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DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS 88TH AIR BASE WING (AFMC) 
WRIGHT·PA TTERSON AIR FORCE BASE OHIO • "\P'r 

25 July 2017 

88 CS/SCOKIF (FOIA) 
3810 Communication Blvd 
Wright-Patterson AFB OH 45433-5706 

Mr. John Greenewald 
 
 

Dear Mr. Greenewald 

This is in response to your FOIA request dated 1 April2017, received at Wright-Patterson 
AFB FO IA Office on 11 May 2017. Records requesting "I respectfully request a copy of 
records, electronic or otherwise, of the following document: Accession Number: ADC800676 
Corporate Author: KELLOGG (M W) CO JERSEY CITY NJ SPECIAL PROJECTS DEPT 
Report Date: 13 Mar 1947 Descriptive Note: Progress rept. no. 4, Dec-Feb 1947 Pages:97 
Page(s) Report Number: SPD-66 ( SPD66 ) , XC -AMC-AF ( XCAMCAF) Monitor Series: 
AMC-AF ( AMCAF) Contract/Grantffransfer Number: W33-038-AC-14221 
(W33038AC14221) (Date Range for Record Search: From 12/02/1946 To 02/28/1947)." 

The FOIA!Privacy Act control number assigned to your request is 2017-02862 ST3. We 
reviewed 97 pages for release and determined they are fully releasable in accordance with 5 
U.S.C. §552a. The responsive records are attached. 

The FOIA provides for the collection of fees based on the costs of processing a FOIA request 
and your fee category. In this case, we assessed no fees for processing this request. 

If you decide to appeal this decision, you must write to the Secretary of the Air Force within 
90 calendar days from the date of this letter. Include in the appeal your reasons for 
reconsideration and attach a copy of this letter. Address your letter as follows: 

Secretary of the Air Force 
THRU: 88 CS/SCOKIF (FOIA) 
3810 Communications Blvd 
Wright-Patterson AFB OH 45433-5706 

If you are dissatisfied with the service you have received from Wright-Patterson, you also 
have a right to utilize the dispute resolution services offered by the USAF FOIA Public Liaison. 



You may contact the Air Force FOIA Public Liaison Officer, Ms. AnhTrinh, for assistance at 
usaf.pentagon.saf-cio-a6.mbx.af-foia@mail.mil or (703) 614-8500. 

HQ USAF/FOIA 
Headquarters Air Force/AAII (FOIA) 

1800 Air Force Pentagon 
Washington, DC 20330-1000 

Phone: (703) 693-2735/692-9981 
Email: usaf.pentagon.saf-aa.mbx.haf-foia-workflow@mail.mil 

You may also seek dispute resolution services from the Office of Government Information 
Services, and can find information on this Office at https://ogis.archives.gov/mediation
program/reguest-assistance.htm. Using the dispute resolution services, will not affect your 
appeal or appeal rights. 

It is a pleasure serving you. The point of contact in our office is Ms. Teresa Corbin. I can be 
reached at (937) 257-1436, e-mailteresa.corbin.1@us.af.mil or the FOIA Main Line 
(937) 522-3095, e-mail wpatb.foia@us.af.mil. 

3 Attachments: 

J<i//u.Jv'a~ 
ERESA CORBIN, Civ, DAF 

Freedom of Information Act Analyst 
Knowledge Opemtions Flight 
88th Communication Squadron 

1. Memo(s) from Defense Technical Information Center (DTIC) 
2. Your FOIA Request 
3. Releasable Records (97 pages) 
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CENTER 

DEFENSE INFORMATION SYSTEMS AGENCY 
DEFENSE TECHNICAL INFORMATION CENTER 

8725 JOHN J. KINGMAN ROAD, SUITE 0944 
FORT BELVOIR, VIRGINIA 22060-6218 



Policy on the Redistribution of OTIC-Supplied Information 

As a condition for obtaini~g OTIC services. all information received from OTIC that is not clear
ly marked for public release will be used only to bid or perfof!""l wor~ under a U . ~ . Government 
contract or grant or for purposes specifically authorized by the U.S. Government agency that is 
sponsoring access. Further, the information will not be published for profit or in any manner 
offered for sale. 

Non-compliance may result in termination of access and a requirement to return all information 
obtained from OTIC. 

NOTICE 

We are pleased to supply this document in response to your request. 

The acquisition of technical reports. notes, memorandums. etc. is an active, ongoing program at 
the Defense Technical Information Center (DTIC) that depends. in part. on the efforts and 
interest of users and contributors. 

Therefore, if you know of the existence of any significant reports. etc .. that are not in the DTIC 
collection, we would appreciate receiving copies or inf()rmation related to their sources and avail
ability. 

The appropriate regulations are Department of Defense Directive 3200.12, DoD Scientitic and 
Technical Information Program; Department of Defense Directive 5230.24. Distribution 
Statements on Technical Documents: National Information Standards Organization (NISO) 
Standard 239.18-1995, Scientific and Technical Reports- Elements. Organization ami Design: 
Department of Defense 5200.1-R, Infom1ation Security Program Regulation. 

Our Acquisitions Branch, DTIC-OCA will assist in resolving any questions you may have con
cerning documents to be submitted. Telephone numbers for the office are (703)767-80-'0 or 
DSN427-8040. The Reference and Retrieval Service Branch, DTIC-BRR, will assist in doc
ument identification. ordering and related questions . Telephone numbers for the office are 
(703)767-8274 or DSN424-8274. 

DO NOT RETURN THIS DOCUMENT TO OTIC 

EACH ACTIVITY IS RESPONSIBLE FOR DESTRUCTION OF 
THIS DOCU~IENT ACCORDING TO APPLICABLE REGULATIONS. 



Reproduction Quality Notice 

This document is part of the Air Technical Index 
[ATI] collection. The ATI collection is over 50 years 
old and was imaged from roll film. The collection has 
deteriorated over time and is in poor condition. DTIC 
has reproduced the best available copy utilizing the 
most current imaging technology. ATI documents 
that are partially legible have been included in the 
DTIC collection due to their historical value. 

If you are dissatisfied with this document, please feel 
free to contact our Directorate of User Services at 
[703] 767-9066/9068 or DSN 427-9066/9068. 

Do Not Return This Document 
ToDTIC 
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~tne Geno:ral. 
UJq All' foreea 
Waflh1J18;tcD 21$, Do Go 
Attentto:r.l AC/AS..ft, DU-3, Peutaccm · 

COIIII'ICUidiug Qellfll'al 
All' Materiel Ca~Pa!ld 
Wr15bt Fteld, Dn~ton, Ohio 
Att.entt.on: 'l'SI()N-2 

ccmnudt.ne: General 
Air Un.t.Ters.Uy 
l£a~ll Fil!lld, Alebatu 
Attention: J,ir 'On1'hlr11~ Libl'IU7 

Cbiet or the B'<lrlmll or Ae:ronantica 
Ne."Yy Depe.l'tJIIent 
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Atte~ntion: 'l'l)-.4 
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THE M, W, KIU.LOOO COMPANY 

Cb.iet {)f Cb.eraical Corpe 
~ U589 ~ P8!1:iuson 
1Jaeh1qtOA, 2&. tl. C. 

Cbiet at xanl k"-Cl!'Cb 
Ha'f'Y Dep!U'tNnt. 
Wu®iJJ&too. 25, n. c. 
At:t.ontloa~ Toc:lm.ic:.l. lntoma1::1an section 

Chief', Gu.ided 1111101lea B'ffl1lch 
'l'flchnioel CORlll'llllid 
lo:lBewood Araenal, ldttl'J'laDd 

CCI:!:rnddiq Oenen.l 
Abel"daen PtvriD& G~ 1 M4 
Attention: BalUetie R.eaearch LaboratOl'J 

CQIIDIU.MiJis Ge~teral 
Provine Ground O"omlllllXId 
EBlin Fiel41 Flor14e 

(2 capiee) 

A.twnt.ioan ll'lrll't. Experim;ental Guiiled Niu1lee Group 

OanllaQ:line; orricer 
Antiaircraft Artillel"J' School 
Fort !llias, 'l'e:ee 

CQII8Gilding orttcet" 
frankford A.rMnal 
Philadelphie. :57, PeD.IJ,eylTIJnia 
Attention: Fire Control De«ign Division 

Comm~ndin£ Officer 
NG.Tal Air l:e.teriel Center 
Pbilo.delphiC, Pllllln&JlTUUilll. 

CQI:a:Dandin& Ott1cer 
Ho.Till .A.iraran Modif'ication Unit 
J olmeville, PennSflTiln.ie. 

CommandiD& Oftioer 
Slcnal Corps E~Ji;ineering Le.bor?J.tot"ieS 
Bre.dlel' Heach 1 New Jersey 

Oamnandill& Otr1oer 
U. s, Nayel Air l.lillsUe Test Center 
Point ~usu. Celifornia 

Car.liUltlding Ott'1c81' 
u • 5. NaYal Clrdnanea Test St.e.tion 
Inyokern, Cel1tarn1a 

{2 copies -- only one 
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CCI!IIIIDnd tnc otrlo~tr 
'!feDd~r Ju;rq Air J'iatd. 
wetdot"Gl', Utah 

Dinctor, Puid 'Blyler liodel Jla.aln 
J'll.lllin£ton1 D. C. 
Attention: A..ro llit!Cblmte:• D1T1•lota 

Dlnotor, N~Uonz;l MYiltOl')'" CCiraittee tor 
Ae1"0neutie,!l 

1600 .Nn B11111p$b1ro A't'etrue 0 No J. 
l'l'e.s:bi~ttm, D. c. 
AtteuUOtH iolr. C. H. HeW 

Dll'l!lctor0 Naftl Raae~h Laboratory 
AD«coatta Station, 
~e.ahineton. D. c. 

Director, Spedal DeYieea Cent•r 
O:t'fioe ot Nr:iftl a.see.reb 
Ssn4s Polni 
Port W!!.&hina:ton, lcDS lal!U:ld, NOYI York 
Attention: ~ebnteal rntQrmatioa Deok 

Pi rat Aetlaircratt Artill~ Guid~ Mlaatlea Bno 
lfb.i W Snn4e Prnrir-s Grounde 
loa Cruces, New l:extoo 

Htt:'l.d ot Poate;nduD.te ScbOol 
u. S, Nn'flll Aoade~7 
AnMpol1s, lltl1':'1la.M 

Ofl'1CI!I of the Chief of Ol'dllZI.nOfP 
Reaee.~h & DeYttlopmant Se~tce 
Hocket DftTftlOpment D1Y1sion 
Fentagon 
~ashtneton ~. D. c. 

O:t'f1cer-1n-cbarge 
Bureeu ot Ordntulce E:qwrtmsntal Unit 
HJdraul1ca Building 
Notional Bureau or Stanaerdll 
Washington 25, D. c. 

ort1car-1n.Charse 
NaY&l Ordnance Luborator, 
Nawl Gun :racto17 
Washington 25. D, c, 

Ot't1oftl'-1n.-ctmrge 
Reeearch a: Dnelopnent Service Subottice (Rocket) 
tort Bliss. Teu.& 
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Watson Laboratories 
Air Materiel Coa~~al!ll! 
ktou't<>wn, N- Jar•r 

Wataon L&bOl":l.tortea, .M!.C 
Cftmbridce rtald Station 
2SO .AlbaDY Street 
Ce.mbridp 590 Yaasa.obuMtts 

Ayiation Supplr Ott1oer 
Oxtort A'N!I.ue &. Marti.!L•a Mill Rocd 
Ph1la.delph1e., Pannaylvenia 
Attention: Capta1n Walborn 

Bureau. or Aaronautics Geael'lll Hapresantathe 8 ED 
90 Church StNet 
New York. ?, N. Y, 

:Bureau ot AlerOl:U'.uties C".enerel Repraaentatin - CD 
lh'igbt l"iald 
Daytou., Chi o 
Attention: Lt. col. 1. A. Gerath 

Bureau ot Aal'l'll:lllu'Uoa Geneu.'fll Rol~Jire~teatatin - WD 
624 van NUyn Build1ns 
Loa Allselea 14, Qi!.l1tomia 

Chief or the Bureau or crdnaQce 
NayY Deptlrt.ment 
lfallhi~ton 25, D. C. 
Attebtion~ Re-9 

Ch181 or Naul ~ratione 
Me.vy D!tJoartmant 
Washington 2~, D. c • 
Attention: Op-!5?' 

COII'IDIIU!.d ing; Geneoral 
Arley' Air !'o:rua 
Wash1nston 25, D. c • 
Atte11tion: AC/M--4, DBI-3, Pentas;on 

Ctli!PillCHng GeMral 
ArEr:f Gr<mnd Fore&l 
Fort Monroe, Vii'SiD.ia 
Attention: Chief or DeYelopment se~ttOA - GN~V-9 

Commnftding ~nerGl 
Aberdeen FraYing Ground, JM. 
Atta~~ion1 Library Section 
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CO&Iuaandt.ng General 
JJ"o.nllattan XJ~duerlns Dtlftl'ict 
P. O, Bo::r 2610, New War Dept;. Bid&:. 
waahlagtoa 25, D. c • 

COIIIIIII:I.Odant 
CCIIIIIIIIUI4 and StaN' COlllt£& 
Port l6a•em~ortch, lta.naaa 

c ...... am'leat or the Marine Corpe 
Helld.quartere,_U, S, Jbrlne Corps 
W.Bh1DStOD, D. C. 
Attention: 0.3 (Speo1d Weapou) 

101 CQIIW14ut 
Armod roreee Start Colleae 
Norfolk 11, Y1rg1D1a 

102 CCIIIIl.lll.del', Haval Air Teat Center 
Pa:tuDDt R1Tt1r 0 l:la17h.Dd 
Attention: Director or Teate 

lOS Cammandtns orrtot~r 
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Naval Air Exper11Dental Station 
Ftl1ladelpbia, Pewu;ylnnla 
Attt~nt1on: SUpt. An 

COIIIIIilllll!lng Otr1Cflr 
Hawal A.Y1o:t1on OrdnBnct~ Teat Station 
Chinootaagu_e, V1r&1n1a 

COIIID8D4er Opal'lltlonal Denlopunt Force 
Care or FlMt Po~tt Ottloe 
Nn York, N- York 

Director or Heaearoh & Development 
Wi!!r Departll\ent General Statr 
Roce 0482 - Pentqon 
Waah1neton 25, D. c. 

108 D1rector1 Seaooaat Service Teat ~cU01:1 
Arls1¥ Ground Force11 Boa1"1 No, 1 
lort Baker, cal Uornia 

109 Head ot Ordnance and Gunner.r 
U. !J. Naval Aoa4-y 
.IU!ne.polls, l>tarJltUld 
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Office of tbe Cb11!1f gf Ordrl&lloe 
lioMal'Oh lo Duelopud Senica 
~1t1on De~elopaaat Division ... .._ 
Vasb.illl!:'toll 25, 1). c. 

Office of the Socret;aey of 7ier 
ROOill 31880 - Pataecm 
J'aSirtltltoll. 25, 1). c. 

orinlul~:~e MY'l.II0%7 Ccma.111ttM ou Guided lr:iaa1ln 
Gemtral RadiO CCIIIpi.OJ 
2'1!5 Maaacbllllflt't8 .AftllUO 
CttabTidp :J9, Hueao.hv.aetta 
At;tenUotu Dr H· B. R1cllmod 

President 
~ Ground lbrcas Board No. 1 
rort Brqg, North CUol1Jm 

PreaU.ant 
Am:J Gr0lln<1 J'orcea Boal'd. !lo. ' 
Fort Blias, Te•• 
J>rcfaaao:r of Oribanoa 
tr. s. Milit&l'J' Aeada!J" 
West Point. N. Y. 

SftcMta.ry Sr>eetal BCII.rd 
clli!IIIIJn4aM of tbe l;al'infl Corpr 
ltel.ril111 Corpa Schools 
~tico, Vi~tnta 

ornce ot cbtet Stglllll otrtcer 
Bn&i~ari~ k Technical Se~tces 
X~tnaartng Division 
Pen'l;ason 
l'l'uah1ngtoa 25 • D. c. 
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Appl1o4 ~tea I.a'bore.t11r7 
Johna Ropktna On1Tere1't7 
SilTer 3Pf'1118o ll!arJletui 
A.ttza; Dl'. Dwif!bt I. Grq 

(3 coptea) 

Bell Aircraft corporation 
Htap,ra lalla, N .. York 
Attn: Kr. A. H. Stzulle7 

V.r. B. Hamlin 

Bell Telephoneo Leborll.f;ortee 
Ml.lrl'flJ Hill, N- 1ersa7 
Att.o: Dr, ~. A. Jt&cNa:lr 

DenolOJI!lllent Crm1ilt'eot ornoer 
Applied Pb7aioe t&b~tor,r 
Jobu Hopkilllt Untnreh:r 
8621 Goorata Awna 
SUMr Spr111£o MuTla.IIIS 

Burwau or Aeroaau'Ue& Rep, 
Cornall Aoroaauttcal Lab. 
Box 56 
BuNal.o, ••• York 

Bendix AT1~t1on Corporation 
Speolal Pr~uots ~~slopment, 
Eaet Teterboro, New J''i'ree:r 
AttD: Dr. U...rner SalTit!ge 

124 Boetns Aircraft CorptU"&tion 
.Seattle lt, 'N8.11b1ae:t.on 
Attn: Ur, R. H. Nellton 
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128 

Consol14atd-Vultee Aircre.rt Corp, De-velopment COntract 
Lone Bt~r Laborator, Otrtoar 
Da1%1£erf1d<l, 'I'e:z:ae Consol1dated-VIlltee 
Attn: l.!.r, ;r, E. lu'IWld Alrcrtltt OorPo 

Il4l1J~gt~;t"fiald, or.ua 

COuaolldated•Vultee Aircr.rt Corp. BopreRantative•1n• 
Dcnmey, Cftl1toru1a Charp, B\l.Ur 
Attn: ~r. w. k. Robinaon Conaolidated·Vultae A1r

cratt Corpor~tion 

Cor11'!11l A*ronavtlcal Ll'lb. 
Bufflllo, New York 
P.ttn: l!r. 71. M. l).lkc 

curtiae~risht Corpor•tion 
Col.U!I'!bue, Ohio 
Attn: ~r. Bru<:~a Eaton 

C:w;t1U...,'ll'1cht Corporation 
C"lU!>!ba.8 16, Ohio 
Attn; Kr. R. Dr:t'bl' 

Vult .. P1.el4 
DowllteJ1 California 

Development Contract Otticer 
CorJ~.ell /ull"CCDI!i.Utical L&b. 
:au:rru.lo, New York 

Bureau of Ae~utics Rep, 
Curtiaa•WF1gbt corporation 
Colu.bua 16, Ohio 
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PONrJiMn'ml 
Dw.tlaa .Urort.n co. 
Bl Se&UD4o B.ru.el\ 
El SGSIU!do, OU11ton~.ia 
At til; Yr o !, H. 'He1nOID«Ill1 

DwalaeAirol"anc:-.PM¥ sooa Ooau BoUlnud 

Buro..u or Aeronauuca 11ap. 
Dousl .. Aircr.n Co. 
Bl 9el!bn4o, oautomte. 

S4Dte. Honioa, Calit'o.fo.Dia 
Attlls Mro A, K. ~M (1) 

Nr • .!:, F, B\lnon {1) 

!u~ Itodalr. CQI!pau;y 
k"7 Ol'llAI.nca Ohialon 
Roclleater, JiW York 
At.U.: Dro Harbert Trotter 

Na<nll lupeotor ot Ol'd.ra~U~a 
HaYJ Ordnance DlYialo~ 
BaaV.U Kodak c~ 
50 Waet Main Street 
Rocbaater 4 1 N- l'orlr. 

WI 
OI!D DEPI' 

Jllircblld XD£1Diil & Abplau Be}ll'eQD:tatbe-ln..ChaJ1t11 JIJA!::R 
Co1-pon.Uon l'a1rchild Enf:lne •· A1rplaae Corp, 
Pilatlaes Platie Division PlloU"ea Pl.llu DiYi.GioZI. 
:h.nt1.ale 0 1mr« ls~nd, N.Y. P'afta~leo lAag IBlazld, N.Y. At•: Ul'o 1, A. Slc:.n 

the l'ran.Uin lut.i tute 
I.e.boratortas tor RaaaaroJl 

IUI4 ZleTel.ant 
Philalielpha, PR. 
Attn: Mr, R. B, JiOCle.rren 

Qe~rel !luetr1c Company 
Project Bemaa 
Setx~acte.d7, M.w YOl"k 
At'\n: Dr. c. x. Be:uer 

Ga~~eral J:l.eotrio Ctlllll*ey 
hd.r&l lr. Me.ri.Du 
C~rcial Dlvielon 
SCbaJl~Pet;e.dy, :New York 
AUa.: 3. W. l't-ick 

~IIIZW Electric CQ!!J:>U.7 
AY10.'C10D Dh1. sicm 
Scbenectdy, New York: 
Atotn= Mr. s. A. Sclluler, 

Yr. Phillip Cla~c 

~1%16 Officer 
Naval Ail'ek!i!.ft i!oditloattoa. 

""" J"o!u18'w1lla, Penne:rln.nia 

DeTelOp!!ent Cou.'Cract; Oftie!M' BUORD 
GeD8rr.l Electric Co. 
Scllenecte.d:y, N""' Ynrk: 

~------------;, 
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Glenn L, ¥11-rtin COGIPIIDJ' 
Bllrh.u or AeroMuttoa Bep. ...... Balt~. Jiarrl&nd 
Glenn. L. lkrltn co,, Attn: Hr. w. 11:, Kbel 
Balttmo,.., 5, MII.!'YlantJ 

140 Gleon L, Menta. COI!lpDJIJ' 

t.A7 Baltlcto,.. 3, Mal"J].aad 
Attn: Yr. W. B, BBl"Sen ,., 
Globe C01"'pO:l"lstton 

lnapector Of' Jlnal Materiel ...... Airere.tt DiTieion 
l4l w • .lack11011 BlVd. 1011at, I111Aeis 
Clli~ 4 1 lllinoia Attn: Mr • .1. A. Waagle 

"" O.O.:.cf7ee.r Atrcr.tt Corp. 
Blueau of' Mr"bbluttca Rap. 

"""' 
Ah-OD, Ohio 

Goodya~U- 41rcratt corp. Attn: Dr. Gnrl Arnstein Akron 15, Ollie , ... 
GoodJ'•ar A1rcratt 

M7 Plllnt "B" 
AkroD 17, Ohio 
A'U-n: Mr. A, .7, Paterson , .. 
G~n Atroran 

But-eau o:r Mrou.uttca Rap, ,., ... Soginaaring COrPQration 
Ol"\mean Aircraft ~- Cor:p. Bathpa,go, Lc:mg lalGJld, M, Y, BethPlle:a, L, I., N, Y, Attn: Yr. W1111&m 'l'. Soh11'8ndler ,., 

Jrusbes Aircntt CQJ~:pAny 
Bureau o:r ~ttoa Rep, ...... Culva~ City, Oalt:rornta 
Douslae A.t~cratt Co, ..... Attn: •~r. R. E. Hopper 
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.SPE'ClAL PRO.JECT$ DEPARTMENT 

Project IIX-800 1e a. nine II!Ontha• study ud research p.t'ogl"IUll oalllDe; 
f'f:ll' 

10

1nYe8t1gat1ona in oonnac'tion With tho devdopm!lllt ot a au:parsonio 
&1r-to-e.1r pilotlaaa &il:'oratt tor uae lUll e. guided m1881le tor the d ... 
atruction or high pertoZ'!IIIllloe hostile airorat't", The atudy and raaeOl'oh 
are to provide recamnendatiDJI.a tor the continued deYelopm .. nt WOJ:'k: requ:lrod 
tor tha OOI'IIpletion ot auit!lble deaigne tor a.ll nec:ataae.r7 oompon1tTJta, and 
•1U include propoaals tor the additionlll Oll811l&&J:'illg atudilla, denlop:1ent 
teata, and oonatruoUOJJ. necaaa&t'y tor OOI!Ipbta dneklpcumt of thia pil.ot
lass a1rcrett;, 

The rn1aa1la ia to have 1. t~U~tiolll rllll&a ot 6000 ya:t"d&, a speed of the 
ordor o:r 1500 mil.ea per llcllll", and 1e to be used aga.inat 750-oilaa :per haUl' 
a.ircraft. 
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SPEciAL PROJECTS D£PARTM£NT 

SECTION II 

•• 

During tblt put t.o mtmtho the errorta or Project MX~8oo peraonnel have 
been devoted to t'- rollowlnl!: a.ctlvltlaa: 

l, A Gtud)' of the effect of the loce.tlon of tl1e lllaln win&, downwun 
and tail Driante.tion on parfoMIIatlea. 

). A otud7 or rollinv momenta. 

q, Preli~ne.ry eona1derations in the deeign or the booatsr, 

onca. 

6, Proll~~ry meehanlcal deai&n or a ~salle with a auetainar motor 
end a deta.chable boooter. 

'· motor and 
Preliminar)' ~chanle&l daaldn of a missil~, without a austainsr 
a retained boo&ter. 

II otud)' or the ra.cUo equlp1811nt for the ho•bBIII!I eoaa.nd navigation I 

11. An lnveatlgation of tha ~salle equipment for tha two~beam command 
guld&nca O)'B~M. 

ll. A diecuaaton of the operator training equipment neceaaary for 
llll.aana operaUona. 

13. A d1ac~slon of special tsst aqulpment neeeesary for tho MX-6oo. 

lij. A otudr Of ths radar eats ~d computers nacaesary in tn. l&unohlng 
llircraft, 

15. A study and diacuasion of roll control and st&billMot1on. 

16. A cGmParloon of the control of a monowlng and a cruci!orm wing 
lllisaila, 

' ' 
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SPECIAL. PRO.JECT.S DEPARTMENT 

1?. A atudy ot \be control a;rate111 tor \he twa-a-- cOIII'JIII.Ild suldance 
•l'•Wm. 

20. A oompariaPn or contlnuoua and d1econt1nuoua control •l'eteme. 

21. A math&matlcal and electronic &nalJ&er atudlea or the control 
prt~blq for two-beam C0181JMd &Uldance. 

22. An eetlmata or thl errore encountered ln a two-be~ command •!•tam. 

23. A prell~lnarJ atudr of the launchln& probl ... 

Member. of the 8nglnoarlng Atafr ylaltld organ1aatlo~l1ated below; 

Or§!nlaat1on Yie1ted 

Applied Phyatca Labor&torJ 
Sllver Springe, ~yland 

Applied Ph7a1oa LaboratorJ 
Fort Wllee, Delaware 

Su1Jjec18Dlecuand 

Booetere and Control Oevlcee 

,.eting grounda, methode and equip

"'•' 
Pareonnel of the roll-.ing Organlaatlon vleltod the M.W. Kellogs O~pen 

to dlacuee the problema noted bela-: 

Organln.tlon 

8oe1na Aircraft Co., Inc. 

Wright Field (Ordnance Lab.) 

SubJeo18 Dlnueeed 

IJuldance Syeteme 

Control Kqulpment 
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+ SPECIAl. PR0.1£CT.S 0£PARTMENT 

SECTlOt: III 

A. $"/EPl' l!MlK tm:GS: 

It is known tlmt rulatiTely high lift-drag ratioa can be obto.tnfld when 
tho leading ed.ge of the 'll;illl! ll~s wull tu~d.ernoath the J.!ach cone. To achiev-e 
the !.utter condition w:ui, at the &1&1'10 tine, to avoid Ill\ u.nrea&Qnably lone: 
wine: compared to ~he r~ll:ttively short air to e.ir niaeile, a speed X'aJl46 
lower th&n the p:ruvious rt.nga 11111 be considerltd, t~B~!Wl7 1400 to 2400 tt per 
sao. Thia speed range and altitude requires ~hat tho forward vertex ~la 
ot tho halt 11ing be not grcatol:" than 20 dog. 'l'he tot~t~.l drag vera\14 lift ... 
watght ratio tor a mtoaile with o. delta type wing o~ 6 aq rt area and a ~~ 
Willg ronard vertl.lx angle or 20 dflil' 1e aho'illl by cur'i'el!l P..l Wid :r-a !'igure 
1 • .:.t a speed or 1700 tt per alic and an altitUde ot 30,000 tt it ia to be 

noted tram the latter curve that the reduction in total drag over tbe total 
drag ot roiaailea •ttb wing plunfo~ ~c~ or WO" (Fig 2 ) 18 substantial {~l 
and li per cent reapoctrully) tor lirt weight ratio of 9, lloweTer, it 18 
also observed tht~t tho l'equirod ftl!Gle of ottack needed to SiTe e. lift-weight 
ratio of i at a speed of 1400 ft per sec at an altitW!o of' 3()0 000 ft is 17,6 
deg co:-;pued to 11 deg for that l"Bquirod for thiEI 2.1 aepect l'Stio r~:~ctangu~ 
lar wing, diEinotl!ld as we~ in Figura 2 , This high sngla of attack will cer
te.inl;y prove to be a groo.t diaadvfllltu@e if the lou of lift occurs at tM 
thoorotice.~ sl:ock det!iclll!lant e.Jtglll of 9.5 deg corruspondiliB to the t'li.Bht 
:!e.ch nur..b=, Only if p;r:ooven tMt it is the l:ttch nurn.bel' cor;r:oesponding to the 
c~onent of the tlo~ no~l to the leading edge ~1ch mo;r:oe closely detar
n:inea the phonor~.tmon Will this wins bo ce.pt~.ble of F:iTing r-.sonabl.y high 
uccelorations at a reasonable rungo or speeds. A roueh chock of the poesi
blo "or.e c!'uncll zon<!,. for a. ::;.isaile U!lint:; a 20 dog delta type p1Bntort:1 indi
cates tb.at it r.lll;y be t~~~r.a.l.lar th~~on tbat tor a niasile having a ape&d l'e.JI88 
between 1660 nnd 2700 rt pel' ~:~cc 'ffith a .2.1 aspect ratio rncf,e.ngulnr wing. 
On the othor he:nd the for!UU' aiasilo he.e a le.unchlng weigbt &dvu.n~e ot 
approximetel7 50 lb OTor the highur speed mi!l&ile. 

According to trie.ngulur Wld sweptbnck: wing experirlonte run by J"ohn 
Stack of t:ACt\ (R:uference 1 } a delta Wing ~~riincos 8l'Tattc behaT:lor of 

~h~al!~! :i~~~t~:!~t!~~:;n ~~Rw~~~!:~air-tnet:U~~gxi~;:ro~n:he~;~ 
ward point or the delta. mtan one axfU!linee Stewart!!' Thoor;;- on delta wtnss 
it is oxpaeted tbil.t this phenouanon is aUnilu to the instability Which a 
etraiaht loading ede;a wing expGI'im:cee when g~ns tfu tho tramronic range, 
For the 20 deg del1;a •ing under coneidel'ation tf ~ tan w0 becot~ea equal 
to one ut e. apeed ot .2920 i't per sao at W,OOO rt altitUde. A mtU:imum 
boost speed or this ruiseile a1y have to be lirlited to about 2400 rt per sec 
in order to prevent tho nie&ile frOID becoa.ing uneta.ble in the oparatine; 
re.na:e, For unlike tho stre.ight leading ed.ge t;ype wtn,g, tho delta wing mis
sile does not have the e.dVWltoge ot buving the booster thl'uut available CJ.t 
the time w}'.tm it could quicld;y push tbe missile thrauch tta trfS.DsOnic ro.tlge, 
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711181)7 a dolto 'llling is 1wlioat8d ~ be ot quationsble valu& tor highi' 
m.a.neuverabla air-to..._ir missilaa by Bo.ing's Wind t\liUlal. axpe:r:I..I!IBI:I.ts, Enn 
when thila w1Dg •s operating well Wldarneath tbe Mach CQIIl, tha prasenea of 1' 

a short body appaare to alim~'tlll its hi@ll. lit't-dreg ratio adV!lntllS1l <Jitar 1 
rectanguJ.v -.11188. l!owev!U' tha Jll'8BII.IlOO at a body liid not aUJIIinata this II 
!W.VI!lD.tiiCO tor the aweptba.ok: wing at (lOf1StEint cbord 1d1b ih leading and 
trlliline: edp 21 dag Ulldarn.eath the Mach oODEI. It appears thflt oporatiag 1 
thia t;ne W1DS 21 deg u,ndar a 36 dag Me.oh com 1 corresponding to a Mach I 
11umber of l.'l', baOOJDt'Js Ulpl"eCtioal, partinu.l8r)7 11" tho '111Dg is to be madill 
IWYabla. 

B. LOOA'l'ION OP 'l'HS MAIN l'!INGS: 

In P:loogreaa Report No. 3 (Retereiii'la No. 2) the effect or the location 
o!' tbe ma1D. wi.og on thatotal drag, attitude ot the. tua.W.age, and tlla angle 
ot attack or thaWing 118.s shOWn, By u.au.g :re.aul,ta or w:Lnd tunnel tests 
oollduoted at Abardee11 tor tha Boeing GAPA aircraft as a basis, tba arracts 
or lahl'lll aoeellllratiou, interference trom the wtng, and tail oriantetion 
WQre computed and era ehoun in P'ii!;Ure '3., 

lo J'or lerga e.caelarationa, ad.Yonoing the ld.ng t'Ol"''l!rd by a Bl!lllll 
amount :results in e deo:reaM iu dl'l!fj, en incr&~tS1J in the fltlgle or at.taok I 
of the ruadago, fi.Dd a decrease. in ths ~tllg).o or attaok: ot the w:tce. 'lbaae 1,'.'1' 

e.rteots ara Bhollll to be llllll:'lU when the accelerations ere las!' than 5g Ill" 

when tho Winge ara not loeatel1 t'urll:ler than 0.4 rt art o!' the og. 

2. Tha etraot or intartannce batwean Wing and tail ia. to move th!J 
.-J.D8 loeation tor ZeN trim nnele aft. This intlll't'8l'llllC8 has little!. atreot 
on tile reduetion in drug which me.y be ciltebad tbroueh moYine tho wing for
e,.., 

3. By rotating tha teil sur.f'eoea 45 deg tram the wing aurtaoae tM 
inta:rte:r&DCe effects trom the wings, ara lllll.rltsdl.y redueed. Tharerora e. 
oon1'iguration W1 th a tail rotated 45 dag Will be adoptad~ 

' 

i 
It ie to ba noted that for 13 g eoceloU"ation the raduotion in the total! 

drag r.ueohes a lntlXimum when the wing is loeated obout 0.4 ft forward of the i 
cg; wbe:re a reduot1on in dreg of aOOIII. 23 'J)&r cant is obtainad ovar the zero ' 
tri.m location or tbe m.ng. Tha priDCipol adva.ntaae of onallP:ernP.W:t B (Ref
"'renoe 3) which is the identity of tho t'u98lst':a axis with tha fiip"ht p.eth, 

I 
u not believed to ba sertouaJ.y imp.ah:-ed. For t.:iB raason tha p:raaant de
oi~::n is bll.!lfld on th& center or prossura of tha wing baill8 locatlld 0,4 :t't 
tot"'''!U'd at tho og. 

c. 
II ,, 
tl ,, 

The <!o-a:dol type boo!ltar vrlll be tha only type oonsidarad aarMynemi- '11 
cally, tha paralla.l t;tpe booster batne disregarded ba.cauea or it!l mor11 CQII- i 
plex jettisoning l't'oblalll aa well o:~a its apparantly poor eerodynamio :t'aature.a.ll 
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SPECIAL PROJECTS DEPARTMENT 

'Dle lAtter la most ip:po;rta:u.t baeauae it la tbo pr1a fU- 1ZI. af'f.otillg the 
perfclm!Uloe at the IIICtlurr ab'oratt. Al1:hotllb ~e oo--ext&l "t1P• at nrn hall4 
apopeaH to be e la .. oaqaot deeisa fftaa a leuaohl.QS poUlt or 'Yf.,..., a 4e
aigll prooedUX"a tc. lllili.UIIlza Ulia 41aadvantap has beflll. oetablhlw«. 

'l'ha probl• :r.aolvoo i·teolf into &rr&D8i:u.g a po:u. •18ht bcolfter ill thil 
laaat epe.o. bf Dakius tllo booster :tine a oo:u.tiDuatlon or tbo IIUJJtll"&OlliO hil 
of the aiaall• wblc.h lllinim.izoa the lnterfel"'OItle bo'\w!len th ... 'Pro flu -
wll as the iuterf81'G~e f~lll. the •la wiDs•· Ill Mditlon t:be og or tlle ale
&ib-booater oOIIblD&tlGD. la kept •• far forwvd 8B po .. ibU "'MklDI tbo 
boo.br c.f 11.11 ahc.rt • lellgth IIIDd •• large a dlameter as Cood roont .110to:r 
design will permit. In this JMII,Ilel' the doatabillzins a:ttoat or tbe at.D. 
wi.Da, 111 m1Diait~ed, P'tlrtheDIOl'& • laZBfi &lloa&'l epm ot tlle boocter fta ia 
takan 110 e.a to IU.1nbl1zo the effoot of upeot ratio Oll the 11ft. 

B&ae4 upoa the abo" delliSn oo:u.ditiOJUJ 8IUl he.TU&: gi.Ya tbil .relation 
blttnen booator lttDg'th llDd dillllll8ter for a sivea. -14Jflt at booB'tar tlle t'ia. 
ll:nta may he lletar~~~1Md aa the ISOlutlon of a pair of aimultal:lltOus equationa, 
These eq,Ulltioll8 erpr1ua ave.ilable t'lD GrM 11.11 a tunotS.OD or boolftar leBSth, 
and raq,uired eree. to:r noutnl stability as 11 tuaotlon of booster le~. 
'l'bia wu don. at a ~JPe&d 1111 hlsh as anil.a.ble dAta •tN!d ]18m1t, D11.11Bl7 at 
Mach nUIIIber o1' 0,7, The raauJ.t1118 280 lb booaiar u4 t1.11. dealgn 'tor boost
iDS tb.u 3SO lb lllt.lld.le ill ~ aaooM.e 1a ehow:n in :ri£11.1'18 "· It IIIWit b~t 
atraaaed that tho proo~tdure ou:t;U.ne4 abwe is c.DJ.:r a 't:Lrat approaoh to the 
IIOlu'tion o-r tb8 probl.&m c.r 4eaign1.11.8 a ttil IU.itabllt rot! the 'truaonio re,nee. 
'Ill• probli!Ujl. ot abapiM tba tail a.ll.d poaaibl7 tbe wllllr' 'tor atabllltJ' &till 
remalu. 

D. ROl.Lil¥G ~S: 

A oruoif'Ol'ID 111111111& or IU1'I otbar 'tl'Jia which has radial .,._t17 e.ppeara 
to haft no aerodyMIIIio lliCIWIIlta -.blob teld to roll tba alaatle ooatilbltlurdJ' 
about ita loDSitudilllll ma~ However ai~ l!lllppiJ16 a 1llins oe.wsila ~rt
cal. cone affeata on th• tiJ)II ot the Wlllg operatiD8 at an angle or attack to 
produe~t 8ll. unequal diatributlon of lill acl'tlla the wing 'llblah 1A turn will 
produce IIi rolling -t. A f'i1'11t appro:tilllatlon of tJa raUi.11.8 -t• of 
a 2.1 .aspect ratio reotancuJ.ar wing nri!N8 ugle of sideslip t. ebOin\ :Ia 
flauN 5 t'or ...,.era.l aJISlea Of attack aDII 'tliiCI llaoh ~ra. It wae tiM 
tho\lf!ht that a orucifol'al a1aaile Which ""'" deatped to tr:t.m. out at aa azasl8 
of atte.ok c.tbar tha.n :~aro rd.gb.t have a te.11.&mo,. to roll rrtddll:r 1lbe.11. bo~ 
wt.nea -re <:J]!BI"~ti%18 at a.11. aa.gla of attack correapOII.di.Ds to a 81ve.11. e.ooabr
atlo:u.. When this mias1lo t'l'lms out 1.11 SltCh a ~~~r. ddasllp oooara c.n 
both wi.JJga aueh that the aiiTJI'IIW!trlcal oOll!l t~ffeota W"odlloe rolliDQ: mo~~~enta 
c.n ee.oh Wing 'llhioh ara equal but oppoaitlt in dimotio.n. on. 8pproximate 
analyaia uaed ahowa thia to be the ca.ee .II.CI 11111tt.r -..bat oo=tnatio.ll. of ana:laa 
of attack ot ltBOh wiAA 1a ueltd aim e tbe e1deal1p 111 here a lb18ar fwl.otl.on 
ot these e:u,gl.aa of' atie.ok. It ia pertinent W •nt1oD. hen that w.:r. Hll
ton ot JuhluJ Hopll:ina Applied Plvdca DOUP baa toW14 a almUe.r oa110elllng 
or rolling m0111anta beolluae of tbe 6t.'fect of e. tua11laga on radlall.:y ~tri
oo.l Wl,xr.g Or fill arl"flJlgea.enta. 
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An ast;ime;t& wUl now be m&du of the l'!lllJtirm-. pollsible rolling CIOt:liiD.ts 
llhil:lh aay a:ist tor the miasile shown 1n F18\ll'S 6 When Uy1ng at 2100 tt per 
seo at en altitude of 30 1000 tt with one wing at a lirt•waight ratio ot 13 
or '1.5 deg engle of attl:lck. 

Jraa Figure 5 it is to~d that a 100 tt per a~c gust ot wind acroso 
the abaTe Willi:, cauaing a 2.1 d!J6 sideslip would prodl.ICe a rolling nomeut 
ot 30 tt lb. In as I'IUCh as the mieslle ia tr1.11aed ._t sn alll!'le or ~.5 deg 
tor tbie ouo the tail would al.ao pl'Qduca a rolllll£ !llOOtlnt O:r 4 n -lb. A. 
111'1Jl6 dihedral of 2.5 deg l'asult~ f'rOI!I. the abova l.Qad cauaos tm l!ldditlonal 
DIOIIUillt or 50 t't·lb. Allothlill' source of rollinB uom.ant could be due to l!l$.liU
taoturbg tolerance ot 81ly l/4 dog .ciaal.igiUllont ror BQ.Ch halt ot the oruci
torm wt:o.g and tail all adding to givo a rolli~g moment of :31.2 t't-lb, It 
may turther be O®Ceived, for eat1tnl'lting purposes only. th~~ot the :t'irat l"ont
io:ned source o:t' rollin!!: moment exists f~;~r a vffl'y abort fiu.ration or t1ms only. 
Thia would cOI:IIS about by assuming th11.t one set of wines ot the cruciform is 
:tirot bodne; 11-idaslippad bf virtue or th-' :rlni!a tri:r~ position p!'oduced by 
the other -.!nga tmd th8n the :ttrst let ot \lings is 11-uddenly I:IOVIld to its :tull 
~la at attack position (7.5 dag) before the ~isailo hna tima to tr~ out. 
Tbe rolling ~mant Which results tram thie hypothetical caac is 60 ft lbs. 

Now as&UIIIEI allot the aboVe conditions exist at the B!UhB time to give 
a :posaible IIIU:i:rQum rolling mo!Dinl.t at 456 :tt-lbs. For the mia1:11lt: shown in 
J'igure 6 , each llaU o:t a pair of the main 'lflne;s would have to r..ovo e.pproxi
llllltaly, 1 degr"e differentially to stebilize this IDOiliBnt. A ,;~t o:t 'tlippars 
with a chore! or 0,67 tt ~>.t~d h .. l.r span or 0. 7 tt could stabilize this S!ll:l8 
.auwut by 1111Will8 t~ach dittertltltially to an an.:;le or attack ot l.6 deg. It is 
to be ~ted th .. t the ~ve dr~ ot thsau flippers alone would increase t~o 
total 4rag o:t the ~~~aile 5 par cent, 

Theret Jre roll st<~bilizine t!." J:,issile by moving th" :::sin 'lings di:U"er
enttally is p!'eterred t~erod:yn!>lllically, unloes this Uecooos 1.r:;pl.'l.1.C";ic~>.l. troL. 
tho controls poiut ot vie•v. 

An analysi8 -wae mde to show th<:O ettuct of two raieeil.es on the partorn
auce ot the t110ther airplane. 'ntis IUial.ysia lf&.S nll.de by asaurJing ti. sot of 
aerod,nemic characteristics typical or a modern tighter airpl&ne and combin
ing these With the thrust VtllUBa of ftn aetuel turbo-jet un~iue sui~able tor 
a tighter desigh. The following tabla shor1s thll values as,.nned tor the :per
tinent airplane !Uld r:~issil.e ehltracteril!ltica. Included in the analysis oru 
drag compressibility corrections obtained tr~ data in Reference 4. 1he 
data are results tron high-speed >lind tunnt.ll teste conGuctsd on a ,:3 scale 
tQOdel ot the P-47 airplane, S~nH1 tho tlirplano ~mal.y".:ad iB assuood to be 
~t-e:rod;yDM11Cally much cleaner tbtul the I'-4'1 airpla.nEI, one-halt the correct
ions givEin in RoterwHlll 4 11as used in tb<.: tUJOlysis. 

The thrust values used ur8 thoM :for H OllB turbo-jut ony.ino 11hlch 
tlll"n1.sbed .3080 lbs of static thrust .1t SL (5) 
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l, A.IRPLAriE 

GrOiliB WEJil!ht, "· lb 

Wing Are-~~o, s, sq i't 

Winc ,\spaet Ratio, • 
Efficiency Factor ( O!t1V«ld) I • 

Pw;-aaih Dl'llf: Coat'ticiant, c,, 
•• NISSIL& ( P:i:R SIDE I 

lieir,ht, "u· lb 

Body Fron~al. Arou, '\;• aq tt 

!'&rnst te Drac ca,tfici.,nt, coc:.~ 

Induead Drt.~g Coett1c1e11t, '"ru 
(i"""'C[• 

* Basod on body t'rontul area 

AIIU'U~l!. A.'ID lf.IlliiLE ClY\I:AC:'E!IIS1'ICS 

10,000 

200 

5,0 

·' 
.0160 

750 

.442 

• .BSO 

• .0.122 

Bv _ B....&...fl:_. -
Ct<O f.,S,I,I)_. 
DATE~·.aot~ 

R£POAT No. 
sro_6L_ 

TABI..E 
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Using th~sa valu~s 1n conjunction with c~aaaib1lit7 correotiona 
obt~1ned tro~ Roteronce 4, tho elaaaical portormunee •ea q&lculated tor 
thrt~e eontlgurt~tione: 

1. A1rpl.e..v.a lno m1ea11flla) 

2, Airplane plua two miea11es (internal atow.ge) 

The rueulta ot thaee Ctllculutions m"fll oho10:1 1n J'igure ?, 

E;i;IUQ11!ut1on ot Figura 7 leads to tho toll0111ng Ooneluaionat 

1. lntarnally stowed ruaa1las yield a raaaon~~;bly IJI!UUl rCJduction 1n 
lll;lthel' llirpl&nG ped'ormanea. 

2. Ezt~U"Dall.y stowed rrlaaUes produce oan~;~idanbla raduetiona in 
mothar e1rplana pe.rtortllanee, 11.8 indteatad by l!'igure 7, 

A camplU'iaon ot the atteeta ot 1~:~ternally lllld oxtarnally liltowud rni&lilil 
on the parto~nca ot tho airplane 18 given in Table 2, 

Ill conclusion. it should be noted tltll.t the valuae are probably eon.aer
vative because no account of 1ntertorance dr~ between airplane aud the ax
tarnal misdlea was token. Zxperiu:~.ee with underel\UI.@l bombs and droppabla 
fuel tanka shows that this oftect may tncr~sae the rosultagt drag appreci
ably, 
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AIRP:LANK PilR'J All!PLANE ll!.1lll 
2 MISSIJ.iS l}.'TBB.- 2 MIBBII.ES ZX'l11& .. 
l:ALLY S'l'OWitl 

1. <.,.V max at s.L. - lllJ)h - 5 

2. ,_V max ll.t 30,000 ll't - mph -10 

3. ~ nl8% ll.t S,L. :rt por nin - 5'75 

'· ~at 30,000 l"t. Ft :per m1n - 275 

•• L,! to 3000 Ft. r:in + 2.75 
c 

•• LH (e~JTvica clliling), Ft - 1000 s 

TYPICAL VALUES FOR En"ECT OF 'l'llR) m"r'EmlALLY 
M\D 1'1\10 EXTmNALLY S'l'OWED MISSILES m1 MO'l'!mR 

NALLY S'l'OJID) 

_.., 

-<5 

-800 

- '"' 
+ 6,25 

- 5300 

BY RBf 
CKD E' S.W. 

TABL£ 

• 
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In the t.D.t&ria period covered by thle Hport the etruoturee f&I'OII,p ooaoa~ 
re:t;ed Ue effortca aa ooab:ln:lq: all prn1ou. uahul1oal daeip. arrarte 1111d the 
d.a.tgn requ1remsnta or the other A1'0\lpe ill:to tba aeohanioal daetall or wo 
1'17l!OtllaUoel llliae1lee. tm.e a 550 JIOIUld lll1ea1le (boo.ter •debt DOt holu4ed) 
with a euet1:1:lner IIIOtor and a 4.-ta~:rbable booator qd the other a 290 pound ate• 
llih (weisht attar booat ) w1 tJ:t.out 11. auata:bl.er IIOtOl' azad with a boo.tU' whioll 
t. ntained attar th• bootlt period. Tl:t.1e work wae doJW f'Ol.' the purpoae ot 
1Uw.tnt1Dg th teaeabUitJ of llb7•1cally :lrlcol'pON.tlns: the nrioue OOIIIpQII.• 
ente :lnto thia tJPe or a1aa1lea u.d to tuoi.llg to Ue:ht the 'IU'ioue p.roblUill 
or a Jlinor nature which ~ otherwise be o"terlook.ord. 'DJe reaulta o:t th1a •oJ!'k 
app .. r in the moo Phaee I. Pinal Repol"t (6). 
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S!C'l'IOfJ V 

.Dul'ing the period con·red by this Z"eport the lll'OPIZleioza £%'OllP worked; 
directly With the taetloal analysia group on the JltuUe •'nll~~&t10A JU'Oblaa. 
'l'.bis WOl'k caaeiated or the eompariso.a. ot weight. end l"allf:&a or at.aUaa 
luni.Qg Ykr1oua tb..ruet achedu.l.ea and IIDtor Ooabillattone. 'Dle t'eeulte or thta 
work appear 1n the Js1X600 PhiHIE r. Fi:t.al aeport (6). 
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SICTIOlil VI 

Ao RADIO IQUIPMDtt rmt 'l'Hi: 'l'WO BIAW ClltOWID NAVIOA'l'IOH SYS:'J'I:M: 

Tba two baUI o~ navlptton oJat.Cia diaouned h.ra io tot' VIe purpo.. 
or ,u1d1ng a ou,.r.onto pllotlooa alrorart toward o0111a1on with a hilh 
pertonaanoe ~rbome tarpt. 'l'bP guidMN aqulpant clflaOrltMd oporataa in 
ognJunotton with a tupt U"QUbtlon •T•t.a end e. abort. nnaa tarpt aaelmr 
to &uldo a ..taatla or aU.her ot"IHI1fQr<a or •no•lrt~ oonft&IU'&tlon a.l.Oftl; wcta~~ 
selected traJaotoi'J'. The operation ot tbla a,.wa u p.rt of tba olo .. d O.JCila 
ID18t11la oontrol aJ'at.a Md ttw Ml8Gt1on or tr&Jootorlaa and ooapu.ta.t1on or 
the oceund aipo.JA; h dlacueaed a1ant.r. (7). 'the ayat- to bra paorlbcrd 
here 1111.1 be U811d 111t.h a llu.ber gf different traJaotorJ chCJloaa UMl prcwidu 
d•te. triiUiollliaolon cbannela tor a nu•tl*lr or dlCtel'lna: •thode or COillpUtlq tha 
o~d a16ft81•• 

U1aa1laa or the orucirorw eontl&Ur&tion ar. oqulpped wUb two aata of 
aO"'fabl• tringe or tine vhloll •1 be turn.d to sin the aJ,Hlla uoolaraUon. 
aJ,ons two mutuallr ,.rpencl!oll).~or ana fiftd in the llll.aaUa. llbnodtll m .. ua 
a.cb!Gv. the Palnd tuMUI bT l'Oll1nC abou.t the lona1tucU.nal a.xia Md tumln« 
rin&B or flna to give M aocelan.tion pel'Pflndlcular to tbl lcmaitudino.l &Xia. 
In either case, two eate or e~ontrol Bi11Jne.la azo. r.quired in the ~~~~ 
•J•tem. It i• allll(l p001aibla that tn tha aa .. or & ldaeUe pennd bJ a 
.wetaJ.I'IIIr .,tor it 1118.1 prove to ba daein.ble to control the acoalaration alo 
the loft81 tudinal uta. Th1a llfOuld require a th1r4 cont.I"'l clulnnal. A8 
devalop~t prooeada, ~ need tor additional control, euob .. adJuetin& tho 
aenaltlwltT or a control amplirlar a- a function orr~ .. , be dieoowered 
or one or a,ra or the e:JICiDtina n .. da -.)' be elbd.~Wotad. Preli.S.n&l'J work b:t...
been dona on the ba.aie or tour proportional ctNtnnele, or elcbt on-orr chsnna 
in the dea1an or thlll trenaadaalon aireult. 

A faotor •hloh lllld.ta tM nW!Iber of obanncob vMoh 11a1 M carried Qft OM 
tl"&nnllllieaion eyetalll 1a the IIIIIX1- !*MIIbeible t111111 delGJ in trenud.eeion of 
e. coesaand. Since the cOielllahd traneldaelon llak h a part ot e. olOAd c;tele 
control eJatelll, the tilllll dlllbJ Slit biJ held to a lllinllllWio lt, tor exuple in 
the pulaed cOIIIIII&I'Id •ratam, we uae 1,000 pulaaa per •ocmd 1 aftd a train of 10 
pulau la ntqulr.d Cor- a ooapleW eat of o~d al&nala, then the complete 
"t le eant 100 \111111111 pel" el'!cond, Md tbe IIIIIIXiiiii.UII dela¥ ~nt .. on lnaar-tlon of' 
the ccn.and in tha tra~~eml tt.er- and ita 1'0118pt1on at the rocal~rar 1• 1/100 or 
a ucond plu111 tha tl~M or trN181111.aalon throue:h the clrouth and apaoa betftltn 
the r-acalll'&r' and trana~tter (50 lllior'Oaeoonda at 10 mllaa). If' tvo .. t. or 
puleea beartne: the •- Ooll!llllld ar. raqulrod tor eaourlt7, the Cl'f&rall tran.
~1••1on t~ 1• a little $Ol"8 than l/50 .. oond under- the Biven aaau.ptiona. 
It the n.UIIIbar or ehanna1• 1• tncre~W~ed, lnc1"'1Ula1n& the n.Ullber or puliJIII& per
at, than the overa.ll tr-.nard.ealon tim 1& alao inen&a~~d. 
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Flalre 8 b • block dhtsr- ot tho -.jor .t.-nta of tl\11 two be
coeaanct naY1pt.1on •J•t.nl-. In tllh DJflt.em, t.hl tw'Pt. t. ObHI'YGd oon.t1nu-
0UIIl7 b7 a t.nckine: t1pe ot rad"l" eat counted in tho la.unohlns o.1rcn.ft 1 t.M 
ldoeUe 1a obaonod oont.tnuouelJ bJ 1110t.t1ar tnckinc nt., e.nd tbl oOIIDI&tld 
el~le Nqulred to .Ue t.bl rll1n11e folloe e. pven trajeot.orr are o011puted 
a.t tl\a l&UnGhll\8 &ii'Or&ft. .nd tranaldt.ted b7 radio to tho mt.ao1lo. In 
pr.a.ot.loe, 8&ch of the blooD ehown le fr.irJ.r oOIIIJ'in beoau~t~ of the CO!IIpll• 

oa.tad o,.ra;t.14nl carried out, end booau• or thll tht• .. prlllarJ ooordlne.te 
•Pte~• u .. d. Slnc:e tho lllllella e.nd the launobln« airora.rt. are bCit.h 1110v1nc 
vith 1'8apoot. to & Uxed tMIII ot reteranoa, and t.taa e.1r t.hrOII&h •hlob t.Ro 
ntsht. i• o&rrild out. ie a flxed or f'll,tbliJr alOWlJ lliiiYi1'11 flll.dlu•, n nl8d 
aoordtna.t.e a,.et.e11111 t1:1111d in t.bD ld.ealle, t.ba launoh1ng alro.n.rt., and. thl e.lr 
{or ape.oe}. 1'ba ocordine.te eJDteU lhted are all rr .. to rot.at.a vit.h reepa 
to each ot.h&lr, and we 1111.1Dt. therefore carry out t.ra.ndonu.t.lon troll ono to 
another 1n order to relate t.lltt c.\e.ta obaerveJ 1n tlll a.trcro.ft coordinate to a 
o~d etgnal •hlch ahould be siven in ml8alle ooord1natea, Th1a prob1a111 11 
dhc1111eed tro111 thD e'Uilldpolnt. of thll co.putn 1n another report. ( ?) , but U 
&leo t.ouo'hee on ttle deolgn ot t.hll oQIII'IIand radio ClllUipMnt, dnP lt. eh0118 
tho.t o11e or 1101"8 channel• tor into,...tlon tr0111 the mbe1le \0 the launching 
e.lroratt 'llla1 be roqulre4. Followlna ttul temlnolO&f of a. oapt.ured. GermNI 
report. on 1.hll •ubject (8), .. -., ho.ve tt. coliDIIU\d a1pale referred to 111111 
osw of the three ""' of aoordlne.te• end evaluated alt.bar e.t t.lll launoh1n& 
alrara.ft or at t.l* 111e•1l•. l"lsure t eh"'• block d.iqr ... tor t.ba tollO'II'ln& 
OMea: te, -.!.•alb Nhrred mleella BV..lua.tlon; lit, Jld.aalle reterr11d &lr
cn.tt avalua.U-on -.J.th the .. eumptlon that. tl\8 lldaelle 1• roll po•lUon •t.abll 
1A4 and ntae aloq u •• lonslt.udlnal axta; ta, ad.••Ue reterr-.d a.lrcl"'l.ft 
evaluation with roll poslt.lon tranaadt~d tr~ ml••lla to airoro.tt. and with 
tlll Mllllf9t.10JI. that. the mh111la filae N.ons ita axial M, ad.nUe r'OU!'I'IId 
alroraft. eYaluatlon vlth the mieelll roll poaltlon at.ablll .. d and elth th• 
mlaalle e.ttltuda tranelldtt.ed to t.be liWftohlng aircraft., 'l'be laot. ,,.t.elll Us 
e4 will requlra t•o da\.8. otw.ruwla (l'OIII the mta•U• too tho launchlns e.trcraft 
t.o provide coordinate t.r&n*for.at.lon 4at.a. 

As we ,., ... trcm rtrre 7, a. oon~~r&~~d ehlch te ••nt to the mt•alle 
tnnuenoe• Ule dlrect.lon o ntght of' tha ed.ealla and l.bUe ita epe.oa poeltton 
at an7 lnetant. The otsanse ln •pace pcelt.ton ia obeerved by tha nd.ea1U 
t.re.Gklfl.& re.dll:r .. t, IUld lobi poalt.lon data. ted lnt.o the o0111put.er le ona of tt. 
thlnp 1111ed 1n OQ~~PUtlng further o=-nde to t.ke mteeue. Thle •ana that. 
the lllaeila control 17et.G1111 eonteJ.nJI a te•dbe.Ok path. The Operation or the 
antln eJ•t.e• le thua t.h&t. ot a cloeed OJ'ole control. a;pt.IJm or 88J"11'0DIIlChani 
The ezut.•n.c• o! thlll teadbaok liiiPOH• oart.ll.ln ccmcilt.lone on the opera.t.lon o! 
eO!IID or the component• Q.dd. Tbaaa are dhcuand ln a report. on tbe over.ll 
eol'lt.rol problem, It must be re~~~~&!Bbered, ho1ti!VII'Ir that ohll.l'lP• in M1 or thD 
parte or t.tw cloeed loop Jllll.7 have an $rtverae effect. on tne at.ab1Ut7 or 
acciU'a.c7 or the leap, 

The equl~t. tor a. typical t.•o ba- e~d ayet.ell 1ncludfl• a t.e.raet. 
t.raGkln& nu:l-.r .. t., a 1111••11• t.raoltlng radar eet., a Collldlar\4 co111put.er and 
auxilliary equlpJIIIInt. lna'C.a.lled ln tho lauJWh1llS alrc1"att.1 ancl. a Oo11J118.1\d. 
recalver, d•D!Odl.lla.t.o1", baacon, and auxllUa.ry date. t.ra.nsllllt.t.er iMt.alled ln 
each 1111U1U to be controlled, 
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!M t&rpt. 1.!'&Cil!11J8 radar ••t q 11toaoct till t7pe no.- norwllJ vaed for 
SUilfii'CI control fJ'OII &li'Dratt. lt aan tru.t ••l'J aoountalJ in a.naJs at low 
llftP}e.r n.t.o. Ranp &OCUrt.IIJ ohould -.!.Do be SOOdo but U ia of aacond.vJ 
illpO:'tAilaa to M&Ular a.cou.racJ. '1'bfl antenrw. 8J8UIII 18 p!'Oba.blJ or tbl IIO'Iine; 
axle t.JPII, udns aUber a ocm1Gal aoan 02" t./111 never ttOnopulaa taohniq\111 tor 
aatnma.ta d1No1.1on t1ndins. Tbe """ Which drha tbt rmt.arma ll!aJ contaln 
atn lhiDOthtrrc oiNilU.a to 1!1p2'0'10 tna aooiJl'UJ in alow t!'&Cild.DC rat.aa at \ 
axpenu of rapid Ml'ollar tru.ldq:. Tha J'adlu- .at.onna _, alae haw dat.a 
naolYan d11'8CtlJ att.aor.d to tl"Ul8foJ'III the radar t.AC.tinl!i data from tho 
oool'ldiaat.aa of t.r. lalm0h1ns: Uroran. to t.ha ooor41natea or tM ad.nU.a or of 
fn~a .,aca, Oltpeftdinl on t.be 1.Jpe of ooapute.tiOI'l wlltoh _, be ••Plo,..d. 

'h'laoktna or t.be a1aa1la With a. lillpl!l l"'idar act_, bil poaaibla t.o thl 
dsa1n4 l'WIP• • but ttiO dopendab111 tJ of the IJII'toa oan probe.blJ be 1lllpro"d 
ooaider&blJ by t.be uae of a radar eat which t.rutt a beaaon in tbl 1111 .. 1111. 
n. at.eeite tr.oldnc NdU' -., then be a r1re ~antrf)l radar Ht 81nd.1ar ta 
that uaad. ta tra.ok tbll ta.rpt. eso"t tt.t tl• .t.eeu.e: radal' noe1var ~ bfl 
tuMd. to a Huon fNC(UMJ dUtarsnt tro. tM trequanor or 1~ o.a t.nA~~IIltt 
•r. Md. tM uatanna. •r•t- -r ._ 11041Had al1ShtlJ in Ylev ar the hishllr 
nco1n4 pont' ...,al1Jib1a t1"'lll tbfl beiltiOI'I Md tha pCMJan1a d88in to at&b11i .. 
tbe pollllr'1aat1on. or the tn.M111tted OJI;IIt'IJ' r1"911 the aiaaUo traoker. The 
a\abiUaatJ.on NQU1~t will U"1aa onl.)' it 1t 1a not poaa1ble to aupp1J 
1111tr1o1ent ,_.r W t.he al.aa1la to t1'1&Pr the beaaon troa ~1 parte or the 
COI!Iieal 8CUto In. OUI tba IIOI\CifildiJil tfpO or troaohr beOOIII .. twa.lleib10 in ti .. 
ror u•, tbl •tab111 ... t.1oa will haVe been accoapl1aMd. It v111 pl"GbablJ 
pl'h'O oconoalc~ to U88 tM alu1lo traakar t.J'UU1mlae1on to oarr1 o.-n4• to 
tbe atae1l8 lillld tl• nopunn or tbl llleo1lo. b8aoon to br11'18 ncoeseary &uidan 
41.ta baolr tram. the aleaUa to the oDB!IIIMd oOIIputer. 

It 1a p~dble to .seaor1bo· t.bo npve.ta cc.ponenu or tho OOJIIPlato 
878\8• qUite fullJ in torw or P"'"nt toahn1qu... A OCII'Ip1illt8 d1aouea1QJI. of 
the •~JU1JIIII'nt tor data tl"'UUIII8188ian Cro!ll a1rora.rt to ml.o8U8 and t'l"DIII 11188118 
to a1raratt, uo1na the pu1eod tranell1 .. 1ans or tb8 111••11• tl'll4•r Md beacon 
and till l'lllc•1Rn or the lll.oa1lo IUid th• traalrhq: radar _, be found 1n rster 
•ne• (9). 

a. IHDitT RAMalill mm: 
1. In M earlier ,..port (10) the tundaa.ntal. upeoto 

or the doYII1apad and a pneral. prol!lldure ro:r ooleGt1ne: 
the opt1!11W8 aeonr t.Jpe wu 011t11nsd. In. tM 1nUir1• period covered b7 th1• 
l'illport., a detalltld etWlJ or the trajeotorr p:rablell 1i1!U oomhtotfld, tentat1n 
perrana.noe apo111r1111!.t1on ro:r & O .. ftl' RMI preeente4 Mel thll d8Y8l0jlllli8'ftt at 
a n..,al t1:ad-uta rolat1·u-uspl1tuda oaakor ... prapoaad. 

Fr011 a atullr or the •rr<ora ancaunt-
1t 1• quite ~1oa:r that b&M'ln& a 

1n eat. a111111J'&CJs a rel8llat.10I'I or the 
p:re1118nt )0 toat adaa r..qulre•nt 0 or a reot.r1Cit.1an or l&unllhlne; a.1r
llra.ft te d8tanat10D point ranp to 10 0000 teat or lea•, a .. okar or aa11111 aort 
will dst1n1Ul1 btJ I"''ifollnd. 1a the tllt-800 W..aon•. 'l'b8 !):1 1mprovalfl8nt ln 
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l'Sdar "t. aoa1u•aor h a pc.a1ble bu1; not a probU:ae out.o- of l"llfiMant or 
Ute aonopuld tre.elcln& teclmlque. Thill JD foot lll.ea d1atance now apeutbd 
ooa be eh01m t.o be war7 m~arl7 opt.l- tor a ncm-atoalc Wlll'head.. It t.M 111•• 
dlu.anoe ie ln.o"aded b7 •oet tutor 11:')1, tile p"aent. 90 lb •&rhead ve11M· 
&tat be llllllt1pUed by a tutor roushlr aqu;al t.o d 1n or®r t.o malnt.aJ.n the 
ea. klll prob&b!U t:r, Tactical anal:reh tor AOC•SOO ho.•e abawn t.h&t. 'the aaJ 
portion.: or the let.Jtal aone aH~t be at d1•tano•• araater than 2o,ooo r .. t 
the launoh1nc point. for athat.lwe .t.aa1la daeisn. Tba launahlftll airoratt 
t.ranla at 1••• then. tlalf the meaua epead and the launoh1ftl &11'1:1r&ft 
dat.onatian point. ranp ri.ll tberafon, azaaed 10,000 taat tot' dsltoaat10DII 
.ON than about. 20,000 teat. troa t.he launobins point. There appoara t.o bet 
U.ttU 11Dllbood t.hat "*• or a ... nr ln ra:-soo 01111 be avoided. 

), 'lr~eetori••• In making a dttDt-.iled atlld7 of ••lntr dlleJ.an teat.urea 
(17), lncludns .. lgbt and ll*lfl raqu1roaenu, U..., raoeBBIU"7 to eat&blbh 
t.ontat.1Yfl apec1tlaat.1ana covering t.be roquired .. eker perfo'I'ISIII)oe. An 
a.naJ.:reie ot the eee.kar tr&JOotorr problllll and rolat1n aonaidtr&t.lelld ... 
lade and tt. approXimate translational bllhavlor charact.ariatloa whloh the 
111-800 rauet. have during the eeekina: pbaae us tabule.ted below; 

&laking ebould 1M! 1n1 tie. ted at a 
ana! Ill o Tbil p1"0HdUN il 

rand. 1a liiiiPllllt troJa an aquip•nt 

b. The optliDWI al181le .. t.arset r&ftP 
tor 1ni Uat.lon ne.v1aat.1on and eHk1na: a :ret. ... 
det.GJ.le and appear- t.o 1M! belt•en .-ooo t.o 2000 fa"et for t.llll oand1 t.loM ueu 
Ttle opt.l!IIUII rMea 111 the ranse •t. •td.oh ttw .. anr•a ablllt.J t.o No.op1 .. 
traJaator:r ttrroJ"G t1rDt baCOIIiltlll ~qu.t to 'that of t.hll noigat.lan eJatam. 

c. Midlle Cav!"ae. TM traJact.orJ anal.J•ie ii)Ciicatee 'that. an 
approxi111111:ted zaro rat~ of chanas of bell!"ini angle oouroe p_. '" 0 1a beat.. 
Thill ab111tJ or 111-Boo to fti&U a kUl t.a aewre11 l11111t.ttd during the aaaking 
phase b7 t.tte poor raeolut.lon ot UtJ practicable aeeker and b7 the large at1n1· 
IIUIII t.urn1ns rad1ua or t.hll lld.aaue. Full control IIIUet. be applied qvt.okl:r 
l!rhenavar t.M trajeot.orr error becomae sreat enough to be obaarwed b7 the 
eeeker it the lld.ettlle 1e to be effttot.1wa. 

d. Seeker Angular Reeolution. The traJector:r anal,-la 1nd1cat..a 
that, for the .... umpt.ione etat.ed, an angular reaolut1on widt.h of between 
1/2 des and 1 deg •111 provide sufflcbnt eaaklng aoourao:r. 

a. For th!l oondi Uon. -•u•d ln the tra.jec'toi'J' 
st.ud1aa the t.llle far the control of t.ranalatlonaJ. 
mot.1on 1n t.hl eaell"ins phaett b &bout O,Saecond. Becauae ot n!"Yo lillld cont.ro1 
eJet.em Undta'tlone, d1eaul8ed in 11. pa.ral1el Nport. Oft t.he NX·800 control 
e;v&tem, it -., be a.dViru~ble to make the seeker emoOthin(( tlme &e abort u 
pr41Ct.lcabl• end effect t.M neceaearJ SIIIOOthlng ln the 111111111• control 871't11111, 
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t • The 1......-leotorJ ana1,.1e lndlcate that. the 
ti'GNil&tlSNIJ. thGI aieeile to &uldani:Je dat• 4\0"ln& the eeek-
lns ph&Oe ehOiald ot'CWr or 0.1 eaoond or leee. Contr111 llflllt.em and 
M~Ul.&r etab1l1 t.J IIOMlderatloM IIIA1 ntqulro tt.t the ntap01111e t1• or the 
neker 1tee1t bO oot'l81clerablJ' ehorWr tb&t 0.1 eeoond • 

.-. In oonsldel'1.nc t.M epee1r1o ••Dr 
deelp U, 'IU'lowa poeelblll •thode ehloh 
orr.r MUlJ equal ad.nntape. In or-der that tha II!OIIt pr11111blns •J•U- MJ 
'1)11 ohoeen tor ruturto etudJ t)IIJ var1oue pot~a1bll1tlee .,.,. lmeetip.td (11} 
and • ...,. or tha ranl.te are pNnnted mra. 

On ttiO bub or an adhl.ftt-.ge ln the rele.t1.,. atsee and "le:ht.e or the 
<I· pu~ r..-.r enftr and thl unava1lab1l1 tJ or the nec .. a&rJ ooaponenta for the 
o( Clf rada.r eeelcer, i'L ,.. deoldad that Curtner brreet1p.tion or llp8C1th eeeker 

dllalD!I will be dllll'oted pr1no1p..UJ to puleed eiM.ker~J. 1h1o doll not die~ 
oont.1rwe -.11 oonal4an.tlone or CW radar eeektiNI for Mnf or tbfl b .. le prlnci ... 
pale or pubed rao:1ar aaeket'll APplJ 111t.h al1aht. J~~o4it'1oa;t.1oru~ or taotmlqua to 
cw aaaure u wan. 

At. thll pre .. nt tllllfl it. 1a not otaa.r •hether it. '11111 ba !lOra daail'&ble to 
ill"Udm~t.a tbl t..rpt bJ a. rad.a.r tranD1111tter carried 1n t.ha llliaaU.a or bJ 
enariJ fl'om tha parent plant. The principal fault• in tn. pii.J'Ilnt pla.ne Ulu 
ba.ted •J•taa a.ra t.Mt. the •a.rJlna lllwUna.t.lon or t.ha ta.rsat raeul tins trnra 
conical a(I.&I'Ql1ns or t.hfl tra.nallltWr antenna baca.n of the taunohlnc alroratt 
will be dlfrloult to cope with and th&t. d1tt1ou1t7 l&fJ.1 be anoount.oNd a.t. the 
aeakor diaOIJ:LIDIULt.1ft6 beot. .. en the anergy a.rr1v1na dlroetl.J from the· b.unohill8 
aif'Ora.n and. t.b&t renaotad trC*I the tar pt., eapeda.llJ a.t oloae re.n.ge when 
the 'll•e or al'J'i.,al nea.rl7 oolncld•. Tt.lp dltnoult.l•• ara not lMumount
.tlla and tbe pa.nnt plane 1llUII1natlon 8.f'l't.IITa _, prov11 to be advant..,..O\UI bJ 
"aaon of nla;ht. and apace aa.vlna;a ln the 111laaua. 

Th8 choice bet .. an fbed a.nd movlllbb axlu antenna a,aun~~ tor tbla aaakar 
1mro1ne oompar1aon or the t'll)..t.tln aillu and n15hta and t.hla rel&tlve 
a.ooura.claa or "t.bo t.u •J•t.... A IIOvabl• ax1111 antenna aaaker la proballlJ 
a011111.twl.t. larpr and hlla.vier, but t'lxad axle aeakeN oOIIPoaa a. relat.lYalJ new 
tlald whoae potentlalltlaa a.ra not ,.t tullJ known, In pnara.l, t.IW find 
Diu aeakOr la probablJ leao accurate than a. raovabla axia aa.Jtar •-.loJlnS 
Nlllt.l"N -.u~ null~ .. llklna; for bee.rlng dlllterad.nat.lon. 

In a.ddlt.lon to t.ha preble• just dlacuaMd, 'ben-. a.rlaa qUIIIat1ona aa to 
tba llll!.nMr or obta.1n1ns baa.rtna da.t.a. fl"Olll t.i\1! algne.la racelved at t.he antenna. 
••peoia.llJ 1n t.bl cu• or the fixed. axle antenna. aaanr, the rol'UI which t.tw 
... rmr outp\lt alp.llla ahould t.ake, the coorcllna.ta 8JIII't.llllll in wh1ch thll output. 
data. should be praaan.Wd, etc. 

Ae pravloual7 lrullcaWd, 11. final d11ch1on aa to t.hB t7pa or aaeker to_ 
be alllplo,JDd 1n aa-Boo IDI.IIIIt wa1 t rurther 1nrorma.t.lon and 1nvaat.lp.t1on. Haw
aver, ll01"8 dlllt.a.1lad dii!ICUllelon or aoma of t.hl va.l'iova poaa1bllltlea, lnclud
lna; blook d1agre.~~~C~~ of ropr. .. nt.•tiva olrcult.a &1"1 glvon ln noraranoe (17). 
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Tha Noelwu• ahown by tt. ooUd linea or thlt blook dlaaz'llll of Flp:N 10 
r.preaenu a ~p1oe.l ru•t-nr for tbll olsploot tol"lll of pwbod ... ar oaploJ~ 
ln&; 01 ther tarpt lll\11111Dra.tlon bJ tho ld.ooU.e "" bJ tt. lounchlna: atroratt.. 
It. oorlllhttl of a. ooan~~ctd MWma, which _, M of oltMr the fixed or ao.ablo 
uh u·pe, and a CllnYOntionlll ouperhe'Wil'Od)'ne receiver for the reception of 
puln4 olpaJ.o. Auu.atio froe4UODCJ oont.r.ol of tt. loO&l oeclllator 1e 
hploJt!d lllld m&~toa'tlo pin control h oppllod to the ob: ot.lp lntera~diot.e 
t,-equ.nc7 U~pl1tlor. One Or two ot..po or vlllllilo froquCUHIJ uapl1floUon 
oupplJ video olgnalo to the data reduction •J•t••• 

A. blook!ld onUla.tor and a nthode follwer are proylcled to oupplJ ohort 
duJ'&Uon ble.nklna ol&Ml• to the lnUti'IIQdb.'UI trequono:r .-pllflor. n. 
blocked. o.cllle.t.or reoetveo trl~Pl"lna: volt.a,p troa~ the traMJdttor -.etor 
oaotlla'LOr ln tt. oue of ld.ooilo llluaiM.t.lon of the tarsot 01" troa the" 
oo ..... nd nootver in the oaea or 1aunohlnc airoorart. U1walnat10'ft or the tarp\ 

Tho raqutred "nait!VltJ al14 gmsral anallenu or the a.a~t1o aaln 
control oirculta ia to ao.- axt.ent a tunctton fort~ data reduction .. thod 
•plOTCr4• A nUII!bGcr o! ayate~~~~e for eealwr data ,..4uetlon tlaYe been atudi84 
e.nd a. eolll(llBta dlaouaatnn o! tbflae areta~~~~e _,be round in rafarance (17). 
l'lgurea 11 M4 11 e.ra blook dl~ tnte&l or thO" •r•u... Fiaun 11 ia 
a block dla.ar- or a ... ker date. noductlon 8JGU1110 ahlllh U pa.rtiOla1-1J 
aut tact !or uee lrlth a. -vaOle axia -.ntanna. a,.-t&l'll and Fisun~ 12 1a a blook 
dlscram o! a •••r Wldoh ad&ht be •plored. with a fln.d uta antanna. 

5. Uaa or a. t.at rathtlr than a. radio aaakar otran a 
nWibar ot tor •hort r.npe BIW1"8 atiiOSpheN •ttanuR 
aUon do.e not .. rtolllllJ. PerbaJ141 the -t lJaPortant 
•uhrantt.8fl in the caea or ta that tlul wa••Rlsn&th or the radiation 
involved la ahortar alth the result the.t. the nadr antenna or rerlactlon 
dlroctlvltJ la ll~ted by the ratio of antenna dla.n~lon to dataotor dl .. n· 
don nthar tharl by tM ra.Uo of enunn" dl•n•lon to wa•e~lanath. 

Dlae.dvantasea of tr. lntra~rect or r.at ua:Pr an that the preaent non. 
exlatonoa of eultabla oouroea precludo the uae of a reflection type eeeklftl 
eyata .. , and ~ tha aaallar dopandent upon radiation orl,;lnat.Ina at the 
t.a.rget. Since there IU'G J11aR1 ott..r poaalbl• aources or heat radiation, 
note.bl8 the oun, lnabllltT 1.0 aelect and track tho dllaired target 111!1.1 det,...,t 
aario11011 t'r0111 the reUILb!lltJ of the heat aeoJcer. 

D"ta reduction 01" ovalWLUon o::il"Guita tor the heat ••Jrar •ppraxi~~~~~oto 
closol1 thooo requ1,..4 for tho corntapon4Ina: radio eaokor. 'I't. baai111 claiiO· 
lticatlona of uaoker uyutua., ... daacrib&d alaewhara, hold equ~ly tor tho 
heat an~ radio aoekar. Given a au!ficientlY aaall dOtactnr ot adoquato 
oonattivltJ, the antenna or ntnector prob1•111 1.a uliiiPler tor the beat oeakor 
than ror tha r&d.lo ... or. i:la.bot"~~.t1on or the a.bov. pnaral o•••mta w•t 
a.-it a dlltallad at.udy of ths hoat ... nr. 
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SPECIAL PRoJECTS 0£AARTUENT 

6. M a reauU. Of tho tra.J-otoq atlldlaa which have 
bean .llade• l"8*olut1on Nqu1N•nt of 1/~ to 1 daa haYa 
b .. n aate.b111ah8d for tha 80ehr. Under favorable oond.l tiona tMa artl\ll&r 
&ocuraoJ require•nt oan be IIJit With a na:J.ble axle ... nr of oomr8nt1Dnal 
d881gn lnoorporatt.ns a par-aboloidal antann. ot 6 lno.h dt ... wr. It la belie 
ad that tllla requln•nt oan alao bll Dtt W11.h the loaa corrnnt.lonal eaenr 
daatsn• propond in thla repol"t and 11l the Nfannc... The naxt.bla u:la 
Heker -., be -re wbJaot to ansulBr errore oauHd bJ the pNaance at a dl· 
alaotrio noaa cap. which aocordlns to our"nt aeJ'QdJnudo .S.ta II'IU&t ba in the 
ron. or a cone •1th half angle or 12.5 degreaa or laoa. 

lboept. for the prelll!dnary aurv&Ja or the oaenr antenna problellll. r~~port
ad on in n~fer.noea O.o)&nd (lll, antennf' ienlope•nt tor MX-8oo ha8 awe.U.ad 
apeolflcatlon or .. aker aoourac1 requl~~nte and ol .. elflcatton or ndwmlle 
d111111na1ona and ngae ehape, An actin Mtenna reuarch prograa 1• now belns; 
1nlt1a:ted on the baala or avalla.ble 1nfo~t1on, 

C. IQUIPMINT FOR fKE 'I'IJO.os&AK COUYAHO cp.!IDANCM :rt.STIY: 

The overall plan tor &UldMca of "tohW lil-800 raheUe envlelona the WIW or 
radar for t.aJo&et detection and trac:ktna: before launah1ag. Pre•launohlna: 
-n&IIY&re wlll be dlftloted bJ a coaput.r eo that the ahe1la m&J be lBUnched 
in the _,.t favorable dlreotton and &t the opt1111U111 ran&& !1'0111 the tarpt. 
Altar, la11nohlng, aont.rol or tha m .. na w1ll be bJ a two-be .. cODIIIU1d radar 
•J•te•, ln whhh one n.d&r boiUII tr&cka thllil tarpt and another the l'ld. .. lle, 
and thll control algni!J.a dtnottng the mlaalle are deta1"111lned. ln tM lalinohtns; 
atrohtt thr1:111&h tM 11perat1on or a ao.III!U.nd ao~~~puter. The coJIIJINtda Will ~ 
nnt to \be m1aa1lm throush the aS..ana tr&oldns beu, and a bamoon loeatad 
ln the l'llaalla will reapond to the tracldlr end trMalld.t llllaaile data to the 
tftlclntr tor CQIIIPUtlng p11rpoaea, At the end or the traJectory, control will 
bU tra.narerJ'Bd to a. target aeedr, proba.blJ 111 the radar tJpll, wh!eh w1ll 
Jake laat lli.nuta corJ'8ot111na 1n the fl1Bht path or t.h& m.1ee1le, and u the 
ldaaUa approachea the taraet, 1t will be detonatlld bJ a radio t7pe or fun. 

TM rr.d&l' aeta and OOIIIPUtel"'' which IIIUat be 1111untad. 1n the launching air
craft and the Pdaa11• 1n order to accompllah the above runctlona have been 
atud1ad and are deeerlbed Md dUcue••d 1n rererenoe• (18) and (19). 

D. SPECIAL TEST EQUIPIIIHT ANO OPERATOR TRAINING EQUIPMINT; 

lb11• 1t 1• atlll to earlt ln the develop .. nt of the YX-800 to daeten 
the t .. t and tra.1n1ns equlp!llnt 1n detail. e. prellllllniU'y atudJ of the e1tua
t1on ••• eondliOt&d 1n order to help ln eet111!at1ft8 the ma..gn1 tude of the neede 
and 1n the laJlng out 11f a PI"'8'J'Aa of ~.avel11p11111nt to so along vlth the rnllldle 
develop!lllnt. Thll re11ulte or tMB etud7 ma.J be round 1n reference (18), 
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SXcrlctl VII 

In precading reports end diaoussiona one important bll.aic aGBllfllption 
•• l!ladG that tM millllile ia roll 5Ulbilbed or roll controlled. Roll es 
here tnt&l'pl'Eited JIUI&ne pure roll of the miuile about its longitUdinal 
sxb in contrtuUatinot1on to lln apparent roll Which miA):It result from a 
man&U'f'er. !toll atabili:.t101l thus infer1.1 thnt, idHlly, in the caao ot a 
crucitorm miaa11e that the axle of one pair ot control a~fnces r~lne at 
all timea horizont.l. Roll control as applied to the 1110nowillg t)']la 1111&a1le 
~plies that the miaeile rotate& about ita longitudinal axis in such a mau~ 
ner as to maintain the nain Wing in ~he correct plune or orientation to give 
the deaired trajectory. 

In • IJ})itulir18 crucit'Qrm ni~JBile the llliesile is CII.UB!td to spin about 
1te longitudinal a%1a and &:·ch of th" :toqr control llurfuces chalw.,e i'l'om 
rudder-action to elEJTatgr~ction every quarter of a revolution. ~ vertical 
reterence is nooe•aary to transform sutd~ce control aignKls to wing ansle 
etgaals e.a the miseU.s rglls. The WIIDunt of instr\UI!Oiuttttion uaoeastll'y in 
a ap1nlling mieaile io nt:~t otaaomttally ruduced in UJJQllnt trom thut necoHtSIU"y 
in e. roll stabilized type anti tha I~ethod of intall1geno11 dtttll trtmemiaa:lon 
ia mora complex in nRture, Baofluee ot tbe chKn~ing of action of e~oh wing, 
there il a high po.er loaa in tbu ~in wing ~~ntrvl servo for a highly ~An
euvora.ble aissile. For oXa~t~pla, a control eurt·,.ae tn>•Y b• required to change 
tram one utrflm!J poBilion to the other extrm::e positbn in u. tillle represtont~ 
iq one-quarter o:t the period ot .n;,tation of the miaeile:. ·J.'hus, in general, 
the control nul't'IOC., lltl\ll.d oaaillate bii,Ck and :torth tmd nbaorb relntivt~ly 
lerga ll!IIQilJlts at power which would not dil'tlatl;y contribute to the maneuver 
ot tha JDisauo. 

In e. cruciform type missile utiliziru~ th.., two-beu:; cor"!:fl·-nd system ot 
guid."noe, roll stal.111zation is not ~tbsolutuly neconumry but it 11!1 hifl;hly 
desirable since it prevents the "flip-fln!'" o!" t~c wing.::; dc3cr!bod nbo....-c, 
and it IIIB~es tho ll'lta truna:,isstoll •<11d interpretllti® eyatrn:t eimplsr. l'hto 
former 14 true etnce one narticul•~ control aurr .. ce uc~s either aa a rudder 
or e.n alevetor "-nil rcte.1n8 its sin1tlc !Wt1on at all tirrlos. ';'he latter ta 
tru• since guiriancl!l data s111nt to a <::vntrol surf>tco, to ef"fect a r'ltl.nt~UVIlr ot 
th~J m1a11ile 1 i:t Cllffiputed on the btt.sis that the cont;rol &lll'f!loe canc<Jrnert hu 
a de:tintt& nor,:.al oric::ta<;ion at ull l,imcn, r,quiros less JO.odificl!tion than 
if those det(). alllflt bil ..,:ldifl&d to t11"n1 into ,,cct..unt ~~otio:t or 1 he control 
surfece ll.ll the nissUe roll:>. 

't'he Ufll;l of: u t..r~at see.J.::or <leAS not requir~J 11 vertical rt:ftor'"uce, but 
luclc: of stabilization Lmposoe serious co.:mditiona on t.lle a•N~or. !>inc" "" 
target s~H~ker wtll not be used ~loro but only in c)r~ur:ction wtt,h a two-hear. 
eoromand pha11a, it will be nucees!ll'y to haven verticul r~:~te:r,~n.e" in the 
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miasil.e. 

In the stabilized missile a gJrOaoope or simi~ device iB used tc es
tablish a reterance vertical. Tho roll a~&bilization ayatGa b&B the tunc
tiona or detecting dBYiationa o~ the vertical axia of the mteeile tron thia 
rateranoa Tlli-tioal and corrBcting these deviations in such a manner as to 
restore tho ~iaaile to nor.mal attitude in roll in the shortest practicable 
t1mll. 'l'he roll stabilization eystem alec hall thtl impo.•tant tunlltion ot ea
tabl.iehin& tile v«<:'tio•l reh£"Df;CS as quiolcly as poaaible after the ll!iaaUa 
ie laune~hed tr0111 the parent plana ao that latval and 1'ert1oal 11lQ.auvere 
c~~n ~sin eiU'l)' in tha t'light. 

For one rniaaile under coneidel'fltion thera will be a 2 aeo.md booet 
a speed ot 500 tt pv oeo to a spud ot 2600 tt pe:r sac and tor the raroain
der at the tl"BjBttOl'y it will coast. It uama. in view ot uncertainties 1n 
the prediction of' Wing lollda in the wbaonic and transonic regions of' ciu~ 
ilD speed, that roll control might be ineffectiva or unsatisfactory prior 
to the t11DG thllt thO m1aa1le reachea a. speed oorresponding to .. Mach number 
or one. In thia oasa, roll atabiliaation would have to be eatabliahe4 in 
tb.e tJ.tn bat.,.® miasile velocities of 1100 ft .:»Dr sec and 2700 !$ per eec. 
Asauming thet a linear v~iation or apea4 exiate during boost, the tiwe to 
eatabliah roll oontrol would ba 1,45 aeoonda. ~il appear8 entirely flllaei~ 
ble and will allow laterel control at tbe 1natant the boost ie «aded. 

Some of the problllilma in obt.,1n1ru;; ~od roll a+.abil1Ziiltion a.re: 

1. The natural p!"esenC'l of' winr, rr.isal1gm:3nt torques WhiCh vary with 
~ and altitude. 'l'he presonce of' .such torques i'ldiCtltea the 4ea1rabilit 
of a torqu11 compensatad roll control vhlch will drrelop a steady cootl"ol 
torque without rcquirina an error in atabili~tion. It is ~oposed to in~ 
elude an ampl11'ier atae;.e Bllnlil1t1ve to tho integral. of' ita l.JIIput aa well G.B 
to its imput to accomplish thie. 

2. "rbe possible 11.ppeere.nee ot oscill&tiDg torquoB c:a.uslfd by a:lmulta. 
ueoua slip or th~ m133ilA iu yaw and pitch pler.es. ~ese oacilleting tor
quae will btl worse 1t the pitch and ya• con~~ll!l are poorly d8J!1Pt1d. It is 
theretore adTieabla to maKe thu roll control aystOln have a hlj:tll. reeo!'lllllt 
tre~cy (?) and a loll.d netwo~~ il!l roccnmended tor inclusion in the roll 
control to aid in llcCQDpliahing this, u nll aa to improve the dsgrea o1' 
stability or roll control. 

3. The aerodynt~mic coef'1'ioi•nte OhlliUJe With speed e.nd altitude I'Jlld 
alter tha d:yullmioa or the miaaile. In l"ie:=a 15 ere eli:etched aeYert!.l 
trana1'er loot or a roll control system Bhowing tba obanga in ita perto~ca 
aa a. 1'unotion of epeed B!ld altitude, 'l'he worst oases between w.ooo rt and 
50,000 f't ue shown. 

4. It a tree v.rtical gyro ia used, tha roll control syste~ aenait1~ 
vity must b8 col!I,.'J8:!118.ted as a seo=t tunction ot the llllf;le of climb or dive 
and becomes inlltrBCtive when those 1.'\lll'leuvea are vert1c11.l. Since this 1a 
a possibility accorQing to the tscttcal unalyais it is recommended t~t an 
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itl.tGSC"atbs :rtt.te IJP'Oaoope be uall4 ror the buie. l'eference. 

5, '!'hore La inadeqUilte viseou• ds.mping frol'l roll .rAte torqll(lolll to 
providll soocl s'oab1li't7 or the roll control withou'> Si!R''YO eG~~~penll5ting net-
11Qrll:a. 

a\ detaU.ed matheJ~~~~.ticd dnalopment or one roll control s;vate~r. iB de
wibed in Ref~Wenoe (9) 

B, CCHPARlSON Q!' MONOWDIG A:t-1> CRUCIJ!'ORM CONFIGURA'L'IONS; 

Uoat of thll S<;Udios made as a, pUt of the ta:-800 project have btlen 
baaed on a <lr'llOitortJJ. oonf'iguration or the uirtrame. several JWntba botort~ 
ths ad of tM study phase of the contract tblll DIICbanieal design group and 
the &ID.l'od)'lle.mioieta Proposed that a JllD110!1Ji:ng con:tigura.tlon l!lisht bave e.n 
a.dftll.~ as oarried by a }JIU'&nt plano. 'l'be possibility ot usins the lllQJlO 
ing eont1gu:ration was then retv~ to the guidance ud Qontrol groups. 

The ULjCl"ity of the -..orl!: on the =owins cOJ:Ittguratioll t.bua far baa 
been a l.ibrtll7 NAIU'Oh to atut:l.y the efforts lllbde by tbll Gel'JIJ8ns in thia 
d1l'ect1on. TWa techl!.iaal papers wero tound (Rot'oronc8a (B) and. ( 12 ) 
which pl"Opoaod to CO~:~J~e.re tho mouowint; with tbo eruoitOl"'ll trotJ the point 
at Tiew ot culntrol. In introductory eol:l})•-rioon ot the e.erod]Jlll.mie prop~ 
ertiee ot the two conf'igurationa Retarencoa(l5) and(l1.) do not exe.et.Ly 
agree, 

o.e 0.9 o.a? 0.65 o.e5 

Orucitom 1.0 1.0 1.0 1.0 1.0 

But klth Ludicato a trend lrfhich has baen checl«<d by llOradyn~~.miclota tor 
the HX•SOO project (calculationa based an a 350 lb 9 inch dlac&ter missile) 

The control sigB&la tor a roll s"abillzed crueitorm niaSile are quito 
simpU to ~utlceive atnce ono ee.n roa11on without conllidering a guidance in
teraction between pitch and yaw 01e11 811 8 tirat order etteet. In the ease 
or a monowing ooutigureticn the llitlll'ltion ia soma.,.hat more dif'tioult. 
Obvioualy, the aircraft 1111111t be rollad ao tbllt the •tn winr; axis will be 
at right ansles to the roquired lift. ConsidorinR incremental qu$ntities, 
and an initially eorroet rndsaile flight, an error vector can be thought of' 
1n tenna of eomponente along thl.l l'llliin wing axis and perpendieu.lur to 1 t 
and to the lon~itudinal axis. Alternlltely the error vector cun be assign
ed a IB!lgnitude an<L aJ\ anglo with respsct to a line parpet~dtcul..Mr to the 
plane or the !'Bin wing 1u:1B e.nd the longitudinal axis. Th6 foma>r would 
be called rectilinear Misails evaluation and tha latte~ polar coordinate 
m1sa1le evaluation. In tbe latter case +.he roll contl.'Ol 1110ty <~.et to keep 
the angle .. ro, but then thsre to uo iodetinite O<llltrcl when tlle er1'0r 
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tntagrattng rata gyroscope be uaed tor the beoic reference, 

5. Thve 1a 1n~~od&q1111.te viacQW! da.m.ping t'rQl'l roll rllh torques to 
provtdG JOod a-.e.b111t:r or the roll control •ttbou~ I!IIE'W COJIIPI!nae.ting net~ 
worlca. 

A detail&~ ~the~ttcal developmant of one roll control ayet~ ia de
cu-i bad in Heterenoe (9} 

B. CCHPARISON OF M!?NgWING Al<"'D CR.UOIFORU CaHFIGURATIOJo:S: 

Host of tbe .!I';Udielil cade as a pert of the MX-800 project haTe been 
ba11ed. on e. oruotrom contiguration or tha atrfrl!l.l!le, SeYeral I!IOtltl:Ja be:tora 
the end or the study phaae or the anntract the maobBnical design group and 
the &.rod,n~ioieta proposed that a monow1ng con:tiguratton m1sbt have an 
tidvantaga 11..!1 carried by u. pal'Bnt pluna, '!he poaaib1lity or using the ZI~Dno 
ius oouttsuration 11111.0 then referred to the guid&llce ud control groups. 

The Dl!l.jority ot th1t work on the r.10110w1ng cODttguratioll <;bus tar baa 
been a library ri:I&MHJ.Nh to study 'llhe ortorta ~~~t:.de by the Gorl'llllla 1n this 
direction. Two teohnice.l paptlre weru tound {RetorPncoa {8) and { 12 ) 
Which propaeod to ccmpare tho IIJOttOl'lint~ with tho cl'llllifol"lll frO:tl T;M point 
of viaw ot control. In intrudll<~tory COJ!lp•.xiaon o1' 'llhe aerodynamic prop
erties of tlw: two contigUl"&tione Retoronces(lS) !Uld(l4) do not exactly 
agree. 

Jler unit woifet 
Ret 8 !!!_ e 

Uonowing o.a 0.9 o.e? 0,65 o.as 

Oruc1torm 1.0 1.0 1.0 1.0 1.0 

Bu.t; loth 1.ndioate a 'llrond which hao boon cbeoked by esrodyn~ioiats tor 
tbe m~eoo project (ealouJ.ationa baaed on a ~ lb 9 inoh di~t.~ mbailo) 

The OOiltrol aignals tor a roll ll~llbilh:ed r.:oonnttn"'"' "'''!'"iJ,. .... ,. <:l"1t;"' 
s~le to concaive since onB can reason ~thOil'll considering" guidance in~ 
terao'llion between pi'llch and yaw exes as a firet order etteot. In the oaee 
Of a 1110nowing contiSW"etion the 1111luation ie lt01118Wha'll mwo ditfioul'll. 
Obviously, the airc~t must be rolled so tha'll 'llho :.in Winr. ~111 will be 
at rie;ht angles to the required 11ft. Considering incramontal. qwmtitiea, 
and ~n initially carrect missile flight, an error vector can ba thought ot 
in termQ or co~t~PQnents alone the mflin wing axia abd perpendicular to it 
and to the lODf;itudinal axi.e. ,\l,tarnataly thlif arror vactor cun be iUISign.
ad a magnitude And an engle with reepsct to a line porpsnd1CU~ to th& 
plena ot the I'.R:lD Wing ~iB and the longitu!!ine.l axis. Tho tamer would 
bo called reetilinaar ~iaaile evaluation &nd ths lattar polar coordinata 
misailo avaluation. In the latter caea the roll cantrol ~y uct to keap 
the •Dale aero, but then thwe ia an 1.nd.atin1te C<Jutrol when 'llhe error 
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1'actor apprCGcb.ce zero. In tb.a f'Ol'mer caa"' the J:"oll IIOntrol acta to roll 
the mtaaue at a l'ato: p:l"op0l"t1onal to \he error "taetor along ~e IIIIB.ill •Sna: 
and 1n a direction •hlch raYeraaa •hen ~· errGr 'feotor ia parpeD!icular 
to the •1ne u:ia Oflll be oonaidared aa go1ng troa above the wing to beloit 
the •tne• In thlo •ay thllt'e 1a no naceaaity or 1lu.tat1n1'te control. parUo
llle.rl1 it rate f3l'O taedba.ck be included in the roll ocmtrol. 

'l'lle usa or a IID110111i.ne cocrigu.re.t,tOD tor a hicJlly IIIS,I!;I!Ill'feftbla .BiaaUe 
baa bean queationed en the basia or the rapidity •1th abioh it can act to 
correct dedatioua rroa the dadl"l!4 trajectory. 'l'll1B qlle&tion 1a baea4 oa 
the proeed..Ul'a ot tlla IIICrUIWing or rolling bat'ore acq_uirtq lift in the prop
er dtrect,ton •heraaa in a cruc1ton1 the lift ia obta:tnll4 dil"eetl.)t by 6fltt1na: 
the parpemUculiU" •1nga at appropriate angles or •ttaok. A 48to.Ue4 tl.lllll.yei 
ba11 not bean Lllfl.<:la or this tts a Pl'rt or the MX-800 project t>eeau.a or lack or 
time, and. because al.$0 1t Cll.!l be done raora eaeUJ' With lUI U~&l.raar the by 
lllat!lelll8t1ce baoaue.a or the COIIplioa.t:lon 1ntl'odu.ced by the cutdance 1D.1ier
aotton WIIOtl.€' axes tn the l!ID!l0111ng cau. 

In Ret~aenca {14) a coap1rteon wu lllil!l4a in the calculated pertCl'llllace 
or a \leu gu.1ding 111•tem or e l0111 speed {200 111 per aec) 125 lliadla and an 
~u1valent c:rucirol'lllo 

It ea111 concluded that there exitt.ta no eeaenttal dtftereaca between 
control llolt periods altb. rudder and. aileron control cr th111 IIIODOW1ng. Bow
e'fel", the cru.cirom lliaatle aaa ch.al'8.eterizad \17 a taeter reaponae ha1'1n& 
a halt period 40 per cent leaa than that ot the monowtng. Thla •oul4 aeem 
to favor the cruc1t0l'l:l tr011t tb.e point or 1'11!8 or apeed or reapouae. 

In concluding tbia d18CU5810b. or the lllano.ine; Wo factors ehould be 
potnt(!d out: 

1. 'l'bllt euided llliadle11 or the glide bomb type auch aa tb.e '"Bat" h81'e 
been built atth t»nMing conrieura.ticma and aucceaarully tlown {Reraraaoe 
{15). 

2. That euperaontc tligbt snould otter tne poua1bil1tJ or tmpratlllg 
trelllflndoualy the apeed or reuponae 111 roll, but that the aucaa.aa or zonowing 
control dapenda on f>OOd precision in roll control. •hi~h ilea :a.o't :yet been de
aonatnted tor tb.ia claaa or mia:dle. 

It baa "been recOIIIIIelldotll. 1u1 a reault or gUidance atwHea, that at l.at~at 
th~ initial etageo or fllght ot an air-to-air euparaonio min1111e should ba 
eol'!llllllnded rrom. the parant pl.ant by a t110~baa. eosaend oyatem. In. tilts me 
or tl1gb.i tnore are tao control loopa which ne~tt 1n•eat~t1on. Tbe tiret 
or tlleae conddere tuget 11110tion ea llD. 1lldependent var1abl.e and llh>Jil.e 
aot1on aa tb.~ controlled ~Qr1able. Tbe controlled weriable 1a adjusted ao 
that there ia no rotst1on 1n "pace or the line jointn~ the ataa1le and the 
target. The second control loop 1e a au\laid1ary to the tirat and deale •ith 
the ~b111ty or the 111ieaile to carry out the o~nda reoei~ed \17 lt and pro
duce 11. stable fli!bt• Aa 11. part or tbia oecond probl.elll it ia recommended. 
that a l'oll stab11.1zed cruciform llliaane be 4neloped 0 
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'1'hll lllllthematio::al requiremen~e of tl:e COI!IIIand carnputer to be carried in 
the ~lllllt plane ie diecuesed in Reference (7) , The inter-connection or 
the components ot a prQposed control ~ta~ tor thu miseil& is ~hown in 
Figure U . Oontrol &ignrols llll'O r6ceived from tho cOQtJ¥>.nd receiver and 
anu domodulatioD are sent to the pitch ~d yaw ohllnnela, 'ling I!IOtion 
OODtral ot a cruaitorm airframe has been ass~d with ditfore~tial control 
of the motion wingo tor roll stsbili~tion. Pore, the roll control is eho 
aa operating dittarentially on the •~~ wingo Whioh receive the c~nd yaw 
eisnala. Absolute motion trunaduoera are uaed in the pitch and yu.w oontl'ol 
ayet8JIIB 1n order to improve stabU1ty of tht~ Miesile tligh';. '::.'hD' ttnsly91S 
01 the tiJCI-bGB.ID. oQIRQ!I.nd eyetem implies that th11 .J.esired :reedback lit !ibeolut 
~t1on can be aooumpliehed bf the uee or two lineor acc~lttrometere p~ced 
on either aide ot the center or gravity. 'i'hia need tor if.lproved atnbility 
etllll8 frOf!l thu little, or no, 1nheri=~n': stability ot a hiKhl:r ~t~~:~neuverllbila 
•~to-air miaetla. 

A tht.IQretical analyale hae been made of the o:yel;om dascribr:td. in Figura 
14 end some ~pporting datil obtllinad tron an alij~~ron1o control nnal:rzar. 

:B'rOlll tb11ee etudiea eo~ eetirJS,te can be m&de of tl:a dyne.rnle requirlll:ltJnta 
ot c~~nts ot the control system, lind aleo ot an opti~um poe1t1an ror 
the loclltion ot the main ~1nge ot the aircraft, Thesa ae':i~tee llrtt, of 
Course. dependent upon the eet~~tttd aeroQyuamic coefficient for the air
fraae. In Table 8 tU'8 given the eq,ue.tlo;oe ot lllOtion or the elrorllft in 
the traveree plane, the ~qUilt ion used tor motion or the airorart about ita 
roll axia, and the V!ilUOe ot the ooarrtcil.lnta ueed ror the present atudioe. 
'l'b.eee DUII!Srlaal T&lues ara ptu•el:y eatir.;atee mude !'or tho purpo:~a o! llllow
tng a demonatration of the anlllyticul technique which ~auld be used to sys
tbaa1ZD a control aye,;em were thaee tbe \mowr. oo,!"fioiente. 

In Table 4. are iter~ized the llStimnt&d re(IUiret~r~n"s of' thll dynBIUie 
propertiee or ayst~. components. AB tht~ actual equipMn~t is designed and 
dGYeloped more complete enalyaca will he perfo~d con~ir.uously which will 
alter tne ;::.1;:;-:s !"'!'""•'lmetld'l.tione in ll =nner pu.rticul,.,.ly sutter!. to t!'lu ,,i:t•
c:rart. 

Th• co.r.trol oye+,em t}!u.t is l'dO::·::t:~"'nded is not ot t11o d1ncont1nuous 
!bang-ban.~~:) tyPO. The el~mtJnta 11.::"'.! expected to act in a linon!" Il!llnner up 
to eaturation. Juatitie~tion ror this 1& lese positive in the cnDe where 
no ee&k:8l" ie lllltiOiP•ltec!. than 1n the ct~se where a eeek:er w111 be used. ~1 

is ao becauee ot tho direut effect or oscillations or the ~1es1loo longit
udinal ax1s on the perto~ano::e ot ~ eoeker. If furtha: ~qve!opmunt indi• 
cates that the u.il"frw:.e can be made to hB·rc " rer.:;oll#ble omoun~ o!" inherent 
stability, and tf no eee:ter 1e ret1uired then it ie JlOeBible that 11. l'lOre 
8implo control aystO!ll ot tho discontinuous t:ype cou11 be deviser!. For this 
roaeon it 14 reoOlMI&nd~td til>:!;t stud.iee be COlJtlnW'ld on riifiC<Jntinuous type 
cOntrol eyr;tell\8 fgr a two-bufl!l: Cor.ltiWld ;,;ui<larce system. Mor~t rihtll per~tnant 
to discontinuous control will he obtained from a wind tunnel and fli~ht 
tes<;e on the pertortr.ence of" thi.J .. t:rrra:ne. 
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""" J:::iliY.llfMCit y, 

7 ~· ~ tmilll*&il'!--

'"" .Aiilele ~ 'i'll.na: OllO!'d 

.Py 
~ I.cmQ'wti.ulll Axla 

Jl!igl.o ~~Bitt~ 'to ~.; 
AXle 1a 'trmreri!9-Pl.ml.o 

• Ah@.e ct Rl:l-ll 

• :ib.U\:> ~t ltoi$ht 'to GravitT, 
W/s. C4' MiemU.o 

u VulQ(Iity' .4loa.e l.<mgitudl!uil' .Axis 
Iz Lll'llot:l. Xount ot Inertia ot-ltieilo 
lx Roll HC!!I.en.t of Inerlb. ot H1u1lo 
r 5111o fOroo 01:1 Uiasil.l!l •, ?Jl'/Oy 

ll ll lb :tt:- .._2 .... ... 00 ft/flft -.' .. .. lbft .... 
' .. -· -lbttm&· 

313100 S&lOO lb , . ..., ,,,,,.. ... oo ... oo lb 
H Ye.wbs~t ., ?JI.I/'Qy 

""' 
.. ,..,. -161100 ' oocMOOO 1\J ft 

-Q.O -es.a aeo :u. ttl 
I 

L .ao.ll ~ 

it 'I/'4> Daiap1J!4 OC.ttidem.' 
. ~ . :_,I caam1 Torqu a __ ~ __ ---

I"" f»i"iturMD.nm 'i'orq.ld_ ~-~ 
i ' I Ubla. l4¢:!ltioa ~ at CIBQ.ter et Ora-

"'"' 

-- :\.!1;;9 

I J ~ 
o-~o o.o n ________ -_ _.__, 

l'fG>'tu: lA ~t. Ba.Uo '!!',~;=i.~~~-bo-o .. fs 
!. At-ga 0t if~ ~i W 'H 6 sq. tt. JG'" plallo 
:;;.-~ ;;: -:~:.~.-.. "' t!:t IN s sq. n. psr 31lAne 
.c.. g• D1~r W.!Niil.G. 560 lb 
15. Alt.itd!ii ~or l'a.rtmal Vol.UIB 1• SQ,(X)() ft. 
6. All Altslel!l nN b. Wiu.a 
? • ~ CoabatJ ot IB4U Aqlu t6 M tld.tr 

av F>.A"' ___ ~: 
'CJ<Q H;T.... , 
·DAT~tt.:~fMT .-- 5o 
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II<U """"'"" 

Allo•"llol.e tJ.ae le.a of •Uts 00111;role 

Load oat.IIOl'll ,,_ aou.attut.t {A.ttcmuaUOJ& ratio of lJl) 

lutecr~l uatttark ,,_ ooa.ataDt (Airplitiar oluu•aoUrie•uo 
X:(; ... .-+,. J• tiT} ,, . 
Ba&oD&At h'e"*"o)' of •1aa1le 111. roll (:10,000 ft alt; 
2?00 ft Pft' ... ) 

Jilagl:lUtoatloa ot ot.ueo14el. YUl&U®. ot $J1pe.rotfl,t Tctrt1oal 

•• reaone.11fiO 

o.oa 

0.16 
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Pl'l'QI .tND YAW CCN'I'ROL I'CII. 'l"ff-BIAK CCI8IANtl GIJIDAIQCI 

Appl'OXiai.Uq •b.& C01ltrolll, llhtoh Ullll pooi\lotl toodbol.ok, ,, 
a et=ple q,u.d.:ratolo ro~t o,.at• 

•• t1D4aa,ped natural troquonoJ of •tns o<n~trol &0 r~/.-c 

'· 011111ping retia of lfin$ ccmtrob 0.5 

J'Wl'IID!l\IIC$ lousttudlu.l Uio - aooeleratl~ fqedbaok 10 ., __ 
ltnlc1tu.d1nal uiG .. ...,..,. oelocity toadbaok 0 

Pwo•t"B• of utnc 1oaa OTallable for gul~noe 90 

PITCH AND TAW comtOL Ji'O'Il HOOllG lfi""'H SBKJR GUIDANCI 

A,ppl'oz:illll.tln&: wsna: co.11troJ..~, .mtob uae poet'UDD te&dbae~t;• bJ 
a eiB:IpU. qwl4rati1o roiiOUllt ll)'at-

50 rad/no .. Ur!."'-Ped. -.t.val tr"'IIGno:r of tr1us control 

'· lliUiplq ra'Uo of YlJIIO oontrol o.o 

Chal'ao~wtllf;ice of .ap11f1c pr•e .. dlna e~nd 170;11\trola xi!. la.a 
A!Qlltiar ohar&C•.r1et1o (.. Jttk ~~ j,lt .,..t • o.o& 

ae-.to rrapa07 or AntoaJIM aano. a rad/aao 

D'l'JUi!IO CBARAC'l'IRIS'I'IOB lUff" ocmJIQL B!'8'l'!Y8 BY H'T., TABLE 
AXD C~ mrDlATID AI SA.'l'ISfAC"l'CCIlT JOR ~II 

CKP tt'Tflll tm1' OJ' AliROD'fNMIC OOIWICIIZftl!J (TABU! l {•o) 
0AT[FQ.I.I~7 
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D. CON!'iWL Slb"T'"""J:.Ll. FOil B9¥IOO Vll'W §F-lJ<&R 9-JJIIW!(E: 

ShoUld s seeker be re{lcuired to iii;Jl:'09e the accuracy in the tinlll 11tagea 
ot tlitht then the control eyat~ should QP&rate aat1etactor,y either with a 
two-beam commaud system or ll'ith a seeker. It 1a proposed thet in a ~ate.~~~ 
uainl!: seeker 8Uidance the oontrola regulate tho ~r veloait,. ot the 
line or sight to zero. 4 block die.g.rrut. tor the r~<oODDended control a.:rettu~~ 

ia lllhown in Figure 15. It Will be noted that tile B4lllll aaaenUal el.eJUDt 11 
are uaed in thU· eyrttelll lUI. tor control trOll two~belll'll coau.nd tn~idance. The 
seeker ab.own achenmtically uaea a movable 41ab anteaaa With a servo drive 
tor ttUtOlll.':ltio tl'O:HikiD@o A. taobQJII8ter ia uaed to lll.aU.IIUl'a tne .~ongular .ru.te of' 
tha untenna relut1~a to the atrtrame 0 In aame aeaker ayateMa ~der oonaide• 
ration thia aneular ruta would be ll.leaaured alectronically and the aaalrer 
antenna would be t1xe4. In order to obtain the deaired trajectory with eeek 
er ~idanoe {apace aneulor welocity of' line or aight • 0 ) a aigQ&l indicat• 
1ng the aneu.lar ~elooity ot the lon@itudin.al axle ia ted back regen11rath'ely 
and added to thll taobomatar to obtain the apace angular yalocity of' the line 
or sirht. & theoretioul onalyaia vas made on this ~a ot control system 
(7) aud the following waa concluded. 

1. The eyattml. is likely to be unatabla with wings 11.11 far ronard or 
tha center or travity aa o.e teet. calculation& show absolute instability 
tor the case ot an oncoming tartet. 

a. The system aholllcl. be ooUstactory with winge a:pproxi.lwtely at tbe 
center of' ~Yity if downvsah ia negligible. Tbe calculations for the oaae 
ot an oneQ.IQ1np: tarffet alao indict~te aatil:lf'aotory perf'orl!IIIDce. 

3. The oystem con be made stable awer a satisfactory renge (~eeile 
to tareetl chang~. 

4o The system speed or response iB limited pri~rily by the dynamtee 
or the seeker. 

5. Tbr> !!lillie eompon~·nta uaed tn the two-bc:.m OCJIIIIIIUI.d eyatem can be 
used stter a owttobtng operation in tbe control aystem tor aeeker guidauoe. 
Thia is indicated in Fieure 1~ • 

&. The dynamics or the seeker must be matched to tboee ot the air
tr<u:~C by the aptJ.l'Opriate p.~.rt:uneters or a proportiOD:.l plus illtsgr&l ai!IPlitier 
precrdir.g the commnnd loop. 

The dynamtca or a aiesil~ control ayatem must Qatoh those ot tha gu!
dunee system with those or the aireratt to produce a aatistaotory flight. 
Consequently where it in reaaible t~e requir~nta of the control system 
should be tt~ken into account 1n daterl!lini:ls the dynBillics or the airtrama. 
Where the ci.YIUIPI.ies of the airtralll!J lll'C determi~red by othJSr cvuaiderations 
a thorouph knowledFe of ita beha~ior is u prerequisite ot the intelliyent 
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de:Ji@'n of t:1c· tlip:ht control ayatem. ...ev~ral pbao .. s Cl!' the aerodyna.lllic be
havior o~ the ~esilf> have been investigated as a part ot control atud1e&o 

Certuin c~~cter1stlc9 ot th~ airtra~ are choaPn wttn only secondary 
con&ideration or the control syste111. PllCh a.a the IIIIIXliiiiU!l lit"t 8.1'&il.able 
(which hus be~n taken from trajectory eonsiderationa) and the eeneral a1~e 
<md Slll!lpL ol' the misiJ!le {which haa be .. n taken trom overall project con
stderattona). vther es~ecta or the airtrumft more dlractly attect thB con
troln work aucb e.a0 the arr:.np:ement or tt1e control wings on the e.lrtra:me end 
t:•e locution of tnt! J.Win wings reluthe to the center or gravity. 

T:ue lO<le.tioQ ot t·1e l!lllln w:lnps to be used tor control is importnnt in 
deter~<~ininl" the dyJllllll.ic re11ponae of the millsile to eontl'Ql aig~~als. 'l'hls 
la illustrated in F1FUree 16 and 17, tor on a1t1tU4e ot 30,000 teet as the 
dyMlll.ie response of ths 1onr,1tu<'!1nsl axis or tiu! llliaeile to sinusoidal 
enane,ea in mQln •in~ position relntive to longitudinal axta and elao the 
rca'Ponae o~ t~Je miaaile tl1¢lt 'Ptl.tn llllf!'Ulu.r velocity. due to s1n.uao1dal 
chBU6ea ~in winp enf!'le relative to the longitudinal axis ror five dltterBnt 
wing loeBtiona (7). These cGleulatlona are baaed on tha eerodynslllic eoet
rtcienta described in Table 3 und da-nwu&h hee been ner.leeted. At the pre
ocnt time it 111 not prdctic~l to mbke ~ reeo~ndet1on tor the beat wing 
location. althou,h it bppeare that the two most daelrable locations are 0.4 
teet ror~~ard or the Cf!lnter or p.r<oVity and at t:1e center ot r.rewlty • .WtU8lly 
moat ot the c~lculation» ror control !>ystell!S were baaed on the wtne loeatton 
0.8 feet foroturd. or t'l·~ cet:.ter ot rravity. C~.!lculuttona •ere also mde tor 
15000 teet and 50000 feet altitude. 

Tile rclf•tive iaportance or et'feets or the osaillattnp:: e.trtoil tlt Buper
oonia ape8da was lnYeetigated e.a it attecto the control theory or tbe a1r
rremc P.S). 'l'hia atw1y indicated thnt the equatione or 100tion baaed on ata
tton!lry !low should be adet~.uat1• in the freQuency re.llfl'e truport~.ont tor auto
mntic contrOl of the missile. 
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SEC'!'IORVm 

AD eeU.I&O.te ot errors encountered in a two-11&11111 COIJmBil1C1 ayetez -• 
lla4e, 'l'hll method ot gv.idanoJ ooneidlll'ecl. 111 one beaed on the ftlue ot 13 
{• df.i/dt} (he Fie:ure l8 a.). !"h. GfXIIt'\lted at the ccmtrol station frolll tbe 
-aeured TGluee ot RTo Ry1 Jllr, Jti, PT, ..d11o lltld ')' 1•/1'1' .. pr.)o 'I'M eompleW 
m.tbem4t1oal ooneideration te gi .. n in Appendix A. 

From tbo couaideratione in Appct11d1x A 1118 b.e.TG: 

a. Pr0111 the tLsune ginD in .l.ppt~ndix A 1t ·~are 'Shat tl» 
t~~~:~l'llt enure .uoe likely toN tho .. dv.e tof:IK an4P'l'• It Le true tbat ae 
R p.te llrll$llar thase u·Mra 1norea .. appro:d~~~atelJ ae R-1, 'lii'heM&G tbe er~ 
ror due toy inoreaeee aa aw2, ~ eo thie l.aet error ma:r be tU deoieiftl 
ona lllban the lll15111le pte eloee to tba target, But in a elTOn eumple 
I AppeD41x A) tbU would not occur until R wae lese than a half eGCiolld a..,
t'n:lnl the tarpt, and in thie ahol't U1110 u.ternl no eppn.oiablG auldanoe 
could be dOZUJ 11DJ11'8J', 

b. 'l'2le po.a1ble etteot ot an error in f, co be '1'61'7 1"'V&hl7 
eat-Wd by cctutidaring a 111.isa1la 111.01'1118 in a atrai@:b.t liD.a eo •• to mea 
a atationary taraat b:y an 8111.0W:i't b.. {!'18\ll'tll.B b), .,e haw . -~· 
ll'or fi • .04, R ... 5500 tt, ,. .. 2000tt pa:r sea, thia e:1wa h • eoo tt. M-
8111111116 tba.t tlle er:ro~ b.al'C' al"'!f catnpara.ble to the oaee obtained 1o Appendix 
A tb.U would be an UP'PI!Il" bound to the m1aa that 111.igb.t be obta1no4. AOtual.
l:r, the aTBl'ltP .llliae IJOilld bl mueb. Cllaller tban tbi_., tor tba 0'18rell aoou
raoy of the ~alat11le will de~polld on the 'nll.uea ot 4/3 over a OOil81dera.bl• 
period of time, and •• theae can be expected to nrr in a more or leaa ru
dora IIIIUlno:r t:ba aTOl"'e:e accuracy will ba much groater than the ol'Wie eat1mate 
above. The ata'Uatloal probl8111 inYolftd 111 e•tlmatlng tile aooiU'&ef bae I10'C 
)'at bUll BOlTed, 

a. A BUgp~ation hae bean aeda that tha 8l'T'Ol" in fJ m11ht be de-
orea .. d b:r 1DBtalling 1n tba la!paila a aimpla deYiae to Bift an accurate 
maa.ellntlllllat or H, !Uld poaaibl:r R. 'fb.e.t tbia 1e not ttu. OJ" !ol+ow. tree. 
tba tact that raoat of the error in P ia dua to arrora ioP ¥. and f;J'!, 1U14 
tboaa Q.UI'llltitiaa do 110t enter in the expraaaiona tor R orR. 
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A. C.EHBIW.: 

During tbe booat period. (tl'&Jl80n1~:~ rugs) prerMtn'l; 11l41oaUoae aboW 
~t there can ba little or DO SU14anea OD the part of lbe miaaUe OJM11'8.• 
tor oTar tho llli8&Ua. It ia naoeaeraey to as•Uld 1 tU:retore, 't:bat oDl.J 
atapltt1e4 control ~ be attained by automatic ~•ne (t.a. crro•~opea) 
ows11!c the JUaaUa to trln'arae a predetcn"Bin.cl cour•, Such 11 couru 
micht ha'nl to be sat b,- the oPtntor before the time or launch:l.q aocol'C1-
iJIC to tbe oonditioa.a tlzed by tbe J*l'Uc\\lar launching. Thia requ11'8s 
lU'Q'I':I.atona in tbe booster design to aeCO!IIiOChlte aueb a4juataaat, 

~N ill 11101a1 incl:l.ca:Uon that aubBOn:l.o eontrol or tbe rat&e:l.ls can bll 
aUabad. bJ u.a ot Mlftlcieu.UJ large linin£ avtaou to support tha m:l.a~ 
sUe free ltumch1118 epeed to tlle bastnning of tbe tl"aniJOll;:l.c apo~ed rausa, 
at W'hicb t:la Ulan a\ll"tacoa can be Je'$'UDOD84. If 1;11111 ill poaa:l.bla 1 a 
oODf:I.CUft'CiOn _,. b8 IU'l':l.vad a.t W:l.ch all01J8 u.J:leUftr1118 at auboontc nt1Jh1; 
apoed.a, t.bwl pel'llitthl6 ~wt.ch1Dg to be l'&B'I;riotad to cme direction onl.7 
with ntDPHt to tho CUTier ai:rcrett. GW.G-.aaa to U10 prop~ attacll:in& 
poa1tioa 18 achiaTG4 duriD& thia p8riod. Such s .,.•t-IDijlht be cotapoiMICl 
ot a llliaail• aDd a thrM nap booster ea follows 

l. 
contzol 

•• to brins 

A jattlaOII.tlbla eubeonic propulsion unit w:1. th eubaonic lit'UJlC and 
eurtacoe. 

A jattirlon.abls booster tor operation in t.b.e 
the llli881le Up tC 8l@e:NIOI1iC 8pH4. 

t.ranaonic range eo •• 

It ie important to note that the cOl!lpla:z:itJ gf the foreaoing arraJI&B~ 
•nt 887 be ftduca4 if it ia posalbla to 11110 the miaaila liftins aurtaeaa 
(aupereonic wiuga) duriag 8Ubaonic fli~ht. 'l'!wl boost.n cii!.D M deatsne4 to 
enrt a low propulsift dtol"'t durtng tbfl t.~ required to t\11'11. ud. thaD. a 
hish pl'Opulaiw aftort Which ia ra~irod to a.tte.in aupersoDiC Telocitiaa. 
Another poi11t to be aoneidercd is tb.a.t. the aubaoll1c INrfacea IIJilJ' be retei!Ud 
until tlie aDd of Ul.e totel boost por1od, thWJ e1m.plit)'iq the .-obuical 
deaip of the booat.r. 'rbie would gift • !U.asila configuration of a tandaa. 
.onoplllDD. The pnct.icality of th111 propoaa.l depend• on the aftaot• ot auch 
an ~nt on t.ba total drae; during 1iba boost period and &lao thlo aftecta 
on etatic 11tabili'tY of 'thG llliaaile. 

Tbe probl.elll of leunching uy be clarified by nbllivi4in& it into t.o 
seneral caaaa; launcning tor oftaneive u.Ma ed launebin& for datfluiva 
UMBo Tblae t.o caaea dotenaine tbs miBaila •l'l"'ltt6tal8nt H'lUired e.nd al.BO 
the pro11'1a:J.one nacaamary in 'ttll aarriar airplane to provide tor lawaeh1fl4t• 
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1'be Pl'Ohlem or dotana1Te l&Wlchtqg, e.ltbough :110t di,.aotly nlde4 to tba 
lo!X aoo requ11"0111U1U, ie oo~aidared hare to ahow tllat th1a 111eail.e can aae1~ 
l:r ba ll4aptad to 4a:ten.&1Ye uu b)" bcmber t;Jpt* dron.n. 'l'ba .. OO!lllidua.Uona 
alao llPP17 to the otteoa1V8 m1881h aboUld it be uceHU'J' to t'1rt1 it in 
other tbaQ the line o:t tlisbt 41reet1oa. 

B. OJ'J'J!:NSIVB USIS: 

It ta uOWIIM that tor of'1'8nsin uaee, tba CIU'l'tar alrplano looatea tha 
tuaet end 1ft able to .. 110\lTar ao •• "to aia the aUa1le approxlDately at the 
tarset. l.t 1a Uao &N\11184 tbat tbB rel .... attl\ude o:t tbB oaniar 1a eo.ch 
all to cou .. the !Ua•ilfl IID4 a.rrier to hpilll"ata. 

For •xtol'b&l atOflrllP, tbe pz'9fl81lt; "&ero leqth" laWlehon DD7 be ueod. 
OD tba ooad.itiou. that eutt1c:l•t olaa:re.aca bat..,.a the m .. ua ud ~a •i.Dr: 
ot tile oarnar aan be 1U1ata1lld. l.:f' thh 1a cot poaotbla, 41aplac1ng coar 
lillY be 118ceaaary to dlow wrt1c1ea:t grouad. Olelll'tlDGe duriq 'l:eke--ot:t Wblle 
-.llowillt tor 1!118a1l.,_•11l6 alee.ranoe 4urtn& launoblal. 

for 1ntal'llal atowese auch 41apla.c1ns sear ie aliso 1!.1110118MJ7 e111.oa 
gre.Yity roleaaa 111117 DOt Jlt'OY1de autticieDt a.ceui'O.cy ed ceatrol. 

'l'hlll daa1gn ot auch .,.,chaci- ie tesa1bla u.d haft b .. n u.Md pre-tiou ... 
ly, notably 111 roleaae or boDibe from d1Ya liCIII.Mra. 

For ottenaiva uaea, proaant la.u.t~.tth1Dg Mtl:lOds -~~ actUi)iiM.ttt •:r be 
ueod ae 1111 or liiii.Y be a.dapta.d to eccOIIIOdate tbe UX: aoo llliaana. 'l'hia UH0 
tberetol'e, praeeAte no aerious problema a.nd only 1Dt'luano- the •1aeil9 
deeign to ~~~ extent that olael'I:Ulcea between .S.ealla en4 sroUDd or ateau.e 
and •1rpliUia !l11at be Pl"OYided tor. 

C • DEFENSJ. VE lAl.WClilNC: 

In det'ena1..,., launchiJ1E, U 1& ~t•ceellllry to •aa\111111 that the •1eaUa 1a 
carried 1n a long ral:l£a, llll!ldila ap~C~d typo ot drpllllaO 11.e. bOJiber at 
epaeda equtl.l to 300 mph, approxUUs.tely). Tor th18 t,-pa of uae it 1a tv
ther aaa1111!84 that the a•rrier airplaDe l'tlfll&1fte on a ginn OQWae dlU'1118 
laUllchins: a~ that the target plone IIYl1 be at aJJ;f aail!IU.tb. poa1t1oa with 
raapect to tbe CIU'r1er etrplane. SeYeftll po881bl• ~•tho4a ot launchiq, uo 
noted below: 

1. 'l'he mtee1le ta ai&Md 1n tbe d11'8Ct1on ot the 11118.' of fl1ght ot 
the curter and. 1e guided alone; the correct t'l1sbt path r•qu1rod to ·~ 
the target. 

•• 'l'ha 1111aa1la llii80t1et&e 'U1e turn at aubaon1o Yeloo1t1ea (up 
to '100 mph). 

b. The u1aa11e nagottstoa thfl turn at traneontc nloo1t1aa 
{during tbe booat period). 
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2. '1'U lllin1le 1a am.d oppoaite to tba diNcrtion of tbe U.ne ot 
fi:l&bt. or tbe oarrier and b gld.ded alons the oDrreat tligb.t pe.tll nquil'M 
tg 0Jl8&61 tbe t8J'IGt. 

1. TH abo1l.111 1o lllaed 41notl7 ot tile 't&l'pt 1111 uiau:th) 1 rosari· 
leeo of approach amcl•• 

'· '!be 1Uoo1le 1a alla!t4 111 OOIIll optbDI:a direction allll tbea ltD 
fi1gb.t »&tb U 41reo~4 to .npp tbet!U'pt. 

It Oboulfl. b• ~04. that 1n all oaeeo oxcejlt (5), eboft, it b uooo
lhlr'J for tbit 111oo1le to .aecottate o turn ot oompar1U\'8l.7 a.all n41uo. 
J'or pn.ctloal coo.e14orauou, ~• &hoUld blJ dono 4Ur1D& U.. 1011' opoed por
tion of tho filcht• Ill or4er t.bat theae turD.o _,. lHt acootq~lial:l.e4 rSu:rlDC 
thia period. it 1& IWOU8al'J oi"\her to proTide low o,.84 ooatl'Ol. ourtocoo, 
lUI dohr1bed Pl'OTiously, or 'kl p!'O't'ide OOIIIIl .uau tor turlliq and etabilia-
111&: ou.oh u 'I'IIA80 111 tbe exhauat of the boootor rocketo. na latHr 1o llJ1-oo 

der ccmo19-raUon in a~ot1.0a With o Be.97 re.MP"Oh prosru., 

The otrHt ot tlle ottea.eift laua.chlng aathod 10 DOt a ccmtroll1ng rae
tor in tl:IIJ dol1sa ot 'be llX eoo. Tbe ethete ot' tb.o a lthaust s,oNo Oil tho 
v1q otNOt\11'0 of tile oarrier have b8o111. toull4 to ba a.asli&lbla by tH u.s. 
AD ia. teats C~Ga.d.uet<lld :recrea:U7 WilliS '"'1'1117 '1'1•• l'OIIikata. Tbeu :rooi<&U 
llaft a atut1111 tlar\lst or abwt :!0000 lb vlltch 1• lOOper cant gr-sa.u:r 1ihan 
that aoa.t.-plat$4 tor the 1iX 800 m .. ila. 'rbe mta•U• doaip to:r thte 'tJ'IM' 
at uaa WlU, aeretore. be Um1te4 by othel' eoa.a14erat1ona, ad u ruco 
e.a.4 tUut oohe4Ule 4eo1re4. 

l'l'OII an e:umizat1oD ot the Terloua Mtiloda ot detiiD111ve le.W!.eblng con• 
aidend the fttllntns aonolualoD8 O&D be drum.; 

'I'M Jdulle U NqU1rll4 to nes;otlate tho iu.itlal turn 
at Mlocltiea below 700 JIIPh. 'l'bll t1111a roqu1ro4 to lllllk8 

ot l.80 4esre•• ie appn~;d.asatel,. a ••-4•. 

Altro 1 t u t.o be noted Uat the use or 5Ultaoale IIIU'taoea me.ter1all7 
ooeplloat.. ~ aiaaila botb as to atowase and 48e1sn at the booster ro
qv~. For thla t.ype ot arl"UU6eaent., it 11181 be poaa1ble to etoro the a1•· 
aUea exhrnallJ uDder tb.- aarriar airplaao•a w1J1&8 1 thull ovaroolfline ~ 
or ~ epaee n~qul:raaente 1uavred b)' 1ata:rne.l mtovase. 

Jilat.hod 11}-b. U the problea or atab1l1t)' duriq aubsonte ntSb.t and 
tlatt p:robl• ot 4prutia atability ot the mi11111la at laUAchlng Hl1 be eolftd, 
"UI18 11111thod p~aente a better la'U!OhlZI6 pro~. ainae the initial IIISJI.e1lftr• 
ins tU. can be materillll:r rll4uuttd trom 5 Ncoa4a miaUNa tor aathot (l} to 
epproximatelJ 0.1 aac:~orul tor ~~~ttb.od (l}·b. 

'l"h1• method c:~onS14erablf aiaplities tb.a Uoalgn or the booster d'raJ18S• 
llOII.t, el1alaat1JI6 ~ hbSoA1c w1nsa eDd poamibly the Med tor aey t11111 on 
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the booatar at all. 'rbat pril!ll tor tb.U etapliticatioa 1• illlo Mo4 tor 
roclult bleat 'f11nlll& -d tbe uu....., ~baniem tar tbair oonb'Ol. It 
abollld be ACted, at; thiD poiat, tbat the loeda oa tb•• ftllAIB are hish aal 
thet they sat be roetatl!ld wblta the vue aatuoial 1111 at u elente4 "~;qp
eratura, 

~thod UU. 'l'hia .. tllod. inclwiu aU the prabl.GU of .. thocla {1}-a 
and ... in iddiUon to 1:h.e probl- ot aoiMilN'Ilti.ll.8 tbl ata1111le throueh aero 
velooUy to ita ao:tBI fl18ht voladty. ft.h •ihod. ot la.waohiaa;1 ~.,.r, 
Al'fta the ptU'pO&Ie of ilapoeiD6 tP IBIO&t ae.,.re ooD4it.iD11.8 tor tba booaiu 
d.eaign; thUdl indicdiq the UJIPI'r liait on ihe at .. of the booatar. JlCu&b; 
oalculetione allow tbat a booetar oapable at eHrtii!S appruia!atol.J" MOOO lb 
of tllruet tor 8 "oonu 1e au:laal. required lJhaJl e 2 IIMOII.d "booet per1o4 ia 
ueed tor e ai .. ilo pl.ue boollter -1Bhill8 GOO lb. 

llet.llod {5). 'l'bia -tb.od lapo•• 1lO an eoradltiOD.a oa tlr.e dMip ~ 
ihe aiaeUa BDd. booeter bui does llldloate t.lla atse Qd •Iahi ot ibe """ 
Quintd laUDOh1a& par. Prol1.alller7 ai,n~ oonaideration5 1D41e~ate that 
a M.litable lawaobill8 I!MICibaniiiZ Qould -lght in tho crier or 200 lb. 

ft'Oil tho dtawaetoa. in {B), Ottfnd1'AI Ueaa, OOilllid.eN.UODe ot otteuin 
lewacbln& are aot tha oontrol.l1Jl& teCJtor oo the daaip. ot tbe ailllallo, eu4 
.Ul ll:r. pneral lliltt•ttt only thllil deBip ot thOI lii1Bailllil eupport.e a4 l&uaolW!.s ·-· '1'brJ larse~ BID.bc- ot problems nlaiill£ to tbro dlilet&n of the .S.BIIile 
••N on~OWlt~n:·•d 1n {C), Detanahe La~UM~hhfr• 

'l'ho foll..-illf!: oo11cluatoaa...,. be a.re.wn troa tbe d18CUB814D in (D). 
911111Ur7; 

1. U.\ho4 ( 1)-b or •tho4 (:I} pre .. .at• ih8 IDOI)t; promi1111118 l~~UDchbS; 
proMD4UH tor d.etelllli1'e uHe. 

2. A booster aarilng • -xUrulll ot 2o&OOO lb fOl" 2 •ecoada ia tbe 
up~l' 11m1t of the Nquired lloollte%' stzl!l. 

s. 1.D. uthod (l) ... b or 1118tbod. l3} t• nsod tor t1DB oa the boollltar 
IDilY be alia1u..-tad by uae ot 1'anea in the o:dl.aua\ or "Ole bo oaia.r roc hi. 

-'• 'fbAo 111t:ructural .. 1ght ot • launohllls aaechaniq JUII!Id aot e:uaM 
200 lb. 
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Tho dea1SD or the 'nl"hed baa 11ot be-. ooalll4ered 1A ..,. llata1l aa 
J81;a Up to 1ihe pr1MSD.t 0 t 90 J)OWld WU'baad baa b .. D a8BUIIIIB4. Jfvl!Md 
shape• 11e:re aaau.ea. 1a 1'11J1r.8d'l;i.Ds tM UX:-800 piok%'1al.l:y. 'l'b1a ... 
clone alapl.l" to pl'Od.uaa a reasonable pldtUN ad 4oaa not l'Opre8Gilt a lllll'
llea4 or proper 4edp. fte 1MZ'l»ad. pro\Jl• wUl not ba etud1e4 u de
tail UD'til the a1 .. u. 4oai8D 1111 f\artbar OJ7stallllll4. 
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.APP!!DIX "A." 

1'ha -~d ot sutdanaa aoallld.anJd. ia ODe bued Oll ~ba -lue of t3 
(•1!,8/dt). (Sea J'icurc~Al.).iJ 1a ~~·4 at the o1,tro~st.aU011 i'l'OR tbl 
IU81JU.l"8d nluoa Of Bfo iao &to iut.B'ro .81b aad 'Y (• T- y)o 

Wa wlab. to aat1ao.t• tP errot" in tha oamputad nlue ot iJ due to ob
aor"f"84 error• hi tba DOUu.re4 qu.ntiti••~ 

'Dle FOl'mllaa • 

... b.'fO 

II-~ "'a.ffrr + B/'A._ + (Jlottia - BHRTI Un-y .. R<:R¥t.B.r +~ )l) cOli ')'o 

""""' ... "" ...... -...,..., .. ,. 
'ftlia Sh .. 

to: 

~.!! .. ¥111 ')' • 

~ 

a2 it ao itl' • ~011')' 0 JJ2 a7j .. IVs!- - ~')' 1 

a4l.£. [!a.r2. lltfloo•y - 21fr4RT J sr.Y- <BI- ~li,.•tn'Y ..... 
.. 2(Jla - &Teo• 'YlRorBMstn y • 

.. ~. - ['""" • .,..,,,. y - ...... J .,.;. '""" - .,.., ....... y 

+ 2(Rr •1\1.008 'Yl~in 'Y• 

.. ~. 1J>rlia- .,;;,, ['"" • ...,.,, ••. , -....., J 
'Y .. <&I - f\1.2) Yf811lT~ 



.. 

,, 

..l! ... ,..,;,. . .....,, [.., y• .... ,.. •• ,.,, 

• 'lll'ri"r - 1!4 ) ,., • 1!4) ... 77 

It Y 1• llllltll, thenYy is Mao sell ed'Y'l' 1a near 180 d•CI"H•· SO 
we CillO put apprOXi~Htely 

008 'Y• COllY)( • 1 

COIJ1'l' '" .. 1. 

Then .e gat approxi~t•lr 

n2lk_ • RT!I1ll "Y • .,.. 
R~F£ ... Rl\t. 

a~;: • .. fQ481n ,.. 

.. .Jl.JJ • ..,, 

·~· 
R2 a 6 ... R .Y. uorft. - {RT + l\!Jitr ein y. 
~ T R 

a"~ •. R.i• ,..., ·I;( • 1\,) ily oiny. 



lD. moa't- caHa tW- last ~ ot Ue laat equa~ion b. ft4i$lte1:ble. 

Ap !!algrle. 

We talni: th• follO:ifiq •alu.a a;a p:'Obable a.tTOra of tba Maaured 
qu..att'U.e•~ 

4BB. • «BT • !50 n, 
dy • .004 rad. 

d"J\i • 4R.r • 120 f~ per HC 0 

~ • dftr • oOl 1"8d par Me. 

Figure 2 abOWB a GUipl.• traJ.ctorJ. Rltgard,lua ot wethtr the coa
trol abip PUl'BUfiB • straight CCUl'IIKI or turDs • hen rwsbly 

R .. :5300 tti RT • 12800 tt, 

Rif ... 8800 tt R.r • • 700 tt per au, 

~ • 1600 tt p!llr aee 

atny • .... oo5. Jti•iny .. -200 tt., R1'sill)' .. ..zoo tt, 

TM>se s1n, rwsllly, 

~Ldt"' .... ,o2!:1 
'Pii 

' ,; '"' • • 000 ,.. 

~d!ir· .002 

"' 
,'J~oP.r • .. ,. 
'f.r···. .ooo 
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