CW test. 

2. Early Results 

Ea~ly results indicate a significant enhancement in signal strength 

using north-south antennas compared to east-west an~ennas for the lower 

frequencies and l~ttle difference at the two .higher frequencies. The 

data have not been ful~y examined, s·o firm conclusion~ can not be mado 

at this time.:~ 

3 • Plans for Future Work 

Data reduction and analysis of CW a~d pulse experiments will con­

tinue. It is anticipated that two special technical reports will be 

required, to describe field results. 

A revised and expanded edition of Research Memorandum 5; entitled 

"Orientation of Linearly Polarized HF Antennas for Short-Path CommUnica­

tion via the Ionosphere near the Geom.agnetic Equator," is being prepared 

tor. publication. Also work will continue on a report investigating 

theoretical aspects of absorption of near-vertica~ radio-waves in equa­
torial regions. 
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It is au+.icipated that all fie~d work ~nder the subtask will be 

complet~d durj_.ng the Alext -six-month period • 

B • Subtask 4: Ground Constants 

t. Work_ Undertak~ 

A program measuring both conductivity and dielectric constant of· 

typ~cal ~oil~ ~~und throughout Thailand was undertaken. The values are 

useful in ~alculating signal strengths and the ef~ec~ive range of g~und 

waves emitted from· radio t-ransmi tte~'s. The program is unde~ way and 

measurements have been made in more than~ dozen 1ocations. Dielectric - . - . ...---- - --- . 
constant i• measured by the~-1filt method and ground conductivity 1~ 

deter.mibed by t~e Qomparison, witb precomputed values, of t&e-measured 

fieid-st~~~tb profiles a~ong radials from the t.r&.nsmitter. A map of 

Thailan~ bas, been prepa.'ftd sbow~ng init1al results; however,. to be 

meaninaful its publica,~ion must await the result of additio~~- measure-

me11t•. 

2. Plans for 1\lture Work 

Field crews will continue to measure ground const~nts througbou~ 

Tbailand. Occasio~l repeat measurements are planned so that variations 

in results be~ween ~y and wet seas?ns can be obtained. Techniqu's for 

the presentation ~f data will be examin~ with the emphasis on use of 

simple •P present!ltions". 

F. Subtask 5: E.:rth Potential 

1 • Work Undertaken 

During the tes~ing of man-pack radios it bec~me apparent that ~n 

indicator" of ionosphsric stabili tf was highly desirable and·· perhaps even 

necessary to interpret the results. Since no means of measuring iono­

~pheric or magnetic state existed in Thailand, an a~~empt was made to 

construct a device to observe ~nd record earth potential.- ~ec~use of 

the e~phasis placed upon obtai~tng results of radio-set testing, inade­

quate attention was given the da$ign and installotion of t~e earth­

potenti~l gea~. A ~roperly oper~ting installation was not obtained. 
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2. Terminat-ion· of. Effort 

Since mag~etometers have been so highly ·developed, i·t app~ared 

that they should be used instead of the crude and d~fficult-to-interpret 

earth-potential measurements. ·consequently, a reoomm~ndation was made 

to drop the subtask and t~e sma~~ effort un4er way was st~pped very 

early in th~ _program. 

G. Subtask 6: Frequency Predict-ion 

1. General 

Since -in virtually all practical situations where HF field radios 

are used for short-~ange communication in tropical a~~as, a path via 

the ionosphere is utilized, predicti.on tech~iques .can be used to deter­

mine opti~um frequency assignments. The United ~tates Army publishes 

a set of predictio~s competed for ionosphe~ic conditions over soUtheast 

Asia •. 3 

Radio prop~gation predictions are derived from world•wide maps of 

critical frequencies and ionospheric height. 4 The predictions give 

calcul~ted average values of maximum use~ul freqUency (MUF) a~d lowest 

use~ul frequency (LUF). 5 , 9 Actua~ values can deviate QOn•i~erably from 

predict '3d values. An investigation of tl1e difference between predictions 

~nd the actuai v~lues of MUF•LUF was deemed· desirable. Also, since 
...-""' ~ " 

ionosp~eric maps CQ\fdring Thailand have been .ba$~d upon data from distant 

vert:ical•'"t:.1ciden~e sounders, the presen_ce of a nearby vertical sQunder 

was recoJIIJlu:mded (see Sec. IV-I.) 

2 • Work Undertaken 

A detail~d review of the factors used in the computatiqn of preu 

dictions was ·undertaken with the objective of improving predictions in 

local southeast Asia, with particular emphasis on Thailand. 

Under.Subtask 6, several spA~ific frequency-prediction computa­

tions were made by USASRPA an4 SRI for military exercises in Th~~land, 

For example, EX'>1fCise Kitti 07 was e. large-sca·le maneuver ~overing all 

of Thailand and designed to improve the a~Ality of the Thai Military 

Forces to comba~ counteri~surgency problems. A wide variety of 
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conunun1cation -pl-oblcms wcro tl~nlt wi--t!& du1•ing the cxct•cil:it:, including 

the ope1:a.t1on oJ: UF c!-t•cuits using AM voice, cw, and rad~.o teletyp<it. 

Tl·ans}!littel' powers ·ranged .£-l•om 15 to 400 watts, and inany di~l'e1•ont an­

~ennas were employed·. Propagation predi~tions ·were supplied by USASRPA 

•nd SRI for circuits terminating at the locations shown in Fig. 7. Field 

assistance was ·supplied during t~1e exercise to instruct in the use of 

propagation preqicticns and asstst in their i.nte~pretatio;Cl. 

After the netwo1•k was installed, it was inunedl.ately -put into opera"! 

tionnl use, which made diffiQUlt the collection of accurate performanc~ 

data. The SRI personnel availa9le were n<rl: ·sufficient to cover and 

monitor all major stations througho4t the exercise. NQrn*l field com­

~unication ~ogs did not prpvide sufficient detdl to pei mit evaluati·on 

of _propa,~tion predictions.. Consequently~ no. ·firm measu~e of th~ value 

~f tha predictions to field operators could be obtain~d. 

3 • Plans for Future Work 

Theoretical studies and tl)e exe'lliri.ation of ionospheric data wi,ll 

continue. Many months of ionospheric data must be accumulated beforE!~ . 
I 

the ~ccuracy of prediction techniques can be adequately evaluated. ~ 

c-2 data reports plann~ under Subtask 9 will p~ov~de the ~jor data 

base, although data obtained from all subtasks will be used. 

It is anticipated that occaaional special predictions for comm~ni~ 

cation circuits within Thailand will be produced. 

H. Subtask 7: Antenna Terrain Effects 

1. Genel!al 

It was recognized that terrain,and tropical vegetation would af~ect · 

the radiatton pattern of antennas employed in b"'th VlW and HF field 1•adio 

sets • The effeqt on ·patterns is complex. Understanding of it req,u_ires· 

that the radiation pattern Qf a ii~ld antenna oe known, the. details- of 

the earth's surfa, .. ~ in the inuneu!tt1:e viq~ni ~Y of the antenna be under­

stood, and the effect on thr ra~~ation pattern when the antenna is im­

merse~ in a tropical fore~t be determined. 
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2. ·work Undertaken 

While & considerable bqdy Qf data ~xist& enabling one to estimate 

the patterns of dipole ~nd whip antennas, no reference could be found 

conc~rning the p~tterns of the widely used slant-wire antennas with 

counterpoise. Consequent.ly, -~ brie-f measurement r~i'ogram was undertaken 

, to mea.sure pat·terns· of. scale-mo,lel slant-wire ant~nnas. 

3 • Early Conclusions· 

'the measurements lndic~ted that slant-wire antennas will generally 

·have a null at 'tigh and low take"" off angles. The null in the pattern at 

near-vertical radiation angles raises s~rious dou,bt concerning the usabiJ.­

ipy ,qf t}le slar -wi:r.e antenna for field .commtmicati·1ln in tropical forest 

·FUrther ilivestigation into the characteristics of selected slant­

wire a11tenna designs that are in field use has indicated that the l'atio 

between the length of the cou,nterpoise andthe length of the radiator is 

.critical and if improperly chosen can result in loss of effictency due to 

high dissipation in the counterpoise. 

4.. Future Work 

Several discussions were held between ARPA, USAEL, and SRY. ~apre­

sentatives concerning the ~irect fur -scale measurement of the effactive 

ente~a patterns immersed in· a forest area. Stanford Research In.sti tute 1 s 

"X~~ edop~' full-scale pattern measurement technique is ideal for sue~ a 

measurem~nt. lt could provide direct answers to such questions as: 

(l) Is attenuation from tropical forest affected by polarization?' 

(2) Is there sufficient attenuation- of low-angle radiation of 
antennas immersed in tropical vegetatio~ to be a factor in 
reducing the possib~li~y of .HF transmissions being 
mokli tored? 

(3) Is there su!~~cient attenuation of low-angle signals to 
~gduce..,t~e ,possibility of direction finding by distant 
ensmy, ~nst~llations? 

(4~ Is there sufficient attenuation of low-angle signal·s to 
s,~gnificantly reduce the interference levels in HI!" field 
r~dios 'caused hy long-distance high-power stations? 
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(5) Is there sufficient attenuation of low ngle radio noise 
energy to significantly reduce receiver noise levels of 
HF stations with antennas immersed in ~ forest? 

These questions imply that ad~3ntages might result f-rom 'the deliber­

-b.ta placement of short-range HF field radio stations in clei!se forest areas 

1•ather than in open fields, when such a choice is available. Studies-

and measurements to investigate such.possibilities are desirable, and 

detailed plans are being f~rmulated fo~ review bv USAEL_apd A~~A repre-

~entatives. 

-I • ,::,ubtask 8: Flutter Fad in~ 

1. General 

The- experience of NBS workers in Africa, of Voice Qf Ame~~ca inves­

tigations, and of other scientific explorations has shown that perturba­

tions of both frequency ~n~ amplitude components of a transmitted signal 

(commonl,- called flutter fading) occur near the magnetic ~quator... Flut­

ter fadin& is similar to the auroral sputter co~only observed in polar 

reg~ons. It cap a:gt~~t the intelligibility of both voice and CW signals 

from figld radios. 

Since flutter fading bas not bb~n extensively stud;ed. in southeast 

Asia, little has b~~n known regarding its frequency o! ocqurrence and 

it-s geographic variations. 

2 ~ Work Undertake1.1 

Durtng the period cover~d by this report, a comprehensive review 

has been made of all e~periments and mea~urements on flutt~r fading (see 

comments on the literature survey in Sec. V), and conferences have ~een 

held with many of the participants in past w9rk. Te-chniques for the 

systematic measurements of flutter fading 'have been explored. 

3 • Reconunendation 

A recommendatit ~ has been made to ARPA and USAEL that a flutter­

fELdiug receiving system similar to that us~d by the Boulder Labo1•ato,r.v 

of NBS be provided for Thailand. 
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J. Subtnsk 9: Vertical-Incidence Ionospheric Measurements 

As discussed in Sec. II, a cooperative effort by USAEL and USASRPA 

resulte.d in the availability of a c-2 vertical-incidence sounder housed 

in a van. 

1. Work Accomplished 

Assistance was supplied by SRI t.:> USASRPA in providing lanrJ, fill­

ing the land, pouri~g a concrete pad for the sounder van~ erecting the 

antenna tower, providing spare parts, etc. Data scaled by USASRPA tech­

nicians have been placed in convenient tabular forms consi~tent with 

URSI standards by SRI personnel. 

2. Plans for Future Work 

Monthly data reports are planp.ed so that long-term data can be con­

veniently available. Arrangemeh.;s have been made to exchan~e data with 

other o~ganizations in southeast Asia so ~hat geographic variations ~f 

ionosph~ric phenomena can be stud:ted. 

K, Subtask 10: Oblique~Incidence Ionospheric Measurements 

l • Background-

During tl1 early field test stages of Subtaf:lst 1, it 'became apparent 

that an oblique-incidence sounder would be a valuable tool if instalied 

directly in -parallel with the test path. The oblique sounder would 

p1•ovide: 

(l) Positive rQsolution, identification, and measurement of 
each propagation patl1, through short-pulse time measure­
ments 

(2) An on-the-spot real-time measurement of ionospheric 
-stability sq ,;ha.t tests could be stopped during storms 
or, if they were not stopped, so that data coulg be 
properly ev~luated 

(3) Pos~tive measurement of sprend-F conditions, which re­
r ,.... in both time and frequency distol"tion of signals 
pl )agated via the ionosphere. {A reduction of·message 
intelligibility can result from such conditions regard­
less of the type of set under test.) 
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<~~ Comparisons of performance of various antennas by auto­
m~tically swi tchi11g f1•om one to another and recording 
the amplitude of receive~ signal of each frequency chan­
nel of the sounder 

(5) An educational device to demonstrate details of the nature 
~f the propagation path betwe~n two locations a short 
distance apart. 

2. Work Undertaken 

To gain some· experience in the operat16A of an oblique-incidence 

sounder over a very -short d±stance, an existing transmitter was operated 

at Menlo Park, California, and a sounder receiver was operated at t'he 

Mountain View, California field site. The separation was sbout 5 mi'les. 

Both dipole and whip antennas were ·employed. The terrain between the 

sit~~ is very fl~t and contains the built-up areas of Palo A~to and 

Mountain View. 

3. Results 

While no conclusions concerning tropical communications were ob­

ta.·ined during the brief test, it was apparent that sky-wave transmission 

was the strongest moq~ most of the time·. Multiple-bop sky.-wave was also 

observed. The g;•ound wave was weak but readable and clearly l: epat•able 

from the sky-wave signals. 

4 • Plans for Future Work 

Discussions are under way between SRI and USAEL conaerning the 

·availabilj,ty of oblique-incidence sounders for use .:.~ the forest a1•eas 

of Thai lap~. no further action (.}an be taken· unti-l the availability of 

sounders is determin~d. 

L. Subtask lli Technical Assistance 

1. Objectives 

Since the.hffiDC Electronics Laborat~ry has placed in Thailand a 

modern, well equipped electronics research and measurement facility, it 

was anticipated that a variety of small tasks would arise req~iring con~ 

sulting, study, or possibly equipment modi~ication efforts. 
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2. Activities 

Examples of activities that have aris~n are: 
) 

(1) ,conduct of n tes.t equipment ca.l~bration, maintenance, and 
repair ~lass for Thai military technicians 

(2) Conferences with Chulalongkorn University .staff members 
to discuss their research problems and plans 

(3) Occasional loan of scientific equipm~nt to Chulalongkorn 
University projects. 

M. Subtask 12: Special Investigations 

No s~ecial investi~ation~ of consequence were undertaken. Since 

the objectives of Subtask 12 and Subtask 11 are substa~tially similar, 

it is recommended that Subtask 12 be 4ropp~d • 
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V -SYMMARY OF REPORTS PUBLISHEQ 

All requ~red ~nthly progress reports tor the period covered by 

this report have been submitted. These reports covered the effqrts of 

both Task I a.nd Task I I • 

t~ addition to the monthly re~orts, T~sk I and Task II have jointly 

submitted Semi-Annua~ Report land Semi-An~~al.Report 2, summarizing 

work accomplished· duri'ng tQ.e fi:r.,st and second six-month period r·,spec-

tively. 

Task II has completed the Res~arch Memorandums* listed below,_ wi·th 

abstracts, qove~ing work on specific technical areas un~er inves~igat~on: 

Research Memorandum ~. 'Voice Tests on )~n-Pack Radios in a 

Tropical Environment," by W. R. Vincent (July 1963) ~ 

ABSTRACT 

Under the direction of the ~dvan~ed Research Projects Agency 
and t~e Unit~d States Ar~ Electronic Besearch and· Development 
Labora~orJ,. $tanford Research Institute conducted a field test 
progrw' t9 compare tho performance of selected man-pack radio 
sets under various tropical terrain and w~ather cond~tiotrs. 
Initia~ s~eps ha4 already be~n taken to establish a Tropical 
Co~nication Laboratorr- ~s pa~t qf-the Combat Develop~ent 
and Test Center (CJY.OO) in Thailand. The formation of the ·basic 
laboratory and"~he ~ssignment of parsonnel were hastened ·to 
·accomplish tho ~eo~~ed fiel:cl te~ts. 

This report d~scribeo the r~l6ults of voice test~- on th~ 
select~d map,"'!'pack radio sets. ..i.n a tropical fr;-est environinent. 
it will be :fo~·lowed by -A:e~rts on tlie· :performan~e of the -
sets in other terrain erivironments. 

Reseat•ch Memora~dum 3, "Field Tests on ,Man-Pack Radios in a 
• r_, - ~ • • 

~ropical: Environment, " ·bY W. "R • Vinq~nt (~~l~ 1963) • 

* These repcrts ohould have ·~oeh iss~ed as Speciai Technical Reports1 
. ~~~r.~ ~~~orts in this series will be called.Special Technical Reports. 
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ABSTRACT 

Under the direction ot the Advanced Research Projects Agency 

and the -United States Army Electronic Research and Development 

Labo~atory, Stanford Research Institute conducted -a f.ield test 

program to compare the .pe~io1~nce of selected man-pack radio 

sets under various tTOpical ~erraic, vegetat~Qn, and weather 

conditions. Research Memor~ndum 2 utMler this contract describes 

results obtained ill a tropical :fores~ area. This memorandum 

conta~U$ data on all t~sts completed to it$ dat~ of issue, 

including those data p~esented in Research Men~randum 2, so 

that all test data c.~J~ b~ available in one :report and· compari• 

sons can be Jllade • -

Initial s~eps had bean taken to establish a Communication LaJwr&• 

tory as a p~rtio~ ot the Combat Developm~nt and Test Center 

(CJJl'C) in· Tha~land. The· forma~i~n of the bas~~ laboratory was 

hastened and personnel assignments altered to prov;ide a~eqr.ate· 

field .test crews. Laboratory equ~pment c.j.:i:d not b~come avail­

able to support the field effort until the later stages of the 

test prog1·~- How~ver, the availability of a central_ he~d­

qua:r-ters, .. emporary laboratory_, and the meager repair f~cil­

ities and .. support di~ f~cilitaT.e the field tests somewhat. 

This report describes the resul·~s of voice and CW tests on 

selected man-pack sets • Tests- were conducted in the tropical 

~orest aTea in southern Thail~nd, the rice' paddy are~ of t~e 

low-delta region near ~angkok, an~ the ~ountains about 100 

miles north of Ba~kok. 

Research MemQrandulil 4, "Scale-Mo~el Measurements on a Sloping­

Wi:re Antenna," by T. S i Col'Y (June 196:3) • 

.-ABST~CT --
Radiation patterns of a 1:100-scale model of An end-fed slqping­

wire antenna have been measured. 1he model antenna was made to 

simulat~ a tactical HF (?-to-s~Mc) communication antenna used 

with the Ali/TRC-'17 rad-io set. SGch"'-an antenu1a is of particular 

interest for tacti~al jungle communic~tlons whe~e -near-vertical 

propagation is .pertinent ~ather tha~ ground-wave. 

The actual antenna,. in addition to the sloping ,.adiator, comes 

with two 50-foot ' ?~riterpoise rtldials ~eparated by 90 degrees 

on the ground.. S!nce the mo~el was measured in the presence 

of metal ground surfaces, the effect of the counterP9ise on 

the radiation pattern~ is not shown. JJ_ecaus_e the ~adia.tQr 

itse~f is electrically ~hort {0.076-0.~03 A), the counterpoise 

1s expected to improve -the ~ad~atio~ efficiency and to have 

a minimal effect on the ~diation pat~erns. 
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On a scale-mo~el basis, it is difficult to Qe more precise about 

the p~tter~s than is inqicated in this report, becaus~ o1 the 

difficulty in scaling ground ~onstants. It is possibLe to mea~­

ure the f·ree-space patterns ·of a symmetric sloping-wire struc­

ture in free apace and reflect this mathematically into a g~ound 

geometry that may be controlled. This latter approach is cur­

rently J>eing investigated., along with an exper~mental program to 

dete~1ne the · ~ocation of effective ground with respect to the 

earth's $~r~acP As near-vertical radiation is of pr~marv in­

terest,, the-geometrical optics approach of ground reflectioA 

is ~~~e~ted to yiel~ useful answers. ~e~r. grazing for vertical 

polaJ'·izat!:o~, . the geometrical optics technique breaks- down, and 

the r~flection must be considered as a diffraction problem. 

The sloping-wire-antenna patterns were me~sured in the presence· 

of a plane metallic reflecting ground, and in the presence of 

a 25-degree conical hill. Elevation-plane patterns were ob­

tained for two o~hogonal polarizations. 

Reseau;h Memoranqum 5,, "Orientation of Line~ "rly Polarized HF 

Antennas for S~ort-Path. Co~nic~tion via the Ionosphere ·;~a~ the Geo­

~gneti¢ Equator., " by G • H. Hagn (Al!~st 1963) • 

ABSTRACT 

This report suggests t,Jlat th~re is ali optimum orientati'on for 

linearly po~arized antennas ~s~d Qn shqrt ionospheric p~ths 

near the geomagne~ic eqt~ator. Consideration of the magneto­

ionic t~eory anQ its applic~tion to anten~-to-medium cqup~ing 

p~oblems indic~te that ali8ning such antennas pa~allel t~ the 

-earth •·s mag11e~ic fie~d wi:ll maximize signal strength whil~ 

miniru1zing ·polar-.ization :ta~ing. Such ()rientations may ili~er• 

cept less interference than vertically polarized antennas. 

If this is ~rue, the signal-to-noise ratio would be maximized· 

and the orientatio~ would be truly optimum! Experiments to 

test these hypotheses are outlined, 

In addition to these ({)l:tbl1.shed repo~ts, several reports are currently 

i~ various stages of prepfl.ration. Examples ,,f these are (1) .a revision 

·and updating of Research Memorandum 5t (2) a surv~y 9f the literature on 

equato11a1 communication, (3) a revort entitl~d '~bsorption of Iono­

spherically Propagated HF Rad.lQ Waves undar Conditions Where the ctr 

Approximation. is Valid," and (4) monthly vertical-incidence sQunder 

d,a.ta. reports. 
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