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Inet rum( r,t4 ion 3bn nry' MIT
J obert eterA

M' 25o 19"g

t1RUIT C :A',F-E

* (Supplem~enting Report if April 20, 1948)

OhngIiA the 3-9 compulter cireuit fruni desirable during ther.

IP4-.,t)Utb sae -ari~eted below. The cnanee include nmtn~r corrections to

the . revbus report and additional chanos !a t?e cotpuuter circut whith

" a....beeu found ne".easryelneo that report Wn iel)ed.
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hb t:i-%mertiatif I~ o~oy on? -ah4
- CicuitClhangeu tnt 3.9r S-4 lt~'

J. l abear t Roefl,

Paeed part I

-L SaUI2 ION TOLMOT n? kUog194 8

1. Page 2, 3estttor n teber R3t44o in the 1oa4 birauiV".f the-

vejooity-rangs wrind rectitier has not b*#tjemote4- The echematic, drawing'it

oqrrtot as It stands*

2. he load p'flentiometer 4n the sam'e r&Q: fier Cirtuit (io0a4A -'

OAgthe range sear bor) is Zforneotefl ar a potentiometer and not ast 8 a ri1 ft '

resistor. This point wtas oorr-eot].y ghcwu In the 'dmawjng on page 2 of the

&A0ril 20 report. Wo itne were available in the connectors for the connection

to' the anit of thp 10K potentiometer. The leMa f rcm the arm b;is benwred.

Airectly Across to the spnsitivity amlifier subch~sett and dP'ies not go a

indicated in the drawing to Din X of 32.901. ThM0 pin ± used 'betmen the

etkd Of the potetioaetr anld R34140. The range var-lable 1"K resistor in the

density rectifier load cirouit was not, c -Ant- d fr-in a veriabie resitor to a

potentiometer crmnecvio. Ph"' c h ang* A is less essentil for this circit

because the variable ynart of tie rectifiter load Is r nly 1Kx oull of over 0 9

If & higher reehtance linear ranee pza tntin ,lter is urtd in thia circuit,

however, It migh t be desirabi. to0 connect tt also an a potentic'.neter to pro-

vide nor+, linear -opert.tlon, f-) the &-nsity innut to senritvity.
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chntymges viMizee In 2te Apri 2tht btartwill tr-orr"'o~

vi.t-r the i4-arng volteerrto r 1-da Inpu thotput l -4 t is ml ic *ot! 4 h'a

reat-tioe I ratgoalf poenttoiethvle ero, theia mV# 'be1 nerl l$tt.u ' '

vor~n rage 0. lt, inar with thnut~ deede itu ovivyvlte. stAi4 1t

inst the mns wrlivamfier.. nt~ circitai n re t10 thef "'amk 444

hasrewl emzere in the Aptril. he oircuitl hateenll asss4 tob.r-

dtzeng te 4-ivolage emrro if inuiootu f hsantth' 5r~- -4'

redut tA.i 'SU bnstabiete error whti obsere nrea? of i the VP ~ *S

az1fd re hatinjiet ero i dendorasbto hcae vit wol ginm. he detnceo

hag thien torae tonpllfie of a:10 thi crcoit Ic contieru e an epate

repot wil coer i in ars etai. T T ciciA aabe on ob Q'h



1'JustrZi.tation Labor~terv, MIT4. -1 Ci-i Cun -,es for S-c) ecmpnter
ti* R~r-t R gera

.007910s 1Z4,Stbo0.e reasstr of the 6hIZE amplifier tube. At %iddle settinge of

ohe Pets, the arm' hae an im~edaoce to grquad of the order of

2. 5Z 1~ This tf1pedsnoe. is -.**=on to the feedback circutt and t~qtb

eceo ~p Oe iOt f -r t'Ole output amplifter tabe, ?luotuatin In eren

ourre 1 wtt geia3. are thdne -fed back to the amplifier input ocircuit as

Voltuie s ae with the, sinal, input., To prevent 'this action, It. ia de s-

iiiJnhle tW-by~pas;tce screes of those tubes Istaet s operating with vartAble

gat .oozrldtctv1y t6 gro Ut4, It WOuld &lso bH desirable to byposs t he

ac vt o the fZied 4 a. channels to ground, boc-ause some feedback voltage

* 0* ;4~l98. crssthe '11 othode reetetori. (The present cirauit aoet

.a pmOni bypoe cemneaeer aM -a fsedbaak conenser ix the mAmea osn d. bfLYAing

.8 b.attA The tv:o-'soct ion condenser can be lised for SCri*SC byv4An

ad #iftdzon~no~~al for the 40"dbaak olrcuit.

* ZaJsth6. preseot arnrnxgwent an the fihe'd gain channel v11V&fv

'I~ ~ Ar ... J * 't

4P~~ ~ ~ A 461.*b d tg knvtigw~hIs either bhigie r or lpver.

tV E*_ f~ ctbtflA 'ha~neil by at lesot mbuag!I -to takeB ctre Oft th eMn*

t f'~g ntt'emtt wi41IiD uenttirvty 14 the C $zed gakin chwirnel Iii

bf tat-, din g toqrnidVe feedbAck znietor shoui4 be Incressa In

viii ~ ~ i t*tM it 4le pn whc atk o~ It La deesirbWto tncorponts

iotrltr-t) 're alifter,ehAnnel for o

aldeflAdtibi sytewK

B.D Wbiethe amplifier gsicns had "een Standar44zo& for thoe

p"esAtnm uit 4 . it .waFi found thtt~te4ct-tode reeators fo" flIZQ and

'- lQ rtstal*~ ~ vlve' tound correct foCr R251&~ and F!4$6 IV 40L.



Instramenctat ion Manae7 IT
circ-it C"hanges for 3e0 Computer
J f Rr~ t -Ro ger i;

May; 48
r:e Part 11

C~The A and B ' nput to the- elevAt4 .-u wilape 9ystem have

been Intterchanged ane the level note-ntiometer R? ,14 is -now in the ""'~ c! mrc-

zel of this aimplifier, The "A ter-a if , Y, cos A.* The "B" term Is

(3 * Ky0 ) gin S (variable input.)

0L The irw-ut level control R~at'4I for the Ieflt,%ctirn win,4a"

system should be out In the lead 518 instead of 5 D7 so that it cnntrnls the

*fB" input for this system,

The above cbang~eaenesaybcu in order to aastrn that

the windage amplifier orerates to m~utiply correctly, crre must be taken to

keep the 'A9 inpuat larger when at its operatinnal inimum than in the SBP

inni:t at its maxiwttm vi.luo. Xccordingly, no atttenlistioni shruld! be put In

the OA" input, and Md~u1stnent of the output, of the system sho';ld bDe made by

attentating the UBn Lanut. This reouirer.,pnt arises fron the fact that the

viadae rectifiers Are not phase-aensitive and they A not r-cno~mie any

dIfference between a value of (A.-5) 'where B is smaller J,&en A, and ne whcre

B is the same amount larger in an-nlitude thinn A.

In practice, it Is robalbly desirable- to usto a level of tae B in-

P~t romewhat greater thaqn woule satisfy %he abovc renuire-ment Utider aUc*-

4itonc$ as Vie maximu~m value of 3l occurring with the r-intim vlue )f A

would nepresent an extreme and unlikely conditi,,n. S0,,e error under tnis

±;Aput condition can c. beacceotrd in orde~r to M ve th&dvanaw of uigan

appovectable 3 channel- nignal levol for the !inre prob~t ly feroteted operat i~e

It should beP rioted thiat with, 'thi arranrc-rent, 'tepns$Uibility of

ac pidkup ' r% the 1nput mixln?, pointp of t'Le wlindage amplifilerz brc&,' !es more



Instrumentation Laboratory, MIT
Circuit Chanpes for 5-0 Computer,
ST. Robert Rogrrs
may 2 5 194S
Page 6 r Part 11

UJ2rtUt than It 18 wheFn nearly equal large signals can be used. To the

rxtvn'.c toscit.1, attcnuatinn *thould be introduced In thp input gain control

on, t'.e windagt~v zrt&ssiP and uhrt direct, lemds from mixing regiptors to tube

gri, . muot be ispel. Core ahrnfld be taken in the location of mixing resistors

to AVOid stray fields.

S, In addijtion to the oroblerne mf direct rickup on etgna1 cir-

cuits, it has *,P#r fou..1 ineceesnry with the prere-nt equipncont to tfike addit

onarcwi'tV,.! t" 'prevent circulating ground current!, by bonding toge'ther

the various Fubch sqes nod by extre-ie care in returning the grorinds of such

externAl waUits ae S c'.'~ t.' %anrnpriatp points..

Cir'f~ti~-~rt~ae;rrentc gave rise to difficulty in obtaining the.

best ealibrrjttnnr In Vth windaee- Ainlifiprs and also in the se-nsitivity vel%-

city and range-wi 1ytr. Ii ug7.erttond that Siwrrnn Is incorporating

an extra filarat lead with±l t 'Mru'ter to) eliminate the Ch'anais return

for filament circuito. Thig h~p Is' :,!gh-y de sirabl*e and the mounting of

all computer subchaase-s in men( rack ,:'! her of further as'stance. It-in

recommended that repr& ate crliirnd rU I. wirr'u. be ±Inetnll1.ed in the systm

cabling between thte resraverti rr Inrf'.:r thf? couputer. The -resolver.

* shoual4 riot be grounded In the turret. >vn;ly grnL usced stculd be at the

e nmrnter. With these urecaut lone, n -'trlt -*:'Ifticulty should be encoun-

t eretd.

F, Because of the torciea trzl railert ,f vresent torque

motors,, it ip reconmmended that the adiusztirt rf' wlrdn-e P-rvnifier orer-all

gain be tade to obtain the desired deClectt!-.s att R p:'dte~tinn wAnle. equal to

5/2 of the desired curvature correction and '-n tY- _-vX' 4idE' o.f zero from



Ilstrwaentat Lt Lsibcq'toQ, 0;y
1:trouit Ch~ngee for' Se"96on~ik

1Wy 50 194S8
puigf 7, ?art 11

thaqt obtained if ro other tovqnieL than the sensaitivity and windage torque#

are ap-plied to the cotputer shaft. This procedurs And the reasone for it

were discus~d In a memorandum datedt April 20. 1q948, which was Attced to

the report on charges nn that date. The system has in e fOtiaad to PTO-

Vide 14 practical oslibratonm altho~t ,h it. rrur the 'iSP of add ittrnnlbr

8zCP veligh t s It will'be unncessary whom neire precisef torque mntors beoo0A

availaible,

Carp ghoudd bO taken to check the windAge torque -toors befor 3

set~ring in tne pr-edictin co-muter to be rure that they are within 5 f-

equal sensitivity for torques in both directitcis ard, ioon important, to

ascertain that both -windings of eact motor follow correctly a eeuare law.

3. laiecllaneouu

It has been fotind that excitation of the gravity drop, vinding-,,

(witht noc in'vitt to the gravity7 drop enplifier) results in a change in the' sea-.

sitivity of the elevation nredicttcn computer. The elevotinn sensitivity

notor shunt shtatld be ad.justed to give the correct sensitivity when the

gravity drop viuding is excited.

There iG soe pinp fcro wheel frequency in the gravity drop

torque moto r bridge which causes r-all fluctuations In the predIction outpuxt

if the 'hpel frequezcy is several cycles renowvd from the corffuttng ei reutt 9.

f repzrncy. It Is ucer,,qt7o that Smerson 1z or-ovidine Ehielding to 6 Fl4 4ngt

thIes ia futurea wits,

- It rnul& be d itrable to investigate the poss ibility of r*egtiatla 4q$

the a-c input to 'he gravity diop windIng and popssibleiso teS iation-io,

tnt, raase rate genorator, uvia of Vn& cr arw-operatea fzrom'a -C '.Ywhf t -

ENV



* ~ .OraiZdi Changes for 9-9 XOM~pitr
3. 1ob0rt Pagers

Pag 9 PartU

flt1&-tIon 'A. 6- h s possible that this can us clone with th-t de of a

- ~4t sbaas txnbe IprViding9 that care is tnken to cpctate the tube 'with

A~ strtalr*$stveload 'go tbatt changes nf iwrnt amutitude will not

016 f-pprociaixe phR co chsjnge iz the c'urrent through tho viinn~zgs. N

a~ts~ ~ rp de to wnrk Out aa wjr*e:ePt for thin III the Ic~~na±

t. 

-. 
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Ins trxer. ta.! on LOnratory, MIT
To: J, Rolburt Rnigers
From. Jn)LL. B. baimcer, Jr.
SubJpcti E-q Calibration Procedures
May 2,iiL

INI CALTRA2IOI? PROCFJT)URB FOR S-9. ELECTRONIC CONPL"TR C I?~Rt"UTS

T1his rsivort de scribe a in detail the z:altibra, ior erocrdure found ton

be !aoot satisfactory for the S-9 comrputer during tests conducted at MIT lip to

ay25%b, 1948. No vesential change s are corneitered nrceesary in the zaslib-

ration of the prediction corpuAter assemblies viir r the proceciures rsT>ported

bytB. harper, Jr. on June 30, 194

- -The caillbration procedares; t'low are to be carried out with, the.

equipment operating at normal line voltage of l11 vnlts at a line frequency

of 4W0 ccle. Gyro wheel drive frequency should aij!n oc 40 jr cyclee5, A

A'wfiup peri od of one half-hour shoultd rrecorl Rny callbrnt ion work, he re-

qiaired values. for the varou&s coomonent parts. of the cnn-puting, -~ter are

obtained by calculation from the cc"'nuter cniibrr-tloiie stions. 'V which a

revised copy is attached. The procedureo below a!,p1y to: a tall ec- hti

r -'latien of a eysteia to control caliber .50 Mark 8 A. P. 1. natne--lticn f or which

the coeffiotents are giveni in column ? of sheet o4' the coilibrat ion c-cXrtionM

slmary.

Plots o! the requIred nerftr~ia ,c basa er ttncae e~uattonfs are in

use at EMereon and at MIT. Tables are included In tt is rer~ort frr tr.e, re-

qired curvature, gravity drtp, arid w-xle of attack corrtctil. Thpes t ables

will Permit checks of performan-ce under the fu , rn." n esich of the Irn-pit

variables.

In uqsing the oalibrAtioa chirts Drerare! ty S-rnerson it slhould '%p

poiznted nut that the tAblet for parediction tine (0, ) vhnijP not 1-e ':oed as a

direct basis for calibration of the sensitivity function. Instead, the seen-

*Ittvity requirements o! the 3-19 calibration erupntioog 4culrd be iet by the



tnstriuic.L,.ivton laboratory, MIT
To i J. R. R o&era
Frorim John B. Harper, Jr.
Subj.ct S.-q Calibration Procedures

ay ?5, lc)4
Page Z. Pr"t III

equipment, If the adjuptment resultein errors in sersitivity at some values

of the inputs, the errors should be allowed to fall nearer tc the t curves.
P

Evtry attempt should be made, hwever, to minimie the errors. The t curves
p

are based nn onfetal course assumptions so made ap to Dnrmit eparation of

varLable; and dn nt renreFent renuirementr for best eolutic.n of uractical

predi ct in prnblems,

The oroc~edures below are given in the order in whIch it has been

found convenient to make the adjustments.

VELOCITY ThSITY CHASSIS

This chassiA provides excitation for the nonlinear and linear

4ensit pickoffs. It amplifles the nonlinear density pickoff output t#5

provide excitation for the indicated air speed unit, The output of the

airpeed unit Is in turn amplified to nrovide excitatir.n for the azimuth

resolver and the angle of attack nickoff.

Determine the AC referpn2e voltage variation available when the

potentiometer In the zh~int resictance circuit is varied. Set this voltage to

a value that is approximately hlf-waV between the maximum and min1Mu value*

avaipable and record the value. If at any future time it is necessary to change

the regulation tube it will then only be necessary to reset this v'ltage using

P r

an accurate meter withnut doing a cr,lete rec&1ihrat on on the entire Computer,

The P-c reference -'oltas Fhould vary brteen 7 rind 10 volts, and 9. "olts

is a reasonable value,

First check the outnut of the two density units by ilotting a curve

of 'pickoff volte vs. density. The output of Pi !inear.density plckoff

... a' * *r,



Iatrimeztat io zabx0 i
So J, Robert &'nCT!'

Ari Jahn a. Ha40r4 J7r.
Subject's S5, Clilt1i*
mv 2 5,. )19$ 4Z

sheJU).d b-c a strigt line* The nonlize-tr 110SIty UAit Is checked with OAhu

of the table z hown 'blw The picknff outpit "Ia Obng1?,ed 8howl 919 > it'.

eixrve di~plmedJ fom the leeired curve by a fixed V~oltage eqUAl' tO b oot'

d/d0  d/

41

0.2 O.L.

0.0 O00

ABOU",i that at dd PO,aca o. 6 the .irve Ila correct,- set u

804,~e ou. the cutrve obtaine4, using the valaes uiowa tn the abo" t pLble Qoi,

to detemine if the other values of Ke teal -on the carve, -If the o.*t)

edjust the n~onlinear denity likage until. the cltrve is matahe&4

P2612 sets the ref ereace blap for the 16, d Eckofft -It is 44 a

that, at 0.0 the excitation2 to the Indicated. air need pickoff 'it 2r,

:Whis d~nsity is inconvenient to obtain and viore aeonrfte r#sulte can be icb-

t *ii by, the rltowiri procpdure whioh chcsthe pIckoPf ftmction. at h~~f

:Ae rVA' Is L392 This

0 ~d

atloA to the air s',e~d pickoff Is zeroo
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1hstriments .ian Laboratory WAT
-Ti: J. Robert R-ogers

May 25, ih
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R?83£s'turnied up until there Is anticeable i~stnrtinu at the excitatiron to

the elevattlon recoever when vtie4 with an o~scillcoccpe wGtcut 6 veltsF n-1ra

p33 beck twtil there Is no distortion a~d. record the' outpuit voltage. Adjust

32823 to give 0.553 of t~is viltage. >t~ve the Xollsoan. -enrrator so mrat Its

speeP d c?4nPzovrd a to a rarge rate of 4 200 f t./ sec. P 2 PM correspond t o

Ifootsecoad of range rate). A3815 is then --t to give the* original aatifier

output Voltao- that was used to Set R3283 Plot a cirve of eplevation resolver

itietioat'v&. range rite to deter'dine whe-ther the caltbra:1nn is correct.

V8VQ sets Rginto the eravity drop czurvature cirrection ca.tbZ.ration

eqatiotS determing the level of ercittion to the angle of attnck nilfter.

SE5STVITY C'4AFSIS

-T%*re are a nu'iber of senrate channels in tne seneitivity arpilfier.

Thece- chpnnels are range and ranee ratep, relative, density, and indicated air

* speed- n4 irng#' wind. Each IF: adjusted to mratch Its own set of calibtration

curve a'ty -iessurtng the Renitlvity p)ro.duced b)y thro anp,' ifiter andi omrnrtirng

i t against' that onwn on the cuarvp s. Set RP47O by nvano of a rEFiqtA-nee

brid~e po that the cathode of the )-.tput rtaig- %as a r9?istan~e of' 3U0 Cc ms,

2X)4?, the -modulator balancing ootertloretpr, rH 'C t____, th mndulato5r

balancing cavacltnr, is set to give the clea~nf-t F~ctmre wpa'n f,,r- at th.e

olatez Of, 73aIo when viewed! with AnOs 'rpc

UaAi a range rate inout of zpro, th,- ote-.tl iner to 'p rar 4e T

8~'~i'At~&as fn!nfws



InrEstntivatioinn La boarat or, VTIT

; Age , PartII

(1) Obtain *,h. senieitivity fori: a ran--e of fr t.

Ad,4-st z P13, thenp limt, .J~e .frln

Vafgtsuatil ttr ri-ouire i Penn!'";iy to Qbtaine!.

(?) Usine, a range of 3000' f t. &-Just ?31,the rangt, rate

Otatpltt potentivtieter, -aritti the renitredp nitvt

(3) Us9in't A ranz-e of 10 ft. ad, ust R14in', t'ae high limit

adJu~tnent for eI'I,)rt rc n ins, irtil ther rvqiired oemn-

(Tlr-o~at the above stetrq until a gooAi mnitrh Is; obtained

at all onotto

'5)'inal vaifles are obtatn16e b)y tsiag& vari-.2s vfl'aes of

ra7e ;iL rit e rate.

PR31*)' t the level of the apnilel rqn.- rate ega1 An~ is set in

conjuinction .:I tb, thef A'Thvp 4AFtert. R~' n rend from the rpn,-, dial

drIver by tnt E rrn,- ~r v

fLSWITY CRAYtXL

R342?1 de , i-ie te IevelI of e~rclitsit In t,) the arn Iitf Ier. R 1420

ta reference bt ~~~ntrand iq ad, urtcr ic t~aat tnie 4/dQ outPut ae

a flmctioxt )f rrd s &70 a int rk t The rtratlted to A/do a f( of C6 It is

better to have the, 02 nut rre - ovr the range fr- r Idd 34,0Q12 to di 0. 8

thain to ncr-e eTIntly 0 -tteb: ;, btt.al% R4 A-trmines th3e

load resistance of the cha n-P *:~ ret tne cnnAt term in tin

calibrAtionr e-,uation X1  F .B.Tw. 'R.rmnne of tae 7alibration a

ran~o rate of zero is used. Whe:. t e r~j'n~t r~ are adjusted the flzw-

aity Correctinn mRteh is cheoJ'> - w.: n. de:49ty. All inpluts



ktot-nenitat ion, tabnn'mty, !';17
Tog 4. Abevt Ro&ers
Yrora John B.- Harper, ire

jxcept rtctof& rste and &enisty are shored to ground4.

af3,the V o'(,itatiou level nettenti-eter,, is sot to' that a

tn, 0 of 500O feet the rneaured ae1nslftr~ity lop 7. alone (range intd.

shorted) agreeis.with tkist 'nmthe o'uxn. -;

R1342S sets the level of the range wind input and t6dnee a

the correct esneitivtty at a range of jO t feet when both 1 ant7 riaewA

ifl-Mlts are effective.&'

The velecitj input was calibrated by using spAsttiitY cra o

taintd froms the calitration eation nejecting the effect, *f range wtiidl e.

&iti, t anrar rates Th' de-i o nut Is shorted to rfoun± an~d,'Rt43O9s;

tos gi"t the desired vAlue .of oeasitivity'. A check ii ten'ade to, aas4 Mr that

sensitivity Is correct with all inputg eff~r tiv and, If :#ce ,isary, E!29t

there are three Beparftte channels on thtp chassis, thne elevatioz-

wiodage systen, the eeflectia winda-ge zyrte;, and the gravity drop. systeu.

GA' IT? 7 DOP IS £

Thbz char.nel4 recelt~s signals from the angle ot atta~k tMA rang

rate e~ t ion. Ieo'4r t ml'xasB and.&i fhfl hs Sw S0i~1 ht-iik.N

pliea them to Oppasite rite of th~e br-idge Coninected aratlty &r!cp wlnaWit

For correct operation 0$this circui t it is neceear'y thltsh

* phAse ot 'the 70ltap-,r Anlied to the bridge, from the, excettion bo iier$

clonely that of the signal a lo r, he output tranefcrper V 44?~ of tho:!

gravity drop orplfir. A pase diferehe cf T to I() degrees' w" 11 'xi uf4



e r c R'

e-~ytEK tedu 1sto, rd the 'ph4tvtt of the eiroalt; butit :71qa!91

-e~ P~ -0b"56 tivity of .1mcabt t ch~xgea 1 rqt~y

A ~ ~ ~ Q - t ca f ~ollovaf . -. .

. Wththe -ann atl5oT 0ee? & tiqd e ~ro o' Lt rwt- a4y
itt. t rat, auwtt rvwIc, wbtsi n ioxrx th rtt±f to'T~ tL

I~~ ~ ).-,

P±"- ir 6t ntl hotruter cthaft ~t .j~

~ ,zeea± ereitivity The cu.r' iaure etr~~~ oqeMt~fo;

b~~~~ifr ~~ ~h *XvtO*d4,~ to2b *~oet& The aboverordr &tX~ Te15

t tf or the av -T&1tjdrp. "nctlcn. The angle t attq.c) 0or--e

24, ~t* .JuSt~d ue YiOQ w*hll oentrQ1g the ct n of th e r2J)Ifterrr

Ct~ tze- a.gte of attack- eevttt o'n reeo1lver. 1.bthe ±mnpkzt to-tes~e

~fr~ b1 ,~tdiis R2OO 's~ a L,; eofeiiion of 1:? 7 mil~e,

~0 feat per p~n~

Letatia 1 no * e~ the pcvrf'rfante ',f the geravlty Pror sn1 S~ql f At-
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F rcn: Johin B. hlArper, jr.
Subjlec t: S-0 Cnili rntit Pr' ceduree

c: Part 1.11

ORAVITY:0P CkLxBApgIN' A
Variab le range rate Variable R Variabtle S~

AC AC
120 17.9 g0 0 1900 i6.6 t0 "IC3 2 1.

60 %330 134 7 3 19r6300 334,0 0 146I >0 .12.7 c( 11.7 31.7-300 Ii-6o

-n0

Vin 50 45 h. VIv)n<h ind. 4 50 nph
sec. 2 s~ec. Y.2

.921 x 
A nis900 11 0 Milo t.cc

Al O~~ 140S ' 01 
0

- 'Ariable E d/do Variable Vd.7arinble

id/dc Ac 7 1n6. A CC A
1.0 13.2 100 7.8 010 64.921 1..7 20 2.050 e:.5C-.815 12.2 300 '0.5 .100 io* .667 11*000 12 .150 i.*)4314 9.2-0

5- 
--- WP'c nd.sea. C, ml'i.4a.s-

CS = 150 mile. R ~ f.sc
a Q ft./ee. di.r 9P1 0 ft./sec.

BA 
ISO*A



Ins9t ntmrntat iin >Abn ratonry, MIT

From Joh B. arper, Jr.
Subject: S-O, Cal ibrastion, Procedures

P1! 10, Part II I

E!LV ATlOX. NN DA§),_ SYSTE1I4

This channel obtainr ItE, inputs from tric range rate elevation re-

solver 1wu2. the azivmth resolver. One crsl1tifr Per'vts to add, a-nd by rnean8

tf a phase inyerter, the other armniifier to subtract the twi Inni:t signals.

The outuut of each ohannel Ina connected. to one winding of a torquie motor where

Plfective muntiplicaition of the two input signals tafree -lace to solve thQ

calibration eouation,

There are th-ee potenttompters 'aqed to znaltbratm tHis syste~n and theyr

are adjusted in the fal lo-tvnnv orderi

(i) 'dith both innuts tied to'- ether, adjust tne poton-

tin:3ater In the athode circuit of the phase in-

verter for a minimum~ signai in thie output of th e

A-B anlifier. This ad.Iurt-n#,nt sets the effeut1Iv

Vain of t'wt -)hats* Inverter to a value of I*

(2) Short the 3 input to ground Lnd adjust the gain of

tihe A-B c'han',1 fo)r ai conputer shaft nosition of

:erc. Thl~ adjlustmeat is mnde with no stiffnerss

cuirrent and rqualieee the effeosive gain of the

.w!3 ar-nlfters ti t)rre-t ',)r vAriat~ons in the

tcrqap v*t indilngs. The t-nrute usel for tnese

tw; aiiustnflntc arep artitrar ' but sbomild be at

Iharlt ht )r the mr'ii trin values vossible.

The t'~~
4 Jtn if-~ the r.azritU-.e of tze 6VB inpu)t Which

determir~.~ti -t vns- t ! toe curva ture correctlcn obtuirui, This In--ut



F'rrr-i Jlhn 3. 1 *12rer , J.
SiP , eot; $.-9 Cail'bratian Procedu.res

A~hou'1, 6& ajio- "ly nftvr tr I, a'iae 1r-.vr rr arde the relIat ive channelI

gai are c,;retct. T.-,(- ndjuftrent phoud i ec -Inde xY the conouter saft

def'lit-ttd a-ainst thle- curvature cnrrection t!-,r1Ae to aL predl ;tion angle 04

tne opposite isi-lt of 2erm Fromi that which w'xdud bF cnaedby the correction

trrue nnly,. 'The magnitude of this aigle shonail be I/2 o f, the- co-rrection .

torque reanireci £.-r the fl ,rticulsr Input cr'nrlltilne. It Is measured by diem

eonn;eeLlne, the torque notor andt obstenving the change In prediction age. .-

caused the reby. lt Is tcessary tro uie a fIxture for 'OdIslcingte hf

t o thec de *tred a-g4e so de'eicned tha~t the t..Nrquc prndauced does noat vary' with 4

the M'ro gimbal 'position, as otherwise an error in trie apoparent our vAirt

corroninv4lennd.Asteto the )Bu insut to the csiarmt'reco- .

rectt;)n amplifiler Is then rna~e unt!l the dlesfrec curvature correction "nCie i r

obtain-M. The follat-ing tahle gives the requirernentr for the tlp78t012 vl dages

578 tern for varIous 'inpu-t c-nditions;.

J4

A<
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tnstrumentatton Laboratory, MIT
Toj J. Robert Rogors
From; J-3hn B. Harper, Jr.

Subject: 9-q Calibration Procedures
Mayr ?5, it;48
Pat 13, Part ITI

EMOTION VUDAQI SYSM

This system solves its calibration equation in the same ianner as

the alevat on wiAdage syttem. It receives inputs from the range rate amp-

lifier arid the azimuth resnlver. This system ie set up 1z the same manner

as the elevation eystem, The following table Ahow's the shaft angles for

various inputs for the deflection windage system.
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at Nmr-ran
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Page 1P PartIl

Variable R Varlible Vd ariable -A

it A0  Kd/do AC .A
110.9 6 90

900 -7.921

Eoo 49. 1f5 .443. 7 10 2
K'300 .667 -35.7 1dO

3tQ -'93 *43 4 -'33 210 .24.6.

-900 '19.5 ~Ind. a 5 M np 4 h.27 ;

In Ind. 1450 mepsh. A 90' gop@ e

5 secO. d/doNjP .921 *0ft/Rd

A a9v

Variable S - Variable VIn.

3 AVA
WP c nd. C

1 -4.y100 -10,9
.49.3 ?CIO ?1.9

3
14 Z3.8,

512 514.0

v .450, mz.p h R .0 f't./sec,
I)ad. S 3.2 s9e0.
S a0 ft./sEc. liP

A t900
t *Q1d/ do

d/dc 990
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STRT BE~rl NIN'JyTE C

sI.vt and -~h iuk-~a~Q 
;*--iti ty -u

0AT8~ if It4/i

vI

5 Ile Gftnd

.cc~I p 3 sin~l
'w pl 4 1,n/,tc40tA

K (K NWW (O)4nd

-P oN(San of the, sigh depio Cj~~~~ Wher Az,,apoprral

.Yie ' i (GS d, ./( 'L



A OL

re~ .41C

~ ttlttd sttwa Velgclt , in mil" per'hour
4. ItoP$1t~4tyc.Onstant, of Q&e ight in mpn Yx s e&2

g~~ e SensItlyfty of prcciicton compuiter for ai2gujarjO lcty
-* tte c-otrefed Iune Inpnt and predictin anle. Q"tpt,

atmos5ph~rkc demit ratio.

IV4 'Ml Nom"aI IItlzuen lanC I Sen ihz

Data Of Phtipotz Y~d bYt
Arrta ch2Qed and Cmnursahe bP.C 1W

$vrnbols~~~P reio v'a,?QP ~ *~f r,& 11234P



$LA! AT.V

CA Ans~t~ MM 4,MA

V3i~ 13/4.8

§J9 Q WK T RY0

~GL

OL, CL4

S -- 15roJen ofCIoto

2 -4

RA TAP 2A Right-hand system ;of rectangular coordinates fixed in gun station
atrcratt, wihF cl~osen along th~e forward direction of the no-Uft
line and the plane X AYA choscn normal to the plane of symmetry
of the aircraft.

0,e, - Righit-haitd sy.,Aein of rectanguP-Ar coordinates formed by cofttrolled
line, elevation axis, and deflection axis, unit vectors, with'i lying
in the X A Y, plane

PREDICTION ANGLE SOLUTION:

GL(tw Wm,



pit"ARED lay.

0IAVW 1 /29A*

MARK AOPI~,20 X IN.

TZ AIL NOSE

K53,372 5Zt4

x3-41X-1- aImxlC -15 X4 10-4

ad ir -3. 10- -494104 -~i1

bO162 X iO5 .6: r x ioz 1.53 x

-.544 -54.5 --48.6 tr

X 7, -2.5 x Xr8 -2,5 xcr8 -5 x10-8 -2.5 x1 ae-khra

ax x( - 2

lKd/ 0 0 0 oe

0Fdr d/d0

K i/ 667 ~ 563 53Nm
~Fr d4d

0

~921 52 4 N51.

100A.0 1((

iar ci,'d

cI
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DEPARTMENT OF DEFENSE
WASHINGTON HEADQUARTERS SERVICES _

1155 DEFENSE PENTAGON
WASHINGTON, DC 20301-1155

MEMORANDUM FOR DEFENSE TEC1NICAL INFORMATION CENTER
(ATTN: WILLIAMB. BUSH)MATONCNTE

8725 JOHN J. KINGMAN ROAD, STE 0944
FT. BELVOIR, VA 22060-6218

SUBJECT: OSD MDR Cases 1 1-M-1002, -1003, -1005, -1007, -1008, and -1009

We have reviewed the attached documents and have no objection to declassification in
full. The information you requested is provided in the table below:

OSD Current Current Current Current Current Current
Case Controlling Controlling Distribution Overall Downgrading Declass.

Number Agency Official Control Classification Instructions Instructions
11-M- Statement Level

OSD A
1002 WHS Records Release C N/A N/A

Official Unlimited

OSD A
1003 WHS Records Release C N/A N/A

Official Unlimited
OSD A

1005 WHS Records Release C N/A N/A
Official Unlimited

OSD A
1007 WHS Records Release C N/A N/A

Official Unlimited
OSD A

1008 WHS Records Release S N/A N/A
Official Unlimited

OSD A
1009 WHS Records Release S N/A N/A

Official Unlimited

If you have any questions, contact me by phone at 703-696-2197 or by e-mail at
storer.robert@whs.mil or robert.storer@whs.smil.mil.

Enclosures: Robert Storer
1. DTIC request Chief, Records and Declassification Division
3. Six documents

UNCLASSIFIED


