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DEPARTMENT OF DEFENSE 
WASHINGTON HEADQUARTERS SERVICES 

1 155 DEFENSE PENTAGON 
WASHINGTON, DC 20301-1155 

John Greenewald, Jr. 
 
 

Subject: OSD MDR Case 16-M-2596 

Dear Mr. Greenewald: 

DEC 1 5 2016 

We have reviewed the enclosed document and have declassified it in full. If you have 

any questions please contact Mr. John D. Smith by email at 

whs.mc-alex.esd.mbx.records-and-declassification@mail.mil. 

Enclosures: 
1. MDR request 
2. Document 1 

Sincerely, 

George R. Sturgis 
Deputy Chief, WHS, Records, Privacy, and 
Declassification Division, ESD 
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Hamilton, Michael A CIV OTIC RM (US) 

From: 
Sent: 
To: 
Subject: 

John Greenewald <john@greenewald.com> 
Wednesday, August 03, 2016 10:47 AM 
foia@dtic.mil 
MDR REQUEST 

This email was sent from a non-Department of Defense email account. Please verify the identity of the sender,and 
confirm authenticity of all links contained within the message. 

To whom it may concern, 

This is a request for a mandatory declassification review (MDR), under the terms of Executive Order 12958, as amended, 
of the following document(s): 

Accession Number: ADC800072 

Corporate Author: BENDIX AVIATION CORP LOS ANGELES CA BENDIX COMPUTER DIV 

Report Date: Jan 1940 

Pages:41 Page(s) 

Report Number: XD - XD ( XD ) 

Monitor Series: XD 

If you regard these documents as potentially exempt from disclosure requirements, I request that you nonetheless 
exercise your discretion to disclose them. Please release all reasonably segregable nonexempt portions of documents. 

Thank you for your time, and I look forward to your response! 

Sincerely, 

John Greenewald, Jr. 
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~ -p~po,ac~\ .hu>elb ou't,l~ed ·••" torth tl\tt ettaot 

IM<lhP<! .tor oo.ntl'ol ot Jn e;-11\el'4it boab, obu1f'1ed u 

Bll't'a-s• TJP•, intended t-o be re1110t•ly rlowe, tb.e~c• un· 

err1nclr guided rrom • sround control poa1t1on to ita 

ultiaate t.erget. It h augse-ated to al11o conaider it •• 

an azt.t1llerr auppl•ent in ...... la71n..! down or a barras•• 

In aeYeJ'al dU'tert~n t ~">'" 1 t h better for long-ranee 

lntent&Ye barrase thAn the hui• r1tlea or artlllerr. t.t 

l ' 

ia eo.nt8mplet ~d to e~plor that part or the radio epeot~ be

twoen 70 and 200 ••i'•crotea, or th•~•abo\&t£. 

The ;q,thoda ror cUreot:lon.tl £U1<htnoe, d1ahnce plot

tine, ud tel'lll1-n11t1on or tlight, &l'e not nece,uar1lr t~ be 

thC".tght or u the onlr •u•ana ror control. The •>'•_tal\ 

deeoJOlbed here ma7 readUy aot •• an t.tugwn~nttne: deviofl to 

aome othel' method or pre-aet automatic control. Fol' an examplo, 

the radio d1reottonal 

invaluable 1 r uaed in oun j•mot1 on wl t h grro•coplo•contr.,lled 

fli ght, eonvenientlr oorTeetin the latter•• unftvo ldRble 

pr~oeseion error. 

Th& Aerod,nemio pJOObleme involved 1n t he autom~ tte • 

control of an airplane ar~ not 4ealt with here; 1et the 

ne~oas lt~ tor rro-stab1ltzat1an •nd ~roper control rollow-up 
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a •••J..ev.1_.... -.~-... qu-ot·ua vbJ.we" quaUtb4 r.ete.-

eaoe.,, ·ror ··the ftU4; 'liRo'lt:tiao aA 6-GG411'01 ot an ai'iflan. 

'b01ilt. 

It will be noted., too. ilbat 41le 17•tea .. t forth 

PG .. e•·•e• a 4eolchd acl••t .. e 1n it• ll.altatioer. to •1· 
rea- proTen eltilllllte. 11\loh ot ·"'- equlJIIIM't t ·a that 

with whi.Oh Bencl1x, aa a powp, are e•tbelJ' taaUl-Q.. 

A• a precl1ot1on, it 11 offered. that a traoUon-al 4epje 

ot ao~ao7 1n oour1e 4et~lt1on will b• obtalnecl. 

'1'bl p14qoe •thocl llakea uae o-t a 1111P1T 4el1·sne4 

•uper•r•aenerat1Te reoe1Ter 1n the alrplee bOIIb. It·• 

outP'lt control o1ztcu1t 11 relatively non•or1t1oal · 1n that 

ita opel'&t1on 1• not clepenclent upon a 41ttorent1&1 balance, 
. ' 

but inlte&cl• OnlJ' upon the lxiltenoe of a tone. 

The tundaaental operation 11 OOJIP&rablt to that or · 

lett-r1Sht oomp••• reoe1Yer. The ditterenoe, bowever, 11 

that auoh • oompaaa reoe1Ter eatabl1ahea a oouree trom 

reoelvtn& a1roratt to a tranemittiDC atation, Wherea1 thia 

17stem 41r~ota' th~ rtoe~v1ns a1roratt bomb• trom a oontrol 

tranamitter, . to a pre4eterm1ne4 tarset &nJW'h•r• within the 
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cltp .. a, ancl the 10 cl•P•• 4S:tf •f\•Ao• ot PIM•• ~·•••.._ tb• 

two ma1ntaine4, the o~clo14 pattett.a will be ~.?.er • . e4 • 

. •. (Rif!lt, TO PIQ 1) 

•rnolu'on1a1nf the two al)tenna · •l•~J.tD-1 11 aoo019,)..t.-c1 

'b7 trua11a1on lia.ea. in'fol•inl· tbe pr1p.ot;ple ot ati.ncU.nc 
• I ' ' 

wa•••• a -~hod now ln . ue• on aS.l'WaJ r.q••• (l;a, liAR, 

l.tN,P&~6a "&l.~Uon or Jlu.•• ahltta Between the 0\ll'l'entt 

· In ~o Antannu ; • JD, m,, lt~, ·.-a6!7a · •~~&1nilaln1Da t~ 
. . 4 •· 

D1 :""eot1on or Aat•nna Ar17••JI') . ~ 
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A 'P'IN•.,_ or tho~-...-. (.._ NG l) .S:U aow that 

· S.t tbe ~tate at whioh tho '•• tield pattoma •~• a1,omat~ 

17 t~tan•t·tod, 11, ror aa •ZA~~Pl•·• eo per eooowl, tht. ro• 

.ult~at t<S.ol.4 atronat-t& tl'oa both t1e14 pattam'l aloq lint ...,. 

OG *11.1 o:UabU.oh a Govao or -~~t~pal ia:tlo~ tl.7· •~~~ .. t .·,~•;'-'.· 

to an On Oour1o 1Ddioat1on o~ an -aS.rwa7 rauo .ran·ao .• 

(lh PJG 6--) • 

J\ont;t. ts.o14 atNDI•tlh, '• ri&ht or :totil or 1'be oo 
iJ'Itl 1.) •u-4£•• Sin· S,R~tuS.t7 at • eo o7ol:o • ·to, or at &Q' 

nto 1uoh 1Uti'!Dato 1"-1114 Ht·t••• ue tati.Bf11ltto4. 

!rho o1pal 1atonutr ftr1at1on b at a rato oorM~tPoa4• 

1111 to tho 1'-.lold patitoion ~•••r•aiL wbi.oh now and h•ootorilh 

will '-o - o\ilht ot aa Otr Oourao JI04ulat1on. Tho 1n41oat1oa 

01' Rlpt Otr Oouroo I'Oiultant r~old atronstha. 'l'h• •· 

d1oat1on or auoh amplitud.o, 1'S.pro1 U and a, demonatr&to 

the Lett or Ript •orr oourao• I'Oaul11~t tS:old at:ronsth•. 

In auoh an otr Oourao aUuat1on, thb :roaultant amplitude 

modulated oar:r1o:r haa 1ta po:roent•1• ot .. dulat1on 1no:reaao4 

1n ratio to ita 41atanoe r:roa llno 00 1n P1suro 1. 

.... 
~r 
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llo4U:la·tl101l thu •u•~U.. **' ..,. ~al.11t'OD to ~--- ot 
On OCNI'ae 1a 110 dept• .. . wt o~ -... w1 tll M4U:loat101l at 

aa oppoaite po.S.tlon ·~·- Oil OD Oov••• ( .. NO. U. as 40') . ' 

'llhi• out ot ptaa•• r.•ktf.OIIllbb ·i• 'ttt.-U~e.a. te p~1«•-

• ••••• t'o ~ •r•tec 'b7 _. .. ·~·• at a Httt&& 

poaUsS.on ot Ott O~•• •4l4at1>oei u•tas tor zoe1'er.eno• a 

tone equal 111 au41o ~qu;ono7. Thta ~'•tenlloe treqv.qer 

S.. ea ta'b!blw4 in ~h• output ~te·oeS.w•r oentr.ol oS.l'tuit ot 

tlw as.-r.o.r.t bOIIb &n4 s.. ll&bt•m•cl 'bf' a . r.~,-~i.4 •rn
oUold.-11111 tOD• oll17 JOacU.at•4 4\&Mq th• tiM a apo,ttS.o . 
t1•14 pattern s.a •t~ottY.e. Por e~lt, a lp01o7ole ton• 

would aoclulate the oanbr 4ur1q ·eaob t'-t th• t1e:L4 pattern 

1ntendt7 waa Jllaxi-. to thl' R1pt ot on Oouae. (PIG 5) 
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Sleotso1oall7 ,po~, the- ocMtla'o!l.e that opel"ate 

aa auto.at1o OOIIPa .. H.Q,J.Ye.l" wou14, 1n 11ke talh1oa, be 

emplo)"e4 hen to p.NY14o ·ooaeo1 ~.,.- autGMt1o nilht 

8'J.1danoo. In the aoho•tS.o clftwtns ocmoenaocl, alld.1a1"1tlo• 

to tb1a tn• ot ocNP••• zteoe1Yol" oontl"o1 ws.n be notocl. 

(.SD PIG '7) 

HOI"O S.n P1SUH '7 1 1 t b 8hown how tho 80 07010 Ott 

Oourao aoclulatlon 1a aoleotod ~~ ita t1ltel", and appllocl 

1n a auboequoat puah•pull o1rou1t to tho control sr14• ot 

rel&J tub .. Vl ancl ve. A lao ax,pliocl to tho•• control 

srlda (but 1n a parallel oonnootioa) la t~ eo orole soot• 

osoonoe Yoltago der1vocl aa ahown 1n Plguro. 8. Tboao two 

sr14 voltasoa al"e additive. Thia allowa plato oul"ront to 

tlow in oao ot thea• tuboa, oauatns 1ta aaaooiatocl relar 

to operate. 
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· ,, ~·- ·t:~toli.~•tt7 ;•j·•• · 
. .,.~t.Jil · o;•zt•~t~., ~itt · ••1~11.1!11Jjjtm-:. 

--:.. .. ). ' 
• -~iloloD' . • zi,a,t~· betiwe . 

an• the Ott G.,.m.e 80 qol••• ~ n•• 1••••....S.ne P:1pna .ft 

an4 a. 
lUll ano1Jb•zo ••tbo4 o'tH~· •••• ,tozo th1• tD• ot oontrol 

1• •pl1t1oat1on ot the eo OJ'Ole zoehzoenee, an4 then applJ'• 

.... thb 'f'oU•c• SA • parallel. ·-·•"S.on to the IOZO .. n cr14a · 

onl7• 

Onoe un4ezt•too4, thtrt ia a re~at1Yt a.~11o1t7 ~ 

thi<• ptd,.noe •J•t••• ParUoultuilif 4-a tthia· tNe at the 

reoe1Y1aa ozt al~ora:tt bOiib pollit~on. Here YIJ!f little 

•~S.p .. nt otaon•or1t1oal nature nee4a be a~ded to pro• 

Y14t oo.pe tnt autoaat1o oontrol. The probleaa inYolYed • 

~uoh •• pha•• *bitt, ovezo ooapen•atlon, and other• kindred 

th~reto • are an ezaot pa~allel, to thoae pzooblem. encountered, 

and aade thorou&hl7 praot1oal, 1n the Bendix CoKP••• 

(U. S. A~ 81snal Oorpa. SCR•272). 
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. ,. •• ot -·•• ••••••• •~t~a•• •• ratio &U£4Nlo•• 
•••-. J1U7 o-.~t ••••· $o Wh!i.oh.a *"cht '-• u ortoo• 

tlY.• :&wd.Uarr,, til\e &II ...... OD ·~- ·i4.:8UU'- fla6tha1 

&1-tqf S:·• · Q.ft'Ji14.0fttlt4'J ·e~t aheUI:t a ~·-" ·~ bo · 

•••••• -. ·aPP••.t••• '*·• •. ..,.ont .. .a,'f to --es~liS'M 
wba t appallias ~"f'oo wwlcl M.auJ..t t..ztOa &A 1Dl tiaJ., aucl4a 

athok apba11 •• bJ' an •aew 'OIIPl.,_ auob atl711•• 

bollba or auxns.arr ,-.pcm, -'t:tr"'b~orat•.-r-Pl'nocl, opeM• 

t1ona-toetocl proooctuoa ha4 aa:N&tOcl~ .. l'*o:o•••'• 

It ·1a tho rotoat1oc or tbla· plo"""' •~ tho cloa

or1pt1on ot oertaill Aux1U&1'7 D1reot1onal Ckl1ctu.oe ancl 

D1atanoo KoaiUI'em.nt ·~1,aent oont1nuea, that la clea1rect. 

It la, we tool, a d•t1D1to Snoen .. t1Ye. 

Iy AUXIWARX mupioiiAL oyiPUQIRVIPM• 

I ' an awdl1a17 o!wok upon the tranam1 tto4 gulclanoe 

oourae, there will be looatecl at tbe around control at&• 

tion at. ultra•h1gh f'requenc;r d1reot1on•t1ncl1ng reot11Yer 

•:r•t•m to be uaed 1n conjunction with a tran~tted 

dgnal trona the airplane bomb. 'l'h1a enabl•• the takins ot 

.., 

!f· . 
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a bo.s-J.Dc on 11he •S.zoplane bOIIb ·fA '"laUOil to t4le po.qacl .. ,,.. '·, . 

a.. ·at.:~ r.aa the ur.o~; _.. .J;.t~~~, ~· • . _...,.. 
'::--:,... (~ 

a ~11-•7 -t-......-tltor whl* 11 a ·jtat"~ or •••~•• 

~-··'J-"M~cl l;a-.r -ct••o•1b~c! un""''" tb.o ltfUODI 
'• . - . 

M•·t . oe ••~''-

--·.•·~•'~•·•ruU.aa •••'••r a..• ·• ·•·S:ta1.1}- tho .• .-
• 

• ·• ·tlb• ~-~hzo ht41uloe IJ'& t•• A toat-atlTe IObnats.• 

clH.wS:aa 11 1Doluclocl. 

(DZ PIG 8) 

!be oxooption hero to the oanYontlonal v1aual Lett• 

Rlaht or a11toaat1o o011paaa noelY.er. la the uatonna qatoa. 

The ..ana ot Dlttinl the tlolcl patt$nl ot the antonaa 

q .atea h b7 a 'baluood •dulator. alread7 explained. 
Itt f. 

Antenna oleaent At: 11 oouplod to tho noelYe:r 1n . 
the aaau marmo:r that a aenao antenna 11 lnt:roduoed into 

a Ylaual tJPe ooapaaaJ that 11• 'bJ a oouplins oo11 baY• 

ins at.oet un1t7 ooupl1ng with two othe:r colla. One 

auoh oo11 11 oonneoted to the ~tput ot the balanced 

.o~lator and the other 11 tuneable to the ope:rattns 

oonneoted to tho s:rld !nput :reoe1ve:rta 

:rad1o tre'iu•l•eJ amplitlel'. Th11 11 a oonnon p:raotioo 

to lld.nilllla~~t phaae ehltt into an antenna 17atom due to 

cSetunlng. It b ot leea importance hel'e, howeYel', to:r 

&nJ ohange ln tield pattern ahape thua oauaed, will be· 

common to both tield pattern•• and thel'etore alw•J• 

balanced, maintaining the oour11 along the aame dil'eo

tional. l.1ne. 
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1n tibo •tti:O• clonrS:.lStif ll4f.r.,, an !a'~m~an•~ H"a41q a't 

a fii'O\IIld oJ>ntloo1 tbUOR- o~ the <ablo!luto ctt• tJaaoo ··tlU'oulh 

Whio~ ~• *lro~att ·• Odb ba~ t~av•t••~ 

••••ntllallJ, the aotihod 1:DY01YOI •a•ur1ft& tho o1ap••4 

t1M nOOIII&l'J to~ a ~a41ato4 .... YO to t~ayol a g1YOft 

d1atanoo. Tbia S.a not now, ot ow~••• and hat bon noted, 

4omonat~ato4 arut pttonn b7 a nuabe~ ot patoat•. Tho l7n1to4 

llktoa J(atenta at"o •aplillohdd•B, Ooil5, 0'71J o~ .. n-1, 

'780, S80J Hotm.·a-a, lVB, li~J H'1sgtB1•2 1 806, BISJ and 

Chattee-a, 236, 81~. 

The tpeo1t1o method ~onoorned he~• ia baaioall7 

explained 1n ma~k•d puasrapha, available tor examin

ation, ~t tho Holmel patent 2, 118, 113. However, the 

auoo••• ot dot~rmin1ng 41atanoo tor our application 11 

not oontinad ont1rol,- to th1.a method. It could omplo:r 

aeveral other interpretation• and part1oularl:r a method 

a1m1lar to thkt outlined 1n Chatteeta patent, 2, 238, BV~. 

Br1e!17 explained the •:r•tetl entertained here 1A~ to 

modulate with a given tone, a tra~am1tted wave origin

ated at a ground control atat1on. At the traveling air

oratt bomb, th1e modulated tone ia detected, and then 

re•ranem1tted on a d1tterent carrier trequenc:r back 

to the ground control atation. Since the modulated tone 

travel• at the aame apeed aa ita carrier, or 186,00 mile• 



UQ' dhtanoe between grO\Il\d o.oati"'3. tnd aa ~rof-.tt 

bomb 11 one-halt t~ 41atanoe idle l'e'tunled alcnal will 

han traveled. 180 de.pe• ~·· dl•p!Laoe•nt W1-3!l. eaat 

tor a dhtanoe Maauzo..unt ot '/1/a-:. l/4.. 
The diatanc• and the reaul:tq ·~•• d!apll.aoe•nt 

r 
will be crc11oJ .uoh a complete o7ole wlll conat1tute 

a dlatanoe ot ¥4 and 180 dear .. • ot· pbaae cU.ttermt1al • 
... 

Por an example, the tranamltted reference tone (1000 

cJolea) uaed 1n conJunction w1tb the directional guidance 

::::·:: :::::.:·:·.::.:::: :;:.:-:.:::·::·:v:-~·~ 
46.6 m1lea or lBO degreea:~.e7 degr••• phaae d1aplace• 

U";! 
Jllent per Jd.le. 

Extreme aoourao7 or m~aaur1ng amall phaae diaplace• 

ment would bo obtained by mult1pl1oat1on ot the phaae 
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~if.ference to a .frequency di.f.feronco e1m1lar to tho method 

uaed to provide .frequenc7 modulation in the Armatrons 

system. The distance would then be indicated in t~rm• or 

rrequeric7 difference. 

The diacrepanoy occurring with additional phaae die

placement resulting ·from transmitter receiver equipment ia 

appreciated. However, prelimina~ teats indicate thia 

problem can be minimized. Theae teata reveal that this 

type or phaao displacement can be stabilized by con

ventional circuit applicatione eo aa t o be or negligible 

signi f icance. 

The e .rteoti voneaa or tho tranand ttins and reoe1 v1ng 

equipm~nt would be nugumentod by a directional antenna 

ayatem, with ita maximum gain toward the atom. 

(SEE FlG 9) 

Both antennas are located apart, corresponding to 

A "" the f ormula l IJ· They both extend on the same plane, 

along the loneitudinal axis or tho tuoolage. Al 1u 

located behind the longer and lower .frequency antenna 

A2. The effect 1a that one acta as a paraSitic re

flector, tho other aa a paracitio director. Thi~ 

condition givea maxiJIIUitl gain toward the renr. 

The relay transmitter might also be uoo d t o trana

mi t hncl< t o t he ground control station information pElr• 

t a1n 1np, to airspeed, ongino r pm and nltitude, all a imul-

t nneou tl with the di s t ance t one. 

The aircruf t bomb r e lay transmi t t er is, of course, 

a l ow-power unit, and constructed &c an expe ndnble item. 
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YI FLIGUT Tl!jRMI.NATlOl! A}!D COY.lTROL 

In regard to the flight or a pluralit7 or aircraft 

bombs along an identical path to a common target, a 

m.thod ia auggeated tor both discriminating between such 

units in flight and tor their termination. 

Since knowing the absolute diatanco the airaratt 

-14-

bomb baa travele4, it ia proposed that the relay trans• 

mittera are to all operate on the aame frequency, but bo 

turned on individually by moana or a ratchet r elay through 

a control circuit, actuated by selective audio tone control. 

A sequence pulaing or thia selected tone would ratchet 

the relay to a po11i tion tor connecting the mechanism tor 

terminating t he flight, it applicable to the final ato.ges 

ot preparation prior to detonation. 

Thus upon terminating the flight ot one airplane 

bomb, the relay transmitter or the next would be turned 

on by tranam1tt1ng the predetermined selected tone tor 

that unit. Sequonce pulsing or thia tone would t erminate 

the fli ght, IUlcl ao on. 

The number or s imultaneous tlighta poa a1ble would 

onl y bo limit ed to tho number or different ael ~ct1ve 

c ontrol t one c1rcu1ta, one in eac h aircrn1't bomb roc e ivttr. 

VII AL'l' I'l'UDE SELECTION AND CONTROL 

A non-radio method i a employed. It cons i s t s or a 

uyl phon be llows operated switching arrangement t o be set 

at a predote1~ned altitude. 
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W Whil., th1a method 1• not new, and our 1nterpreta-

tion not necesaaril7 novel, becauae ot paat experience 

with this t7P• ot control, we reel capable ot producing a 

thoroughl7 dependable un1t. The tundamental data pre• 

aented here 1a trom our notea, made during prev1o~• work 

on th1a type ot unit. 

The control unit 1a a 17lphon bellow• which through 

expansion and contraction operatea an electrical aw1tch. 

The ~witcn ia adjustable along the axial direction ot 

the aylphon in a manner ao that the aelection ot the 

amount ot expansion and contraction ie adju~table. 

The meanu of calibration would require relatively 

complex corrections for normal variat ions of barometric 

pressure and temperature, aa well ae very stable mechan

ical characteriatica. 

The item under consideration ia a Tea t Unit, detach

able or tor permanent installation, which cnn be used to 

simulate the preaeure relations that will be encountered 

at t he auton~tic control altitude chosen. Theeo relation• 

are determined by (1) the altitude chosen for such auto

mAtic flip~t, (2) t he altitude or flight origin (altitude 

at which the a u tomati c unit i c adjuated), (3) correction• 

for variations of temperature and barometric pressure 

(4) t he charactorictics of the sylphon unit aa a "spring" 

( forc e vs, elongati on or compret~ a i on), and ( 6 ) t he load 

of tho e lectrical awltch to be operated. 

Pre s sure r e lations or the chos en al t itude and t he 

al t i t ude of origin a r e corrected f or var1at1on a of t emp er -
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ature and barometric prea.ure. The "apr1ng" character1etic 

ia a tunotion or the individual aylphon. Eaaentiall7 the 

epr1ng loading ~oro• 1e directly proport1ona1 . to the 

eylphon elongation, within limite o~ ita uoe. The 

electrical ewi~oh conat1tutoa a load which 1a added to 

the "•pr1ng" load oharaoter1at1o. 

It· unre•trained, a quantity or air •ould expand with 

dimin1ah1ng presaure ao that there would be no preaaure 

di!'ferantial. Thus the aylph~n "spring" and the elec~rical 

aw1tch load thia expknding air, croftting ~ preaaure difter

ential (inaide to outside) wnich ic adequate to support 

the load. 

VIII CONCWSION 

It' the imagination ia l e t play upon t he many poten

tialities or this system or m&3a bombardment, •~me moat 

ef!'octiv6 changes in air wartare may be contemplated. 

They are not beyond probability, much loaa poasibility. 

The very leaat that may be advanced, predicated upon a 

baaia or already accomplished sci entific fact, h this 

ayatem•a value !'or chocking puryoaea, or a a an auxiliary, 

to weapons or methode already established. 

Tho laboratory hac before it an intens e program of 

coordinated er r ort wi th o t hers wh o may be workinP. upon 

pro jects cl osely o:- r emot ely aim1lar; the end soul;ht remo.ina 

tho aame. Much more will be learned by plain trial and 

error. It wt l l o.l~ ~oet mon ~y, and there will be the 

inevitable mi s tak es . I t i e the c·t ory of the depth-bomb, 
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the r171ng rortre•• and the aubmarine all over again. 

Ani then. one da7, a me~od or bombardment, baaed 

around this ayatem, will be an acoompli•hed 6eat. 

That will be an important day, indeed. 
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OFFICE 

Ttl.. lnrontiOn b Cllll.,.m..S aeneraUJ' """' avallabl~ ttl an)' Of' "" flf a n111nboor nr ml>bll• 
~~~trial navlaaltan and more parlllllllariJ' with a bodlee l«!eHd within a rt..n ana. 
nwlhc>d and apparat1111 tor delf!rmlnlna the lnoa· Tn 1101n11 .,. .. ml naY1111Ucnal 1111danee t. pro. 
lion ot an alrplallfl nr nthrr bndY. Do·t,.•rntnn · vldfld b)' a radln beam oone!IUDI or a path or 

" t1C111 or Ute lon\lon ma1 be More or •- ec.-m- CIOUI'MI or IIYen aniNior dlroeUon aDd of known 1 
J»''lhenlllve In th11 •lePI &akl'll anct lht Nmplotlo· •-1'1\PhiMI ._,ton, u~ the airplane Ia on 
n- nr tt.fl data otttalhfld : thUA It mar be aua. onur.c. tn btolln with oone6Hrab&o tlltlh& ov.r un
"'""'' to de&Mtnlna anlr the diManee or the bodr known and hnardou. terratn _,. be n_,., 
from a known potn& or lht proeencw or the bodt· befo"' lht ·111ano amvea on tho - or known 

• ., nn a "'"'"tennt.cl -roe. or 1\ mar be dtlill'tl(l 11-rephtoal 1-Uon. Ill 
to turtlllor tnellldt a -p&llo dolormtnatkm ol With m1111t navl1aUon aJ'IIome, u for example 
JIOIIIWIIII . u lllr hol'ltlaft&al dmuth anll dll&llnM In th• oonnnUonal radiO boam •"'-'· It Ia dlm
frmn a known POint. ll Ia to be undonlnod tha& oult for the airplane &o deltrmiM llo dlatanCf! 
1-hfl mfllhod and ap)Mire&UII hertln dlllek!Nd and alona the beam from lht beam eoureo wtlh anr 

lol alolmed an not Hmlt..s en- wtth enr partll!ll· d11r~ or accun~a)'. Tlla, lhtrofore. a ~ II 
Jar bodr. aa for nample wtlh alrplanN. but are obJI'Ct nf lhle ln•enUon to provide a method lllld 
aftl*ld for 11110 In ~tlnl bod I• ln ••neral. anP~>ratu• which mar bf Ulfd tn -.JIIIlcUon wtah 
whither In thf' alr nr on land or wattrr and exlstlna R)'llleml to proYido an lndloa&lon of \he 
wt\Mhol' moYinl or a&attanarr. H-. tn orll"" dlatano11 of tho bodr from a llYm looatlon and 

IC! to olurly ""' fnrth an lllultraUve Olllbodlment. whPn !Irina a lint~ oo- to II•• VIe Uooluto 10 
'"" method 11nd apparatua will lit! dcoeortiNod Pl1· lllllltlrllphloal ~uon or tho· bodr. ..,.. eum
marttr •• emploJ'ed rnr IUidtlll and loNI"n• air· piP. lhP methode and apJIIIratua hertln llletleMd 
PIAnN In ftllht • .,._.,...,It Ia parUaularlr ctMIIMd 11nrl r.h•lmed ma)' bfl emplor•d advan&lllooUIIIr 
and adaptpll to thta PUI'IIOU. with tho radio naYIIatlon method and apparah\A 

I~ N\1111111'01111 rattle naYIPtlon IIJIIIoma ha\ltl bl!tln dlac>l-.lt and rlalmfld In the coPendlntr appllea· II 
pm!IOII!d and aom11 or thMft ar11 In Ulla. and the Uon nf William H . Donnellr and Paul J . Holmn. 
prtniiiPII ahlll'tctornlnl or llmi&IIUon upnn lh• Hertal No. 2lt,1112, nll'd Julr 11 , ltM, II"""""- nf thllllfl """'ml uiMMI oommerctally It particular obJect n! thle tnvontJon Ill lo pre· 
Ia that thcor rfiQIIIrt dlreoUonal tranamlt\lnll vlltt a method and apparetUII for 4etennlnlnl the 

'' '' 11nll .'1tr '"""'"' lll'fll\rlltlla. A ''"&tom "' trl · I<IClllllon or a bOCIJ' without the UM of dl...aUonal au 
llnrttlatlon Ia nauallr IIIIIJIIDJ'I'd ror dNrmlnln• AP I>ar11• · · 1uch aa loop antennae. 
lh" rNIII'aphlolll lnaallnn uf a bndy. Pnr 1111am • II. r· • obJr.et of the lnvenUOn le tc lllf'Ovkl• 
"'•· a '*""l'tlblll otrnall• ralllattMt rrnrn th" bndy • ,.. •d 11pparatua wllh whloh the location 
nnd u riiH!vNI onhalantlall,. .. mul&ani!CIIIIIY hJ' nr "' ·· nn y b• obtained without roeortlnl tc 
twn "''"''"" rtl •~~r.tnn-ftnll"" whl"h nbtaln th• l'lnl>or• re mathrmall~• or ttl trtanl\&lal.lon u Ill U 
1\lrH IIonaiiNoarlnl af tht bod,.. ror any"'""""" ,., •· " "' I!' !!.Y'~d .. a ~ui .JI'acUOdf. ~ 
ahl" aoe11raar th• bnciP and th• dlr...tlon · !lndlnll ( ..-,.. • •• · I~• • o\iJtet of th~ tnv,.ntlon 18 tn Pl'mllck • 
•tMtlon• are Pl'tlfl'l'tlbl)' arrana..cl 111bltantlaiiJ' 111 mf'l hod 11nd apparel. ua for determlnlnt lh• dl• · , 
a n tq~tllaiPI'IIl trltlnll• . 1l to not aiW&ll• pooool · ••oo• brtwl'f!n two l'tldlatmt •tati'JIIa without eaa-'· 

'" t .lr In havr lhl' bndl' a nrl thf' ltlrf'ellnn•ftnrlln ll .!?17~1 a ~rl!lll\li1Jilm DQlDt.. _ .... - --- · til 
otAtlon• In •n optimum trlantUIIIr rt!latlon . thf'r oblret or the lnvf'ntlon . actordtn• to 
Th~rr a lf• deftnttf' dllladY&ntaiM to thl• .,.a &torn onr rmbndlntl'nt thi'N<If. 18 &o pro\'lde a mrlhnd 
b r•o u.r • r C'IIra t .. dl rl'<' tlonlll bl'arlnto are fr• · on e! npr>n •tno with whleh the •-rephlcal Inca· 
IIIM!IItll' dlft\ault tn obtain. Pur\hermorr . thr tlon nl ll n\lmbt!r ol mobile bodt .. mar be II• 
bl'torlnt • ubltoln•rl han lo boo """t •lthl'r ..,,,,.. tnnltnno-nuol,. dl'-tA'rmlnld. 46 
r ii ii'IY or In col'l't'lat~ form ttl thP. a lrpl llno· or II. rurlhr r nb)H!l of th• Invention u ttl provide 
mnblle hodl/ . Thlo r.quirN tim~ and ln\'olvr • a mr thiiCI and IIPPilrllt\1.1 fnr aerial naYiutton bJ 
h utna ., r.torn•·nto Aloo . alnc~ nurnernua "'"''• · nu·nn• of whl~l· nn alrp!alll' mill' fty • ftx.cl .,ou,... 
lion • u r ln\'olv NI . thr • r rnf' ">roelur .. d bl! r M• h lrrt":.prrUvr nl th r wind direction a nd v•loclt t . 
"""' IIU<> n ,. , ,. C'Umulatl v• ond .A'IId •o .nlrodiN'r !l.nothrr ob)f'C'l or th• IDYI!Otlon .. to proytde a .0 
n larar ~ •· rur In t ho nn ol d a ta . AnoU.rr d l••ll · rneUtnd and " " " '"atlta for drt<ormlnlnt thP poal· 
' tWinsz .. nf aurh t.r lan•ul•Unn • Ytt.em " 1• I h a t.. 1\nn nf " mubtlf"' bfld y on " map . 
O¥\t h n xtod d1 r f'('Uon - n ndlna Jt•t.lon" nn t h r A f n rt h~ r objf' r t f' f t.h f' tnvf!nUon Ia to p r o vldf' 
a r nund . U •r lnc ·a Uf'ln ... rvl<-r \a avAUab) e to tmlv fl rn,.. lhh·1 '" ' d • rfl• t • t ua for rPCordtn• . "'ut.nnl a tt ~ 

c.;. on• body • t • U1110 lnal.ltod or "-ln1 oonunuo ..... ty c,.lly and cunr.muoualy , the monment and poet · Ia 
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a 
Uon ot a IDObUe bod7 on a map 10 Ula& a riOOtd _.lc wavH. *- eleo&roiii&IDeUc wa.,.. ue 
..., be.~ whlob wUI be ot ..Sue Ill - uaeful over treat die'-- and llbee the treatett 
ot a wreak or wUI tumlah a ....._ for raUq the uUII'1 of the lllwenUon rw&da.1 In diWnllmm. 
abllltJ' ot a pt~. the IODaUon of the bodr owr a -uderable dla• 

I ADoUier abJect ot the lnftiiUoD &I to pro"4e &anee rann. 1 wt11 -ane the d-riPUoll of ~ I 
a radio naYStaUon lllfthod and I.IIP&ra&lll wtllah lnvenUoQ to lhe UN ot el.a~e wav•. 
mar be UNd Ill conJUM&Ion 'II'IUI weU·IIDow1l and It wtu be unden&ood Ula& In pneral. late• 
-Uol ... UIJIIDIQ& to pnmde f•r UM au&omaUo !Milt. CIO<ICiefl\l .. elec&roaaa111eUc wavile will a11o 
'PIIoUna Of an alf11WM or other._moiiUe llodr. to odler ot 

IO Ano&her abJect of the lnY~DUon &I to provtd~ P*l~iftiiiii;;r,;1;nlm~r':rtc~ei:i:;&e;;:nn;;;r.ln;ilft:q.--ttheh8 I 
a radio naY&taUOII method and IIPJIIIfllllll whleh looaUon of a bodr -rdJnt to IIU' lnftiiUon 
&I relaUYeiJ' atmple In operaUoa and 19ftatruo\lon. mar lnolu~e the •lelia or radlaUnt a IIIOdulat.ed 

A turther obJtct of &be lnnaUon &I to proytde rleotromaiiMUG waw Intel epate f,_ a known 
adel'llll&epat&emlna~fc,riDetUIJ'_.,..whlch point which &lapa..cl from the bodJ, Por ex· 

II are PJ'CIP&Iate4 from a pluralll1 ot apaoet110uroae. ample, 1 mar radlatf' the modulated electro· II 
and which ,pattern mar be uaed for drtermlnln• ma111tUo -" fror. a radiator looat.ed adJ&e~~tt 
&he looaUon of allodJ. an aii'Ptlrt and m~ HC!eln the eleetromNneUc 

Another Important obJIIOt of Ule tn'fti!Uoa u ""' on a bodJ' 1111Gb u "n airPlane a& a JIOIII· 
to provtde a method arad apparatua for deter- tlon IPIU!H from the a.ci'(JI't. 'l'tle modutat19n 

10 mlnlna the 1-Uon ot a bodr whloh Ia operative travel!:u: on ·the radiated eiiOtromuneUc wav11 1U 
When Ule llodr Ia at an)' poattlon within 11 rtla· undtrl!- a phue rotation In travell.'ll on the 
Uvelr lart• area 111d &I not OODftned to parUau- w11n ·bKw•n the point or 111dtaUoa thereof and 
1ar narrow 10n• of tl\lht u nen followlnl the the alrplaM. and t PI'Oduee a Pti'CfiPUble lndt· 
eonvenU-1 radio IMaa. cation whlllh variH with chaM~~ In lhe mar-

• Pllrther ob.IIOU Uld lld'fAntarll of the lnven- nltnd~ of auch phaae rotation. IUOh a PtJWPo u 
lion. or whloh the aboft are l)'ploal, ...UI biOame Uble ln<Jioaelon maJ be produoed br dlreoll)' oom-
apparent u the 1111rlnr the ph.., dlll'erenoe between the IDodU• 

, , ·lo and 11\lper-ennlc wav1111 laUen of lhe wave •• ,_.ved al Ule attPI&De 
are endowed with del'lnlte \lme and dlltanoe and the modulallon of the wave then belna 

10 oharaote111Uoa. 'n\ua, a wave ot a .rlvm fre- radiated. Br radlatlnt· modulated eleelrunN· Ill 
queneJ' rolat. a liven number of eleotrloal de· neuo """ from a Pluralltr of k1IOWn PQiltlona 
,,_ In a liven period of time and whl'll lh• and no~~IYinl laid wav• on an airplane looa\ed 
wave ta radiated It trave&l a liven dutanoe In a at a poaiUoa epaatd from aald 1mown J~M~tlone, 
liven Pertod of time. 'ftl111. the phue rotation Ule •-rapbloallocatlon of the lilrlllane with rt• 

h undertone b)l a radl~ wan after radiation apeot to the known PO&ItiODI mar be deWmllnetl a.-. 
mall' be uaed aa a meaM&re·of time and dlatance. bJ' etliiiPilrlnl the pllul I'IKatlon unde...- bl' 
'nte apeed or travel of a radiated wave depmda Ule modutaUon freqUCMiea oarrled bl' the ,..,._ 
upon U)e medllllll thi'OIIIh which the wave Ia pro- oarrltr wavH In k'avelln1 from lhelr J)041ttona 
paptecl, whloh In turn dlt.nnln• the Jlhraloal of redlatlon thi'OIIIh IIIIIIM to the radio recelftl' 

.. l11111lh or the wave. An eleclromarnetlc wave carried on the airPlane. • 
lraYIIJ& 'hroUih apace a\ a oonetant apeed ap. Appanlllll aDCIDrdtnt to th&l Invention for de· 
proatmaUn1 that of lllht or 111.000 mllea Pftr wnn1n1111 the IIOIIUon of a bodJ lncludee •· 
aeeond. liftntlallr m1a111 for PI'OPHaUnl wavea Into ~ 

Por IUIJ' riven frequeney the phue of the -ve anct mlaftll for dtttermlnlnl the ttme required for 
a front, at a rtvm dlatanoe from the point of radla· the wa.,.. to tratel between a tilled poeltlon and '-! 

Uon. hal a d.tlnlte and oaloutable relation to the the bodr. In 011e form. I mar proytde met1111 for 
pha"' of the wan front at the pnlnt Of radiation. radlatlnl modulated tlt~~troiiUIIfttUo ~- lnta 
'lben 1a a phue rotaUon with dlatanc" which 1ft apace from a ratllo trenRIIIUer lolated al a tilled 
a natural oharaeterlatlo of proparated wavec: and IIOIItlon &paced frte an airplane and I mar pro. 

10 the dlatance bo<tween anJ' two polnta In apace lo· vtde radio reHivtnl mMna on the airplane for IU 
cat~ on a lin~ ndtallna hom the p011ltlon of l'fiOIIIvtnl aald modulatf'd waw an4 for productna 
propa1atlon. mar be determined from tht phue a pel'llf'llllble Indication whloh Yllrlea with the 
l'fllatlon between the wave• reot~lved at the t- llhUII of the modulation of the ... .,.. 110 reetlved 
polnta. Tilt& rtt~ulr• baalcallr &he mu•nrem•nt "" MIIIPIII'fld to th~ phue of lhe modulation of 

11 of the Ume requlriOd fc:.r a PI'OPftlated wave to the wavet~ then belna radiated. •~ 
tr••• l t-.twMn polnta In IIPIICP wh11rebr the dla· '11t11 methnd and apparatua tor mllktnr euch 
tanc" bfttwHn the polntll m•J be d•tennlnect . lonAtlon d~tf'rmlnattnna tnoludfl the followia. II· 

When a radio or ~tlentromacnetle wav" I• . lnatratlv• exampU.. which are better deeortbed 
mndulatf'll by an oaelllatlnn. for exampl• In thr In conJunetlnn with the ai!Mmpan:rtn• drawlnn. 

radiator. th• earrt11r wav11 ~rav•l• thrOUIIh opare Pill. l Ia a dlaarammatlo llluatratlon of an aP. 
at th11 aroeed of ll1ht and the modlllatlnl 011ell· paratua fM detennlnla. the dlltanep blltwl!flfl 
latlon lmllftlllled upon thP carrier wavf' trao;el• &wn radlatora: 
thlll'tlwllh at thn .. m,. apeed. T111aa. It Ia apper· Pll. 2 111 a dlatrammatlc lllllltratlon o! an liP• 

"' eo eonlc wn• aJ)I!('trum. and PrGPIIIAtNI from a \ In whloh : 

11 •nt that th• phUI! rotation undel'l!nnfl by an .,... parat\111 11rran1r m~nt fnr obllllnln• the rei• linn e., 
clllatlnn modulatln• a r.arrl•r wue Aftt'1' Nldla · . nf 11 bodr wtth nMIJII!Ct to two aparfld radlatora: 
tlon mar boo •IIM!d u a m~~&aure or time and dill · I Pill. S Ia a dla111rammat1c repreeentat1o11 of a 
Ianoe. variational arranrnment or the apparatua II· 

Tllu• m y lnvl'ntlnn tnr.lud,.. ,....,entii•IIY th• luatratf!d In .,,, 2 : 
TO al.clpo nr radlatln• • wavP Into APIIrl' and d• · Pll. 4 lo a dlalllrAmmatle llhllltratlnn of an ap. 7u 

tformlnlnw lhr pnoltlnn of a body from thr Uno• • PArat\111 IU'ran•em•nt whiC'h may be IUM'd to d•· 
N'QUirf'd fnr th• wave to tnn l bfolw- n th• bn<lv t.rmlne lh• pn~~ltlon In apaoe nf a bodJ : 
and a llnnwn pnaltlnn. ln Ita brDtldt'ot &lll>M'l P'l•. a llluatratra phallft condition• which may 
my lnvrn!lnn m11 1M- pfllrli~M with wov•A In boo nbtalnf'd In ""..," wh•n ualn• th• appa,..tiiA 

'' •m .. ral. that to, •l~&roma•n•tl• . ... nle or I UIM'f · arranrement Wuatnlted ID Plf. t; 
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Plle. I and 7 are dl.,ram-ue ...-ntaaton.l Nt7 1tw ~ or tM ..octui&UGa - I 

or lftOdllllod .,...,.._til or u.. .,.,..,\Ill 11- 10 .... a .,._.,....,.... ,..... anal• I'HCiliW •• 
lUikOt.cl In I'll. •: It, for •-IIIIa 10•, aM daWmJne Uw d..._ 

f'llr, I 18 a dlatn•Mmatle I'IIPI'NelltaU.n or an uf the alrplan. ,_ the tilled s-ftiOn bJ' l.ha 
• appuat1111 tor lndteatlnrr M ri!Cel'dlnw the ~len WIIU11 ot ttM t~1 ....-treeS to llrlftlr alloll& • 

of a beclr: and ,.,. llftfttiii'IIIIIIN nllle et lihue a~~~~le lndl•· 
Pll'. ' Ill • cllawrammaUtt ri!IW-nlaUon nf a tlen. 

pllue a tL ta appreciated that tile tra-'ttera and 

I 
n1 tn ..._. 1. a radio ,,.Nimlt\W I with l'eHh>en _, procluoe a pl\ue .,..._, of 

IU modUlation IOIIftMI I. and a radio reeetwor I with Ultt mectu .. Hnrr Clllt'lllaUDII In addllMrl to -UW 
pllue a1111• lndloator fl. are loc'StMI on a meb!te p~ dllpiae.mtmc -.rrlntr In II!Mf', How· 
beciJ. -~~ M an airplane In ftltlht. RadiO no- _,,. aultable phuto 111\analnl necwwtua u an 
e.IMr I and &raMIIIIttM I. u ahown. are let- w.ll ll:nown to the an, mal' lie lntrod\M!M Into 
Nlll'd at a ftlred JIOI(Unn IIIIC!h u the Moltlnatlm the IO)'aCim to .ont~~N~»&ta for 1M ph-~ 

16 or IandlN: field of the all pt,..,.._, A· lnw f,.. m•nt pJ'9dured by U•e r-1\IIM and ·sn~namUUNr 
QIIM'IDF oaalllfiUon. lftiPralfld ..,. modulation ~UIJIIflltonl. In MIJ' ennt, an1 appreciable 
aouroe I, modulatw the e•rrt•r WbYI! or frt~Quen.,p ahan .. In dtaJIIaCM!Iftftlt preciiiiHad bJ' tM -~Jt-

/1. lift-ted bJ ,.dlo tranall'llttN" I. whiM Ia \'!-~~~~0111\=~"~;ta;lMn~-;;,jl;n~:l!fl'l'lft~=;;:'i;;;:-;;:-' 
radlatt!d tram ,.dtator I. Ttw mcdulattd earner " , .,...Uon, t.he ItO-

to /1 Ia lnt-.xiKI bJ' ant.nna • · ampllft4!cl and dfo• lil&lon of the IMidJ'. wUh l'ftiMtOS to a 11nown loOa• • 
moclulatoocl b)' ret'f!l""' I. and applied to -trol lion, Ia det.rmlnNI b)r 111..,.rtn• the ltfta&ll ot 
th10 mnclutatlon or C!orrier WIIYe nf freCiu.net /J. &he IIUparlntPMN -'~'• nli!Un1 In ~pace btt
ll•nPrat.d b1 radto tnMmll-l.l!r I, whlllh 111 red- ttl~ becl1-and th•ll:nown PGAIUOft. or alt41rnall¥elr . 

\ 

laW fr<1111 radllltnr 1. Antenna I . lllr-At<ld on the l...,allftn or a body 181tetermlnfld btl obtallt· 
"u th• mobile bfld,, lnttotiii'Jtll thl' modUIIltM t'An1f'l' j In• a JIIII"CCfl)tlblto lndloatton whleto ~nda upo.~ M 

''· whlr-h 111 ampltnlld and dMIM>Itnlatect b:f ,... , th• lllftlth or lime rf!qUir.d tor a wav• to trav•l 
eeiYer I and tt" mndulattun tlld to thl' Jlha"" anwl11 I thr~~U~h 1paee btotw,en the body and .the known 
lndlaator II. 'ft111 pluuao an1l11 lndiMtftr II I• I •-•ton. 'ftltJOretlnAIIJ'. IL I• I\Ot a-s to 
al10 aonni!Cited tn thll modulation ~nure11 I . 'nil' reftiMlt th11 modulathtlf -Illation bac!ll: to Ita 
phat~o 11ntltt Indicator may ClllllPtiM! a dtr .. cot Mur•• to detennlnfl Ita phalll' rotatl:on thi'OUih • 
rHdlntrlndloatnr. 111111h a•" mndlftM t'I'OII!Of'CII!OII .,.,...,. ""thPre will be an appart~nt r.han1e In the 
Tlamalndleatnr or ·lt m~oy I!OIIIPI'IIM\ a ""thnlle rAY pha~~e or thf! moclula&lon •• recelYI'd In a dletant 

1 
tubll With nnf> llflt nr dllftM'I.Inn pl11te• CICII\n...,tl'd lncatlon "" t>omparPd to thP ptt..,. of the Med\1• 
to th• output or th• rtlllftiY~>r 11nd th11 nthr>r ""' latton, "' a trlv•n time, at Ul• PQIItUon ol radio• 

• nr pllltOll MnnNited to th• mndullllllln •nurc!l• 2. lion thPt-..of . Jluwev.r. at thl pr-.t Ume then Ia 
1 tn an.Y ~YMil U111 lltfll'atur" Itt 1'1'111•1.• with In· arto not any t1m11 tatandarda Ulal may be 111aln• 

&IIIIAtlntr ph....., anllr "'""'"' and th• lllflll' ad- talned with the dt!flll't'd detree of aeeurae,, ao 
I nntatri'OI&.o meter I• a mlltter nr IIIIINtlnn . 'ftl• th• reftt'Oted wave lA Ultld tn PtoYide a conveD• 
I ri!C'el\'llr I ani! tr•n•mltl•r I m11:v hi! 110 erm. 1"1\t tim~ 11tandard. 
~~~ •truPtPd and · ai!JIIIltt!d that tM "'dlaiPd m<>du- rt...f~rrlnlf to P11. 2. a 110111eWhat modtlled ar· • 

lalln~t Olll!ltlatlnn nr fl lniA!I .. !f'flt•d "' antmnll • flln••m•n& for dflt.rmlnlnl the ICIC!atlan or. body 
I• radlatlld b:f radllltnr l nn ,. In pl111.,. , "" that I" llluatrAIONt, whtrh haa "" r.JYantalltl n\'er ,., I 
In t~lf~~et . the mndui11Un• .-lllatlnn ral!lllt.lt In thllt It b not nH'MIIary lo traMmlt And '"""" 
frnfJI I Ia rt~ftl!nlid frnm thP ftnd pftl'ltlon Clf 4 •lmultanN>U£11 on th• body. l'&adlo tranamlta-

•~ Ani! l l:laek to the t)Mitlnn nr I and 1. II ani! t I ••llf'rat. l!art1~~r "'"" ... or frf!QIIIft4!lea .. 
The radlatl'd low traqueneJP CllllllllatiMI of I• and /c . whlnh &l'f' ""''*'lh'IIIJ' radiated rr.n 

mnd•alatlnn -•ree I . mndulallntr tt111 l!llrrler ral!latora lk 11nd •lle. The radll,tora 11nd """"" 
Wll¥1111 of !1 snd /t. traveb thi'O\IIItl IIPIM!f' rtom rnltt.ra ""' ICICIIItf!d at two •P&Ctld nx.ct ~ltluruo . 
thP mobile body to thll ftnd I'OfiiUrm, wh""' It 1•. ' tor e11anlpiP on thf' ordPr nr 100 mil• apart, 
tn rrr..,t tl'ftedN'I bac!ll: to the mnblle bodY all whleh -ltlnn•. wr may ... "'"' rnr the lllflmOnC. • 

t
011 

at thfl apPt!d nr ll•hl. It th•r•fofll ha• lkftni&P ar• two a lri'Orl< lnc11Uotl nn " Mur .. to bll t-raY
vatu"' nt """"" rnteUnn tor cteftnlt4o dlottmefl• ~llld hy 01n nlrplonl'. A lnw ffiiCIUPftl!)' CIIICIII•· 
twtwHn thr mnhlle hodv and th,. ft11Nt poii!Urm. linn . nneratrl! hy mndulatlnn 111111re• II enn
'1111' Jlh•,. Antrl• "" tndll!llted In Indicator II will nl!t'tPd In bnth tranomltt•ra. mnl!ulat"" Ul• OAr• 

:6.) havl' " nlue that Ia In dlrlll't propnrtlon to th• , rl"r •••1111 ,, ~nl! '' wlnurlllln.,nualy . RadiO re- .. 
ttlotAnllfl l».wHn thl' mobil• bodr ani! thfl ftxi!CI s '"''""'" II . II ""d pha.,. 11n111to lndl ... tnr lie a"' 
-\linn. All"" f'llampl• . whPII thr r~u.nr1 nr mountoocl nn th,. mnbiiP bodY. ou~>h "' the alr
thP moclula~lnn anur~e 1 1" &,000 """'~'~~ .,..r ,..... Jllanll ''"""lin• on thP Mllr•,. hrtw.,Pn thl' two 
nnd. the wavl! IMUtth 11 3'1 .2 mllra. It thfl phao• atrpnrh. ThP mndulatf'd rarrler .,,.,.,. Ia •nd 

IIU an11l11 Indication .lt II I• 110" th• tllatftnl't' extat· /• . olmultAnMUoly radlatf'd frnm th" ftxlld r-1· .., 
In• bl•tWPI!n the mobile body and the ftxl!d -1- t111n• lk anct II« . arr "'""""IIVPI:V .,.~•lvM. ana
lion wtll bP II . ~ miiH. that ta. 11 quart•r wa.,... JlllnPI! •n<l pn<frrAblv l! rmndnl•'·"" hy rHI'lYflra 
ll'nlth or tilt• n.oelllatlon Will elllllt bet-en tho It Aftd II. Thr r""ulllnt mrw!UIIllli!R from 110r.h 
mobile bodF """ thr ft!IPd -'linn. a 'ld oln~n " r tho r.r ... lvrro I• rf'<l to lhP l'hA,.. " ""'" tn<ll· 

10 the radio d~llnn nt lhl' ftxrl! J)OIIIllflll, hi plfeet . r r t.nr llu . "'htrh m11)' hP 11 tllr""t ri!Adlnll tnlll · u. 
rr.ftiK!IA thP o•tllllltltm. 11 quart•r wavelantth will ratnr or m~tPr or 11ny nnr or thr Yllrloua t.,.,..., 
llki'WI•e exlat betWHn lhr nxed poolllon and tM ThP frrf!Uf'ftt l' nr lhl' rnodUIAllnt MCIIIaUnn 
rnoblle bally . WhPn th~ lr~uPney of the OIICII• may hwr nny RIVI'n WUf'lionarlh l't!latlnn to the 
Jattnn 11 600 ryclPa pt'r Aeennd . """ th• 11ha.. diOIAnr• hrh'PPn l11 • rlldlal"l'll lin and tie . I 

1u angt,. lndlratlnn 110·. lhl' diAlanrr or thf' mnbtll' "'"'"' tn ullltr.r " '''"' "•"~' nl Ollf'lllatlnn """" tu 
body from !he ftiiHI JIOIIItlnn Will I>" 48 .1\ mtl... lhnt fll\f' · QIIAI!f' l' nf IV WIIVPIPnlllh lA t QUIII to 
'Thua . for a alvl'n fl·cqurnr• . thr dlolanrr nl thr lhr <ll• la nrr l><·twrrn !lor rl\dll\lnno. r-nn•t~erlna 

llii'JIIan" lrotn thP nxrd pnoltlnn anay be r....SIIy lh" vrlt><' lty of PT<>Pilnllnn "11"''' to lhr •Pf'Pd 
dl' t•rrnln•d rrum thP vaiUP ol th• ph u P onal• nl llaht . l"nr mn vf'nlr nrr I •I• ·• t>fPIPr tholt t.hr 

Tt lndleat.cl In Indicator II. AlternaUYeiJ, I nuay , ao&wul"llnat Ul!ocllllltlun •• l'&dtated In sma- al to 
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&he radlalotw. ~ that Uw Mod.aau
- II Ia eonDN1M \o tile Ll'aDIInttlen IIJ' 
ltuld UIIN, thll ~ 111A7 be ntldllJ -· 
pu.tled Ulrolllrh lho - ot IUI&able PIIUlll& DH• 

I wwlul. u Ia appartll& &o ta- aw.ct In the 
an. ~h a !Mlwork Ia llldleatecl 111r _... 
lhlfter 1 .. COMt!C!a.d betWHII modulaUon-
11 and &raMIIIltter 11. 

h Ia appart~~& &hat lr Ule oarrten ndlr.a.ct br 
II U.. two ndlllkln 1 .. aDd lla an rnodula&ed br 

UMI ame IIIOdulaUOII. freQutno)' UICl In a MGIII&e 
pbue ,.~auon, for an:r llYn .-IUoll In epaee 
the phue nlaUoo be\w- &he moduJaaan. oa
olllaUOIII on &he &wo earr1ere /1 and /• wtU have 

U a ftlllll&e and bN ,.laUOII. 
To &Me a lllmiH -· When lobe moclulloUIII 

OICllletlon II rlldlaa.ct In phue a& llMI l'lldla&on 
l..,_lla and Ute lllodulaUon f,..._:r Ia a\ICIJ\ 
&hat one-quarter of lta wavelenltb II -.uaJ &o 

• &he dll&anoe betw"" Ule radla&ol'll. Ule pbue 
Mill ltet•- tht modulatlona on the two oar
rlere will be •ro at a point equklla&ant from &he 
l'lldla&on. At a PGIIUoD adJaOeDt either one or 
&he raclla&ora &he phue antle will be to•, whleh 

M oond.IUon ma7 be lndloaa.ct In the lndlca\or IIG, 
and lor other potiUone the pl .... an~le In da· 
Ireta will be l>tOilOrUon&l to the dl!l'erft!M or 
&he dlatano. rroa. eiiCih radiator &o thr poaltloll 
or the bodJ. In cKher word.l, the phue anrle 

• ohanln In proporUon to the dlatanoe traveled 
be\WHl\ the radla&ora. 

'nlua, the pbue an1le lndloator earrlod on the 
liiObtll bod)' m&J be calibrated dlrecll)' In term• 
ot dlatanoe from &he radla&ora IIIII or IIG and 

II _, C!OIIMit of a 1ero center tJpe meteor wiLh 110· 
... oeourrlnli at the left of ~ero and eo• lead at 
&he rllht or earo. Pllr &he above -· b7 utllla• 
Ina &he modulation of one carrtl'r -·ave rocolvNI 
on the mobile bod:r u a reference wave, the phaae 

• 1111111 lndleated br 111. will 1~10d w~~n the mo· 
bile bod:r II adJaoent one of the radiator• ~tnd 
wlll 1a1 when adJacent the other radiator. A 
malllmum or minimum or eo· wtll OC<'Ur when 
l.he moblle bodJ II dtrectl)' adJa~mt one or &hG 

., ndla\ore. It ll now apparent &bet the It'D· 
1raphleal location of an airplane travrllnl on a 
dtrec' courae betwHn two alrpor&a maJ be lndl· 
er.ted bJ the phaae r.n1IP rf'Adtnl doacrlbcod above, 
and that the phaae anile Indicated will chen•" 

.. In direct proportion wl&h the dlatanee or the air
plane out aiOnl the couree. 

tt wtll be appreciated &hat tho tranamltlera 
II an.S II need not be eonnMIPd by land linN 
10 &he modulation aourN II and that the time 

11 ''nohronlaatlon or th• modulation frecau•neiN 
aupptled &o the tranamltt•ra may be accompllahNI 
In other mannera. Por exr.mpiP. th• mndulatlon 
IOIII'ce II meJ be looatf'd adJacent the trana• 
mltter II and connoeled thereiO by a wire lin• . 

111 The traMmltter II mey be modulated by lhP 
modulation or the carrier wavtt tranamlltPd by 
trr.nemltwr II and reeelYPd In a ~e•lver tor.at• d 
adJacent the trenamltter II alter the mannl'r or 
&he receiYer and tranamltter I and I In Pt1 1. 

•~ It een be ~een that whPn twn al.r.tlon• hav• " 
ftKed apatlf' IM!twHn thfom thi'J mr.7 be aynchro• 
nlaed to modulate In any dMirPd phalf' relation 
by almpty adJu•tln• the fri'CIU•ncy or the modu
lr.tlnl Mlllllr.llon until the d•alred oha .. rf'll\tlon 

to Ia oblell\NI. ln etToet a AlAndlnl w .lY~ .,.u ... rn 
or the lnw lrOQUPnCJ m:Miulallnl Ull<'l:tatlon h 
produot'd ln ~h t> apaH bfotwfl'en the radtat..Ora . 
which hr.• doftnll.e phaae r" I&Uona a l deftnii.P PO· 
IIUona bet WPen &ho radlaLora. nua atandln• 

11 wMYe .,atunn no&1 cunalll t ul a.ny punton of " 

Page determined to bt- Unctassffied 
Reviewed Chief, ROD, WHS 
lAW EO 1352&, Section !.5 
Date: 

DEC 0 1 2Q16 

.,..Z. 01' AIIJ' Dlllllller ol CJCI• of &he low fre • 
411111101 modulaUna OIOIUeUon. &he e .. ct value 
beiDI ese,..oden& Upoll l.he f~. 

A YartaUollal r- of MJ apparatua Ia IIIUI• 
\laMcl lD Pll. I, ID whtoh epaced raclla&on II, II t 
and radio &ranamltter• Zl, 1e • ..., ahown. A mod· 
W.Uon IOUI'CI II auppb'lftl a Modulation fre
CIIMIIG1 Of IAJ 100 CJJOiee per _.wl, Ia dlreeUJ 
eoDnteted to tranamltc.r II whue the 100 aJCir 
MG\\uleUon f1'8C11181K!J' II lmprMied Upoll t\w llh• lO 
•rated earrler waYe and radiated a& a linn ear• 
r1er fi'MJUIIICJ Into 1paee from rartlator II. Ttte 
lllodutatlon -.roe II Ia alllo coonneet.d by ault· 
able-. u throuah land linea, to a frteluencY 
multiplier II whlah, for l.he purJI')HI of llluatra- Ill 
t1011, 111a1 double &he eupplled modulation Ire· 
Q111110J', thua auppiJin• a 1.000 e101e modulauon 
to tnnlftlltler 1•. where &hll nmduteuon fre
quanCJJ ll -lmPI'ftMd upon &he ••nerated carrln 
wave ndJa~d from radla~ II at a IIYrn carrier Ill 
freQUfDGJ, 

The fiiCluenclea of the cerrlrr wavea r•n•rated 
by the tranamttt.n II and U may bfo the ••m• 
aDd the dlalaftflll betWPPn the rHPf'('tiVP radii• 
&on It and II Ia preferabll auch that lhr 1.000 1.1 
co1cle modutaMon rotawa eo• In ph1111 In trav~l· 
lnx throuth apare bfo&w""n the tadla&oro. The 
phue or the modulaUon frequenclr• aUPf'rlmpoaed 
upon the radiated oarrl•ra ahould bl!ar a known 
or conatant relation &o one anothrr u they are au 
rr.dtated from their rNJ*'tiYe radlatot'a II and 
II. 'nlla maJ be .-mpllahed by the tJIIf' or well 
known meana auah •• a phaae ahlfwr lla. A 
recriYer tt cr.rrted on a mobile bodJ lor.ated at 
eome .,_~ton btoho'Hn &hi' radiator• II and II a. • 
and for the pufPCIIH of •xempl• on thr llnP Join· 
In• the radle\on, maJ tMo tunlld to almultan•· 
0\lllr reoelve &he modulettod carrier wan• rad•· 
ated bJ the rr.dla&ora II and II. Th" tH'IIIvcd 
waYea maJ be demoduletNI and f•d tn ftltera n '" 
and II where the modulatlona are Mparattod. 
.,ll.flr n le adapted to PIUII the 1.006 craie modu
lation and reJect the 1100 enle mndulatlon, whllr 
tuter II le adr.pa.ct to pa111 the &00 eJcle modula
tion and reJect the 1,000 fl1cle modulation. The • ·· 
output of ftlter n Ia eonntctNI tn the phna~ an· 
lle lndloator II. 'nle output of ftlt•r II llo frd 
to a fiiCIUenCJJ muiUpller 21 which mulllpi !H 
the applied fl"f'CCUIRCJ bJ an amount t·orre•ponrl 
lnl &o the frte~uena,. multiplier U . ThUll th• 6., 
two dltrerent aeperate modUII\Ucm frt'qur.n~l~• n rr 
chUIIed to two aeparate modulatlona of thr .. m•· 
frequenoJ . 'nle output of tho> frequrneJ multi · 
pller tl Ia alao eonner.t•d to the ph..,. an•l• In · 
dleator II, where In •fred th11 ph••• of th• mod c. •• 
ulaUon of the earrler wavr nor•IYI'd lrom radi
ator II map be compared to th~ phM• nf thr 
modulaUon of the r.arrl•r wavr rl!telvl'd lrnm 
radiator II by comparlnr th• pha•e r• lallon nl 
the two aeparate modulation• nf thr ••mr In·· 1, 

Quener. Whfln th• rf'llelv•r tl to located nn 1111' 
line Jolnlnl the radlator11 II and U . th• r>n•ltlnn 
or the mobile bodp earr)'lne th• rrerlvr r may h<
dlreatty aac•rtalned by thr phu e dltTrrrnro• ,.,..,,_ 
tn1 ae deecrlbttd In r"latlon to "•· 2 " , 

Referrlnr to ., ••. 4 and II . an &l'll"''"tu• ft <
ranrement Ia Jlluatra\NI whl~h mAy bt• u""'' '" 
dlrect17 des.ermlne the IIM'&tlon of " body •urh . , 
an alrplr.lll' , that lo. the dlatanr .. and ulnlll th ur 
an airplane from • xlvon J><>IIUon . A ot Kllnn ; .. 
untt II ht ahown a• f!Gmprl•lna " modu1a Lu.n 
.OU~Te I Ia eonnect.ed to modulaLt· Lhr r a n lt" r o l 
a radio tranamltter lib whleh raduole• ft mod u · 
lr.t.d cr.rrt•r from radiator lie A ""cond •la · 
tlon unit II IT •hown lptltocl l rom t he untt II y,, 

J 
I 
I 

\ 
f 
l , 

) 
,. 



) 

I,LH,ll8 

... - eDIUolfN a ,.. .. 0 ,...,_. ... l4apCd te ,...,. llllr _.,. ra...._ lrcMa N'allaall&ar 
a. ... fM111n11 1M IDMulaUoa ol !.be oarrloor 
....,. ... AD aran.mtuar Ia and radla&ed rrom 

I eM rMia&Gr He. All _. llrolllh& out llllove, 
...._ Ule ~ II and II lll'lt n41.111Uu ur
n.n whlall are lnOCII&IaW4 111 a lllllld IIIII6R tela· 
U.. Ia.., ot abe~ ._,I'-d In nlla&lllft 
te ..... w. &~~we .1a a llllftrU&e Pllllae nola&&oa 

• ..._ lobe IIIOIIIIlaUon lhltuenot .. u reoelv•d 
~ .~ llae A-A Jo&nlna &M two lliiUont. 
aad UM location or &be POint ot "-P'Ion on Lilt' 
MM. Tllw ·lleftlll&e llhu. Clllfenonoe valu• ~P· 
_, clellllk PII'IUOna en Lhll llno!. For a117 

U ..... ValUe o! llb&M dllltrence ell.laURI on the 
liDII A-A. &beN an aa.o ot.twr puln&a In 1paoo In 
.wah tile ..., pbue d .. erenoe exlaLa. Une
• ., lie u.- JG&n!Da all U... JIOID&.I or tho aamr 
'*- ciUiereMe lllld Ute clotted liiiM II Ill .... 6 

• aula .......- 1111Gb a Uae Jolnlllll polnla or lobe 
- -&ala& tilbaM dlfterence lltollllftd br Ita• 
Uoae II 111111 II. The unea, which rorm a dallnllt' 
....,.D ID ...-... ., be aaU8d laophut' dllfer
- llaet aad Ull! phue dUie,.I)OO U mMiured 

• an - Una cWr .. IIJ a tiYen amount lrNn thP 
lllbaH tWrereiWtl u ...... urlld on an adJaCM& 
JIM. 

AIU one of &be l1nal may be w.d .., • courllt' 
aDd 1111 ~ "'"" follow &117 - ol them b)' • 11\1...._ &be plane &o nwalntaln &be phUI! lndl· 
CII&Dr .eatJW U..br at &IU pNdltermlnecl YaiU1• 
IICII'S'MPOOdJ~ &e a dNkeel eourv. ror any JI\IM 
OCIUt'M eoDalll&l.lll of a partJCNiar valu• or pl\&l" cWr-. a df•laUon to a ll()lllllon lett or rt~rht 

• ot U.. - JII'Oducu a oorreepondln• lead or 
1 .. or ...._ dJatrenoe, u eomparod to &he prr· 
M&elllll&ned nhM. whloh mar be II8I!Cl to rrovlde 
auloiii&UII plJoUu of &he plane when uaed In r"n • 
JUDoUon wMb ..u..au.own autom .. Li• wntrnl • P· 

tU II&IMUI. A atrallh& oour• maJ be nown br tnl· 
loWtDar U.. atr&llb& phue dlll~r.nu. line lla In· 
ca&M -~ wl&h nNIPCCL to alatlono II 
&Del II or a OVYM founP m111 be aown bJ rot· 
.,..._ anr crt &be other llnee II. The 1reatNt 

U IUI'Ya&ure ID u- linN OGOUN adJ&Df'nl line 
"-A. and a& IIOIIUona r••ond trom the lin• 
U... '*"• approacll .tl'llllht llneo ,., that 
araiiiiK .UtMI ..., be followed In the outer rr· ..... . 

11 J'br thla dlloloiNre, I& may be U1\181ed that 
whtn a patr oiiPIIC!td ra411aton haYe &heir ~
'""""" radiated earner wavoe II\Odllla&ed wtth a 
eo111m0n low r....,...ner oaoUiaUoa. &he phue or 
wbleh Ia maiDtalnM at ftJied \laluee at the roepee. 

11 Uwe rlldla&on, a dtflnlt- pattem or bii'Pirbolle 
phue dUrennoe eurvN, extendlna tranaver• 
to a Ulle tllrollltl the radla&OI'o and uorrupond· 
Jnr to dUrerent vatu• of phut dUlerenoe between 
tbt modulat.lnr oactllatlon, mar be loea&ed In 

M -.ce. ·'lble pattern Of lalown curve• fixed In 
rftlatlon to the 1paeed radiator•. each or which 
CIUI'YM can be particularly ldenllftPd , may be Ulll'd 
tOI' nariaaUooal nldanoe. or for d11tetmblln11 
&he dlftaDH of a boclr trom an obJecUvr and 

u &hfJ mar alao Ill uaed to provide a multiplicity or 
dllrermt eou,_ each or known •-raphlcal 
looaUon. 

It an airplane lo ftr1nll a known ooune oueh 
u Une A-A wllloh Ia lnterMC&ad br line~ II . 

TO u lor e11ample 1111 a radiAl bNm ext11ndlftll alona 
lint A·-A, U\e paaet loaatlon of tru, plane m•J 
be ~nnlned 11'0111 U\e value of Ul• phaae dllf•.r· 
eno. obtained at anr point on Ul• cour... . Tn do 
thla 1M pUot lft&J boo provided with a map upon 

" wtlloh ~ oou- I• ebown alona with tJwo leo· 
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II'- dlaerenee IIDN pnwldcd bJ ooe or more 
palre ot a&atlona In &be ar•. I& Ia nadlb' ap. 
pannt that U11 ~t a!rwar radiO r~• ala· 
tiOna 111., 1M UUIIMd u &be apaoed radiO ataUona 
In t.hll lnvenUoD allel more ~ !.he almul· J 
taneoua radio tr.DIIe and ~oa• aranunlakNI 
•lllU.IIII lleau, lutalled lor alulul&aneu ... r~• 
••4 w ... u..r llloauou&a 117 U.. ~~~u ... u ol All' 
Oclntllltree. All an ... atple tor the 1..&--n• 
liUDlld tJ'&te81, &hw IIIIIT&.r wave radllotoNI rroa &t 
th• Cll\tral D411l•dlrecUOIUII radiator beiDa UM4l 
I ur WNUitr IN·oad..atl lll&J be IIIOdulated wlt.h 
thu dl>fllrl'll modulallun trequencr produc!q &he 
~t•\'louallf d ... ~rlllell laoJihUI•dlllt~Ct llDN. 
'l'uua IU(allcm Ill o&n ..trp\aDe Oil a ra4lo r...,._ Jl 
UUUrM Ill~ boo deWrllliDed br IWOYidlDa 1111 adell· 
tJUW&I roculver and aul&eblt ftlter networlll ot &he 
bo&ml ......... and Ui&Ud reJHUOO type CIOIUieC&ed to a 
pha .. IUIIlt Indicator. Abo, a predetetlftlned 
• •:we uo "haM dllltreDOC lllar lie U&IIJIIId U & • 
rnarktr to lndloate Lh• lnterHCtlon of the bllaMI 
I ron• lhr a paGed radio r11n11e etaUon1 UNCI. 

Relerrlne .. .,n to "'••· 4 and II, to provide tor 
locaUQil an airplane In a wide area lrraapeotlve 
nr whether the plane I• 1\rlq a ftxed cOIU'M, 1 H 
may provide a MConcl pair or IPIIced a&&Uon• 
111 lhon at II and U of "'-· I , _., tor tbe 
~ur...- or air. lty ther may be loaated eJm· 
n\ltriOaliJ with reepect to e&a&IODI II alld II eo 
&hat the unl&a torm the coraera or a equa.re. The 111 
ataUona 11 and II mar be operated In aliGOrdance 
with the prevloualy lllua&ratlld nampiN o1 either 
P'lao. 1, ~. or 3 and ataUooa II and II ma.Y'IIe lllw· 
wlae operalad and adJuatad. The o&atlon It Ia 
1paud from boJ.h etaUona II and II and eomprlaN .U 
a receiver lla tuned to the modlllalad carr&.r 
wave radiated from '"' and Ia adap&ad to ClOD• 
U'OI the modulat.lon or the carrier wan 111ntrated 
by tranamltter llb and radla&ed trom Uo. The 
~11aclld 1tat1on It tonalite of a r-lvtr lla tuned 60 
tu the modulated carrier wave hom ate and · 
adapwd to control the IIIOdulatlon ol &he carr.lar 
wave 1enarated tit' tranamiUer an wbloh 11 
radiated trom radiator lie • 

With the unl&.l or eaoh pair •Paced the IAIDe ._ 
diA&a- lrom one another, the oamt modula&IOD 
rrecauenc:v maJ lie \lied to modulate &he canltr 
wave• ot Ncb pair and a 0011\man modulaUon 
aouroe auoh u eouroe ... ma, be emplorect lor 
lhla purpoae. With IUCh aD arrauemant &he 10 oarrltr wane auppUed by each or the atatlona 
mar dllf•r from one another eo that thor mar 
be HPiratelr ..-lved. ObviOUIIy the carrl.:r 
wavoa radiated rro111 1111e pair ma:v 1M tho tame 
and a dllrarent carrier wav• rr-.uencr m&)' be 66 UIM lor the other pair. In tbla event !.be modula· 
Uon frequency oupplllld 1.o nne alation of a pair 
will be dltrerertt from tbe modulation lrequencJ 
oupplled to Ule other atatlon ot Ult pair. lllnce 
opUiftum r•ulll an obtalnotd when &he a&atlnnt tu 
or en, one pair are apaced by a dlltance wblch II 
equal to or leu than Ule dlatance travaled br the 
carr~r wave while &he modulation under- a 
phue rotation of eo·. It m., be IMll that It will 
br advant&UOWI In oome lnatane• to 111ace eac:h 16 
~·lr or llatl011& at different dlatanceo 10 thr.l 
dllforont modulation trequenel• maJ be em· 
ploru:t and 10 UlaL Hch pair or atatlone mar br 
r ttadlly Identified. 

a.c~lvlna equipment e1 which mar be earrllld 10 
on an airplane II ahoM1 u oomprlall\ll a radio 
reeolvtr ela which Ia oapable of recelvtna tl> • 
modulated earrler wavM from alther pair nt 
e&aUona II and U or 11 and II and whleh fur. 
Uler lnchldea a PhMe an• I• Indicator e1 b that " 
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Will produee a pe~eptlblr lndle.allon etch wUI 
Yai'J' In auordanre with lhe phaM dllferenoe be
tWHn t~ modulation or the earner• ao raceJWd. 

a.terrtnt now to P\1. II, the atatlona II and II 
I are adJuated to prOYtde the lihue dlfterenee 

IIMI Indicated bJ the dotttcllln• II aiUl the ·~
tiona IY and II are adjuattd tu praYlde the phiiM 
dlfttrence lln., Indicated b7 the aolld unu tt. 
AMUme that the mobile receiYinl eqUipment U 

'10 Ia ·tuntcl to receln from atatlona II and ae and 
that the phue dllference u lndScated b7 the 
phue anile Indicator tlb oorreapondt to a value 
rt!pr-ted b)' dotted line lib, the airplane Ia 
then known to be loeattcl at aome SNMIUon on thla 

II line. It the rtetl¥1111 eqUipment ol U Ia n
tuned to r-IYe from atallona ll and II and the 
ph&H a111le Indicator tlb ahowa the ph..,. to 
be or a nlue reprsaented bl! the 1101ld line .... 
the abaolute location uf the alrplan• earrJinl 

., th,. mobile rl!l!eiYin, equipment Ia Indicated by 
the lnteroeetlon or the two lin• at B. To 
lll<'llltate detumlnln« the location or the air· 
plan,., the alation• and the laoPhaM dllference 
line~~ It and U may be drawn on a ato~raphlral 

II map ao that the ptlot or the airplane mal! plot 
hla PDIIIUon on thta map. ObYlouaiJ the mobile 
reeetv1n1 f'C&Uipment maJ Include mea111 to re
ceive the wav• aubatantlaiiJ almultaneouaiJ from 
both pair. or •tatloNO and the phaH an1le In· 

II dloator •111 ma, Include m..ana for ahilullanrnua· 
ly produeln« two aeta of pe~ptlble lndlraUona, 
ao that thP two . onordlnatea required to plot 
th11 JJOtltlon are alwaya available. 

It I• alao within the eonUtmplatlon or thla ln-
11 nntlon to provklo m•ana tor cnmblnln• thoae 

two ooardlnattll to automaticallY and oontlnu
oualr lndltoate thl' location of the airplane on a 
map or other meana ~arrled therl)bl!. u 101111 be 
de~rlbed heJelnafter. 

40 Prom oonatderatlon or the above n.urea It may 
be aeen that It ta not n-rr to utUIIIe two 
Mparate pall'l ot atatiOM. ~r example. tht! ala· 
Mona 11. 11. and 11 of Pilla. 4 and a mar be ,.,_ 
ranud In a trlaiiiiUiar relation u lncllcat~ and 

411 ahown In Ptf. I . WILh auch arranument the 
phaae dtfterenee or the modulatiOla frequMcr ot 
any one pair Of ataUoNO, for exampl•. the ata
Uona II and 11. IIIIIY be oompa.red with the phue 
dltr•rmae or tht' modulaUona received from tha 

10 nther pair or ataUona. for eaamplc, the atatlona 
II and II. A family of phue dlfterenre curvea. 
In Pt1. I, tor the modUlation trequ•nel! of ala· 
ttona II and 11 Ia lndleat~ by dotted lin.. &I 
and the famiiJ of eurvea ror the ph ... dlfterenee 

u of the modulation trequeney or atatlcma II and 
II Ia lndloated bl! the full linea II. tt Ia UIUmed 
that the modulation rrequ11ney or atauona II and 
11 Ia aupplled from the modulation aouroe lla 
aa ahown In PI« . 4 and that th!A modulation fre· 

110 qumeyla the aam• tor all the atatlona . With thla 
arran1tm~ent the eurter wan frequenal• of ata· 
tiona II, II . and 11 are preferably different . Ob· 
vlouaiJ anJ of the recaiY1n1 and tranamtmna ar. 
rannmenta deac:rlbed In relation 10 P111. I to II 

ea mq be uaed with the arran1•ment ahown In 
P\1 . 6. 

tt Ia lntereatlnl to note that the pNIIt!nt airway 
radio ra111e atatlona nf the RA tJpe with th• cen • 
trt.l non·dlr~Uonal radiator may be UIC'd for the 

10 apaeed radio atatlona aa hereinbefore rt!lalc!d . 
ThuaiL mar now be Men that the radio rant~e •ta· 
tlono In addition to proY\dlna narTOW CO\UIH or 
beama for lllrplan• maJ be emploJfd to IIYf the 
pceltlon out alonl the beam. Whtrner the radio 

Tl raqe ataUona form trlan11• the •-raphkal 
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looataon In the lt. or If .,... mq be ~ 
on the lllrptan• With the abaft III4MWIMUoD aa 
lhown In 1'\t. I, aall 11111c11t the ndle ,.... •
tiona cover tbe Untied etalal, u--tiD4mtal 
.,._.~., lllrplanaa -Y therefore ~ I 
their lto~nphlaal looaUon whether Clll the ra41o 
beam or DOL NoraiiiJ, In lood waather Ule 
pia"- ctaPiftllllPOO -..... dlreaUoa and land· 
marka tor navtaaUGa. Thua whea theJ ate ott 
th' radiO IMalll aoct ft)' ~' aneo o..,...t te 
r .. toiUI the looatloD ol the plane rrom the beam 
may be llulotll' detenalbed. 

The m«hocl alld apparatua or t.bla 111ventton 
Ia no& 11-rtlr llllllted Co pro~ tuldeDCe 
or to dtttralnlna thelooatiOD ot aniiU'IOilllle OW•r II 
a eourM w!\klh Ia oomparablt In leatth to thl 
dllll&nae or Mparatton be&WMII an, patr or ata· 
ttona, bUt Ill&)' be adYIIIINfCIIIIll' -plaYed 111 
navtaatlna a ll&llne over OOUI'MI whleh are COil• 
a1derabl1 ·10111•r than the Mparatton betw- the W 
atatlona. ...rerrtlll to Pte. '1, atac.tona II aDd It 
are &howD •parated br a nlatlve\J .. 'lOrt dill· 
tanoa, tor example Oil the order of ten mllft, 
mora or a ... to prowSde lllldanee 111on1 a t..'OW'M 
which mar •xtend for a dlatanoe of 100 to -rat • 
hundred mUM. hr •-pie. an airplane may 
n, " drilll!ht or curved OOUI'IMI al011a any one or 
the linN ot -tant phue relaUon at br mllln· 
talnlna the ·llhue clltrerenot betw- the moduta. 
tlon frecauenele• r-Ived rroan atliUoaa II aDd II M 
~t a JK'9(1et.ermlnid vlllua, tor example, ta•. "n\e 
pollltlon or an 'airplane In Glth& alont one of th
patha ot oonatant phue clltplaa-t u auppllecl 
by etaUona II ancl II ma, be nadUy dHirmlned 
bl! Httlflll up a MOOIId pair ot etattollllll and It, It 
oo Ulat the lin• or oonatant phue relaUon pro. 
duced theribJ lntarMCt the ~ to -. followed 
bY the plane. "n\t pain of atattoua a,. &111111• 
larly dbplaced In auoh a manner that wh•n the 
plane a. ann. on the •Inn - the phue 40 an11e r1111dlna 1111pplled bl! the etaUona ll and II 
llll lncllGated bJ pbaH dllferenoe un ..... UlllqutiJ 
determ11111 the poalUon of the plan• at that In· 
•tant. n a. n• D_, for the ll&llne to be 
nactlr on the OOIII'M to dtttrmln~ Ita locatiOn, ., 
olncr the phue IU\IIt rMdlna takiD on tho 1La· 
lioN It and H and then lakeD on ataUona 11 
and II will lmmtcllatelr determine the looaUOil 
uf the pl111141, 

ObYlolllly anr atral1ht, aiiiiUiar or curved 
cour- 111&1! be f\OWD oYer 1reat dlaotan- bl! pro- 10 

Yldlnl a lllf'llcltJit number ot properiJ apae~ and 
modulated ataUona In a~anoe With Ill• pre· 
nedllll d.aortpUon u ahould now -. apparent. 

Referrln• to Pill . I , an arra1111ement ta ahown 10 with whleh the count followed Q a bocb'. u well 
... the poaltlon or the bod:r at an,. time, may be 
dtrMtiJ' Indicated cw reoordtcl. The apparatua u 
ohOWD ta prtmarU)' adapted tor 11M with the 
apparatua llluatrated In Pta. 4, althou•h It may 10 
be uaed •Iter obYIOUI modlf\eatlon with the three· 
alation arran11ement llluatrattd In Pll . t . Thtt 
a ppa.ratUI may eompriN a tranalueent acreen II. 
upon which mill! be mounted a tranaiUotnt map 
ot the area ov..r which tho bodr a. trant11115 with ea 
atatlon unlta 11. 11. 11. and II IIIII riied upon lt, 
11•hlch Ia ahown poaltlnned above lllht·cllriiCtlnl 
mnna 11 mounlood for ancalar rotation abouttwu 
mutually tranaveree axea reprwented bJ ahaftl 
II and II reaJWCtlvtiJ. A ll1ht aouroe II Ia ahown yo 
mounted In a houalnl and lana tubl' II ao aa to 
proY\de a ll•ht beam II• which II dlrecled bJ 
tho lllht·dlrectlnl meana ta reflector In thll 
cue1 to Uae tnanalucent aereen and map to llfOo 
vkle a llabt apot II which 111.., be oauaed to 71 



I 

I 

\ 

-:;.&-

Pag~ determined to be Uncfasslfied 
Revtewtd Chief, ROD, WHS 
lAW EO 13526, Section 3.5 
Date: 

1 
DEC 0 J 2016 

~:,1=-,ua ~ 

tt11fti'M ttw traDIIIIM\t ltrnn II IIJOn I'I!Oft• rftllect to tiM atatiOno II. II. ll . and II. With 
ment or either - or boUI of Ula lhaltl II and rocat.ton or the lllht t..am aoureco around MUt 
II. ax• II and It. the epnt or ll•ht produeed UpoD 

Aetuattne meau for PI'Oduolfta ancular mow- tht> tranatueent acrt>en br "'" llaht beam wtll 
I mmt of ehafta II 11114 II an l.ndtoatad ..-pee. automattcaUr Indicate the lnterltK!Unn of &nJ' I 

ttnls' at II and M and are aa-n u -PI'WN two or the Un• II and 11. 
phue an•l• rwPONiwt -na _..,._.. lo a With the arranlllhf'llt ahown In . ., • . I the 
Mlllmlln form or ..--4 0011 on- phua aqltl houalnl and lena tubto It will aue a 1h11dow 
lndlc!alor Tile MtuaUne m- II 1J lhown on the aoren II whcln th-. lllht liNin ... 111 , .. 

tl 111 eomprllllnll a Oeld eo&l II mounted In a llxed fleeted dlrt>etlr bact at the ll•ht .oureoo. eorr. .. M 
pnel!lon b)' Npporlll II whleh _, abo pro- apondlnl' to a c-Jtlon or Ule bodr In th• Mntar 
vi~ bearlnaa for abaft II . C..-d c:olla II and uf the acrtu~. Howavrr . thla ahould rr..~<~nt no 
U ••• ftxfll to the ehaft II and ar.. adapted to particular dlaadvant ..... Nlnoe the lena tube mar 
t·otata the lhart II In aoc:ordanft with ehaq• l!e madt t'OmPftraUwlr amall. tf d.-IM tM lana 

•• In phaae an11e. u will be .dHorlbed more com- tubt and lllht aour11<0 ma)' be located to - II 
llleii!IY her.aftat. 'Mia ahaft II -IH1- one of aldt> of the lll'rrton. In which .. .., tht' raet poa1. 
tht' trannerM ••• abeut whlotl th• llaht-dl· lion of the nfte<"Unl mHne will be ohan•ect 
reetln1 mNna 11 I• lftoftd and Ill IMICUr..d to ft•ld In tftkl' ""r" nf thla altuatlon. "'""· the lllht· 
~nil II of lt'COftd &ctUiltln• meano II and to dii'I!Citlnll m~'na 11 mar eomprw tnr hono tube 

• &dallied to rota!A the act.u&UIIII mt!lnt II aa a II !f \~Hired . • 
unit. A. auPJIQ!1 Ill ohown at •• to ptoYid~ an- Al~~n. wh•n 11 IN dlmrull to obtain MJmr.t•nt 
ntlutr -rtnr lnt' thf •haft II. Thr aeluattnr pnwtr to n~rat.. dlrl!ctly from the artuallnt 
tnfltlno II Ia foliO provided with ei'OIIMCI oolli which muM II and ••· otht>r m11ano auoh "" ~ntrol 
an d ... l&:nak!d u II and II and whloh are adapt- motor• may be aubNtlh•tt'd for th~ •oluaUnl' 

11 ed to procluoe rotation of thll ohaft II In aooord• m .. n• tn PI'Oducf! rotation of the ohafta II and 11 
anre with ~han1et1 In phaoe anale. 'nw ehart II . Molena eompotrabltt to th• polonllom.&er 
11 rona"tutaa thr oth~r of the tr•nnene axN. oontrnllrd "Mndutrol" motor. of the Mlnn•pnllll 
and the lllht·IJireollftl mt'aftl ll 1e atllxed th- Hnn•ywpJI R"ulator COtnPAny mar be IIIM'd. In 
to. Th• drJWinu befq hll'hlr dla1rammatte. whleh t.a!Ml the aetuallnl mNna II a·nd •• maJ be 

1M no 11Mrln11 for the abaft II are lhown. 8ull· ullfld to oporate th• enntrnl pntrntlomttero of • 
A'>lr m•ano. not ahown, are provided for oonni!Ct· au~h motora . 
tnr. the ac1ualln1 m•ne II to the mtobllol ~lver By UIM! of t'h1t t:lmbal arranat~m&nt driWlrlbed 
•• f,,. rumple. 110 &bilt th• rotation of 11hart II above for movln• the llrht-dlreoellnw ml!llna. II 
.. ·:n lh· In t..,JIOhM to the phue dllrerm.at be· mar be -n th11t th• e-.raphlcal 1.-.catJnn or a 

M twt>en Lh• modul.tiDna received from ttallona II body may be lndto•t"d automattoallr and eon- • 
•ml 11 while tho ar.luallna m"n" •• mar be eon- llnunuNiy nn thr tranalu,...nt map. Dr provldlnw 
n""t.cl to the mobile r.eWYe! II In auch manner a llahl -llln tllm In place of or In o"nJunt•· 
aN tn lito rNpnM\Ya to the phua an1l• bt\twtlf'n lion with th• map. ~hf' CI!OlltMI foltnwd by a 
lh r mo<lulalloM rf!MIYad rrom the atatlolla 11 mobllto bndy mo:r be permanl'fttiY ohariM and 

.. ., and 11. rfti'OI'ded . tt will be aPt•,....lattld tl}at It lo noc .. 
Ill .... . . thr l'OMit'tiOn dl .. ram for one or ni'C'-ary for th• llaht Apot .. '" ,,..,. At!tuol 

: "" ootuatlna mMna. •• for f'.llampiP, II ahown h)'perboll~ t.Unllfl II And •• 11lnr-P tl'll!r• Will 1M' 
In mnr~ drtall . .,<!ld coli II Ill prav141ed wtth only one JIOIIIIInn of Jhe ll'ht opnt fftl' llnJ' nne 
r .. • d• 1t and 1S for connection to thr mobile pnodtlon nr th• bodr Hftlcte, the eor- II 

u n ·cl'lvn •Ia to carry the mDdulotlon obtalnttt may be provldl'd wUh _.., nuorkln•" whte>h u 
rrom Mid re«tver rrnm •tatlnn ll . for """mJ>tc-. may be l'f'fnr•ll tn " ma11. nr " dl•tort•d map or 
Croo.<rd colla II and .. 10re ohnwn pnAIIInnf'd tnn•lu~rtnt ocrMUI may be t>rnVIcled. 
within thl' al.,ld r.oll and aro toarl1tld by a•tual· lt Ia not n-•ry In prnvldP anr nx'ICI 1)01'1· 
11111 ohafl 11 . tlnno nf radi!OIInn to obloln th• advantal'toO nf 

M A• I• cuotnmary with ouch lndlr,.tor• . on• of thlll lnvf'ntlon. l"nr "•••nple, r attlolnr t of ., • . I 10 
Uu o: ror....,d eollo . II lor t· umpl~. lo rnnnectood mar bfo ll)elltod on • movlnw bcldll . u nn an air· 
throuoh an lndurta nea II to a cnnnerUn11 load planll. •nd rMelvflr I tutd tranomlllrr I mar "" 
H """ thf' nlhrr or ""'d roll• lo r nnne<"ted IO<'ated on • """nnd mniJIIf' b<>dy . In whlrh oa"" 
1 h rn.,~h a rrallltor It to anoth-.r connl!<'llon U thr diAtanrr IN'Iwf!C'n tho• bndl"' may be l'f'tldllv 

r,A Tl•••• thr r urr•nlll ln thr eoll1 II and U may be drl~rmlnl'd and If d.,.lred the twa bndiM mar 114 
m M<I r tn hR \'r any d .... tred ph""" dlf'frr•nrto. for malntllln a rlvrn """"raUnn In Arf'nrdonett with 
rXAmpl• oo· By cnnnrctln1 IP • rt• 1C onll tl thr phao .. •ncl" lndt.,.. llon obtaln• d frnm In -
In p .,. rnf'hllr rf' rPIYint t<'llll l'm• nl •In •n a• tn dlrator II. Unlltor oUt!h r lrt•um•t • n r•• It may 
rolfr.; thr modllla tlon •uppll rd by •tallnn II . thr bl' dHirablf' ' " mndulotr lhr tra namlll~r I Wllh 

*' • h nrt II ma y tw m11dt to orrupy dlf'fr n ·nl 11n- • ~ntna"' rRttvrly hlah frP.lllii!II• Y "" that a rrla- fill 
11 11 ln r !>Millon• dN><mdM\t Ul••n th,. t>h oor Jlf . lively " '""" •~ l "' tallon hf'twH ro th~ two ... II nf 
fr ro•nr~ bet•·~rn u ,r mntl•tlnllnn« ol>l a lnPd from tronamlll~ra ond rrr~IVt>r • na a y IN' malnta ln•d 
rr .·olnr 1111 Nnd r t'CtiVMI frum •lallnna ll e nd Thr method and awaratu• nr thlll IIIVI'nllnn 
U . t1 will be appri'C'I At,.d lh ~ t thr o! t~ ll 11 aro ouhJ..,.t tn ""n•ld~roltlP mndlftra tlon v.•llhout 

"-' m ny ,·orry r pnlntr r and tX' n• rd as a dlrr ' t In· dPlMirtlntt from lhP •plrlt nf lhlo lnvtonllon , honre u 
otlr•tlnll plt""e anal,. rMI>On• lve m••n •. In whkh r do not ~h<'OIII' lo bl' rootrlelrd t o lhr non -
,. . ... tht act nallmr mrr,,. mo )' b" nard u • ph u r llmltatlv~ rnmplroo dfiOC t lhrlt . but rathPr In the 
one lr mr tPr In """ nf th .. rr~vlnual y dr«rt11M•<I II'OIIt' or lhf' &ppt'ndrd d .. lma. 
C' rr,hndlnornta of my lnvt>ntlon . r cllllm : 

111 It mft)' h r ftP'PI\ !hr. t by rDI&IInt'l nf I'll her ahAft \. 'J'ht n> rlhDd n r f1Pirrmlnln 11 thP lorot•n11 of A ro 
II o r "' lii"'Pft"'tr ly , onto nf th,. hypt•rbollr ltnM mobUr bof1y . • ·h h·h ("CifT'PJi~ · n' d ! ~~tott n1 " C'ar · 
.. o r u will tX' t r orltd on th~ t ranohtr rnt II(' J'1'C'n ... ., .... . .. frnm .. n .... d knn•-n ln<'n llon •p nn·d 
Tl•r o pJ)Ilratn~ may be arro narNI "" thlll th- from .. ld hndy · rodl alln' " r arriPr •·avr from 
hfl"'rbollc lin .. • ·Ill hiiYt' thr RII!Tif' J>lllll'rn nr •aid bndY . lmprl'tOIIftf I mo<lula!lnn rreq \lfnl")' 

Tl ahAflf' u thOIIf' al'luallr Jnooll t : d In IIlla"" with on rm• of oalll "~mer ,...,.... , ....,...lvlnr •ld nnr u 
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• . ....... . 
modulated carrltr wau adJa~f'nt th~ po~~ltlon or 
radiation of th~ olh•r "' "'d •·arrlrr wavu ; 
d•modulallna aald l't'f!elvt'CI waw~ : lmpr..ulnl the 
modula&lon rt~~~ultlna froon d•modulatlnll ,..Jcl 

I rHelved wave on aald other carrat.r wave ; f«'• 
ceiVInl aald mndulatt!d othrr carrier wave at a 
poa1Uon adJacent thr poaltlon of radiation of 
Mid ontt modulated carrier wave: domndulatlna 
Mid Jaat•named ,..._lvad modulated carrier wave: 

H _,Ptlflnll tht' phua rrlatlon bfotween tho ntod· 
ulallon rt~oelvt'CI from the laat·m•ntloned dr
modulaUnc alep and thr modulation Jmpr-d 
on aald one carrlf'r wur : and vaeylnl lht! fr~
•uenc)" of the modulation Jmpreaaed on aald ont 

II o&rrler wave to produett a alv<'n valutt or •aid 
pl1ue relation. 

2. "nt• mrthod of d~tt.rmlnlnl thf' lu<llllon of 
a mobile bodY. which comprl- : udt .. llnl a car
rier wave from a ftxf'd known lo.!allnn aJ)IUM!d 

• from aald body; radlallnll' a carrlor wavl' from 
aald bodl! : lmpr ... tn• a modulation rreqUN\1!1 
on one of •ld oarrtrr wavu : ~cehlnM Mid one 
modulal4-d oarrlur wan adJaCI'nt th~ powltlon 
or radlallon or th• other of uld carrl"r wavea : 

11 dtmodulallnt aald recrlved wavl' : lnapl't!IIAinc tht! 
modUlation reaulllna from dt~modulathll uld re
cfllvttd wan on aald other oarrler wavl" ; r~celvlnl 
Mid tr.odulatt'CI other carrier WftYe at a poeltlnn 
adJacent the poaltlon or radlatlun of 011ld nn" 

.. modulated oarrler wave ; drmodulatlnl allld laat• 
named rK.Jvt'd modulated earrlr.r wave : and 
eompal'lnl th11 phaae relation b<'twe~n th• mod · 
Ulallon reot!lved from thto laot·m•ntlon•·d d~ • 
modulatlna al" o and th• mndulatlun lnwrt>MC>d 

N on Ald one oarrlt!r wan. 
a. "nte mP-thcxt or detennlnlnR the location or 

a mobile body which comprbeo : radlatlna oar
rtrra of tho aame frequency from a pair of ra.
dlatora which are apaoed a number or oarrter 
wavelenrthll from one anothtr In 1\xed known 48 loeallona ; moduialiRIJ one of Mid carrtera with 
one modulation ll'tlfiUNICI! and the other or aald 
oarrlera with a dllfertnt modUlation frequency 
haVIRIJ a 111ven phaae relation to Mid one modu-

41 latlon frequency, uld modulatlnn fri'Quencl .. 
belnr lntesral multlplw or a 11wn modulr.Uon 
frequency. receiYIRIJ aald r adiated modulatt'd 
carrl•ra on ll&ld mubllt body: dernodulatlnl Mid 
received carrlera: .. paratlna the two modUlation 
fl't!CIU•nr.laa oblalnf'd from Ald demodulaUnl 60 atep : multlpl)'lna at leut one of 1al'2 oeparat.d 
modulation trequencl~• to obtain two llt!PIIrate 
modulatlona or the aam., f,..qupncr from the 
two different aepiU' .. tod mudulr.Uon freQuenciN; 

1111 and COII\IIt.riRIJ the phaou relation btJtWC<'n ..aid 
two Hpatale modulatlona or the ume frequency. 

t. An apparr.tua fur 111M' In d~termlnlnr thf' lo
cation or a mobil• bodY. which cmnprlaN : ra • 
dlatln1 meana for radlatlna a carrt~r wave from 

1111 r. kno'llrn nxf'd location apaolld a number of car· 
rler wavelonttha lron1 *Aid bocll! : radlatlnr mer.n• 
carried by 1ald body lnr rad.latlnl a earner wave 
trom aald body ; " ftrat modulator 1oe11ted ad 
Jacent one ur .. td radlaUna meana lor modu· 

811 Iatini the carrier radaot•d from aald one radial· 
Ina mer.na ; meana auoci:>ted with the oth~r of 
Mid radlr.tlna meana lor receiYinl and demOdu· 
latina a aid one modulated carrier w•we: " aeeond 
m•Miula tur for modulatlrur 11ald <>th~r radiated 

70 carrier bl! the modulatlona ret,.•lvl"d !rom H id 
reeelvlnl and d•modulaUnr mnna : m•aru UMJ · 
clr.l..t with aald nne radlatlnl mu na lor r•ceiV· 
rna and demOduJaUna aald olhPr radlatod mOdu
latt'd carrier wave: r.nd ph&M a ncle reaponalvo 

71 mea.na .-.clated with uld lut· I¥'Jiled reeeiVIRIJ 

and .s.mociUiaUnw mMII& aDd with .. ld 1\rat mod .. 
Ulator for -parlftl tbt pba. rela&lon blltWftA 
the modutaaon IUPPIIecl to Ald one CW1'1er •ue 
and UM mocllqat&on l'f!OIIIYecl by Ald lut-namt!d 
reoe&YSnt and demodulatlnl meana. I 

I. An appu'II&U. for uae In deltrmlnlna the lo
cation olaiiMIIIile bocb', whlob eotnprlHI : rad&at
lnl lftMM for radla&lna a ovrttr wave from a 
"-ll llxecl ._t&on apaoecl a numt.r or oarrttr 
-~ from aald body; r&dlattnr meana 10 
carried b)' llalcl bocb' for radlaUn1 a carrier wave 
from tald bod)"; a llral modulator located adJa
cent one of IA1d radlatll\l meana tor mociUiaJina 
tht oarrltr radiated from aald ona rr.cUatlna 
IIIMftl ; DIMIII .. IIOI&led With the other Of ..ad It 
tadlaUftiJ mMDI for r-lvlnl and dtmodulat1n1 
lli.lllona moclulat.cl carrier wave; a aeoond moclu
lawr for moduJatlnl 11a1c1 other radiated oarrler 
by the 1119dulaUona reetlnd from Mid rt'ceiYirw 
and demodult.UI\I mii!U'I: mtana auoeltLted with 10 
Mid one radlatlftiJ -na ror r-lvlnl and de
modulatlnr Hid other radiated modUlated car
rier wave ; phaae arwle rtiSIORIIYI m~an• uao
claled with old laat-namtd ..-lvlna ar.d <~•
modulatl:w mMftl and with .. ld ftrat rnoauJatur II 
101· OOlnPIIrllll the pha~~e relation betwe.m the 
modulal.ton auppll..t w "'d Ollfl carrier wave 
and the mocla.laUon r-lvtd b)" Mid laat-named 
nct~lvina and democlulatlnl mHm; r.nd mona 
tor var)'IRIJ Mid modulr.tlon frequency Lo urllduce 10 
r. tlven valu. of oompartaon on aakl phuto an11e 
r-!Wve m~au. 

e. An apparatua loa· uae ha detennlnlna the Jo. 
cation ot a mobile bodl!. which comprl- : moan.. 
for r&dlatlnr C&tl1er Wt.YN of the Mme lre<auoncy Ill 
from a pair of wldeiJ apaeed radlatora which are 
located In ftxed known locatlona; mr""" tnr 
modUiaUftiJ each of aald carriere with a •Uifnrnt 
n1odulatlon treq•JCtncr and In a liVen phaae r•la
llon. aald mOdulation rrequenclua bf'lnw lnteMral 4U 
muJUplea or a 11ven modulation rrequenr.)' ; rr · 
celvlnl meiLIIII carried bl! ~aid bucll! fur rtoct'lvlrlll 
and demc..JulaUI\I both .,r aald modulatt'CI car
rlera : moana -laled wtth aald rect'IVInr mMnR 
lor aeparatllll Mid two received moclulallons .&nd 411 
lor mUIIIpiiJ'IRI at leaat t'ne of a&ld aeiJ<&ratft<J 
reulved modulatlona tu thereby producr Lwo 
aeparat.-d modulatlona of the aame frC'Qu~ncr 
from the Rparated modulatluna of dllf111ont rro · 
quene)' ; and m•ana caa·rled on aald body lur 10 
l'Uillparll!ll the pha .. relation betwMn the two 
M!parolted rec:rlnd modul.&tlona of the ••nto rr ... 
queney. 

'7. ln a ralllu navt1at1on app11r~~otu. lor <h•>rr
mlnlna the location of r. bod)' . the comblnaU.:..n tn 
which comprtaN : tranamltllnr app .. ratua hav1n11 
two IIUUfCM Of dJnerent frC'QUenc)' carrlrr WQYI!I ; 
mtana lncludllll a aoun:e of rei all vely low 1 re . 
quencr oaolllatlon lor rNpeellvtiY modulall1111 
the carrier wa\'•a or the I\ rat named t.OIIJ'C.,. ; a to 
l)&lr or modulation •ll•tema for IUPC!rlmpo•lnll 
the low freQuency UIICUiatlun upon each of the 
carrl•r wa Vfl : ph aM' ahtrtln11 meana lor pro
duclna • rtvrn ph...., relr.tlon or th., mlldulutlun 60 u appllft<l tu lhto two earner wa vea from II If' 
ftrat namod IIUUrc~• ; a p&Jr ul non-directional 
~\lrlltal radiator• lor ... parately radlatlnar the 
mlldulated carrier wa~o• : Rnd re<•ctiYinl appa.. 
ratua carrlf'd on •• ld bucly fur aepr.ratel)' and 70 almulta neoualy ampllfylnr and dt'naodulallnll thr 
mndulat<'CI carrier wav ... re.:rlvod from the two 
radlatora. lneludlnll meana lor • PPI)'InK thP r .. -
cclvt!d . ,.,..,., phaae dlaplact!d modulation wavN 
to a ph&&~~ anale Indicator . wht!rt!bl! the cUtr~r - 11 
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~noo ol th~ dial a ncra tn ,.ld body from ..ach 
radiator Ia Indicated. 

I . In an app&ratua lor delr.nnlnlnl lhr IOi·a
tlon or 11 body. lhr combination which com-

1 prlloea: Lranamlltlnl apparat1111 havln1 aourcM 
Of carrtor WaV'O Of a liVen f,....uency Wllh two 
•P<>ct!d non-dtreC"tlunlll radlatora rnr almul · 
tanr.muly rodlatlnr aald carrier wavN of the 
aame IIYI!II frrqurncy; a aourr• of relaLtvei.Y 

10 low fri'QUency D~~CIIIatlnna : a Cri'QUency multi
PIIIlr connected therrwlth for muiUptylnl aalrl 
'""'llla.tlona : " PtOir nr modulation ''Y•tem• for 
•ui>N'Itnprnolnt thr relatlvcoly low Crr.qu~ncy 
OfOCIIlallona upon th• carrlt r wao·.,. radll\ted 

II rrorn onr radiator and :hco multlpll•rt luw 
CrNturn~y c»clllatluna upon thr c:a oTirr WI\Vo• 
radl a terl rrum tht oth•r radiator : phaat' •hlftlnl 
nwnn .• :or PI •>dut'ln~ " a iVI>n phil"" rela tion be · 
twun llw modulatln11 CMdllatlon• "" radlat"d 

• rm rn tilt' r~•pcv: tl vo radla lur• . reruiVI"" •PIJA· 
ratu• carrh'Cl on >1tld body tor • lmulhonull'JIIy 
rr•·" lvln• . ampllCyllul .•nd drmr>dulotlnu t llr two 
Oh>dUiaftm; fn•rurnr y dltTerl!ntlott!d <'lll'f lt'r 
W<ll'<' ·' from t hr r06pc-etlvr radiator. . lnl'ludlnu 

U rnc•au• for appiYinil lht• twu dllforenl rnudulaUnA 
n•l'lllallon• "" r•-..•ulv11d to lwo ftlter nootwork• In 
which "'"' uf ... 111 n11twurb IK reoJX>n•lv" to thr 
rlllaU\•rJy low frrqu~ney m cllh&tlon. and the ol hl'r 
r~•pcm• l vc• tu th .. m•.•lllpllud '""' rr.,qurncy oot'll · 

10 l11th•11• . " frequencY multlr>ller connt'eted tu 
multiply thr relaliVt'lJ low rrequrnry n••dllattoM. 
•• ftltrrrd . by an amount r.qual to thr multlpll
c~ttlnn ur the rrequenry multiplier nrot flamt!d : 
lllld lllftanl fc.r llPPIYlhN the two nltrnd multi· 

II pllttd OArJIIaUona In thr • •m• rrlaUon " " received 
to a ph''"" ar~&le lndlrAtur. whereby thr loctttlun 
of tht' r~~eelvlhl appc&ratua with rt•PII<t to the 
radlatoro I• lndlcatt'd . 

II . In an app'aratu• In accordanct' with claim 8 , 

th" frequrnc)' of th• multiplied low frequency 
ooc:lllatlon betna •uch that. one-quarter of Ita 
eleetrlcal wnelmllth Ia not INII than U•• dla· 
tanr" betw ... n the apaclld non·dlrea&lonat radla · 
tort. • 

tO. In an appara tua ror \Pe In rtetermlnlnll the 
loeaUon of a bod)' , In which modulated "arrler 
wav111 are radh\tl!d from at leaat thr"" anaulerly 
opacl'd radhotora and Jald modulAted wav-. ....,. 
rl'Cf!!Yed In rrcelvlna moana provided on all.ld 111 
body. tht' combln~ttlun which ,..,mprl- : a lh1ht 
•ourc• provldlnl a ll1ht beam : a acnen : lllht
dlrec:tlnl mrana mountrd ror an11Uiur rotation 
about two mutually tranaver ... axe~ to dlr•ct the 
lllhl borun onto aald IC'tH n : mean• for movlnll 11 
ll&ld dlr'"'llllll mMI>a allt•ut one of Bllld axe• In 
...,.pona. In chanlt'l In 'the• ph&IW d !Nplacem11nL 
btotw .. n tht' modulation• r•c•lved from onr palr 
or •aid radllltora: And moan• Cor muvln11 111ld dl 
rrcl h>ll 'llfRIIA about the othor ur Allhl llllft In Ill 
t t'Apon"" to chilnr•• In tho phue dlapla<·ament 
botween the mudule.Uon rt'ci!IYed from anothl!r 
p;~ lr or •nlrt radlaton. 

II . l n Rn appRrDLUA ror uar 1n tll'lf'rmlnlnll th• 
loe11tlon of 11 body, In which moduhttod enrrler ta 
wa o·u• arP radlaLCICI from at lcoaat three an11ulart:r 
• paced rncllatoro •nd aald modulat.tod wavra are 
tft<'rlvl!d In ncelvlna meaiUI provld•d on said 
bodY. tl\r combination which compr""'" K llaht 
•uurcr provldlnr a lllht bNm : a screen : llllhl · 10 
dlrl'<' tlnR muna mounted for IU\IIIIIar rotation 
llboUI. two mutually tranavorar axu to dlri!Cl the 
IIRh l br.un onto aald ACrHn ; and meana fur n•ov-
lna ~aid dlri!CLIIIII rni!An• about at IPut one uf 
•aid axe• In rr•pon ... to chanaN In thP Phue II 
dlaph&coment bciiWt'l n lhe modulallona received 
rrom onu pair or ••ld radlatoro. 

PAUL J . HOI..N1:8 . 



111liD Rl9!131 (a K:141) 
Bendix Aviation 
Corp. 

DIVISION• Gldded l!ieslles (1) 
SfCnoN. Design and Description ( 12) 
CROSS REFERENCES, Baal:us, Radio controlled (17501.5); 

llissllee - Glddanee and control 
UTHOI!Sl A ( 62030) 

.• - AMn. mu, Radio ;:ontrol system ro:. afrcrart. t~-_:-llCIIIIb - Barrage 

FORG'N. TITLE! _,-
OIJGIMATIHG AG&ICT~ Bendix Aviation Corp., 
'IIIAHSlAnoN. 

COUHTII 
u.s. 

!!oll3wood, cauf. 

. - AQmlAcv 

NUMBEa 

llfV 

---s· -- ... 
,----- --- ___., . 

A 11111thod 1a proposed !or control or a barrage-type a1rcra1't bCIIIIb intandad to be 
re=talJ' controlled, thence unerringl,y guided !rCIIII a ground-control position to it.e target, 
It is contemplated to e111pl07 that part or t.he radio spectrum between apprald..atel3 70 and 
200 megacycles.· Guidance 11111thods, awd.liar.T directional-guidance equi.IJIIOnt, distance 
.11111asure.ment, !llght termination and control, and altitude selection and control are dis
cussed, SiJIIultaneoua nights vould be ll.Gil.ted onl.T to the number or dit!erent selective 
c,antrol.-:ton_! circu.ita. There is one control-tone circllit 1n each a1rcrart"!b011lb receiwr, 
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