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1 Hl&'IOHlCAL JHTP )DUCHON 

L :-: e micro-:-a.,: C:i.'1d -:,f fre"lu,~ 'l-!L::, &.; d<:fined in this report cov~rs 
the rt.n.:'e fro::1 .300 to 3000 megacycle:.; per second. Experimental im·e.,ti,;:.­
tit ns of con tlnuou::; nave o~cill::. tions in this freriu<mcy bc..nd mc..y l.---e consid­
·~:-"iJ. to ck .. tc :ror:1 the disccv,;r:; b-J Bar.k.huuGcn and Kur:: (1) of u technique for 
the producticn of such oscillations. Their method consisted in placine the 
gri d of a triode ut a high positive potenti al , and adjusting the pl~te po­
tential to such a negative value that the electrons pcssin6 .thr ough the clrid 
would tend to oscillate around it until they are eventually captured to form 
part of the do Co grid current. Sometime after this work . Gill and Morrell 
(2 and 3) made a careful $tudy of the phenomenon, and deduced relationships 
betr;e~n the eleckon transit times and the periods of oscillations corre3pond­
ing to maximum output. There persisted in the literature for some time fol­
l owing this \'fork u tendency to distin~'Uish bet .. een Ba.rkha,usen-=Kurz oscilla-
tions, \'1hose frequency w&s determined chiefly by the voltages placed on the 
tu::ie electrodes; and Gill-Moi;-rell oscillations, whose frequency .,.,as correlsted 
,,i fo the nabral ,ei:iod of the i:..echer frame which w.;.s &ttached to the ol ate 
and grid electrod~s. \'lundt (4) has shovm that the system electro~ sk~w:1 -
Lec:ier frfille should be regarded &.s t.-;o coupled ci:-cuits, t!'le couplini tc..king 
place t!'lrough the grid plate impedo!lce. From ti:lis :)Oint of v i evr, the' varin­
tion of wavelength wi th external d!'cuit. adj;.istoents c..nd with electrode 
•r,:llto.gen □e..J be given u com.)l~t& und satisfo.ctory expli:.nati.::m. it should :)9 

re1t1s.rked here thut the po-:1er c.e-✓eloped by these e::..!'B er t,,bes H.'.:tS extramely 
sm!..ll , m1d tl-le :phenom~na. m~!'e of in'.:.erest chi<:3fly to ~!;ysicists . 0Gcillntions . 
:1.: v~ 'bc':ln pr:>d.uc,:::d r::cen tly ;:;i t!:l conventional feed-br.ck circuits as high as 
1200 megucycles per se~ond ( 5) o The tu'be::; r,ere of a specis.l deGis-i nnd dll 
be consid~red in d~t&il l~tel'o t.nother method for tne production of ele~­
tronic oscilll.tions in the oicro-rr,,y band d-3pcnds on the p~operties of the 
oa,::netron oscillutor .fO!'!le!·ly utilized for osdlletio"ls of lon~er ,:c..01ele:13t::.. 

:~O:-i;;foc.lly p!'c.duc~<l by Zacek (6), such oscillc.tio:1s hnve been further stmlled 
1.) ~Jb:r Yagi (7) and Ok1be (3) o In the J&pancsc ty?c of' tube, the plr.:te iB split 
~ - ~a~.J t:!e: tuned f..ech1;1· fr-S':le r,. t ta.ched t.o each of the r.node segment:,. The :nt:..g­

,...--,netic field is parallel t0 the axis of the filament of the tube. The mceha-
nis:n of electron :,scillation in the nasne':.ron !1a.::; been clec..rly outlined b:r 
foll.nann (9) o 

-:. 
l 

~. In t:ris secti o:1 1::.re giw~n briefly the e~u&tions reluting the ,;ave-
1·:r.~t~ of the nicr0-rc.j· :)Scilletion=:. t:i the -;01 -t,o.ges impr~c3ed on the elec­
trodc:3 , and t~1e P.lect:-:,de ::;;_:,ccini.:: . 

), -
· \ = 4 '✓0 . 1 --- (1) 

~{~ 4-"!r'fi. Eg 
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(b) B:i.!"kh:iusen osci l l&tion~: ~ylindri~tl alect::.·o(leo (10). 

It nill b0 :.i.snu..'l<:>d :13re tht,t in ~he :1rinci.1al ~ode ::,f oscilbti,::,n, the 
:'l; .:h: tice fro!!! c:::. th1Kie to re·,e:-s£:.l ~oin t ~ea!' :.=-:e :;:>la. te is Lf,lf t::e 

of 0scillation. 
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of tte:,•3 f'u.."'lc ': i?ns '!'.)V•;-_•in,: t:i.e ::~,,nte of •.r!:.ri.:1':)l•~:; 
•l L(~ly Lo be me 1: in 2.:.·=.~ti-::"3 z..::-e 5 i-rm by K~pzo, ~·1.d ·::;~;o::;do,·1e::- (11). If "}.. 
ir, in cr.1, and :.he p,::,tcntials &nd radif:tl ii::;t&n..;e:J '.i!'E: in volts nnd cm reo?eC • 
•l;.i r-;ly, tl1e e:-.prc:ssion oeco.Jcs: 

, ,I 



r1 ..::. :- · .. liu~ l) f i r i d in C:ilo. 

r~ -= rr.di us of f ilao.e'.lt .-..-i~e in 001 ... 

(<:!) Magnetr on oscillat i ons: cyli ndri cal electr odes (12) . 

Oscilh.tions 0.r e i niti ated ~-rhen ~he pl ate {)Ote:-itial Ect and the magnetic 
f i e ld str "¾ngt h. H asslL'le •, alues s a tisfy ing t~e equation: 

'"' e 2 E = H,;:: - - "I" a 8m -a 

I n ;ir &ctical uni ts: E 
a 

r;l1Gre 1;' ,..,a = pla te pote::itial i n volts 

d<l ::;; plate diameter- i n cm., 

H ::;; magnetic field strength i n gauss. 

In case the cri t i cal conditi ons are sati sfi ed: 

;.._ = 123.Q.O. 
H 

cm. for zero space- charge 

;\. 167_9_Q 
H 

cm. for sp&ce churge satura t i on 

tn)e of oscilla tion satisfi es equation (7) appro:>:iI:la tely. 

II TUBES FOB. TEE GENERATION OF lliCRO-P.hY OSCIU,ATIONS 

Conve":'ltional Feed- back Oscillators 

( 5) 

(6) 

(7) 

3 , A coi:iprehensiv':l report on tubes i ntended to opera te in conve'n tional 
c il~cui ts for the range of frequenc i es from 100 - 1000 mega c:yclen was given by 
Kelly and Sam~el (13 and 5) 6 One tj11e of tube ment i o~ed there, ~hen conne cted 
i n u _)US::.- pull combinat.i-:>n , g.ave the folloui ng outpu t s &nd efficiegcies 
(2 tubes) ,ri th 400 volts o~ the plate: 

Frequen~y (me..,gs§l:cles} 0utput_(1mtts) Efficiency (uercent) 

300 16 28 
400 1 5 25 
500 12 20 
600 • . 6 12 ... ., 

, .. 'IT' 

.. ~ 

_ ~ I A!RSIF:IE=n -3 -
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7:~e cie.:!:--:!u:3•· ?f ':!ffici.en~_- i :-1 i e!·s·.,in~ f:-<:?-;u.:n!J ca:1 be t.ttri;)u:.:~u lr.rt,;e 
l ;· t'J tte t:-a 1-i t ti::ie ":'ff":-Jr.:t ; Le:., L~<:! uc·:~ln::i2cn l of p!~S~e l:~; b'3l.:ct:n 
·:.::,lli:_::e .:.:nrl cu1·ce.1t in the .,l::.t,, lo;ie h.oce:: •;t' th~ '. 11:•.:J l.1e VJ t:-1e finl:,·~ tir:w 
of flit::!-!t of •he electron::; '1cross the fil'.1:le~ t-i)lat<; sp&ce. 'Iv,o S'l:.11 experi­
.. e 1+-':1 t·1b~~ _:b.ve t?cc .foll-win,; outputs: 10 v;atts l!t $70 nee:..c~·cles ,frth ef-

·.:: fici~nc:,: ;Jf .::.o 11Brc1Jnt, and l ;;r,tt ut l.C:.OQ 1J,36i.cycles with nn efficiency of 
.. 1 1 ·n 10 percent9 It should be reMrkcd ~h:tt these latter Lubes were tested ~t. n 

fre;u.en(!:r l &rgely del'3rminc<l 'Jy i nt8rn.sl st:::·ucttu-e c,.nd conncctins .;i:-e3, and 
it vrould not in g~mer'll be eas-.r to oh tlli n a saoo th continuous change of fre-

• '!c:-· quency 1:i th t!lem by adjustment of tunin; eleoeuts, as ls the cu.:;e &t lon$er 
1 ar.: wavelengths , 13-,r placi ng the enti:·e tuning c i !.'c1u t within the glass enveJ.9pe 
-1';. 6 ~of' the vacuum tube, Kohl (11.) has succeeded in producing o5cillati ons of fre~ 

...... • qucncy 500 !legacycles. A dia6raa of the tube is shovm in the :?:"evicn "lrticle 
:;::,.•.:: of ilc;a,gner o.od Hollmann (15). No po;•1er O\ltput level i s given, bu t it was 

- 1~ probably less than that obtained by Kelly and Samuel. No external adjustment 
• of frequency was possible with this tube. Small tubes , suiteble for use at 

r eceiver l evels, have been construct~d and desc:?:'i:ied by Thom?son a~d Rose 
(1':,). Oscillations Viere obtained as hi5h as l(X)O ;negacycl es, and the tubes 
gave appreciable amplification at 400 megacycles. 

Bur~usen Oscillators 

4. The physics a~d engineering literature of the ~ust ten years is 
replete 1,i th articles de-3cri :iing experir:ien ts wi th tubes opera ting in the 
:av.rkhausen-Kurz circuito Inasmuch as Naval interest in such ex?erioents nus~ 
~ecessarily be confined to those furnishing reliabl e data aG to power output, 
transmission, and reception levels, etc . , only articles containing such data 
will be cited. Kelly and Samuel (14) gave power output and efficiency datn 
for several tubes of the so-called "spiral grid" ty;,e operating in :.he Bark­
h!:.usen Kurz circuit. The efficiency i n all cuses vms about 1%, anci the power 
output varied from 3 or 4 vu:. tts for the 500 megacycle tube to about 0.1 watt 
for the 2500 megacycle oneo A type of positive gri d oscillator desi gned to 
operate over a band of frequenci es froo 500 to 550 was also cited, the grid 
bein~ of the "squirrel-cage" type. The outpu t varied fro!!l 805 m1tts at 580 
megacycles to 4o5 watts at 500 meg&cycles; the efficiency varying between 
5o5 and 6.0 percento Herriger (17) gave detailed measurements one tube 
manufactured b:,r the Telefunken Compan:7 for use in the positive grid BarkhauGeo 
circuit and proba~ly representative of European design. Tho tube operated 
over a frequency ran6e of 400 to 550 megacycleso At 550 nego.cycles, the 
?Ower output for opti:au.-n adjust:nent of the operating parameters ;;as nbout 
3.3 \';&tts, and the efficiency 4 percento Pierret (18) has obtained o.bout 
O, l watt fro:n a French TM C tube with about 10 ':1atts i~put, the frec;uency 
being a;>proximately 1670 meg&cycleso The micr•J-:•ay tube designod by Cl avier 
(19) for use on the 1700 megacycle circuit across the English Channel vms :: ..... 

• ~· of ~he spir&l g:-i d type and was stated (20) to gi ve 0 . 5 ~att out~ut at this 
,,, -~- frequenc;',', the efficiency being about 2 percent. Kozrmo\"lski (21) has re-
':') ported a circai t usins t,rn Type 852 tubes in a type of puah-pull circuit 
~ with the positive gr id connection. He obtained an out?ut of 5 r.atts at ~60 
-~ .negc:..cycl es vith an effi~iency of ~-5 t)Gr~ent. t-.ia:-coni (2;.) re:.,>ort~d a J 
~ sim?ar pnsh-:mll circ:u t operati ng -~n . & fre ;uenc.7_ ?f 600 :neeacycles, and .. 
--~~__..1•n ta com?arnble po,;13r 01.1tpu~ and efi ic:i.-ancy. 

.... 
. . 



I - •...: 

('_ -
SSIFIED 

... -

- - "-

...,. .-.. ~ -
4111 .,. .. ·1 ... -! 

t 31 ii ibbt ii¼[ 

5 - A --co:npr e;:iensive study of Lhe ma;;netron oscillator lw.s been :nade 
l_)y Megaw (23) ~-d t h ci tations f r om conte.r:i:?:::>rar y i nvestigr,tors. Kilc.;ore (24) 
r e por ted :the follo;·.ine;; values f or spl:it-c,notie magnetrons: Tube #1, 7 watts 
outi;_)Ut &t 700 me--gac,;rclBi:; wi th 8 percent ef f i ci ency; Tube #2, 2 r.utts out?ut 
at 1500 rne~a9ycles. &ubsequen t to t he publi,.::~tion of h,is pn:_:ior, a small 
tube wi t h s-elf-contr-ii;ied t uning cireuit ,ms desi gned to opc:-nte at 3120 
negacycles, t he output beint.; about 0 .5 ,mtt. Posthumus ( .25) r eport-e.d a ne0;; 

type of s;.,li t- anode m::i;netron having 4 plates. T}.ie output r anged f ron1 40 
watts at 500 iaegucycles to 80 1.ratts at 200 mega cycles with efficiencies 
approximating 50%. In anotber n;iode of oscillatj,on 30 uatts power output at 
730 megacycles w&s obtained, also at high efficiency. Ponte (26) reported 
a split-anode magnet ron IV-ith a useful pouer output of 25 watts at 400 mega- • 
cycles, v,ith efficiency of between 40 and 50 percent. 

III ,TRANSMITTDG .AND :-IBC.EIVING TECHNIQUE FOR MICRO-RAYS 

Refl~gtor Theory 
• - .,.. ..-

6. The physical dimensions of tuned half wave radiators in the micro­
ray frequency range are such as to permit very sharp focussi ng of the energy 
radiated in the desi:::-ed direction by means of appropriately situated reflec­
tors or reflecting elements. For :::-adi&tion in the frequency range 300 to 
1000 megacycles, sucp reflectors would truce the form of arrays of htlf- wave 
antenn&e, disposed either in a fl&t curtain or in a parabolic arrangement. 
For radia tion at frequencies of 2000 megacycles or higher, paraboloidal or 
cylindri~o-pa:::-abolic reflectors of sheet metal could be utilized. The gai n 
in energy- tnnsfer of a paraboloidal reflector may be approximately doubled 
by placing a small hemispheri~al reflector in front of the radiating antenna 
to direct the forward radiation from the antenna back on the parabolic re­
flector, ~hence it is reflected in the desired direction. Some illustrative 
exanples of the gai~ obtained by the use of reflectors are given below. 
Theoretical formulae are available only in the cases of paraboloidal re­
flectors (27) &nd linear antenna arrays (.29). In the ot her cases, examples 
representative of those most likely to be encountered in practice have been 
taken fr01n t he experimental work of K~hler (28)~ The gain f~ctor in field. 
strength is gi-;en along t he axis of projection, together with its equivalent 
in decibels ,, The an5le et corresponding to the angular w-idth of the beam 
in the horizontal plane measured from the 50 percent fiP.ld s trength boundar-J 
is also recorded. Data for linear arrays were taken from South~orth1 s 
article (29). 

(l) Paraboloidal Reflector (Sheet Metal) at Transttltti~g Station: (Fig.lJ 

(Antenna in aperture plane: opti mum condition) 

G = 

= 

6'= 

.20 l::ig10 $! R 
A, 

.l.094 sin- 1 

deci:)els 

. . 
7 

. J 
·1 

--· - . 

.. 
- 1 

' 



◄ ... 

R-= radL1s in centi:.nct.::·~ vf cir·'le in aperture pl.:me 

~ . ). = wu.vel~neth in cen tiln'3 t,ers of n.di.:. .ion - ... ,.. -·II ~,. 
Parp.bol'.)idd t:.nd H~r:us;:ihe.::-ic:-:1 :l.efl"!cto:·s at Tr&n3L'.li tting__Sta'!:.ioni (Fig. 2}_ 

= '{2 :t R 
,. . 

8'= l.094 sin-1 . 61). 
R 

(3) PB.!'abolo~dal and Hemi~herical Reflectors at Transmitting and Receiving 
Stations:_(F_ig.3J. 

decibels 

Cyli..Q.d!'ico-parabolic Reflector (Sheet Metal) &t Transmitting ~t:&itioq: 
( Ficz. I+) 

(Aperture 2o5 )., Tiidth 3~) 

G = 5 

deci bels 

.... 

Reflectors at Transmitting.§nd Receiving Station~: 
(Fif,.5) 

(Aperture 2. 5 )., mdth 3).) 

G = 52 = 25 

n , = £8 deci bels 

- ~,, 
t ~ ,4!ll ••-

- -_ -~ i"' ' : I 

I • . 
, - 6.:- -~ 

~~, ~-1,·~ ~ ... · ~, 
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(6) Cylincr:ic..Q....--:2a:-abolic Arro.v of Untuncd 7,ires at Tr&nsmitting Station: 
(Fig.ql 

(Aperture Jt, ,·ddth J :\.) 

G = 4.7 

13.5 decibels 

0' = 15° ..... 

(7) Cvlinq.rico-parabolic Array of Untuned Wires at Tro.nsmittine and 
Receiving Stations: (Fig,7) 

(Aperture Jl, v;idth J).) 

G = (4.7) 2 = 22 

= 26.9 decibels 

Array of Tuned Wi res at Transrri tting St~tion;Fig.8) 

(Apert~1re 3A, width 3A) 

G = 3.3 -,,. . -
= 10.4 decibels 

(Aperture 31, width J).) 

G = (3.3) 2 = 10&9 

I.. I 

r 

= 20.8 decibels 

In the above cases of parabolic wire ;,;.rra.ys, the spacing of the \'1ir-es was 
about l/3O ~or the untuned arrays and l/8 for the tuned arrays. The antenna 

•- • at the focus was 31/4 from the wire ~ediately behind it. 

(10) Plane 1ietallic Refl~tor (5heat Metal) at Tra.nsn.l,_tting Station: (Fip;.10) 

(Reflecto~ 2.51 square; entenn& in front) 

: Cl 

II 
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G = 2 .7 

= 8 .6 decibels 

(11) Plane Metnllic Reflector c.t Trc..ns:witt i>.1g ~nd Receiving Sta tions: (Fig.11) 

(Reflector 2.5 l square; ~ntenna _j1 
4 

17.2 decibels 

in front ) 

(12) Array of Two A.ntennas soaced )../2 radiating in phase with Two Reflectors 
soaced l/4 behind at Transmttit!,zl St~tion: (Fig.12) 

G = 2 . 24 

7 decibels 

e1 = 80° (approx) 

(13) Ar:r:ay of Two Antennas and T'ilo S.eflectors ·phased as above at both Tra11g­
mi tting and neceiving Stations: (Fig.13) 

(15) 

= 14 decibels 

0 1 = 80° (approx) 

ArrQy of Four Antennas spaced A/2 radiating in phase with Four 
Reflectors spc.ced ')../4 behind E:.t Transmitting Station: (Fig.J.4) 

3.2 

10 decioels 

Arrfrr of Four .tmtennas and Four Reflectors :phased us abo~ a.t both 
Transru.tting and Receiving St~tivns; {Fig.15) 

G = (3.2)2 = 10.2 

.. = 20 decibels 
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Radia tion 5-.-stems 

7 . i,her e a s i ngle radiati !'lg ele t1ent i s 11ssociateci wi th u passive 
r eflector, t.he an tenna is usually of t he tuned half-wave type, fed by either 
a concentri c tubing or two- wir e tr tln&~isni on line . Si nce the output i m­
peda~ce of a tube g~nerat in5 mic r o-ray oscillati ons is di ffi cult to measure, 
i t i s pr eferable t o use u tuned line , ui th a trombone l en5t h adjustment. 
The line bei n6 only t wo or t hree rmvel en5ths l oni; , skin effect and r adiat ion 
l os ses ar e small, even for the very hi gh f r equencies . There has been a 
tendency in experimental v;ork on micro-ray communicu tion systems to use 
identical set-upc for transmission and r eception. More thorough s t udy will 
prohaqlJ resu_lt in specialized receiving tubes differing in structure from 
those used for transmissi-:m, and :mr:.king possible more compact 3.nd portable 
~eceivin~ equipment. In case antenna arrays are used, the prope~ phase 
distributi::m may be obtained by direct feed vlith strs.ight two-~•rire tuned 
transmission lines. 

Reception 

8. 'I'he receiving station of a micro-~ay transmission circult usually 
has a reflector S'Jstem identical with that used at· the transmitter. The 
energy is focussed on the receiving antenna,. a half-wave doublet, and the 
consequen; voltage transferred by a transmission line to a suitable recti­
fying device~ Detecti::m can be accomplished with a cr--,rstul, a diode tube 
rectifier, a super-regenerative Barkhausen oscillator, or a so-called 
"Carrara" detector. Crystal ..,.e{:tification is subject to the variation in 
sensitivity which characterizes i ts use in other fre~uency bands. The diode 
rectifier is relativeJ:J insensitive on account of the inability of the elec­
tron stream to follow without phase lag the impressed voltage . In the super­
regenerative arrangement , a Barkhausen oscillator tube has its electrode 
potentials adjusted so that it is ut the threshold of oscillation on the 
transmitted frequency. Such a tube is quite sensitive as n detector but 
re~uires excellent regulation of its voltage supply for constant sensitivity. 
The 11 Carraro.11 detector consists of a triode having cylindrical syrru.1etry, 
in vrl:ich the grid is at a fairly high (non-critical) positive potential, 
and the plate slightly positi ve with respect to the filament. The pla.te 
current-plate voltage characteristic is curved i n this region, and fairly 
efficient plate r ectification takes :;:,1€-ce if t he signal i s jmpressed on tl:e · 
plate. The circuit is more efficient than the ordinory diode , because 
rec t ifica tion talces place in the space be been the anode and t he virt ual 
ca thode near the plate , and since this space is very nerrow, t he ph~se lag 
is corre spondingly reduced. 

-. IV PROPAGATlON OF r.ilCR0-3 .. AYS THROUGH &Pl:CE 

Diffrsction Effects 

9 . A concise soluti on of t he pr obl em of tl:e diffrbcti on of micr o-!·a;;s 
tel c~~ tl:e hori zon h~s. been 5i ven by Epstei n (30) . Hi s demo~str &ti ori sho,:ed 
t!lG.t conside::.·able s i gnal rilight persist f o!:' dist&n ces vi::er-e the r eceiving 

..-....~,,._,,_,---- .,,::0:.nt 1ms f&.- bel ow the geometrieE..l hcri ,:;on for t r c:.n sr:li~sion on 550 mega­
c-rcle s . Coonllted dt:.ta wer e ;:i ven f o-:- t!1e ccndi :.i or:s existing during M~T­
cioui 1

-:: l ate'St te.3L..!> c-n 55 c :n" vrc...:.v c,l ength (31 ) and the G.greezent ·ni t l: o-bset·ved 
r 011di n;:>:~ s ::o-.m. I t me.y !Je consorv.:..tivsly st::.te:d, :b.o,:e:ve-:-, that, on .r,ccoun t 
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of irregularities in the surf c..ce c.. t the h,:iri,;on, reception in the opticnl 
shado,.,, is -,ubject to 1£.Ti<J v~ril, Uc,ns in Gi gnal strength, and th&t rel:i,e.ble 
two-way co1.'ll.r11.mic& tion is prac tic~ 1.1.y li!ni t ed to the optical horizon. This 
opticc:.l horizon may, hor;ever , e:x tend fc:.r beyond the geometriccl one on account 
of refrc,ction effects. The::.,e are consi<le~·ed in the next secti on . 

Refr acti on Effects 

,I 

10. A general examination of the effect. of var.ring atmospheric condi.­
tions on the propa.ga tion of ultra-shor t r adio wa:res through space has been 
J!'lar:ie by Jouast (32). Following a general non-mnthematical e:x.planatior:: of 

- I 

tne phenomena as related to the temperature, pres~Jre, and relative humidity, 
a detailed study follovred of the experimental results obtained on the France­
Corsica ultra-short wave radio ch&nnel. \Then~ micro-ray beam is projected 
at a smell angle with the horizontal, it follows approximately a circular 
path, whose radius of curvature ~s .!!! times that of the earth. Under extreme 
condition·s of temperature and humidity, this constant !!lay vary bet1'1een wide 
limits. Jouast gave an average value of 10.5 for some visual tests off the 
coast of Brittany, although extreme values from 15 to 7 were observed, togethe~ 
with some negative ones. The value for the France-Corsica circuit was about 
5. Schelling, Burrows, and Ferrell (:33) quoted values from Humphreys (34) 
which gave an average value of ,m equal to 4. Quoting from reference (33), 
p.44].: 

11 In ultra-s!lort wave work we are almost always concerned 
with propagation in a nearly horizontal direction. The curv­
ature of the rny is 1/p while that of the earth is l/r0 • 11e 
are interested, however, in the relative cu..-....vature, 111hich we 
shall call 1/re. If, instecd of using simple rectangular co­
ordinates, we transform to a coordinate system in v,hlch the 
ray is a straight l:rne, the curvature of the etrth v;ill beco:r.ie 
1/re, which is l/r0 - l/p. The equivalent radius of the 
earth \•rould be 

) 

. 
I' J " 

11 

'I 

and ¾S therefore greater th~n the actual radius of the earth 
bye factor which in this case is 1.33. This fictitious 
r adius is therefore 8500 kilometers instead of 6370 kilometers. 
Since in the new system of coordinates, the ray is straight, 
the neu equivalent dielectric is to be assumed constant, and 
equal substantially to unity. 11 

' • I 
• I . 

·-

A table h&s been computed (Append.ix B) giving the vuri&tion in effective range 
with hei ght ~bove ground for ,m = 4. 

kbsorption Effects 

11. No reliable dats. are at hand regarding o.ttenuc.tion of ultra-short 
wave simals by absorotion or sc&t.tering al ong the pc:.th of projection. -Scatter­
ing pbe~omena such as,. are encountered in the attenuation of a light beam nre 

L 
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unlikely , since no atomic or molecul,,r resonances would have. per iods as l e.rge 
as those of waves in t:J.e decimeter region . Potupenko (35) has per f'or...;ed some 
e:xper ii:nent~ on tl'...e pr oj ecti on of micro-rays through chambers in ,,hich arti­
ficial fog nas cr eated, ~nd stated that l arge absor pti on tock pl hce at v~ave­
l er,g ths bel ow 5 cm. Since communi cati on t echni que will pr obably be confined 
for some time to m:i.veleng ths of 10 cm (3000 megacycles ) or above , t b-.i::; i s of 
aeaqemic i n t er est only. It should be remar ked, however, t hat variations i r-, 
r eceived signal strength may appear t o be due to absorpt i on under cert~in 
circums t a~ces, elthough the true explana tion is to be found in refract ive ef ­
fects. It is conceivable, for instance, that a smoke screen would cause some 
v:eakening of the received signal, but the e:-cplc.na tion would probably lie in 
the kink pr-educed in the beam axis by the a:brupt change io refract ive index 
in the hot gases constituting the screen. 

V. APPLICATION OF MICRO-RAYS IN THE NAVAL SER.VICE 

Limited Range Shir,-to-Shlo Communication 

J2. The possibility of contining micro-ray tr&.nsmission within a very 
narro~ beam by the use of suitable reflectors suggests the utilization of 
such beams for secret two-way collli!iunication and for recognition ?ignal pur­
poses. · Since the sharpness of the beam is a direct function ·or the size of 
the reflector system, the choice of 1;avelengths fer such tr&nsmission · is 
governed chiefly by the space limitations on reflector size imposed by ship­
board conditions. On account of the less critical adjustments required for 
tte micro-ray systems of longer wavelength, and the responsibilities imposed 
on such circuits under battle conditions, operation on vm-.relengths within the 
40 to 80 cm band would be preferable. As such systems may be nodulated 
either with single audio modulation or ~rith double audio and intermediate 
freq_uency modulation, any of the various privacy schemes may be employed 
in tbe oodulation. 

Lil?lited Range Ship-to-Shore Connunic~tion 

130 App~ications under this he~ding i nclude rotating or fixed beacons 
for homing or danger signals or for hydrographic surveying in foggy weather. 
Ey coding the modulation on different stations, it would be possible to pro­
vide sharply defined beams for the guidance of ships through mine fields or 
through shoal vta. ter under conditions of poor vi si bili ty. The necessity of · 
using automa.tic volume control en the receiver to compensate fQ'!." motion of 
the ship r.ould prevent discrimina tion betv,een the axis of the beam, and 
directions slightly off the axis but providing signal strength within the 
range of the aut om~tic voluo.e control. This fac t would in turn necessitnte 
t he maintenance of a ver--J sharply directed beam in order to minimize weaving 
abou t t he D.xiG of projection. Such ohar ply defined beliCls ar e only possible 
,ii t h t ransmission on 10 to 20 cm wevelength in conjunction with suitable 
S!1eet metal paraboloidal reflectors. 

Coastal Point-to-Point Communica tion 

14. Under this heading might be suggested ener gen cy channels betv,een 
coast defense point s if regular wire channel s are cut. Suitably camouflag,_ed 
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reflector sy.:,tE-.-~t--1 could be made i!,.distiri5uishable at moderate distances 
f rom the fortificr,t.ions, aad main'.:enance of com::iunicL t ion could be effected 
under snake and h£.:?.e conditions ;.;here optical signalling was i mpossible. 
Privacy conside"!'f.tic,ns ,wuld oake de~irable a sharpl;,· focussed be&m, re­
quiring oper&tion in ~b..e 10 - 20 cm viE.velent:th band. 

Detection of Enemy &hi os by Reflection or In t Brception of Beam 

15. The Navr has had under considera.tfon for some time the problem. 
of detecting the presence of enemy ships by reflec t ion or interception 0£ 
a sharply defined r&dio beam. The quasi-specule.r character of the reflec­
t ion of ener g-.:r transt:Li.tted on the shorter \'lavelengths means that energy- from 
a flat metallic f>-urface would be received back only very near the axis cor­
responding to geometrical reflection. This in turn would mean that with 
fi::xed positions of the transmitter e..nd receiver aboard ship, reflected energy 
vsould be incident,, on the receiving antenm, only for particular orientations 
of the enemy ship • . If a wavelength around 60 - 100 cm were used, the reflec­
tion Viould be no longer specular, but ·:;ould be governed by diffraction con­
siderationso The ~eflection in general would take place over a wider angle, 
end would not be so critically dependent on geometrical orientation. Hence 
the longer micro-ray wavelengths would be r.iore suitable for this purpose. 

Aircraft-to-Ground Communication • • I 

160 Resec..rch is being carried on at the present time at the Navru. 

.... 
• 

Research Laboratory on the development of an alti-drift meter for use on 
Naval aircrafto Due primarily to s:pace limitations on reflector size, work 
is being concentrated on apparatus intended t0 function on n fre~uency of 
3260 megacycles" Details regarding the progress of this work may be found 
in NHL Report No, R-llll, "Micro-Ray Radio Apparutus for Aircraft Al.ti-Drift 
Meter Equipment"o Beans using coded audio modulation might be used for 
ground position location or for danger beacons, functioning analogously to 
present light beam installations, but with the advantage that transmission 
through clouds and fog would be possibleo The wavelengths to be used ,,ould 
depend on the s!:iarpness of beam desired. No definitive recommendations can 
be made on this point. 

VI. A PROGRAM OF MICRO-RAY DEVELOPMENT FOR THE NAVAL SERVICE 
I _j,..-

Gener~l Considerations ,. 

170 In the even.ta general inYestigation of the applicability of micro­
rays in the Naval Service were contemplated, the allocation of priority of 
projects in the program would be a matter for decisicn by the Bure&u of Engi­
neering. There is no intention in the ?resent report to suggest such a se­
quence of projects. The aspects of micro-ray circuits in gener&l about which 
engineering information is at present lacking ar~ pointed out below, together 
with recommenda tions for research 'fJl'>.ich will furnish such infor!llation. 

Detection of filc-::-o-P.a7s 

18. There is urgent need of investigetion of detection thresholds for 
all f~eq_uencies i?l th..e mic!'o-r&.y band. Such work could be carried on with 
transmitter t ubes nor. available, since detection oay be studied ~'i.th trans-

' . , 
~· 1 

l 



r ... J. I 

- . ... .--

mi 3ion o·:e::- s";,1ull dlsUn:!e.;. :i:!1e rcflect,:,r size:; Jhould :->e so chosen as to 
produce field st.renJt!l.3 ~t the r-1.;Cc,iver com.._:>aruble r;ith those produced over 
lone~r d.is' nee.; .,,i+L lar5er ri:?fl.ectors. It nould be desirable to construct 
several t-r:-e.3 of det-::c :o!."' t.u:)t. ... , :. 1d s:-u-17 their r<>lative effi ~iency. Since 
tnese t 111'es 0:11::r~ te at low levels, • heir size and cost should oe moderate. 
S1ich a st·lct.: nould ';ie extremely valw1ble, as it woul<l 'be possible on the 
basis of tr.e rc~ults obtained to st~te definiti velJ the noi~t-to-~int t r uns~ 
mission ran4e .JO.Jsi!)l.;: for a tr:...nsnitter tub€: of ,:;i ven p~wer , ope;ating in 

:~ conjunction mbh specifi·::d reflector systems. 

19. Consideruble progress has 'been ~ade on such systems in connectiop 
the ·;:ork de:;cri bed in ~lnL rle_port No. R-lill, cited in pur .16. Further 

work is desi~4ble to make more ex..~uustive studies of the relative merits of 
the various circuits, and to modify the design where possible to provide 
greeter por tability ~nd circuit simplifirotion. 

Ch&n~es in Transmission Efficiency due to Variations in Atmosphe~ic 
Conditions. ' . . 

200 ~uantitative knowled3e of the behavior of a micro-ray point-to­
point circuit unjer varying atmospheric conditions would provide infort1a.tion 
of the hi~hest importance to the !iavy. Such a circuit could be set up along 
an optically clear path betueen the Naval Research Laborator-J at Bellevue 

I 

and the Naval Radio Station at Arlington. By using a recording voltmeter on 
the output of the r eceivi~g circuit, a continuous record of the varying trans­
nission efficiency may be obtnined. If desired, a small smoke screeo could 
be laid do1m a.cross the path of the beam and the effect observed. •- .. 

High P~lf!~_Transm.i tter:. 'l'ubes 

21. For certain applicetionD in 11hich refl1:1ction of the micro-rn:, 
is utili~ed, it is obvious that after detector thresholds have been 

roached, grea. ter rc:..."1Je is po sGi ble only by the use of higher povrer tro.ns­
Pro5re ss along this line is being constantl y made by foreign ex­

perimanters, and could probably be n~de tlso by developmental work done on 
the Na val pro6:'a:a. 
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.:licrc-~Ray Eori son Di:c.t~.nc.e vs . Hei &;ht of 'Irunsmi tter 

Optical 1:oriz.on computed with radius of curvature of ray equal to four 
ti.mes radius of ear th; ear th 's r &dim: = 6370 km., fi ctitious r adius= 
1.33 x 6370 = 8500 Y..lli.Q 

Tr&nsmj Uer Height- "1..£ ~ _ 
above Sea te.vel ~e. Geometrical Horizon 

(meters) - ::P.1 I'-. , (kilomete1' s) 
-~ ~- I 

Optical Horizon 
(kilometers) 

10 ' r --~ 
7" .. 

F-P--. ,_-
, ~ "'· - ,. ... ~ 
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·11 . .3 

16 . 0 

19. 6 

22.6 

25~2 

27.6 

29.8 

31.9 

33.8 

35.6 

50.5 

61.9 

71.4 

79.8 

ll3.0 

11 

~ -

1,3.0 

22 . 6 

26 . 1 

29.1 

3.2 . 0 

34.5 

36~9 

39. l 

4l '2 . ..., 
58.4 

71.5 

82.5 

92. 3 
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