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)(oft .ot the aerial mapping peri'ormed in this pountry ia done with photo-

graph$ ,nn.de· "1th cameras having wide angle len,-e~ .(A wide angle lens is ·gen.- ·· 
' ' . ·, ,; ~ ; . ' ' ' 

erally 'defined as one whose focal longth' approximately equ la one- half, the 
l 1 ,, 

diagonal. of thi:, fonnat; the aausch and Lomb · 1 . trQgon• lens and tho Zeiss 

'Topogon• lens ~e in this category) . It iS 9f '. u~moe1l importance to the 

photogramm:etri~t. 'to have complete oalibre.tion date. of the lens in plaee in - ·;:, 'r 
' ' . ' 

camera. Once , & camera- lens combinatio,n .has been calibrated, great oare mua.t 

be taken to assure that its etrical characteristics are not disturbed . How,.. 

ever, if they are disturbed, either by careless handling or by the replacing 

of cam.era parta, a re-calibration is necessary. 

Xn the paat; most camera calibrations hav~ been performed by the Sureau 

of Standards; Department of Commerce . That organUati.on is the only one in 

this oountcy equlpped with the precision equipment required tor optical bench . 

ealibr,a,tion.. Sineft the raoHities &.t the Bureau of atandards etre lin,J,te;d ~n~ .,, 

ainee it is desirable to have a .1nethod of calibrttti.on which can be acco~l~•ht>:~, •: 

by personnel in repair depots or in the field. the procedure shown in this 

thesis a developed. It is believ~d t.hat the aoouraey obtained with thia 

method ~uala or surpasses that o other methods used in this or other .qou.;.. 

tries, lts greatest advantage is its simplicity and the minim.um of special 

instr141118nts required. Also. it has the advantage ot (lo.librating the cam.er~ 

under nearly operating conditions without aome of the disadvantag1u of oper-

ating conditions such as vibration, te perature changes, expense , etc •• 

This method is now being usad by the Air Force ¥or calibrating and re-

calibrating all of its precision mapping o~ra3. Other government service11 

and agencies;; as well as oe.mera manufaoturers, also have accepted it as 

suitable Qalibr•tion technique, 

\ 
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A. lllT.RODUCTlOtf 

l. be OAlibration of aerial mappi c eraa haa always b~en oontidored -
euta on f'iliu or plat..a oxpoaed 1.n th.eao oa.eras. lt ha.s long heeu r·e li&ed 

that c..rtain co.natant relaticmahip1 wat exist bet••it th• lon1, thet foottl 

plaa,, and, the tiducia.l urka 10 that: once the oua:ra baa been oaUll>rat.d, ~ 

~l1brat.ion de.t.-. ill ruud.n Wicdwiged tor .co~ al ua•• of the ocuaora. With 

thb adv•A~ ot •wide ..ngl• lena•• Md &ll..i•d preoiaion atereoaoopic plottiug 
i 

rigorous analytical aolutiaiw ot pbotogrlJilllllotrio proo-

calibratio.ti. data. 

a. -
•nd DevolOPJIIOnt Laboro.turioa, ffright Fio!l.d, bl tlia tio d oe.libration. ot ••dAl 

oq.era.a. 10 apecial laboratory oal.ibr•t1o oquipraout wae ._vailable e.t tb.&t 

ottioo ao it wu ucoaaaey to 01tablia an ou.tdoor c lioration range anc.1 t-0 

a.velop ethods !rom whicn, a ~omplete 0&lior•t1o~ oo~ld oe aoccn.pli• d troin 

meaau.r entt with • a pu .·tur, a diJ.l indion.tor. and • theodoliu. all atan.-

dard pl$Qiae 1UatuFin.g inJttrU1Wnta. 

a.. Siaoo tho m•jority ot mo.p,pi~ o._raa in uae today in tho Uiiite -
pl&aed on thb oali~ration ot 

!t will o. e own ho·u- to (•) eQMtruot A c:.t era. 0.11.libratio.a rans•, (b) &ootlli

plhh tho .tie,l or.II;, (o) mouur the •xpo1ed film or pate, (d) ooapute tho 

o r• ;• •guiv&l.ent too 1. l•ng'th, (o) detenaine t .he Vo int ot .S~~ry (point 

e.bo'-lt wb.ioh thb radial di•tovt10>11 are •~trioal.), (t) 4eterJUne the eali• 

bra,ted t oo•l leJ\g.th, (g) o p\l~ tlul diat<>rt1on &lon& the two di-.gona.le, 

1 



) oon,ti+uct the diatottio curve,, (i) •11uUJ\u• the anglo b'9t•e:.a l.inH .OO.ll• 

neoting oppuai • f1duoia.l u.rka4 (j) ••aure th• t'lat Hat th.o looatbg back 

va.cu o.r pr..,uuro ck) ot w E)Qttr•, 1uia (k) dat$nnino t e re1olutlon ot 

minat.ion ot.' the ot.li't,ratod. toc•l l th ot t. len• in place in t ou_fre., 

the err'or ia 1ho indioatod poai\1oo o.t tu prinot_p~l point. th radi.ti.l cli,rtol"

t.ion et the lcma. tu .reaolution of tho t~ , •ltd the Mgreo o fl&.tneH o.l the 

tooal pla.Ge ( lOOAt1ng b4.ok). fh•· o-.libratod tooal · l• •th or a ou.ra b uilU.t• · 

ally defined •• ~ e.djutttrd ••lt.iet o t oqutvule.nt. cc.al let f."t:i1 •o ¢01tputed 

a, 1:lo dia.tri ute the e:ffeot of l ne di•'tcorti . ov•r th entire tield uHd in 

the u.rifl..l caswr• The equival t too•l lo~h r1,-.,rrecl ~o tore 1 per:-. 

pendicul.a.r 41ut&nco tr-om the rear ~odal poi t of the len• t10 the ~1"& • s 

t.~rtioa O\U"Y1t to auume most aea:rl)' tiut isha,- ot tM 11oiainal •trogon Ott.MO, 

in w.hich th..e , s•:tiV4l dbtottJ.a at tc6• tt-• ·t.ne l(mt axis equ.al• the pcua1~1Ye> 

auiaull diat.orti,on of tho lona. t.i. 1>9i11t o mu:im po~!lJ.tivs «1ia1}.ort:1cu1 $.a 

6 
H 

!:.? 
0 

10 

NCUINAL DISTORrION CURV~ FOR 6" METROOON Ll:NS 

Fig, 1 
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t .h ri oipal poi t is not e ufll to tho oomputod, th oretio&.lly o stot·t oll- · 

tre 

tion ... rr e dhtD-.no a the dhtortiou ii pod tive e,nd, it the !Mfl8W"ed 41:ata.noo 

11 lietU thli.tl tho. CQJ)p 1.od diatortion .. J.'r~e cn.:at~oe, t e distortion ts a•g .... 

• 

point nay to do.fine rid extrelllCl., dif'tiou.lt t.o N.n • 

point o t .~ optic .1.,., i.t)., t 

lana: 1 11 . • Aleo th l ii barrol y not ht1 . ounud ffi 1 ts xis porpen-

tl & ial f''- i.;ut t(seota th.& .foetal pla o. In un: oi: th Gt, ac't&, it ~t» 

l>vio ., thnt the prino1pt4, p 1 t oannot. be det• r11ti®d by ,eroly o a tint t 10 

p c:>i t du,r~ t ltial rt1. int.exraoets th i'oeul pl.mo. A'A i Qirect method tor 

l caura thl'J po11t10 · of , prinoipail.. int h • ce:a described 

tindi the poat;tion u! the prtnoipal point by th.\.8 · thod,. 11. ...,.,, not p:.rao.

tioa.blo tQ a.dopt thia. ethod for !'ield oalibJ'ation•• Therefore .• it mus neoe,o-

\ 

\ 
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loeatio ot the poia't 1n the t o~l pl 

are a)ltilaetrioal. TM.a pout Will 

.Pa. I i• ®t kao• J\l• exactly 

roren- 1t t a• e .Po1llt ot Sysaotry, or 

t thia point 1• aiJac · i a p 11tS.o 1 

a, l poi.-t 

to aa,e 

writoi- t t, .- gar t.•• of et r or n.o,t tbe 1u of~ 

r1at I co all rt.di l 411 ortion.• bout it are ap rox · teq a 

I gq r , tho proce \U"O for o libre. i erial c ra 1:a 

t 

o en to be Ql.liliirate · • theodoliw 1• a t ov r 

qgl•• bet on ti. ·tar-geta an e. targ:0t oe tl:"a.11.y' lo te ( ceatJ"•l. ta.rg:e/t) .are 

accurately uured. he ur1.,l o.mera t• plao•d hc>r1aQJltall.y over t e o ,. .. 

•'i :tion a<> tbat <lia-ou.J. ot t t'oO&l plaue tr eta plf.rallol tot 

cro 4 d · be oma.et' ia po1nti at the ou.vt.l t.ugot. expoau:r 11 •• 

oa a low hru.k ba o .t:ila or a ae i~z&d la.as pl te. By ~111at ot a. 

t rt'1o o a ·. :tro Oll leu u M U. i i. t ·1 • ) • fh4 Point. -of ~tr: ia 

ii 1ut•d by t1Adi tne poi t. • O"'-t ;t.~b tu. diatort.1 ns . n the two ai 

to l le 

ooaputi 

·t.he lena diatort1o at. aoh t rge._ is touad by 

erotically diatortion tree di• • to o o . tArgot tr, t . 



Ditter-ti in 

OUTRIS et • dra • Thia proc dur to ropo1.to for the ot..hb:r di~onal d 

a-v rA{iO ca.librt.ted fQ al lell{;th anc.t t r ultaat Point of ~-y· ·· try are 

e. 
1. On t car · h ld l>o taken in II lootine e1te tor u. ca.11 r :tio -

r. • • 

lot 0 

ra ita.t.ion 

n ael cting t sit•, 

4 o putatio-ns ,a!ll 'be 

elevat1o • 

d h pe d eaaily idu.ntitied, 

(e) d1reo'1io q 'the line or t r&ot; Quld be appro~taat•lr ut-we111:J wi~ 

t oeao1·a ation to thu. SQ\.\th. aud ( d) th~ oa. Qr&. at ·Uu should be uily 

&aoeaa1bl.e . 

2. •~ticaary object ich ,o.an be c,aaily qd '4CO r tely 1dcnt1t.ted -

.Ao.rial ~ograp.tti.o .Sr 

taotol'y at\! .b <1e1orib 

r ce tly ccnat~ucted byte 

, EBDL# at 1,r ht 'ield U e-ons1dered vor ua.tit• 

re ~ tail .. 

t1o I Cm)Oi1t of a r 1er ac ~oint 

line f r t renoe po·int i.a • 

oroa, +) od on the cap ot a tltO iach 11,0 x-iv ti l.f into tb &round. 
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1 

1q aro ad 18 1.nohoa big. (See F1. 2). t 

. , t 111 con.orate. !he top or 

·' pout. ael oted . . t .a , : : , . 

Qt 
' • o • el 

in oo~:rc,ta, ar 

Turgot Ho. 6'1 u 

,1,. a 



A 2 i ch aoctio f eao rget post it le.ck a d a w '1 t 

b c.k r n e ()/ t O 8" X 20° X l/2° t et tot 

mw er is int don o 

&r. l n thick {~I 

libr ti on r ). 

ud tho target• are uaber d oonaeout1••1J· tr' let.'t to right 

( Gen.orally a ,u_l,lar n · :bor or ta.rget1 wi l lilut'1'io but t ii r 

t i . ~) • . 

igu d to be oa able o oal1br&ti t leo le- s which bl.a an. 

o (l) eeo-ond 

point horbon.t.a.1 o.u et.ch t r et . 

av r e I tu-on 

of 'the three re .. d.1.aga tor oao t rget. In t s:,t'w oa••• wure ti. 

t&il• d to atr .o within •ix seoozlda,, &dditio.n.al. readi s wre- d • 

i., .·· 
·' 

fa 011.libration ua•d prior tote o» escribed above•• at up at 

o era · tat1on ~d a. line or iue.rd r 11 oata. on tho roa . over t • 

poats ,, w ioh re a out 610 hot troa Q era atea.t.ion., WON a.pprox: wl 8 

te~t A?art an 1nu·e a.U 1n atr 1ght line ppro:d t ly .t ri t · nglet to 

~ ax1a ot tho oasraora leas . fhei inter1eotion ol t 

•• the retenuwe point tor all 

ta• oe~tral target ( • Fig. ) . 

011t 1th tM top rr~il 

5. l.t oali ration rlUlgB 1• aet up for calibratl • oorta1n ty lea.a 

(liletroton., for o pl.a). the tar et• ehould bes aoleoteci o ao t o proper4' 

t.lir ota i 

;i..-en below. 1' a. le •ho"' 1a t o t. le at th o&in~t'& a at1on bot e 

; >'., 
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T-5 C 

Fig. 0 
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oeatr 1 target aad t target, tote rig t d laft. Tilrg~t o. 1 ii o the 

extreme lott And 61 ia on the •xtr•• right. TWfuty•aix 11 the ce».t.r•l target 

(See Fig. 6). 

D. DiL0¥PTl9}J B_ f'liW ~ 

l.. Scu:1aitbed glus pl tea ahoul b• used .tor O&!leta calibi--a.tiona ,rhea• 

ov r poa&ibl • tlw plate• ehould ~ thick enou,;if. to eliminate •rrore d.ue to 

bending (tho pkt•• uaod fi\t i&ht Fiela an 1/4c 1ACh tbiok aad U'e oo-.tecl 

with bupel'•.Pallcbr. Pron •ula1011) . It tilll 1• uae<l., roUgh and -.rel••• han4-

llag • o~l4 be avotd•d •o t t no ww.a\il&l •tre•ee• aro e&ua•d• 

2. the cae ra to bfJ, -u rated: 1• at <ni tb6 o.._r.. ple.tton in &uc>h a -
au.el" t t the uia or the leu 1• · poi :ti •. ward. the oel'.ltral. targ•t an t1-

froat .node ot the una is dir•otq ovor tu nferenoe po1nt. the !lmdra 

&hould be poa1tion-.d • that th& 1•c• of: the ro at target• 'Will tall alo 

o di& c,pl ot t • too.,l plane .fru. . t.he trallt aodo ou be located by aa

W"i troa the tooal pl.au a dbtanoo equal to the .focal l.eagth (atqpod o 

the l.ena llol r) le•• the aod&l aeparatio of 'the leu (fhe a.vo:re.p eepa.rat1oa 

01· the nooe, of tu G" •trogon leu ia appro:Xira.atei, 13.4 •· ). !lie froa't 

nod• ahould 'be ,.oa1tion.ttd over the rotere.ace poi :t within. ~ l/8 inch. It 

s.ttould 'be remeabored th.at t.u :nodea of a. Metrogoo lone a.re r 'Yer-••• · (Soe Fig . ). 

The leu uia ou bo ,U.rooi;ed •oo.uratf»11 oaough 'tc:nar ~e oe ti-al target 'by 

eighti»g on a straight edge or the o .-.. or l>y au ot "Very dapa tig :ta 

laoe oat.be oemera bociy (Se• Fig. 2). ! lou axia ou g•ne:r6ll;y be dir

eote toW.llrd th& oe11tral target to •i.thin. 20 lliuutea ot th oorreot dirtC)tioa, 

alt ougb. u. erJ-or o!' aever l time• t t amGunt -will cau.ao no .n&rah 

3. !wo ot the £i uoial •rk.s a.l~• appear al~ , e edg•• of the tU.11 

1miob photo raphl tM rowut tliJ'octl1 in trQnt ot the OUill!ll"A and are genert.U.y 

very .diffic,ql to aeo on the negative. eap&oially if the round la dtkrk. 1n 

or r to assure that aharp tiduo1a1 .arka app••~ on evory u.ogative, two pi•ce• 



• 
'hrgets Angle from Targets Angle i"rom 

No. Central Target No. Centrul 'l'arr;et 

l and 61 H!o 14 and 38 30 
2 60 45 15 f>7 28 
;s 49 44 16 36 26 
4 48 43 17 36 24 
5 47 42 18 M 21 
6 4 6 40 19 33 18 
7 45 38 20 32 l4 
8 44 36 21 31 12 
9 43 35 22 30 11 

10 42 34 2~ 29 10 
11 41 33 24 28 9 
12 40 32 25 27 4 
13 39 :n 26 0 

-t----- ----

/ 

/ 
/ 

Front Node ~! Nodul Se paration 
'-------'-~~ __L 

Point I -- l'"ocal Plane 
a l so / 

Reference 
CAMh:RA STAT ION 

I 
Fig . 6 



or white clo are pla.ced on the a;ro 

photccraphod alellg 

• -
W\l•••, ol oour · , the c era 18 provided with a. ·l&BS pr sour plat. 

-o:tiefactofij> pr asu.re ditt'ere1'tial o be ouppU. d by an ordiw.u- tire p 

the oxpos\U" · ia . &de dul'ing the a.t .r po.rt ot the •troko. 

5. After tho expc1ure ie de ·lo 0?16, dJ.aco.ne.l, ·the 06lill~J 1.• ~ta.t.4 
" 

90• • reali ned, d &.n0the.r xposure is de ou a ao pato. .he pl to11 are · 

proceaa in the \l ual mruuu,r uaing u r i:r ly hlg -oontro.at v•loper. 

~. Att.t.tr tho film or plo.te bAlS bee prooea od.. the next atesp .ia .to · 

ea .. 

ator capable ot r ad~ di.roctly to 0.001 i. 1s reco e ded; ~ltholJ&b uuit&bl'e 

ret lts can b obtd d 'b u 1 CC1."l !:'&tor 'Which rea a to 0.01 • the 

c11ion to which• poiat ahculd measured '\1111 be diacus•• in latter 

section of' thi paper. The i dicato(l poait1on ct.' thJ pri uii;fil.l point i ti.ret 

01t o only u1e 1a to BC1'atch very .tine U. ea 1 th. nogati 

oedle. l.t: crf)at OfU"C is to.ken., t 1a •t od 

bu it is not rec - · 11ded otnc th.ere r• o er t ()dJJ more au.it bl • 

2. A a -
OGapliJ.1:'&tor i.G to poaiticn tho neg tivo so tht\t the horizcmtal oroae . ir in 

tb.e oOl'.lpu~tor teleaeope will b lig .d wi'tili c,ppoai tiduoi 1 erk•,. t 

negatiYo. or telee-eope, i · o od y the in ao.rew ot ta COilpar tor. f.be 

croa• h•i~a ~ tbea ove thi• :r.mer u til tlte ver1)ioal i~ is approx~ 

" ' 
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• 
,1th tra, . oriaonta.1 oroaa 1r • 

.lt i 

ir. the oroa ire a.ro t.1w11 ov d As before . uatil tlttt· vertical ir ia 

int raeotion ot li 

t e AC too bore. o ed. rae r i:nng probl ia to prick t.~ ne ~tive at 

t 1e e ot in'benection ot t e cross hairu. tid aan be don quite aoourawly 

po 1tio · d 

to tll negative w t cellulo tapo. 1b;e plat.c o be 

pr1.o g thro\1 . , t.h.e dot or 1o with a all edle. 

ahoul bo cheeked fQr oouraey otoro th 

pricked point 

Of all tho = t ods tried bf the i ter, th one ju:Jt d.Oa r!bttd is thi at 

s.,ti taeto.ry. 

pl t i reor1ent<t in 1i o par tor o tne di nal to be me our .a b 

all l to principal otio ot the ca pnrator. Rt:,. tnga aro taken 011 •aoh 

tar t and. 0J1 tl1e indicated pr1l'loipal ,poU,t. n ans • botweon • liP 

joiJd oppo ito fiduoi l mark• 

•• -
1ttol1,1 ad aa p rt ot· the 

.o • tr t t c ot t t uo1 l mark• 4l& e o S.n 



11 

')'. 

i i i; . 7 ___________ _.., 

5. It film ia u,ed t r caUbratiag - caaert., th n •~ • .,.. awst be 

gple,ed tor gettiag the image of the fidUoial ark• photographed o oa

abr;ink: baae. One method 11 to lay a aeJUJitbed gb.aa plate aoroaa the :toc;al 

plua and expoae it through t oa»ra. leu over a light box in the dark rooa. 

Seu1ti&e.d -,luld.Jt .foil has alao beeA u.ud au.ooe•etully bf 1h1ppiiag it 1.a. the 

maga&i.uo in pl&oe, ct the til.a and using noul.Qa i .o hold it flat during expoawo. 

It 1a not neoe•.•IJ7 to oorreot each 1Jl41Y14ual •••ure.nt tor tila ah.a-lakqe 

}tut iri,te~d a oorreotioa oaa be applie.d to the oalibl"&ted focal length u o-

put&d •long •ath diagou.l. 

f. I>BT SlDilNG THll UlV,AJ.B,IT 100..U. UillGTJ1 ------...:.......:. .................. ____ _ 
!• 1'48 metllocl ahollll below i'or ogqputing the tU}~ivaleat tooal i..-,ta 1, 

ooat.i.M4 iA Brigadier Ji. !loti• •• l:loolc, "SurHyiJlg irca 4u" Pb.otograpa••· 

i&uro a ia a ,eotiOA ooataiJdac tbe rear node ot a 1d.ae aagle leu L, a.u 

tblt oriaoa tra• Jill•. .A. U4 I .,.. t.-o tarpta wtw• &U'JCle•. r:f... ...a (3 , are 

leaa thu u• a.n.d greater ~ ,•. The. prinoip-.1 poiat ia aas\Jlld tQ" -. 

•all 41ataaoe •Wll7 traa tb.e hori1oa .-e.oe and P 1a the toot f>f the perpe -

4ioular troa the priaoip&l poi.at to the hor11oa v..-. There.tore• Pl. 11 
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perpondioular to :mt'. Point C ia tho iM e ot ~ oe tral tvpt. u4 ci{_ucl e> 

a.re t a lea •uur•d •1th 1m$. the do Ute bet'wn the ce tr&l te.rcet 1ld 

a OJ. 
ala o< • 11.n{Ut, ... e > 

a. oo,~ • OL •'-~ 

low oboe .. a.a auxiliary a.n,gle ~ •~ch tb.a'b 

tan(.f.tl• + ~ ) • a 010 ex. • ooa 9> 
\; cao ~ oos e 

d OL8, 

By eXpaa.diag ud rearrut1.n& the laat oquatio , 

taa f:b* + tu A,, _ ooa 9 
1'. • tCLl\ @ • tu~ - COi 9 

oo• e • oo e t.•• )\. • ooa <\, .. oo• q> tu. ).. 

•1• ~ • 1i'i(io • ci) 

(1) 

1 + tu A- • ooa <h 
i .:. tu)... ooa e 



er 

tan i.. ( ooci: lp + eQB e ) 1.11 oos qi ... eoii e 

~. ').... · s""· d<>S • t;Qt) e = ... J Bill l $( (p + e ) 81:a l 2 
cc.:; •t coa e 2 cos l :2 q> + e · oos . 2( 

tru1 ')... "' ·bu;i;i 1/2 ( e ... ~ ) t~x1 i/2 ( e + ¢ ) 

tu.-:. 1/2 ( e .. (\J ) .. ttin ).... C()t l/2,( e + ¢ ) 

'* tsm A. cot 1/2( d... + ~ ) 

~ e) 
- e) 

11. 

Sample Oo.eiputav.1un13), /\.. io 00.ilIH.l.i.~il frow 0,!U&i.iou (lj (l.Ud l/2 ( e - '1>) 1, •. 

c~,uted t1rw tlquati&n (2). ~iltee l/2 ( e • cp ) is eCiuM-1 to 1/2 (DC.+ ~ ). 

$ and ¢ ti.l"e rt11•dily :found bt; &dd.in.e; 1/2 ( e ... ¢ ) aua 1/a ( e * (\> ) • 

but a+ b 
~ :s11:~ ( e ,i.' q5) 

~ ~ ,a + b t 00$ ~ Q~ 0 
... . sin e + (\:> r r 

(3) 

4. -
acl"toUll an&l• le:na in \j'hiell the dia:tortion is negligible, it h reo•mme~~<! 

that targats A and D oo GOl~oted so ~t ~le• D( and ~ !ii'O g.reater t..'ltUJ. .22•. 

This '\'411 gi,ra t.\ stronger 4.olution tor thr> e,1u.ivalent fkml .length. 

· 5. When tl':OJ.q)lete oali.'bl~fit:io:u data (i..e., 'th$ 1?'3,, the o .. . Ji!. i. .. , ud the 

dls.torUon oun-ese) a.n, to 'be detGrmiaecl fer a camerei, it is not nootta8$.:t')' to 

<lOJr.pute th,.e o~ra •s e,quval.eut teeal length it' an a.pprexiamtEt v$lV.e .fO"I' it ia 

known. An. e;ps,:rt~i11iJ .. te va.lu.e for t'ne tooa·:t. length o.rui be qu.iekl.y 4etornu.iied by 



.:.·;J :.·t 

-;:;,,.}J{f }l . 
. . . , ;;r:. 

u. -.6l: . m ei .... , , ....... , .... , . .. -· .. ·r,, .... . 

· ... --~_,.· > ... ----~.:-::~'.~·:~-:· · b- .·l; -'.::)i/(>~'.·.;,; .~~_::_· . ,-··. · . _>: __ :~· -F:~_bzJ:. .:·;,··:·.:-~_;:· 
if--•·,~.,'*:&. ,,,,,.,., "·' .. . ,, ' ,, •" ,.- .. ,~.,-,. ' ·' 

·. <\ i:-·· .. /: .::.\~.- ~ @> .. :. · .. {>. ?·)AJ: . · · · . : · \ ·-:~. \:'°·f'.::ff): ..... _. ../: -·: i.: 
A1•e tu :'ii_( 'li~,t:·~· .. ·:att.i,ed • tile l.ou .ho,J;clt1;·.~:~('~~to~tl.)' -~~~~(. ·· _:.'.',,\t ;t/-: :.-' . 

> ' ; ( ,'' r ' :I 1' .~.~ :·,,,' ' '1 ,' ,,"' ,• '\,' v;,r, ,;, ,<'•',l!;t~' '.)fi~ \ 1' 

tor tM v•l.,~_iii:_t in t.lt.e ,oint o~ ~~ .:~A-.. ~tl~~~-~.~~ -~~i\~{(}.:;}f'.:,·::: · 
. .. :i ·. ,} :':\: \' <\ '. . . . . · ... · · · ·, :<; \r-1? ->f;i.'. :/'::. .. f. /.,, . ': · · ;./-,> .:.; -::, (-.j<(. · · · · ,,.,tJ!:i,}<:<}'.:i: 
Jut&t~NJ.,fllo•t·.-~ ••uatta• Ind .a. -~-,:t•Jlt~"'' .tt:t11;01J1~ ...... -,, ·fa'<•·i,.?:'\ 

~~·:1,~~~ .t-4 _-, --~ to ~:~-: ~ • .,:~;¥~\ .. 'i}·!•;;' 
•l••t· :;to~ :~ a val~ whio.h wtll c,~~-- ;~ ~._ ·~!tiff' 41 . 

' 
'{. \. -.!. ':~ ''I ;'~:,.~';/_.·: 

_.!.!:7..: :-;:::..~::~t~:::~,i,'-:~L, 
·. ••••-... ..... '1•tiaa• a.lug ~- t01f of, ~rP,\I tra tu··· _.-.i ta~'h· ;,~;,_ 

o••••t••••, ••••r. "W1e -•• "haii et..__,. will" tllled. 
• • • I • 

•• to Big~ Jf<-..,. 
t • Jtui•~~ct- v.-1 •X..Ji&tA (fhia ia:·:~ot •Hj&saari.q-. t~ •q~v~tbt'.·':; 

•· ·_· .. ·• .t·ocaJ, ~.ag-th. liAH taat w4\lld •l,e,· ~~- perpt-diou).ar <it•~ :,1.;<,-..i{,. · 
·.. ' ·, . . . . . . ; ... ,. . .... 

. . : :: ::: ,· .·· 

tMal plu• n4 not~ ·4;1atueo t.o ·1- ~at or ~t,i. ••.,.r". ·. 
. . . . ~ 

. . .. 

the ,u.t:te,_...., 1:a th$ t.o lftagt;ha w-1.U. •l'Wl9'• be 0, ... p.>tiiat .1111 : 

CAJt bo »gku,t•d•) 
. ' ,, ':· 
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a M d b • tb6Gt"Ot1oally diator-tioa-he poeitlou ot ia2agu 9£ target, A 
aad l 

a• aad h' • po,1t1cm1 ot di•'torted pllot graplu.o imaco• ot target, J. · d. B 

D( u4 ~ • meaaund -Clo• to tart,Jta Ni B 

t. • Boar uda.l poiat or OUM>rf. l•• 

A & • diatuoe tr oeatl"al target to P1 • 

f-L • aragle at L betwee oeatr•l target P•· 

k•(e.•o-ola•) 

a poiat • 41at~ ~x troa. ti. oeatral target, the dinortiou at .A. ead a 

would be qual. U1aoe tba ChQge ia tho diatortion in ti. aoae •twe• a••ao • 



$~ely i1avq. 

~'Ps. ""' a:i?1 • F8'b• • lab 

(c.•u + .a.,i:) ... (Q.o + Llx) •·(ob• .. :Ax) • (ob ... ti~) 
' I. 
/ ,' 
/ ·'• 

(~•c '/i! A~} ... 1" ~ ( ol + HJ • (ct>• • A~) .. t tan ,( ~ • µ_ ). ,. 
/1! 

iranapc,s~ a.u<.t au\>at!tutwg k tor (~•c •· oti*} /\. 

k ·~ 2: A~ -. t ~ ( Ol • }-l) • ~· ·( \1 - t-t~] • O. (4').~ · 

· 20 

~tW.tiOA (i,), ~·i:r.1a tii'W.lB~nden-1, 1~ nut aolvoalo 411M:pUoi't:~r t·or ft.. k1otlt · 

(Y.. ~d ~ £a '.fUl@ Gi~'W'.\:~® obovc ~rtr l.ati(iO t:U'.1\:1 .tmo,.SUJ f-l iS amaJJ., Qt i the. Order 

Qi. ~eV.ijl"4l. 1u.1u~i• It.. tt1ef'Qtoro .,.emu dc:;irable to eqw1d th~ coett:t~tet1t ,:)!' 

f in l!Hlua.ti11Jl!.1i (4) in.~ 'i:~)11.sr-•~ oe,,rleu with t;he ~~u<lo:r. and tl1.ue re.tii.u(» tho 

oqUAtiou to a tJol'Jt\ble algebrd.o !'1t>rm.. the oxpaue1oi1 will be _. u~d 0( 

mw. ~ .tor the t.<r~ te.rrrw ~ tU:oraoket. ~l.Qr•$ tho.ore i&h 
o II ., 

(lt + ~l • q:>(x) ,., 11 <r' {x) + l .. . ~1i~l"' .+ .................. - - .............. -

. . . t, ... ,. <P t.-l ' ) . -
... - ..... - ...... i ' (' ·' 'lj'!; ,~ • -ll ;... nca.·. +e ,,) . .. . n... . .. '+' " 

·where O S. e ~ I enil liM.re q, n(,:) ~Elip~os:nte the ntb ckiri.vativ'61 of th& tuuation 

4J , ~vu.luateu at x. i'hie, e:lt~ia;ion iu r.e~~:Ll:y performe~ Wl~. o;to:r,p~ ·1.vit;h. 

the fou.t'th 1.0,~ lu the expl'l.Wli~i, t}MJ tWQ Wl'iill oit •the o~:tti ¢.iEUlt ot. t•' .~ ·. · .•.... · 

~{J.uu:ti;()n ,t,) ~oo~ tan(~+ k..) • ~ O( 'it- }{, S(')Qa 0( + H._aeo2 o<.. ~ oc+ · 
¥ r,{jlJ~ (o<..~ G ~) ev Z ,~2 f'"<:X + Gf<l JJai~2 (oc+ 0f-t.), im.d $an (C?> ,... f--t:.} 

• t'"i ·, ~· ~ ~·) 0eol (l~ +( ~)2 a~a2 (e t~ (:,.· • ~~ G_•i~ { 0 ~ ~K) +_ .. : ... 

e tan~ (' Q, .. -+ e µ) rK1ez ( (? ... e f-lIT• :w~r~ o .~ G < \ .11 

! . '?htita6f tt)li.) thir ~. ora,llir re.r; .. ai:ude;riS ~mi bei ev~luti'ted a,11ro::d,m-.,e.~· ti • ··. · 
d,ertQriuine WMt)1e:r t.uey ~tLn be d!"Ot)p.;:;ct. 13,JiC~Iuac O(_ w~u 0 bl"Cil· i.i\l;i111·~ato1¥ ' 

equol aud be'®UG& ~- .b so a.mEl.11., 1t ie ~(!;~!1 th~•.t both r"GWA1nd0:r ~nl$ ;ii.Iii · 

app:ro.nma~l-y e.qual nwne.riotd,ly. The totnl error inow·Nd in dropptna 11:111. t'M> 



(1.) \l.\tid subat.itutbig G for the :i.'e$t 01' th~ {IX1Jtt~ii:»io:.~ (tnro~b tli.a aet:lQtl,d 

i'ltder ter~), 

t 'Wiii J.,\_ • l. ~0,;5Qij0 

Dii'i'eruiil.oe = O.vOOlOBO ~ •• 



S'WJSt1:ti.t'tGG f:Ot' t ta.a JL • 

b. tC>w 1~~lt'll"iti~ •1witioa. (4), iu.it~ e~:z:1(,lu<lecl t'orn 1¥ut o.m.t.ti:1$ ~. 

;r~ir"'~i·i.n k + 2 ~x ... £ ~&;g, ~ + k- seo2 ~ • l{,~•~o2 ~ te.:n <:J:... •:'~~ ~ , 

"' k s~oa e,.. ... ·. ·µ_ 2Hc2 ~ tan ~ J =- o 
Qoll1iG\i;nrt;··•like •t.e•• aAd subatitutine; t 'ft._ tor. 6 x 

le:. + 2· t fl· .. ·~ t [ (twa rt. ... ~ ~ ) • J4...,\1eo2rx + $Efo2 ~ ) + 

MJ 1..- (ru,c2 b( tr.a 0( ..... ,~u2 ~ . ta.ii C:, ) ] • O 
I"" ' ' "" ' 

~2 t t_s-.o2 ®' ttW. ~ ... e~o2 O{ t~a ex:] • ~~·~ ... $QCZ~ . - s~e2 §j 
. ... [ k - t<1am oc ... t.n ~ ~] ~. o . Ceo) .. · 

', ' ' 2 . 
f.11~ C';luatiu:u is now in w t:Jtaa~ard qu&.dr&tio J:'ona, A p.., • Ji 1-"-' + t • 0 ~l'l · , 

'°~ b~ s~lv€.hil 11-1:. 'b)e utiual 11t.wmeur,. where · 

' ' 

e. l't ul\ou.ld btt uotcd: 'th!;.'i.t., t.01· '4. sbou c14:U.l».·Ltt.i(1.W; l"Wil!.,, ,wu t~1.,ts ..... 
,' . . . . ' 

could ·Jle sel,Hitod ar1.r.l. ua~d .f'cr aoto,.rrti.ui~ tno foiut oi' ~i~t1wy ot a.ll ~l'."tl 

of ,ai11.tt~'tiet1 (tS) i1ovlci l'",;!ftl/l.in t!se a@e 01.cept J,,t /.. an.a k. . Si~.® t 1a ctater

r.tiilf.)d for o!Sloh .oooot·a ~tud sit}ee k illl o~~ily i'oti.'::u1,., the ilOt!lpUtatio~s 1:avol.1ted 

ia ~cwmiuir..g tho ~iu.t Qi' ilSfme.:iatry b,:.Hic:no vc,:ry rd.mple t:1,Ud l"ij.pid. T.li.tll ,-e~m-
,f 

'•/ 

pututd.oni o.w. bo 1.?iovlii'1t1d .t:u.rther by ·s.Qtt:L1g up a tu.:~le ~s ah~ in. li1i,f;• 1.Q. 

TliJ.s · ta'.t>lo ;ia CO.."\lp\lta, .{'or turgeta 41 liUld 92 ei'.' t4o i1:i-·1int l!'iold Oalibre.tio:tt 

~ tor e~1'4J.'l ht\.vix~ •troe;fa)n le.r:uJes wl.loa(J e1.1t.tivalW1t i'oOlitl. 1.$:~th~ fall .. · ·. 

botw~~ lSl.i c..o.d lb611l r,n,. (1' • M"lt»'i2"' Q.ttd, e • 3':!0 iii 144°. 



. _U , 

• r ~ 

Part of 
~.f.L. A B C* 

l~l.9 3. 6401'.1873 -143.1802868 l.b082lf>l 
lb2.0 3. 6429840 • 2?,:1..:,464 l.0092080 

2.1 3.64:,3807 • .5ci860ti0 l.blv2009 
2.2 3.6477774 .46S06.>6 l.bl.llJ~8 
2.3 v.6~1741 • .:io732ol l.::.il2l867 
2.4 3.6b2o708 • 65l;)N7 l.ol.)17.16 
2. tJ 3.601:1075 • 7408443 l. .;hl 72;; 
2 ,z. .v 6.6o7~f.i4i • 8401038 l. (il.:,16.A 
2.7 J. 651:17609 .~543034 l. 0161..1133 
2.8 ;;. 6621:>7(.i -144. 02862~0 l. bl '1l.Jl2 
2.11 3. 664::i;>i3 .l2i::8El25 l. ulB144l 

153.0 3. bti69510 .2171421 1. til9lJ70 
3.l 3.6693477 .3114017 l.b2012!J~ 
;, • 2 3.671744.:.. .40b61312 l. .:.,211228 
3.J 3.6741411 .49~9208 1 • .;.c:21157 
~.4 3,6765378 • t,941804 l. 32;;1080 
3 • .J 3. 67C):$4b • oBu440v l. ;.,24101~ 
3.6 3,68l3Jl2 .7826\;!~b l. b2b0:.144 
3.7 3. 6837279 .s1e~bn l. 6260€-73 
3.8 3.6861246 .n121o1 l. :.:2'/0802 
3.9 3.688b213 -145.06.>4782 1. ;;200731 

lo4.0 3.6~0:1180 .lo!i737o l. i)2iJ0660 
4.1 3.6\:133147 • 203:-1\:/74 l. .,j()Oo89 
4.2 .).l:rn.>71H .3482t>6J l. ;;,,H0..118 
4.3 3.6~81081 .'*42ol6.> l. .)~20447 
•l. '± ~. 700.N':.co .b.:,67761 l. ,)°j.:,03'76 
4.b .3.7029015 .6.:,l0::Sb7 l. :.i,HOJO.; 
4.6 3.70b2~82 • 72529:.>2 1. o.:.(;0234 
4.7 3. 70'169-i::J • &li:f5b48 l. v3o0l63 
4.8 3. 7lv0itl6 • ,,136144 l. 6u70092 
4.9 3. 7l2'.t883 -146.0080731:1 l. o3b002l 

15..i.o 3. 71'188v0 .10233..i.; l. u389:.iGO 
6.1 3.71'(2817 • l9o·v~31 l. ;;>j~~8'/9 

r~ig. 10 

• i' \ tcm d- - ti:.:.n <::.; ) 
I 



~ld ~th$u w.:,ulcl ~e Uf»ect •in the ®!lll~i?Ui.t..'t.io:i:w wM.oh i'ollt>w. .$:.i:r1ee it re.:iuit<C~ 

~ly .. o.. fe1, lnili·utel) t~ ru..~k,Q ii- J•oint: 0:£: a~.:etri, OiX'J}?utatim:1,, ru1<l ~i:nce 't;he <;~ 

pl.t1.tto oalibi·,ji/.ti1t1u ®!l~ti~, oi'.1. ~ ooz·r~etltf loot..'tt#tl 1,, it ;b ~U.:t:cved to lJe e~od 

p:ril.otioe ~lwaye ·'ti,;, t:u.!.ke two i:t.t1»peu,1d•n-t :.ieil1Itio,t1$ i'~r .b. lt ~nd M,.• 

to:rti~u.. it. l11.U.l be 1l1li'i:iui.e11\l.y u.otUfl;l.~Q to de,'tet'\.,:l.irc1.e ·t-b.e di~t(t~tion Qt tl'AY. 

·one. ,o,.t' taoij!'> 1,nint6 0.11d eall it the J1tu.xirJ.U/1J. piilgltriv~ diato1r't.i<:m. oi' t® loiw. 

C,&."l be fot.m;d 'by tl:li:: 0:ir:,ru-el!l~.iorxtl ,~ •a • (ate '* A'J;) ... t tai1; {cl...+ µJ &.:itv:i bb' ~ 

(ob' ... 6x) t tarJ, (~, ... k,J• 'the v~l~$ ~- µ,_~n.d A~.!~'!£(.! ~lre~ily bef)n 

uireGtly tr-o::~ tho .f ili~ or ;pl~t$w (X arul. ~· are lr;.,1'.lO'i.Wl .i'l;Qri~ontQ,l. au~l~u u.t tM 

c,$;:r~era ~vl:ti.011 to tbe t¥io 't~~ge-ts. A ~nd 14 t'liHll}!(H)ti.vvly. If' tlr!e: v·alukl$ ~t' ~ x 

q(i flL ha:i.n.l> ·oeQlil aooura·t;;e~r aetu~r: •. in~d, tbe dieti;lrtion i.lt. ter,~t A (au.') ·mll 

ei:J.'Wll th:o diitortbn c.t tJll.ri;.t:rt 8 {i,b ;) in °'°'"*• 1:'oi.tlt oi' 8fr~oo·t:r;f omiput.fAtl<iill• 

mi:liitg ·~ ancl 6, X • 

!. .A:s 1:;.:roviout:5llt .stt.i.te..:i, the ~l'Alib.:rt.i.t~d f oca.l l@fl;;j;'t.11 Q.! (ii ~ti"rQ:1011 1~111 -
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Symmetry. It & oa.Ubration range target. were al•a)'a looa.tod t1u.ot~ .*f~ '·ou.' \ 1\, 
. 1. 1 . ~ . 

tron1. tho P.-, tru,n the iatoTtion could b. • oom.put.ed 4irootlr• iinoe .tbf .. re iJ J.1~\ 

' ' \ ,1},\' 
ao way ot oauei~ th.la to occ~, M indiroot method is omployed. ~ tr t~t:·)\ 
'targets, rhieh ta.ll uat"'••a ,o• and ,a• out on co.oh side of the P1 , .. ~~ · "\, · ,\ •. j ~ \ 

i \~! ; 

aelootu.d &.lld their diator-tio£t."' e.r found 1 the 1aaw mannoi: a doac~~d tor , ; 
. ''\ I 

tar ota A and .B above. Ud.ng or 1na.ey graph paper, tn dietortionis Arfi. plot- I 

tad t. ordi ~tea against tha diatli..11¢&·· tro the Pa u absobsu. Slap\ aa · !\ 
av~ra.t;o "'"lu ut the cU.•t.ortiQJ.lS at <it,• on each tide of ~ o. nt~r is deaired, 

t.ll ot t · i:rtQFtioua juat c~ut.ed ar plotted u a e on cutff. A curve 

1e theu drt.wn through too plotted points {it la practha.llj ~ atrilight lino} 
. ' 

and the vo.lue cu this curve a.t 4s• or t-distanee from -the P1 ia the v-.lu.e ws•d 

tor thct avert.go, W11ldju.ated nege1tive diltoriio (dn) (See Fig. 13-l, 8111npl4' 

Ccmput t.ions ) • 

• -

Ps 

L 

--- p 

I 
I 

n 

- -~ -

I 
I 

I 

I 

1''ig . ll 

t • equival nt tooal lenctb• 

6 t • d1.fterRC betwo.a t an ot.li
brt:i.tod tooal le.n&tb.. 

p • aver•g• ot ,aeauu..Nid dtat1Wooe 
to targ,i:,tt A uu n boom P1 • 

.n • ~u,tanot tQ 1 at;illl,l"y ta.rgo't-
1,t '5• tro P8 • 

dp • ••xi.um poaitive dlatortioQ ot 
lena which oooura ~t p• 
di•tuoe out. 

4- • ne1~tive d1e~ortio~ at•&•. 

t,(,. p • avera.c• t' nor uonte.l w:i.gl a 
at c~ra station btltween Pa 
and tar,ete A and &. 

o<n • •6• 

da • a - t.: tu OCa• 



~lQe;t ~.r io tl~t ap will aq\.1.al (-d11) » 

l? ... (t + t}.t) tan tx.p • • n + (t" • .6.t) tMt O< n• 

p + n • {1' + At) (tu6:X 0 + ._er( pl• 

. . . . v + n p <t n ... i: ta,ti~ 4 ... t ta.a oc n: :. 
,A.t • :&:r · · .. ~ t: , , ......... t • ...... , twi'& +' 'thn oc. • '-· , .. -:. (G' 

•. . . :U(X ll ·+ . kn O(.p . n ·. 'f} I 

.Sin!$ t··flf" .u. f.~troeon lelliJ\;, :O(;n. : 4-6° ;· 

' . tau °' • l '-. f' twi. A,1 .. -i• · · n o/ '<}\.a • 

p "" t tan ~p ·• 4p• 

Sub$titutiti& in equation (e) 
d +f ... a.-t 

.6.. t• Ii# , II • 'G .:Ji . 0 -

"' . nCX.p 
(9) 

(10) 

li' dg ia .omllw u~i"i®ll;y thnu dn., tben L:lf .ii 11eg11.tiv(1., Xt &hGul.G \e 

aoted ti:;w.t ;tu ,eq.tw.tioa (&l, ·dp and 4n ~r.• s~btrQ41i6d witlr:)t;.\'i. r~1nrd w litQI'* 

. an. ~ p ia ·th$ ~,.rt$l'~tt ot tan CX atl'l 'ti.n e, in tbe li'Oin.t o.t S~tl.7-

o~z;,-ut4tiou. 

!• It film ia W'iea for ma~ tho e:;gp°''W'e i~wad 01' ,;ltift .Plate;* 

thezi tt cor"otion Jgm'-lt w fl.i,,,pU.ed to tho ealibrated ft.HJtll Mi~b to o~~".te 

tor !'Uri aln:-i:~g&. li&.fereuct ia. madti to 1+·1g. ia.).,:'.~~ 
CO • AYGrnetl o.1' riaeaaU1·e1M1-uta ou, f'ilm aoroso l~:tduoiEt.l SU"ku • (i.. _ . ., .. )/2 

(.$tJe :Fig. ·?) 

iG • .Aver~gu of.:' meaSW"t,it::ant» oa. non.-abri.uk btlise ~oro1ui ,- tldU<%1•l -.rhst 

OFL (tilm) • Callibr~teli I"otial .t.nm'wt, UllQorr4t11ted for til.Q -~~. 

CJ'L (.f.iu.l) • Cbl"NOted e&U.:bratee Foeal Wll.~h 



-~rr 
(film) 

E~C:=======-F_i_lm _____ ..>,j.J J (f~r) 
.. _ Glass Plate 

,. 

~ , . 
··'. l .. .. ,l . ~- ·; • 

CJL (final • · ~~ X 0~1tlla) 

. . 
' . 

··.· . (ll) 

I. PJ,01'1 G tUi:, D1S1'08'10I C~!Y.! . 

l i .,. • 

. ; ':·.-
/ ,.·.·. , ' 

' ;-- .' : . ~\ .. ~· .: ' . 
. :.i. ,. ' • ~- <' I.: 

• •• ,, 1 'to:.:~ 

\ 
\ './.· ' 

!• !ha Point ot ,-.etry • bMn tined •at-lier as the point. a.bout 

WhiotL au.l. rad.iAl di•tortiou N"e ayMOi.rical. fM -.ethod jUct •Gr'lMd tot 

•tem:hdag tho M11orated tooa.l 1: llCth it bU-4 on t.ver • •al.UN ot fta,.. 

tort1o.u o.n. oppoai.to a;idN et tho P8 • lt 1- tberei'ore lcgitJAl t;ha.t the di.•• 

tortion cum, plctbte4 11.b.ould be u t.verag• ot tb.o two a1dea ot the OQQPlete 

diato.riioa ourvtt. Tlw .oet 4ireot Mtaod ot obt&1aing ,.b1a ia te plot, aa a 

OOll&oa curve, val.,uuJ ot distortion for \lJoth ai&ta ot tho -C\ill""te ., vdiu.tea 

again.I$ their reapeot1v• diatanoes tr the P1 aa moiuae. Sinoo tu -.xi• 

.. poait.iv• cli.atottiona · a.ro eq\.l&l. aw.d abo the negative 4i•tortion.a t.t 46• 

a.re •iual., ·tho· two halves ot the cu.l"Yo• •hould coab1.nie int.o a •iaelM aver"&• 

oune ver, r a<U.l,-. 

a. A».y ~ or at.~4 graph paper with parallel U.aa• cloaely apaoed -
oe be WlOd 1.~or plottillg the o\U"'V'e• but that aut oaaonly uaecs by the •itel' 

baa 20 i.u:., to the tnoh. Along 'the abaouaa., each l!M (0.60 1.nob) rep• 

'•i.; 



re~1H£ one titillh~wr d1$tanco· !'ram the fa, and al~ tl.'W Oi'dillll:t<J,. -~ liiie 

t"$p%"GNU'tti 0.000 1ii<'11:ec tli.Stol'tiou. 1:'i. ty))i.oaJ. clic1,to~t,.-0u ~tn""Vi/1 ii il~~'ilt i.~. 

:fig. 25> ,~~ilf~ C~tatinn. 

oi' the i'bc.al. plAne.. lt •• ,Ml'ltio».CJd $&.t'1,1fl:r tlw..t pl~te1$ \111'1?'* $~<>d (:In th# 

calibP.ti1Jn r~o f()r both di~-.•J.e <U ... t:ti.• tooa'.l. ~- ZJ~ lo.tion oC w 

it'otn• .r:4· a:,~~• the doterm-1-ti.~n oi' the •Ubr~d f0,~l length.. ~J twJ 

plottto.g o.t' tho avoraet• d!,to:rti\)U wrw. 111w.rt alllo ~· ao~~i tffl:' ~ii& 

oth&r diagq,up.l. i1h@ caltbrt.l.ted to~QJ. lo:ngtrur tor the twe d:Lfl&QUi.lu ~ct 

i.vo the sClie val,.u.t, bout_. if thore iM u ali,tbt ti.t'tm>Q~. u .ii>vV~·e i$ t~•tl 

tor tl~ ~~4"'~ 1 ~ ~U~r~1*<i tc®.l l~~tb; .. 

!• 10 ,§'O ~ iiti'p fur~\t,r 1a t4X'l".iV~ ll;t @, ~vtu:•age diaWX-'ta:ioa t;Ul!'VO tor 

'blw Q~f'Q le~s • it ~' b(;ua :tmm.u ·t.lta:t ~e ean. e a~veti ~nd n,;;tulta ~rq~d 

if tiw tW\ii tu.\lv~"11ii'.' t.he two &aot11(1.J.a .4r• ;il.~·ti;;4 1u1 ~ lingl• cur'flh .la 

plotti~ tM$ 1.>~~# o.uly wv~ry i'~ur~. tlt.1'.g~ib • -.ch haU ~o.aal 1$ wed •. 

Tb.fi tG.tgt.litt: •l'c ~atetully o:l•ete4 ao the.t'& 1• u ~VtlLl 41atr1.~tiM1 ~, ,o1nt@ 

a.long tl~ o~•· o.~.iQ~lly, a t'et:l<f G'li.ti:-~ poip.t../.i aH plo1.·e.4 it tilt 1~, ... 

fAlti.o~ ot' 'the our,:o ~~i~a:rs qUf.llfltion&'bl•• 

!• .In ot'ooi- .to deteni11..wt tl~ res.~twtt f'•, tho ~ii.es liotw~ .~· ·iet. •t· .. 
. . . 

ti.dU.ci~l •t• wid tile: row fij£ ~rgott u~~ tho two tli"gona.11 muJ'l:i ·\$·• .... · 

fh#ae ~lit• ou be 0eo.aureu tti ·tne re~u,i~ci, ~~ur-•ClJ' oii. ·th~ e~plitrator cl" 

v,ith ~ fl()9(i fJ"iGVactQr. Y.h.e l.m~s o:t" tbn ii~fZ~U -will. calda1., b~. ;.a .. ~ · 

at.ra~ht liu · ao M n~ve,.-aa;on liM tlu-o~i;;b the: t:a.rij,'tii if. used. let~~ it 

made to E\ig ,.· li. 



~ 
~'ll, 

' 'i)o 
o\. o"> 
~ ~,~::nt , 

Inters ction of (---· :{Indicate 
Line o Tar;ets ·ncipal Poi t · 

', 
/ 

/ 

/ 

Prom an&l¥tio•. tb.tt Nor'U.l l!'on ia 

:x.... coa ?f • y't!J, •tnY• r -r• '• 
x,. 001 4) + :r,. •1Alf,1 • •• 

. r • dittanQG tr-era ind1041ied ·111 to · 
~, on di-aonal A · 

a • distanoe tr'* indio&ted PP to 
Pa on diago.a&l I 

~<p • Angle• betwen lint Jo~ 
. tiduoial -.rka and l.iu1 ot' 

tarp• auroa• 41~omt.la A 
a.rtd a. n,1~ctivo~ 

~P • x•oootdinatft ot roaultuil Pi • • 

Yp• • y-ooord1J:late ot M•ultalS.t t1 

By •u~tit\\U,ag '111:l known val.:ue• ot r, • • y , aud ~ and ,obil>g the two 

•q,u&tiQffll •imultaneOUlq, the oowdinatea ot ta ·.oi~t of ~try are touacl. 

e. 2hl val•• of s1) UIS J'& ~ al•o "- f'<ncd very l"Mill7 by a gr&bh-- . .... ,. .. 
ioe.l aolutlou <. ee Fig. B'l•IV., kllJile coaput.u.,.). 

J. ~G Afl<ll.l Dftwlim L!J!! C~Ofl!G OJ>i'Oal,Z FXDUO,!!l.. MAUii 

l- Ur Po.roe epeo1.ticationa for pnaoi•iOG Mpping . ou1H'U {taot.b. the '1•5 

&ml f-t OUitn·aa) ata.w thllt "line• oouneorUQ£ oppoai~ pair• ot tic1"1o1a1 -,.u 
tbt.11 lnW8"'t, at. to• pl~ or Jlinua ou abuta ~ U-4'$". the: •••ur~ or the 

Migl• bet,..n theN 111101 ca be &oooapUllbed in a nuaber ot •1• but o.i1q two 

w1U btJ dnQribod hon. By tar the aimpler me'tb.od 11 w uae a o~ator 

bavi.Qg a rotat~ pl,atfJ holcler With a cirol• graduated to th• ~q\d.Nd aocur.aq,. 

the calibration plate 1a then tuteud ••oureq 1n the o.ampara'tol', rotated,. 

and truual-.t,Hl until a lr ol oppoaS.te t1&ao1al urka v. •ac'W'ate~ •Ugnq 

to t.tw l®Gi-wdinal o.ro.ta hair. ftw Gr•dwk~d o1ro.1• i• rea4. TM plate U 



\ .. 
the rotated until tho otber pair o.t ti4uo1al uru ii altgad ta tbt, cirol,e 

ia rea.d ag~ • Ia order to •uoa.••full,y uae the •th.o jwlt ••ot"1'b o., i;.bt 

ug3-e aho"1.4 l:Kt read to au. acoW"aoy o.t 10 aeoo cla. lt e. compar&to.r havlag & 

oirole gradu.•d to the requ.t.r•d aoour"11oy 1• ~t avail.a lA 11 the t•llowiatJ ••o• 

QU~ •tho~ 11 •ugpat•d• 

two Einely owMd lu..a 90• apart. 1'lws tem~law should be •• l.a.rgo u ·~ .. , 

,·, 

' ,. ,, , i ., ~: /Jo I 

ugatbo ab• of the _.n. to DO oa1t ,._tof.l, -~ .the linea W&U•t" }'08-iti;O,JMltd,··~ ':· 
•, 1 '.r ~ I 

.. ' .. ,: '· . 

plaoed u the 011mpvator With tbe •"'1•1• ·•14- u~ u.4 the ttr1apl.atfl 1a .,,i..".·,' ·:(· 
' '· 

onu·· tbo Jlegat1ft with the •urtao. o n:taiuiag .tb.fj liua in ocmtat>t 1dt,bi:tbl ·• ... 
1 .. '• • ; '. I I.'. ' : \. ~. ' 

• I 

nogatiu cu1•1-oa. !M te.alpl&te 1a th.c$' aoved ow.r t 1at1.ve 'Wltil _.. 

line R6'•na tarqh oppoal'be t1ckcial Mrka and. 'tJ• otbor l.iuo pa•N• tt\1'ough 

: .. 
, .. I,. 

; ·1 ..... , •• \ 

T 
---~---~--~ ~ 'r· ~ 'f.,. 

I 

I I 
i I 
~ 
I ~. 

----,. 
I I I 

I ! I 
Lines on ~ k... I ; - ~"-,, 

Template---. I // Angle t , error 
1---._, in alignment of 
I :I fiduoial m&rka 

;1 

I 

.r' g. 14 



The perrendiaul.ar distance. 4 ee !'ig. 14), fro the .t1Loe ot tiw titbtoal. 

m.uk \Q tho tcrinpla.te liQG NJ.d th.o diat,ua.~ • .a, bet'4n thl.• tt~uou.l urk aad 

the oxie O!)pois1te., are mea1i1urod. Tho rror ill alig1111e».t, of th& li<iuohJ. IIIU"b 

ia tn~ ~ .le• £ , wb.oae tuc•nt 1• d/B.. tul.a ~l.uo ow:. be che-oke<l ~1 ,. . 

11 

; : ·1, I •, ' •. : · .r ;~- :., ft. t ' • 

sluttillg, the ~plat.et until the lino• pua t.hrovgh u.otlter ••t. of ~ · ~ .. ; ,; . 
. _ ,I!~ ' ,. ;I • 

• -1- .~- " . I \ 

®ial maru. ~::. , .... ~ · · · '·, · .,: 
Ali ~i;l""'te, a. P"rbap• e""1er}~tf9'•',~u,g ii ~WI• to..pl>.W U : .. 

-:,, ·.·,· ··. ' , •) ;.' .·.; r,,; ,· '.,'· ' • 'r f .,., '· '• 
_, ' ' •.• ·, ·, I ' ' /, ~ ,. : : \ , 

to oont#t :the intersection ot ts te;;.pl&t'o . ).uiaa ··f!Y•i- tbA iAdi tect poait;i~ : ·. ) 
: ,: '~ 'r, ' ·, ' . • ,' ' • J:: :,f.., < • t· ·.• -~ ,. _I(. 

ot tb .. o priuo.11-.l · point wh1oh bit.a pr-ovi0\.\42¥ DQ<)tl' ~arqd<»J. th& •ga1l:1Yfti ~ ·. i ·. 
. . ~ . . ( ', 

l . ' . ' 
t.mplat• thoh iu rotated until U.aes u.'r'O ·OA ··:or. l.lltAr ·~ tour £1~1&1 ~t~ •. · ·: 

' ' J 

Tho dl•~4ftf aa', oc • and d.d • (Jrig. 

•o bo oo ucl do are a.lao · a ·. 

C 

b1 b' 

I 
I 

' 1 
'I 
Ii 

I • 

' I 

I 11 

I 11 ·' I :1 . '1bo 

: c_~--- .. ------~--=-+--~~- __ ______ a~ 

I 

i 
Lines on 
'l'empli,.te 

--... 

I --- - --- .. . . 1 • ~ -

~ I 

,, 
~ I 

i 
I 

I 
I 

1 l 
I I 
i ! 
' I 

l 

du_d ____ --;:g-. ~ -0 ______ ...... 



*a' ~4, a.oa • • oa:t' 

~.+11ob',•• :;~ : : tan4,.<toa • • dd • .. · .. . .· .. · ... ,' .· '&ft" 

4-@r.(~ 90~ -?®!'>'• ,+44odi(;.• . 

. . . ·. 4\i~·. 04> 0 + 4 do<i .. 

!_. •Tl!I> IW~ o1: ti>O dU'J.'8Ha-be'.t~ U!)" "'14th<> fw,, ~~f(\;,{ 
l)oo,. ~ud., AA4 a~a, is the orro»- in the .~it-.~t. ··or th• .Ciw~tal ~i-rl$:.:i ·/t,< ;;: },!\§ 

thia er;r!)r• ii. g~eatur tbWJ. ono tlinute qi/ are;, :,thQ, figW)ial WWk$ ·-.hou~~~:: }/{if}{<' 
ro~et. :1~ ~~jwrta.~n:t lilho.ul'1 bei u~ ud 1i}lif:J, ~eaulta QA~ckc~ botor•':~J::"T<. ·\I}·. 

i"CUfi't ~•· _'IUW. ¢alibr~tion 1B. AQCQllpli$hed~ ,' 

.t-·· .. ·: i~ :meuw-1ng tb«i d.i1un®$ u••~~i~ auo,e, 1t u ~wt.»t :~~'.~: ·~ 

sys~ti<l •tn~d o.t t'f&{)Ol"dilltS them e ~~E>~~ ;~J ,ti,,~ SiJaU ~lo· w!l,1 be ,1;~\)::. 
frOpet' titnfI~ . 0u.e ~thod ia 'tQ ltttte,t -~ 1\idueilitl ::~ka,. A,, lt* C, Jii,: i.JL .,. : · 

' ', . 

eount.ei"'.oloukwiae direet10tt a tarting; •m.th vlW bif:rtc .t'iflue.tal erk al ~- ir( ·• .• 

Pig. 16. 1\ho instdo @rn.er11J. ot the .t:~1di.t~al ·~k:3 N"C :i'tU.1tod · a, ·i,,, o,, ~. ·~: · < 

~.~~t• en ·t~ t~pl.11,~ liM,c ~4Jaoe.nt, to the qqrm;-.-r, a•, o•, ot~ dh,; !~: i,·'. · 
w~r·"'oo:tton of the limii- i.a (j4\J.le4 o. . ?• aull ditt~~o. bet••• ~- !'i.d,-, ·· 

uoial m'1tk' . wad the 11• is thea reo~dod by :u.,t~ t'11"-$i tbs t'lduo:t,'1 ~k. · · 

~o· 0<1m1te·rt~ckwi$e t.o tb• f1duoio.l utark be~ ·•••uro~. 1i'e e~plt;• t». 

'lPig. 16. ti~ &iu.u.l di,itCUlO$ ~ta :la reoortktd &la.'•- The dittt-:ae.o ., ll wuld: '"·· 

r,eoordod Ol>b' • il.'t o the diot®co R~-ti ·~- :i)co•, and -u.t V it wquld l111t Add·'• 

i"\"on1. this tm;~niw.tioa4 it ts caay tq re.oont$ta"UQt tm, loe&tiolt oi' tne tm;pla.~ 

with ro.ape-ot, to the- i"iduoial ~QI."&$• 

:a:., 1asu.ax10 ?t& F~(tirA$S .oi:, -'~ .LQOiiT.lN~ au.ott 
--................. ~. ,[ -1-.......-.-~. T.1. ~~ 

i>wuera• (~y,e 1 ... 9) rt;>ad aa toll.on: «1;w $u.r:t'.&~ w: aur.f'f!.~ a.go.inst \Woh 

tho film ia held. s•ll. •n in poa1.t1on Stor making. an •x~ura, i"Je s•uf:lb that 
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_··_ .... · . 

. t.ngG,; tho &ctllal v~rJ.o.tiil):Jl.$ !n. the t"~ plamo arc ft:.\.m.d, '.l'b.~ Qtient~ti~ :W: 
:\004\tiug .~it/, $:lu,uld b~ l"G!'o~Jll~t>d to ~ i'!dUQ~~J. •.rkEi Of" ·t.\e: ~ta~. i ... 

!• fi'hQ, fatness o!' t'~Cial pl.AU frat:te!;J ,~bwl.4 b~ Cho:Ck$1l l)£llX'iO<i1~.:U.y 

a.i.ncw · .th•~: is ttlllv'4fl i.fa~fJr ot t1w tr«ra~ r.:r~pirl{~ t'l"i$ Q.{l«t qJ £¥-. itl;fflfii~l' 

~c:11,~a·· -

;i.. •. p#,i~wjj;u~~lf~Q 'J:i&• -tit~~'11.u~xi.;fi P! ~~ .l41liMt»-9~~·~·1~ q'¥~~s.Ui:_'i\tPr .. 
!• '.i;t~ ~e\e.ral1~tiot, 01• ·~ r~a9lt.rti~n i;,t 'ti;~ lon~. in ru-i ~1"1.~l r,J,.~;~~' 

ii oon11doi·~d «am 1rnpo:rtr.t.n.t r;ha~e 1:1.f oome:ra eti.l:1,br:.~ticn. ii, ~ioa hau beeii 

devia,HJ !'t>:r ucc~plbhi~; this 011 th.:, tie.me ·Cfii .. iib:retJ.(.ln ~11tiit~ · u•e~ tel" tiilllk,t~i .. ··. 

tMi 11$Cati.~a r~1utred in. the ~:r p~~i ol" the ~librbit-ior.. JhW •tbotJ · 

-~ to c•btm tlu, adfnatag@a of tM OJtical OQlt~ ~t:ttho~ Md th$ $el".U.l . 

tligll;'t ~Od rd.tho~ f't:tW#i~ tllo ~Id; :diilft4\i'&nte.~-- it OM be ft:r'"" 

fo-rmed 'by q, eare:t\tl W4lm!o1.&a •Ad ·w:t th ~ ~~ oi' .QP91C~l eq,\d.i~l\t. 

!• Sever&l typ$a 6f ~•e-M i~o,.:iatic,n aan ·be d~riv64 ~w.i the- tauts to 

be doacrioea,. but miq tlw two o!' ~Jor i:11pt'R"ta.uou m.i.l ~ daoua~•d• :n~ 
tir:;t i.ilt tam dew1'44~tiou ot the· roaQlutic.u a<ttOai tho 4/l;utinJ! l.ena ~.lj'l$l.'l' 

1lnno i,\l\d the Qti;;hu$" 11 t.lte ai.1£1$:i-t\t o.t. ti~ ftlieua 01" th•J, lt.lirl\~ :bi pofli:t!(m ill 

the c~ra.. ·~1~ mt~ n().eae:d .tor tho ~r'l<kl~lh:hin<J ci" thM~O t4Jt4l ~re tho ~

and mN~" J'O(!Ui:ro ·d1.t"fere11t ADAl.yo$a. 

~. She tiel.4 w~k ~u1"d to olltain t~ .m.l®Glitu:•y 11Qt;a..t.ive• i.s. v,u .. y -
•J.mpls oftor tho rfbJH>lt1.t1• t~a-te bAv.e bf.u'Jn po.~i t1oned,. 'l.l» tari.et(J llit:nl lq 

this otti.ff Sil~ otwidard Air li'o~ce biglrOQntri.l•t l,i.aa tal"geta ,.,b.oa,t ble~ 
~ 

atius vai:3 a:., tlw V'T (aee il!, l1 J. ifwiJ.0!!:iit01 ohiiW,ts i&" ~ 48" 1-. el• we·ro 
dt,t'a.y~ ·Wi:th bluk punt $,UQ ·the. ldl\i te ·01-0cka ~~~<t p&int6d Qi) 'by th$ 'WW Q.l;" a 

ai.lk 10.reon •Jp.lu.te. A tQtl.\.l o.t l~ tiu·tfl)'t& is, utod b;r th!& ,l)J:'f"ioo but a. £.'.o:w 

mtre O()uld be uo~d \$ ~,ao~ lt.d°'iflim~tih <0-® ta.rtl~ft ts pler.OQid __ ,, tlie ®,ntral 

tar,aet e.tt-d ether& on eaeli 51de of too (;}On~ra.l -~'ti at &0 , 10•, 10(1, .00:"" 3Q"' 

and 40" out.w~rd~ '.i.'he t£rgotu 'ilU.M"G he in. ~ utrt1.ient lino pcu"peaQJ.cu~r to 4 



71g. 1? 
11iw ~- ,llo ~--ra u· ta eoaval tar,~,; Md •'.t· a pt,$"'·~•4 tia~••• ••• 
the \11~:t&ot 'Jtl ~~ Rngo at ,Wlgb.11 f1•1a1' ~ 1#.n.e of' ~$et$ 1. 40Q·f,,.,.:~.: . 

'·, ·, .,., ., ', . .. ' : .·: ,.·. ,, 

·tn. _.ra tttaii~. 

!_,\. f.~· ~illg \m ltJCpCttn"oe, 't1- CW$~a. le pc.d,p.tflfj iio~d the ,tu".'t;f, .. 

iit tlw ~:: '~-~ · u ,@ar.tr1be4 preYiOwt~ ;'at:' ·tlw ~'the,t' oa.U,bra~1• •~o,_.ai · 
1Qoauro

1 ~ .. •4e · al~ •~ iiiagoal on ••rt.1 i'i.lm fuw1ng tu Jt.\W ~ ;~t?. 
. ' ' ' 

tt~i-,al) ~t ••.4 for.a.eril\l ~tl'tog;l".ap~~ .. la: ~tdt,- • (ibt\Ur,ln . .,. $,del!\.1W 
<' ' ., .\ • ; ·, \ l ,. I ' ', ,•. '.' ' . . .· , .. · . ' ... ' ', '•: ,·' ,,, ' 

,«p~4 •t•Uve,. it .io ••t. ·~ IIIUC• ••o:raJ.. •spoaUt"tta 111. th diil>fe~, u .• ~ < 
attona 0:t' JJhutttw #Pf\t!iJ ·~ a.P'Ptur1it •1••• ·. the •ttativ•• lh®l.4 •t:Ht. gl~ 

S.Q~l ••l.~t • 

. !• . ,,. sel.eoto,(i n.gativea ~ \le· l'&fid.l,t ~-··d \>y p)MbJ,g ··<m·a• lig'ht, 

-.nie and s~lng thtougll. • l.i to ao poWl:r J4oroa<t.t111*~ ~· rv•ol:utl@ -..t 

non targ•t ~- tor •~h- \'il.~(fflal iat te•tl and. ncorded. fh;,n ~adingt ~-· .. ·. 



.tint c!NSo~d tot ,1-.tq. lt one side of· tllo di~OltAl it 'llw-101.UJly ol 

hicner r'1t1,0l.l.i.tittn tl7WJ. ·the 'G'tJ~.f' ttw oa.,ra :ta tttitw:oned to ·t.b.(,). ®pot or t~~ 

tor, to~ .n)alit;~t of tile l.em1 bf.uTol. if 1;:l'le riitAd.i.~s indiott.te s~tey 

tilen w 41tera~e is W\® of the .t'ow.· n~~~a at eqmil wagle,; out. !htti gi·ve1 

the rcsol~\ii'(iftlat 't1w o'*t1.wr (ea a:14) Md at &t.l·, 101.'1,.. u,~, ~·,;so• sad ,w:• 

fr~ t~ eJd.a <;f ·the oa.mo~ ... 1ou-i'ilm c~bi~tion bei~ tofltn-d. !'~"' i:s 

(t,QmpLU'.'o~ !.iii:tb. mini.mt.m ~c~t,abl~ va.lu,a and the lent is e:itbcl" a.coe:~ted or 

.rvJecte4.,. u.a t1::. C@;8• m.frJ bu. 

G. :fhu av~:r~o re3ol.uti• val:ueel IU'o tbbu. N'•l""'IQ« to ~t-onii1™t U tbb 
·- ,i' 

~ra :hi tf;it tor 't:lw ®f.lifttd, foou,. 09:tl.$:"QllJ it 16 l~~cfee.t'Nl.i to have the 

~• £~s~d t'or :beat dQt1n1t1<»t ~et' .·th.tit. ·£m"&a.~ IJ.eSt&tive altho'Wgh •~ 

wtel"G pr~t:tu• to have tbe ~r~ lo~rn,e-d 4't the oe.nteX." {w-,.Uia). Jlo~ a ai.x

illoh :fooal lit.th ~'tlt,,(;go:tll l•n.s it. has b"n. to~d tl"'t wit w•r••.U -f .... 

iaition (iDffiU"B v_.A the les ia (i.oa tuo.ll :$arDr t!io f'o'*l plane 'th.au ter e,n .... 

~- te:otisaa;. 

1. i~ ot th• -.dvantngea 01• o. ilor'U<m~l ~. lli* Hilo;l.utt,.on l"WltO u a&• ·-
or'i.bed above a~ t (e.) Ho vibrf#.tion .~t timll .Qi ,t,Xp~ll~ (b) ~lutit.m Wget, 

image:a 1:fi deair4id position ua uegtilittvv. (1>.) ~~ltJc:ta4 l1gbtt.ug ($t»1dit!«ttl41 

(d} l!l'lttographing tltrougl1 a l<JllfS oQl'Wtln ot .. il"' (~s oa~ip~~i$ \(J the optlc>a.l. 

'bGnoli rfJ.6tnia,4)., (e) 8impl.ie1 t.y $ld economy oi' m~thod; 1>tn.d (t) !•a~ et t·'t:ulUlard• 

il:&ticn. 

1• !he t1J.uthods ~1B.Wibed ear,11$r toJ- c&.librati:ug a.ortal mapp,~ ~r•s 

011;n be u®d :tor ~l.ib1"ati»g. <HtaEfil'(\• of an:Y' l'ooal li,Q&tl\• C~cut ~ .have to 

be ud• in ,~ e:i'" ud the epa~ of' t4e ta:egott .ud in ~he <!114-taftce ot' the 

ca1n,;&. atat1on fJ""11 the ill'® of' ta~tG• tu- .o~Jelr.~• hAvi"U w,r shon ~;" wq 

long loc!\l l•~· 



!• ii. u'Wii>~, .. o£ ~raa. liu.viil.6 16 i~. te>cal lai~t:b, .ltiu&$'1· ~lte reo'Jntly _ 

'bt,en Q·ulil.1r~.te!l by ·~ ·~d.tur oat .ffl J.:wi~r 00i.libratio1:.i. .r~6" ;11.tlb l'M£& o~ 

&it't~d 4>:f n oanw~°' Qtat.ien ~nJ reft1r~u~ point lo-ot-A~d: ttbout ai f'wt l'r~ ~

•ll $.J,,"1t.(; >tt~iob t.ns ·~rieits wer• louil.tQ~ (~~<.Ht rtiu• lSA),.. The ~lo,u 'to e~ 
. . 

ur-goi J::tQi/1, t'tw ~nt;i·rd1 t~:~ge,t \l4er, Q(l.l:"Qt\&U.y ~itt1ti~ur~d ~d tJ~e t·roµt. u~~ fl)!" ·. 

the ~~ ,.~- poa<i ti,~nQct cva,1• ·~;t f>',,tl;i;;r_r~j.;;) ·~oi;i\\· n,a bQ!':ar..-.,~ :V':iduoial ~r- .·' 
. ' 

pr~~µsq l~~ N~ll ,l,QO;\l,Wd in tw fiUl~i~ 8.0 •lt tt~Oj'Ut'tJS,- ;tile)~~~\U\U~ 4~~ ·. 

puta.t;itln;,i, and ~~JU$'t.l;itent~ v~re i~tllde ea1Jt.l.y .$.$ ~ijCd~J: e•.t'U.ar~ 

. . 

!~ .!~. 1941, Mi"' .. O·ilbert CS, lA>~(lllZ natl~ a stiud?? ~ W -tQl<lit"W-l~;· o.~ ' 
t'i<Ha.~ui·ii~moat f"t°hltd.rc1-d in ·tn~ oul.thr~tiolt ~!' n tn:ciwta. eslW.!)~d with. a ~~ :1:..1><\ · .. 
l"'~Got, 1011&.. ;i'J\e atucizi -~~f.l 4'1.J,1a1d. · C"n dirhtl, :OPtitJJ\l.U/!t~ tor a plb.tt ~XJiQijtG1<c ~- ~ 

oalibl".ntion ra~• wh•ee ~a. 1ta'ti~ wa·• Gippro-:d.•te.lf 000 .li'Ht ~ ·uw , 
~:ntri;,l taX'.t~t.. 'l:he ~l~s fr-QI! th~ e~r~ $}:tati~1 to thb -v.af.!J.ui.tJ »oats. wait 

~;U&tWQd -;,ii.th..~- 1.n-ao(;l:t.d thf>odoli:to Md ·t.m db~eo, Rt.W\N.n ma~• ~i-~ 

·tarztit~ on tn.c P'~~tea ·we-~ ret'l.d ·~itj!l ~ c~fAt·~tori rea~~ to O .. O.Cil.. •• Who 

follow1Ht;; 1.t eopicd airt1utlir i"rm thtJ rtp()ri,. 

tln~; ~- . _trcm t!lO rt;st.tltrs of• iwv~ral e:M:libr'at.i<m.is t• tall<hriut;: wrro,~a -~- ·' 
th& fQCWr• Mnti.OM.U OM"J.ie-.r {1-oCatit'Ul .w;. llOW O"V4t' rel'WIJ.tt•· p-o~d;i · .• 
u.ett;n.u"ei,.~onts 011 tbe IQQt~!..1&::1•ator, lGtirasuri•t'\~t-~ ot' ~ngl1$i:i'J ~! be *'$lt-•tw<h· a.. :~ poa1tion~ o.r tl~ i'r'o~t 111)• oiwe:r.· tl~ atAtiu11 mt.Pff"'4t up'- · 
th~ fuCQt1Jta~1· •t}~ nod(.! ®n he located..- ~xht ~ttil.X1-t/\ttm •t"\rora ct l.eoattng * 
t:ron't node ·<,t th.,, oaM1u•& sno\tli be :t 1/e1• '.b(fi;h -M-Q:Ug tha ~1• W1d ~,.~~
dit~i...l,4;r tr.;;, 'tilf;) ,r,:;ds. 'the p,rc.b!4blti crrora ;f.tt' l.r;.011.tim1 ahzy.i:ld 'l)u ap~o-*" . 
i•te:lS' lul.lr the mui•~ value.ii. 

b. 11tuidi~s r..£ ~n,e:J.ns turwd ~ith th-o, .J0•4Eioond t•odoltte Wil>ti',l 
. o~ti.mltEid -to b ae:u(i).nd~ o:i;;' llro. ft~ :a~~ ®l~ture ot' ~~· 11;~;)b t~~i 
'i'i.,s. ~,1euu in thet r,:;,(1a.ourorr,.ont et ttwse~ &'lf,1,tlllil ~- 3 :;~oon.-d&. '.BU#- proooblfi> · 
error iu ari.y o~e a.~lw 14'¥ l,~ 'lileoou1rlfh 

o.. .2'.i,1.ttmUt=hf.<t:l:Q Q0-.1ip~ato1.• ffl:C·~-~Ul"Off OilOt.lf'ij.tely to 0-.001 tWn+, 
£iui;z.i@zu; Qt' 1' .. ~~ :::ui~.-1, it i~~l.$Jib~ t~ attain 1-hia ttooura.~y when. w~•· 
wine diatcinccu on the pl*.te., '!}ho· ~!mum, tl$-p.~rtut'$ -wf -~ t"\tl<>r4ing 
il"'()JjJ. it~ ·I®® in QAG Ct:1.libt~tiQA 'ii~ U.vOb ii~ !h.t)I J;;l"·:J'b1J.ble tl"t'Ot' i~ ~1.f 
ei.,c re~d:illfi to·r tl\!.:l ei:ilH1r.~:tion, w~s o.ooa. ... 



~ooi- c 
photogr'&ph al 

,. 1 

·' 

'· ...... -:::--,:,,....."- , 



1. a the oart1'H;1tat1£ln (ti' the i'oe~l le1)t1tl:t too .i"~llowins ~vro:r,~ 
~ul~ :relllult .. : 

~i~ ;i:i,ro't>~bl.iQ ~!'i'oot ·o.n }'Q~~l. 
Z~eta:r ['oleranco 'Jt():leru.noo ~1~ 

'·: '.--. ·'' i "':~-~ , ..• - .. _~,'-.loltjW ..... _,'!I'--"_,:·• J "nf.J . t"t·' -~ U)I,~-~-~--· _., .............................. --!P-.·.h.""' .. ,.·-.·.,""'n· .. '·t1""' .. ~m·.·.·.-·-·;""·""'ijijrj ...... ·.-.· .. ·-------f~ai tio11liu~1; t>:it ·"'. ij u,. · "'"' ~o ili. · "" .., .... Q. ...... ~ 
1101..~ . A,lotii ~ti* 

loaitlt;t:». ·c?.· uode 
r~.r.~J;Adi oulQ.r to 
~~ 

~a&t.X'IDJWl)t ot 
14.· U'r'l·.,.u.··.' . . ·b·~', 

t.lo~Lfurf.f'wnt Q:.h 
c:omp~l1~t~r 

'.l;:ot~l. . 

• '.·' ''.;··· .. ir~n.·.Y,c1:,. ".··.·,,,., 'Iii'•"'- ....... 

0 •. 01, ·mt.~ 

o.oae. i;• 

r. ,_ .. · .' -~ t -Pt 

0•,.,041. -~. 

:;i®e th~ .t'i~~ltll eot;l;f)uted fo<Hil lent;tb is th~ ,:i;r.:1.1·0~(;.e of t11W? indepJ:Jncll;t.t 
<Hil.C\llationa,,. 1b'.tl~ rc11·obu.hle, e.rro.r ol" thiiii ve&!'.Alt ~h.;.;ulii n~t ·~ .;in. e,rror b~+ • 

11!\(')X'E) ~\4:tl 0.0:1 •• 
a. Jth.~ p(.'laitio:nin3 oi" tJ'Ai-;} tix>d"o ot 'ti~· le::~ QV.e:r the. .i.,.tat:i~at~ i,G too 

on.li £'~¢·tv.r th.at. ~ireotly 1.f.i'fe4t~ the. ciitJtortion Q.t1rva ai,ncu •lt"t"o:i.-a. iu ··tJ.~ 
11,,•uure~t Qf ~ntt;le~ ~u m.lS)~iur~ent.~l zy,:1. tl;v C'ii>f-11[,ar~tor Q.f!'eat iiitlividial · 
1;,01tttli' fn~ ~(i artJ D.Vernt~t'd ¢ut 1n tna .!tt;rw.l diM,~o:rtio11 ®(Vf;lw li9'Wtrv~r, 
ea:re ii14ut ·.~Oi ·f.11JC1;1oreia~d itl all -,~s.urtYman\O' ;mce 1 t ii4 d:i:t1:iolll.t til) ~riit,. 
Qt . ~b~ oorroot m..11rvo tr~m ii. stji~t~s oi' irr;re,~1.\l~P' poio.ta • .. ~in.® tit,'di. ;'J-tlitt · 
n~® Cit tiw Q~ra OQli i)o, ;~aai tio.t,~~ with .. ~ ~:l:~~ ~:rr~r. o:i' 1/8 ln@ bliith · ·. 
&;l,:0,~ thee p:rino.ipl axis and pet'Jiitt~;di¢u.l.J.i;;i:• tiJ:ecseto, 't.i:\e. e.£..t'eot o:t: " .®,.~ 
plue<Jijiunt Qf thia ~i~ttrtS.tude. ~l1 ttlu ~~1"to~·t:L~n, curve wil~ ttij at't~Ur~i.ble\ 
f~ cu~1o1ora n~d$ 1.me"v bti l~txto~ acgµr,atoly . .troi1;1 ·too. ~va..1.l,.nble <i~w ~~. t:.Il$ 
.Js.il~ d~~itii, t.md 'ti'iU nQ/le ili.UG't b~ !i,C~1t10!l~4 $~oi.ircat~l;y IW~t' 'U':i'l$ $U'C.tOll. ·'t'Q 
~tli:trt.~iA tilt~ ,li.!.¢'.!!~ut'ul)y ot 'tl~t.'* iU,storttaa ¢un~.,!1 

1~~~!J:4Hii;vt¥S 
~-,·- • ,:- Tl:7iz, 1. n;,;-.i, · 

.l,. C~r'* G~lil>rut.1ou. 4&tu ~r"o ~ttuq:v~!ll;y, Uj~~ .oit~:r (f.l.) to ~cr~~ot in~~ 

·poii ticrua or (b) to dijtora'!i:r;.e i,bethe~ "1:t twt a ear•.t·lil;. ~1}~ o-erWn ;~oifi ... 

upecii'1t1~ $4i®w.:rt.. It u the1 0.1,tnicil o;e ti'.l(l •11:d.~:r th$t t,lde w.1r;;le di$.~@U,itiv~ 

pri1l'tei-a ;houl<l bi., dei~ltgiied uo tl).nt the l)oir.i.t .(l.,t' ;;iyiJ:~twt ·em ~· ~1;$:ttiJ;i.l 



u;ative 0¥ oe ~•Atet:rei'J exaetl;y ov•~ the n;~a·t ~t" SyAVMitryu. oa the l•-..t 
pres•ure: plate 'Qi' 1.!w prin'tittr. ,ffy placing the i'ilm i.n the printt1t a;a ju,t 

.t.totil:>ia(.'t, tho J'UtiUlt1UG dia~osit;i.ve, WOUl~ be e~tte~ted i'Ol" dilJ'JGrtio• :~:f' ,~ 
' ' ' 

optimur.a ·pr,:~~~Jdet by the printer leu. 

!· ,.,,, lt t•' d:iatwrtiw ~urve,1 ct di~Olia~a il. ·,and i d" nQt, he.~tJ "th.~. a•e, 
mumtim diet.~tti(>~ .• it may be uo~GGJllery 1:1, ~,~:fm:b'llil ,.U.atortl.ona •lso t};&t~~;p,. ••,' 

oppoai,te tiduQi~l mQrks if pr•eiau Q~~;~ ,:~~1¥$($. -r~~o di"torti~;/~~:·::,\ ', ,;'i 

~ dete),ftal:•a,,'••µt,' ttt$ H,u:G •,i<ammr aw tor ::t111a,;ibto.rtion aero~1:1, th.ft d.i~~~~§;;'' :\,: 
" • ". ' , ~ • ' • .", ; r ·, ·, • • • ;.. • • ! •,. , ' ' , . ' ' ·, , , ' . '. I ·;·· : 

f1XCcpt, .t~t :t#::itt,:alueG etlrea";y fowd l"'r.tr J,,t,f~ X~ /~d tbe CJrt, "i.a be .~~~·; ) . 

A!"to,r :tia ,Atrn' d.\e:tort!on CUI'V-Gii are dt1'llll~t. 1:,tJJJ~it 'be:,~dvq-.g,eo,~ ,t~. drlit.\v ': , 

f.i',d.6 Of.I.~ W '.rj:~ .~~/ _te"-l'JlJli; thll# cU.s;tor·U;•~ 1);;-.ji·J~i 

(Nl"-VO$ a~ #~d~r!.-iWd intervalo { ,~- .:.,.~~~1 :o.~l. Jff!;t., Gf d·ilitort1W£) JJ\~~ '', 
. ;'''· . 

r•adifi&, ~1-· diJtan,., i'rWJ! 'th.e P, et tha't J)U"1.1QU.l~r dia~ertion. ,' '.tilfHi •. ~ • .;: 
,• ... ·, . 

to:rti()QS O~~ th.OU be platted (),Ilk J)&l.lir \,:~orci1-·b:;.t; Witi lbeii dr~it~ '~l'°'4g3. 

p-oint• , ot ei.i®.l distorti!l)ih 

i• $uf'.f'i.oieat. de..t~ &J"e aot Q."iN1.ilabl~ tu iAdi~~·t& Vil.th 'Akll)F >ilt&gr~: Qf :, , 

a.o:e:Hur-.ey~tbe. ti.mo l'CN,ulred to uke a ,co};,plow , o4\libr·e.titln ot, o;y~ (,I, ,.::a 
~era.. ?h.e break dQ'\ff! gi•o.1.1 •low ia ~ ft1.ir· ea.tit.llate of t.l:~ tiirie roquiriut 

will var;; with <U,i'i'aront i-~eo ii.nd c:iit'i"tll'Gnt pera~l. 
lio~r• ~inute4 

b"iolii 'f~ork (2 diagon4'\l8 oxpo1ei) ', ·,.,, O ,:so 
(}Oil.'!p&:rator :.:leasm-1:UUentu ( 2 dilii,f.Ciru4l.,6) a ao ' 
Ooaputa:tione & Gw:,v·ea ( 2 dia.go8ls) _a.,..', _____ ao~,, , 

!et.la a · aa , 

-
per.sews £or t1w,tr u;aiirt~nee ill th$ prepQJ'&it.iQa of' thifi theidaff~; 

~ .. A. H. tau, fnoteg:rl'i!.111-uo Laboratory, Air ~&te,ri@l C~iund, Iwight. ll'1eld 

tor utb~ti~l ~sietan.ce in. 'till& iio1nt ~t· Sy~ietry con1}ltrtat.ions; fat.: 

.ltiiJ'. !. o • .l:iickson, Aeri&l lli.i.otogr~viuc Branch, S11gine~r ltes.Euarch & Devvlopmettt 



Lu.bg.riitori4:lia, .f~r (]OJsi~:pu.r~tvr ,;.i.e~Ji..:n,.;iliaUt"* an4 ijQ,;;;.plo coi~1,utatio11s j ·· ',:0,; 

~. (}eor~e t3. \;ihiti~,, ;1.erincl ):hcto;1·~vJ:1.tc iJttlJ!i.Oh., hti,gilli.ee1' :Sieieaton 11~, lJieV'el"" 

l •. 
~ 

J),)'i'K j.;r.peirt~..:nt g;e:r:terul r~bs Afe r~~'l(t~i.ed 

~-' · ,~~gl$a ~n the ~a.Ubr~tiori. i-e.~~t\l u4<>ulci o& ~.~e~rt>.tel: t-0 

'i:t. U~dea ot' a l~trraio.1:1 l\)us:: Ut'U VC\i'l:!l'l;)EJU;. 

'l:h,~ front. Z10dt1 ab.oul.d t)~·· 1<,~'tle:d wlt!li:n :t l/ll i.uoh 

ewneu·o; 1t~ti0'.tl :J~1'e1·Gi100. 1oint.. 

cl. vihea li$omputing th.e equi;v~le.1.1J.t Jl;"QC/41. ltinf£th ,of ti; wi.de. ·illi,~i;·..{111,.· 

loa.s> ~rgf!'t& ehou.:'.L.u li:.i~· ~eboted wh.ie.b ~,t'e 'l{:Hd~ t.h:au 12<11 .cut t'rorrFtih~ 

loaa 1.a ,-.nil.oh ttte alstortiotl iG tieglit;1.blo,, t~rge·ts ahoul<li oa icleete~ ·wfiicb 

ar$ at leflat l.iO• out t1~0J'it the etint:ral 'taiurgf>t. · 



U11iU11.ll~t J.'4tllti bet~•e.a i2~10 1 • ~ii ~,~~ f., w;ia (:)(,~scilooteQ iii t.lilf>i.t ra)lf.t~ wi'J.l, 

;iv" usab;t.e f'~ . .-.ultth twwtvor., ~ a-.v0rBge. of the. fQ'w- vuluoa Q!' t~tl o<:.1 W;l~d 

in. the .r.1.a~~~ :f,)Qiji\bt:i rJirrwrti<m C®Itp-~t~tic:a. );.tj; recQ'£®teUd&d btal'i:h 

i. !iefarwitt{;; ~gain ~~ ~e Qti.libr(:.i.:"~d !".iJo~l length oorliJ)1.tttii,:t,i<Qn.., ~ .t• 

h i1Ul>t~'41$'Wci .trflii.~ t~ e,aWcivQlcnat l'Qel,l. l~llgth ii' a, i~ amt\olle,r nut00:rioal.J..y 

t.nan ~, K.%t~¢.it f..dded it' 4p s, l.ai'lJ*'f' tli,in ·<t:3.• · · tn the ·~Wll.ti0$1 . 

Al.' • di ... 4a 
l ..,· ·if.\a ~ ' ' ,. p 

dp and. dn ate al.l~'tr"'oted,. ·~ithlll'!.i't ra;~;t·d t~- 11gp.;l. 

j. · . }ie-gurdin:g tw, re*u.lt£Utt Jl.•Q~t o.f i.i;yi•ttt:ry o(Miuta:bt~ .. 

k.. lt ia «tai.1i1. I,oin.tfQ.~. ~ut t~•t ,~~t.i.ll1 ~aly o~• 
01\iWVe ia pl~t"\,$d to;r ~~.iui ¢1~;Li!Qt'~·ii,io4, ~ur:!'ot'tie~.. l't1e.re r1w.1 bl:) &~cis.l. ~i•e, 

1.uat•u~o where u. GW'.'vo h r-4)ia'U;i1>:ed 'i.'t:>¥: ~t.1.0,h J:iAU. oi: JlHi~h diu.io•l .. 

l. !hu o~lihr•teo. i:o~l le~t~ is t.;1.$·1;,Si.ii.ly slunlll:i t·t1 tile ae·e.1~$.tt 

hunt.b:edth ~,: a ~Uliai(1te:r .. 

AiPBND U:. J:l .. •SM1.P,W3 G~f'UtAl:J:OUi 
, ._-~wu IR' r r-.·(ir 

2. Ji l:urt, ~i' 41·/iitff. -.n.:i a S\l•t illl1' ~w;~Jl.iq i/l;O~utati,r,ait :toi' Ciil.J.j.b;r~t1ui;; ty ... 

f-& A•J<ial. cwearl\. &e. 4l.•t.l!l2 -.trei .e;l\V)wa on ,W.i$ pa,,~~ ·whieh .:.t'ollaw. .ti~t.lillil~<i 



Tnrget 1".n.;~lo !'rar.1 
~ o. Targot 67 

30 
31 
32 
33 
34 
35 
36 
37 
38 
~9 
40 
41 
42 
43 
4•1 
45 
46 
47 
48 
49 
50 
61 
62 
53 
s-~ 

" " 
4J 31 o7 
48 119 08 
48 07 34 
47 22 54 
46 39 02 
45 07 20 
44 19 26 
43 30 18 
42 38 39 
41 47 M 
40 5b 2ti 
40 02 20 
39 07 27 
38 12 09 
37 15 40 
36 17 02 
3b 17 2;:i 
:S·.a lo 32 
:S3 h 40 
32 12 62 
31 Od :n 
30 03 39 
2s :.ie ~a 
27 nO 20 
26 42 18 

56 
&6 
67 
::>8 
bi, 
60 
61 
62 
63 
64 
61:> 
66 
67 
68 
o9 
70 
71 
72 
73 
74 
7b 
76 
77 
78 
7'J 
80 

Angle from 
Turgot 67 

• 
2-> 32 57 
24 23 36 
23 11 38 
19 31 48 
18 17 22 
17 02 40 
11 t6 2b 
10 37 03 

9 l~ 02 
7 6~ 43 
2 40 48 
1 20 18 
0 00 00 
~ .;,9 bb 
5 111 40 
6 40 31 
7 59 3.) 
9 18 28 

10 37 09 
11 55 5fi 
13 12 52 
14 28 52 
lo w 29 
18 l4 26 · 
19 27 20 
20 ~9 43 

Target 
Ho. 

81 
82 
83 
84 
85 
86 
87 
SB 
8~ 
~9) 
91 
92 
93 
94 
96 
96 
97 
\18 
9~ 

100 
101 
102 
103 
104 
105 

Horizontal A.o.t:lee on Wl'lt:,ht .1' ield C11.llort11.t.ion nan.go 

Angle tr<>l.l 
Te.ri:;et t,7 

• 
21 51 01 
23 02 Ol 
24 ll J8 
25 19 so 
26 26 38 
27 32 32 
28 37 13 
JO 42 57 
31 39 14 
32 44 33 
33 42 56 
34 39 44 
i-, 36 l4 
36 31 06 
37 24 62 
38 17 48 
6lJ 08 t>O 
:.Sit o9 02 
40 413 26 
41 36 03 
42 22 67 
43 OB 46 
43 bB ..>l 
46 43 19 
47 23 58 



,~ield CaU.b.ration Iw,cth, 

.b. · 2':18• 20 showa the ~.para'tl:or re~dinss o.?l the negati've .. 

~. .Plg. il. is tb.e to.rm l.Wet;i .f~r o.~:.putine t1tW e,.a.ui:val$nt f'ocal 

w~th by uact ot n comp~tinz tnaobiue .. 

d. Fig.. .2lv.. is the form used tor, ~~t~.~ tho eilu1va1~nt £o~al 

J.ength \PJ lognr:i ~. 

ll'ar,;~t;e, si,t>.1& ~a 
~ . . 2S •. 036 .. _ .. · _ 2$.910 . 

1 • ~ x o. m1111t + r x u~uw-011. 

,,. 71. l?'S + 71. Oln a 104 .. a"IG 
'ifal"~ew. · 6.l. _ 61 · ?4 
CfJ .II· 1 ,1 • ·!- t _. :f r r 

- ·. ia.eda $2.iie. . .. 
1 • y· i"o;·111,m • ~ llfl.· a.1as:~· · 

• 77.lii ,,.. 11.111 • 1~4.2® \ · 
' .. :'_: .. ... ·. . 

A-.er. t' • 1~4. 2tJ7 

r. fu~tins; ti«f i;;oirit ot i~tr~tr; (i3ee P"~• (l-f.>) !m"~EJW 47 ~ 9J 

wre; d:io.$t.ttt sine~ they are KJuffiOi#$lltly ~lt,se to tb~ pt>.in:lai et ~ :~:,ji,, : 

ter'bio»·:u~ ·t,.,u. C\U"Ve. 

where 

J't ., f .. [ueol ~ -n ~ - $e:e2 C>l- 'tim. ex] 
l,P .t: (2 ... aoci ex - 1f.l-02 ~] 

G •~ • t (twl Cl ... tan ~ )] 

t • 15'.25$ 

k. • lOS.:446 • 106. f.H>J, == .. 1. 106 

o( • k9:16.*3!fl 

Seo C( ~ 1.,aiul.611 · . 

soc:e o< ~ l.4ti44$l/l' ·· · · · 



Ueo.dlng 
i• .: 1',1iT_ '. It . 

1.41& 
:>.666 

.· n .• »01 
l4.Zl6 
10.ise 
22 .• 64~ 
36.650 
,;t.A onn 
'W\,o!'eUt!l.l;i, 

14.191 
~a.sia 
4J.Q'l2. 
47.l.2fl 
fil.183 
56.aaa 
59.152 
~.o,a 
61.1.0S 
10.613 
'14.9&1 
1a.aa, 
ea.119 
se.02s 
90.$91 

101.aie 

.r, 

tor 

·,~, ' 

59 105.~ 
GO 10~.21e 
61 l2a.G9S· 
62 127.~2 
61 Ul.8:20 
64 l$4,95Z 
S& 149.40$ 
ee .u,a,,p~ 
tW U>e.:eae 

Pia'iii'. 1to~teh 5:ab" 
100 8.'12? 
102 12.iaa 
101. :u., •. 200 
100 2<h04l 
~ 23.71ij 
ee 21.s,1 
91 51.296 
&G a& .. °'1, ,, an.aae 
f>4 4a.ooa; 
~$. 46.&26 
il2 00.101 
j't 63 .111'*G • ' ' f;W;li ' 



:focal Length Cora;;ut,u tion Shoot 
\~ii.chine L.ot:1;,i1 ... tt..tion) 

Cam&r u. ~o . ~F 4L-4/J2 .c.Xpoat.re No. A .... nte -W/4J::: Computer ..... £ ..... G __ d ______ _ 

Campt.Ltntion l Computation 2 (...o::.ipv.tation 3 

a• diat~nce from 
Tar.§J_ 

• 
'Iar _Q_ 

• 3Z C,3.J 
to TarQ to '1'11r ..Q_ to '.:.'a.r , 7 

b • <iittanoe from • 2 cf7/0 
to 1 ar .1.i. to • 2,.!j'.Z 7 ,Z, • 

l'~r ..zz_ to Tu.r.1.i:... 

a + b • • • • • 

c;(. • • . . . • • 

sin cf; . . . 
/3 . • . . . . : . • 

ain (3 • • • . . . • 
(ex + ~ )• ~e + d>) •• 

;in ( oc + f3 ) • • • 
1/2{0(+/3 ) • 1/2 te + 4>) • 

l. b x sin C)(.. •• • 

z. Ill .x; sin /3 ••• 
a. 2 +- l • tanv10°+>.) 

4 . 45• + >. •• . ~ 
o. A • • • • • • 
6. tan )... • • • • • 

/0 "' 37' 09" 

210 If I /Z" 

.J, ZZ.211 

/0°.JJ' 0 ~ " 

$ 332J Zz 0 

' /. <:J0/0 5Y2 

/8" 37 I 30 11 

.31937.Zf/ 

/ooo yor't 
1:~' 0 OQ . i.3 ,, 

0 ° oo ' '-/.3 11 

.000S-t2[f.S- . OooZosrS' 

7. oot 1/2~cx +r3 ) • q--, JJfQl2<j l, .078:Z7.3S 
8. 6x7 • ttl..n l/2(8 • 4>) __ ._0o_2"""~......_,!7,._o___ -Oot:z.7 IS 
~. 1/ 2 ( e - ¢ ) • o • o 7 1 <11" o O o r , z z ,, 

10. 

11. 

1/2 ( e + 'l) ) 

ii + 10 • e • • 

12. (B+ 4>) - e .. <P • 
13. 001 <P 

14. ( + b) X COS ¢ 

lb. 14 ..;.. li :t ~ 0( .,. p) 
16. oos e . . . 
17 • l .> X CO$ B • f 

I oo 37 Io, I t 7 0 /Ir' "IS-'' 

IO O 'I b I 'f J II 9 0 2 3 I () 7 It 

/o tJ z 7 I 2, ~-II 7 O /'f 12 3" 

· 9 lf«JJ 'i 1, . 9 t7<3 z Sz.. 

fi . 8'~.f27os 'i'i 9~373 '1 ' 
/$7. O<f.:i"7 II~ /5' .3/k'O ~- 1-1 

, 18z .3SJ.r . rf'2' t i!t 
____ 1..5 ___ -..... t ...... z ...... z ..... i ____ L sr 2 z , 

11 ° :r<=. t Z J_, . 

I I ~ s .:,- Is S" II 
. 2, QI:, 7 'I 7 7 

I! o .5 '(., ' /,) ,, 

" . 11.,z t9,<_:.s __ 
G . 7'/'3 g,ao 
I ooo (, 92! 

Cl O o! ' I Z ,, 

. 001<, S /<,/ 

/ I O .:,b I I O ,, 

/2 0 0/ I .SI If 

I I O so I Z7 1' 

.J87K (9 'f 
t3. 8J3oS}ro 
/.5'7. 12 2 'I ~20 

.71,f03S);;; 

/ .!>-V-. 2 ' C:, 

l'lG. 21 1.vor111~e 1' • _I_S'< .... ~---z_s:.=-s _____ _ 



(l) 
(2) . 
(S) 

(4) 
( 5) 
(6) 

(7) 

(8) 

(9) 
(10) 
(11) 
{12) 

Principal Llab..nc• Coml-,lltn.tion Sheet 
(Lobari thnti. c) 

a • 1.'arget ~.z to Target (,,7 

b • 1'arget t,7 to 'l'arcet 7 3 

11 .. Zif c;3, mrt 
o( :: /0° 3 7' 03 ,, 

b ... Z8 '110 m:n 3 .- /0"37'09'/ 

a + b • ~-7 llf~ (o( i- 113):,, z1° 14'12" 
mm 

l/2( 8 + <P ) • l/2( ex +(3 ) .. /0°37 1 0 (;," 

loc a / . ~(;.I "/. .381/. (l~) l/2( 8 - cp ) 
loc sin (3 'l-2, :,-~ 7113 l 1 ... ) 1/2( e + 4> ) 
(1)+(2) I a 7 2 4> 'f l<=.K (lo) ( lj) +\l's) 

(16) 2( l4 )-l l.)) 
log b / , '-/(a( 0~1 
lor; sin( cx ) 9_.z,~ fJI ( l 7) log\u + b) 
\4)+(b) Io. 7 Z , </, S-7 z. (18) log 00a <f> 

(19) ll7)+ (18) 
(~)-(!$) )\ 0. 0001-57' (20) loc sin ( c,.. + p ) 

log tliU (4o + ) --* (21) (13)-(.20) 
,11,• + ). c/.:J._0/ '19 II (22) loi; 008 9 

+0°0/ 
'cf-y" (23) \21)+(22) 

log tan ~ · c;. 7 22 8 Zlf3 
I !I-it/. 2 7 <f log cot l/2 ( Ci + f3 ) .. _Q,_ U zos0 o 1' • 

\10)+(11) 1- 4'/78){43 
loc tan l/2(8 -.P )-7 

.r'i;:. 21A 

V 

0° 09 I </ r 
[0°3z, o"" 
/0° '16 ' <(7" 
/Q o 27 •.zs II 

/. 7 ,2 2 733 
9 .'l_'7Z726<,I 
I/. 7.5'4 '1997 
7-~ 
2. /7,oZ~"':'cj 
'j .'fi_2.Z"-Zt 
z . {8'fJ2..'! 3 7 



',· . ·.~ ' ' . ,, ' 

.,. ·· : ... · .. .,··. 
:, \ I. ' ' ' -: 

·i ·, • . : 

~ • u·,~·""' 
•eo @, • l. 21&'1111 

eo.oa ~ • 1.41a1140 

tan ~ . • o.Ol•GY8.. 
... a c,L__ ~ ~ • o.steo,,o 
'803 ~ 'baa. ~ • )..()2,&0616' 

A• l.64.265(1.0220616 • 0.99086&) • + &.~10208 

B • 161.268(2 • 1.464481, - 1.4181140) ·• • 14&,-i0009tf 

o • - 1.1oa - 16'.aJ~t {o.ea1 ass ... o.6914678) • • o.,2619?9 

f-l, • U&,40009t7 i 'If :i.'~.600Cl907 I • 4 +8, 1111'1088CI .0,62118f II .. . ' 

rl, • O.OOl92141 kd1A111 • <fltJ•04• 

"6X • t I{_ • (15'.28i} (0.00292141) • <tO.tslJIIII. 

47 
a. 1 \ \a 

\ \ 
\ \ 

67 Ps 
C \,1)(,=-t.444mm 

I I 
I 

\ '. I 

92 
b 7 :h' 

I I 
/ I 

I I 

I I 

\ 
1
, I I 

\ \ \ /'" ~,o·a;:,,· I I 

\ \ ( I 
\ \ I ' I . I 

\ . o'- = -:r,-~~ I 
\ ·~ ,f'~g~/ 

\ , ·I /; 
\ I , I 

\ \ \1 1.// 
'\ j // \v ' 

L 

L l"ir . 22 ---



AXJ .. t.., ta.ft. (ex + /A)• 

. 'ttliJ • (e'b f ..: b lit) . .;. t tt..n (@,. - t,t}• . 
Allgle ~t .L 1Jetr~tun.1 tilir~et: 11 ,a.net 1-11 "" tX. Ii. = a4•zs •at'' 

Angl~ '.~t ~ b~t~n t~vc;et 92 1.uitt,i !)I •© ... R~ ~·ie•4.ou, 

· 1,1etNJ.~:;g;~:.t~i;~t 4/1 to lls • ~111 + Ax • :10~.;44£5 + 0.46! • 
''·· .,,· ', ,"- . . ' 

Dist~~~:(t~·~/~f;et 92 to f',s • Ob' ~ cfx • ;l~'.&}j$J. ... 0 .. 4$2 • ,a.uu•:.,n,,., 

. ' . '. ,, . ·-•. ·, . 
. . . . .·. . . . . 

h~ . la ~wti~ ~ s~oo».d, a~luti~n f:ti>"!' ti:!.(! finiat ' 

•a .~~ 91 atts J;;,lf#t(Jd. 

• .0.02V$l4i.f • + 4.21WIU32 

1 •· -o.a·r~~591t • ... 1a4.sGaaoss 

c • k +>t'<(e.0.1101.2,1) • -1 .• ,,0 + 1.a2.a101u • + o .. ae21011 

ID .. · ., . u,.~~~90S6 • 134 .. 8i$0l~90 ,. >.·."~., ..•. f'> ..... \,.'n·., .:1,t1·.·:·, fJ.· ".·, ............... · ..: . .,. ri'•1t1 ... ,.,a~:A .. '.:U, · 
If":"~ · · > · .' L' · +8.,4;Z$"ffi(:K • '.· · ·.·' .· , ,~:~V'"',~~f!!:;" :. ~\rill,_,..,. - ..,. .., Vv ~.~ 

th• iliii.u. j;f~ tliu, a.t1.t itnGl lib' al"di ~ain <t~~it,;eJC · .· 
• -.'· ., ' i . . ·,.· .·,. -.,'., ·,', i .. 

wted tr1 th~ ,Qia.l.!t:tr~-Wd focal l~~tit c~put~~i.QWt m }:'ia;r. 3 b,1 •• 

Aver~e dp • .+ O.l,04 + O.lO\( O.l5>:t.i+~·.'l.-O<f • "' 0.103 • · •.. 

· Avt;»"ago t•n« .• o.1aoo2sa, + o.as11osa +4o~e69Q4fJo + o.e$f2160 ._ o.t.t739369 

1. l)Ot1ll"nl1'Ai!ll(; !iegatlve Distortion ~t 45• tr:1/'Jif.. thi!i Lens ~\:.d.a (~ 

par. ti-a). Frq.m pars. g c.J\\J h, ~:bGV•• tl'.!:e aitt\J.~fA.t:;e value ot 



lOO 
102 
lOi 

41 ze Oi 
42 68 63 
43 'ilS 'J.7 

o.t1~:21ao, 
ei.v;s.1am:m 
o. f):,C'i,106& 

lSG.166 
1,~ .• ·roo 
1~7.&77 

li$6.l7t 
141.6.il 
l41.4fJ'7 

•0.007 
.<.:,. Oij£/ 
..O.O!Q· 

:i,otr.$(.t:tt i;h1:; f~ m1u tt;e ·t&.rg;lli't. i:ma.go;s ·to t~to let't ,pf ~"s• a~d by $U,btr-u.o,t1.t1g tll$ 

$.Veil'ktte A~ .t:'ror:a tile di.11ta,:.;oen bvt• .. ,.,e~n tllfi Pa:, at.1.d the taf'£;fft il,';¥lg'Oi t<:> .'!ihrl 

plU$ til:v ~V~.rag,~ valuo ot' f-{_(0 4 09•&4/*)• '.l'ilo atlGlt?>~ to tll~ tie1;ht <tt' .t's ~"'e 

1;;,,4ual. te. tbe r.i(iie;.i$u:rod aus;l,u1 ~:b)us tb~ vn.lw 0:£' t-L• f' i~ $siJ.Wll.l. to tho Oft 

tion eu.N,ec1:; for di&i;;i'.\uu.b Wld :f.l ~rie ehown bi tir;. 2~. !10ffii)vei:r, it i.u. .not 

reicoro:.10n®d th~t thou~ curve,a be vlotr~d eer>u..r~tel)"• 



:tA pal'• 1.-. 1 t 18 1uggo1tad that the two balv•• ot the oun•• tor the tN 41&• 

1onA11 \M p).~ci •• • •b&l• olU'9• ~·u..· .. 1 oted targ•t8 t.rc e&oh .balt 

d1ago•l to p-cw14e u even 111;1'11>\&tioa gt poin'U ~lo t.lw f1Aal. eu.n•• .'{ 

Fig. -U .nob .~ o putattoiu, for tho a,let.ite p_ointa •lon,g tlu.a ~.;_ a · ,._'·: 
' r !' .'' ~" • ! 1;°' 

&verag~ ot tu CPL•• tor 41&&oul• A .-d ia; uao • en. ( dS.gona.l B). • ,.:.>:·;: -J ·: . :." 
l' 

1a..200 -~ 

Avango 011. • lM.aa i 18'.ap • 1.s..21 ~.: • '• I ' 

•I' ..... -~ • I \=· , ~ . 

Ax (dagoui. B) • - o.a•1-. ~(41~~ 1) • - o•u;,45e 

1. Detend ag the S.•ultm Poitlft.'itl ,-.vy. 8N) . 1-1- a.ro· the · 1 

relative loe)a'bl<taa or the ottntral. target· (61)i t '• &lld ~ lff tor- ~~-

goula A and w.· · 
• 1 I' 

- ----------~· :.;.:.:·: >_·.;...;.;..._~.__._ __________ _____;_,;·/Lt ;- ·.'..;' -;.· r, ·:' . 

.ft'igo 23 



UEH>.lut$4 · .. 

x s.t L t~n x.. c tl.Ul. 4 ~i&t.t.n® · n1awrt1:• · :::::C .-,. •. · , it .1•~--- ·. · ~ · : 1.·11 ur -·• ·1· · :w, r 1 it,· Jil · ·r, · 1 • JR. 

35 4~ 17 1, 
3G 44 29 00 
3? 43 40 12 
as 42 ,, :Ji 
39 tl SV 2S 
40 4100 l.9 
41 40 12 14 
4a is 17 a1 
4~ 56 2~. 03 
44 .&?' 25 ~ 
45 Jtl ao so 
,a aa. 21 l$ 
,., ~4 .26 :t~ 
,10 ia a4 M 
49 1122 46 

~ ··'.::~,~:= 
62 .. · 2:9 08 ;$2 
e1 .·:2aoo14· 
.z;4 . : · .. :Ji() ua ia 

~ }:;{§JS. 
69 .1sm1,,e1. 
60 1?1214 
&l ·· .. 1i os 19· · 

. 62 · ·10 ·46 57 
1$ , . . .: .. 10 . a.1 16 
?4 . ·,,;tl; · 44 .. 91 
76 · ii -iia sa 
v-a · .· 1~f '.ta oo 
77 16 ·M)· 35 
va 1a °' aa 
19 19 17 2$ 
80 · .. ·. 20 '29 49 
al . · .··.· Jl't 4.1 ,01 
ea .. ti i2 0•1 
ea. · u. oi 44 
a4 a& o~ as 
aa aa ie 44 
ee i.1 aa. ~u 
a1 a& 2119 
as · ao ljO~ 

l.0:10076::> 
• 982~1'31 
•. ~St:lioUU 
.926i014 
.B900TO$ 
.anoo11 
.a-.t.5l5U 
.ijlJl.148 

· .7$13871 
.7652801 
.'1315ali 
.11.21100 
.8681646 
.0096100 
.&i41l.dl 
.aoao,,i 
.6$261'11 
.6&?5006 
.t>al.7Si5 
.506670$ 
.40ll>?2l 
.466$564 
,IJ..31.8610 
.$&19534: 
.3~7115 
.i097i24 
.2144770. 
.19044~:? 
.1846116 
.. aoaaos& 
.231?775 
.2161961 
,1024204 
.320762 
• 300100 
.1138289 
• 3,£,f/.$$07 
•42l/17ll 
~44taaao 
.469?116 

.• 49i7724 
• 5178415 
.04194$p 
.ii0340.7 

165 .. 7''/IJ • 
101.,ei 
l41.Z2l 
142.815 
,l36 •. Sv4 · 
ls.1.461 
ii '4•:'lc 1.01 .11 .,..,.v.~.a.~ 
l26 .. l'ffl 
la2.09l 

· ua.021 
113.$04 · 
1oa~a2a 
li).6.16? 
.lO.l."126 

··· ... fn vta 
:;;\::f>f:DW! 

<: ill'. &$1. .· ·.· 
ft6,~:&J$1' 

·· et •. O.l4 ; ··• 

;:t~i.r. 
.r;'a&.i.70 ·· .: 
··~fa*·4ee 

. a~.~· . · " · ao. 741 : · 
·. , ti :::1,~~11~ . ·• .. 

. 4;:G,,.. ~ii. '. 

··L,.;:;,; 
.... · .. 61.1 ... e 

,, :.:, . ~~:~IJ4G . 
· .... •: r CJE.V1Sfi. 

.. •, 72 .• 4ii · 
10.100 

. ;tS~t.leB .. 
· 11$.&19; 
' .aliP,S1 • .. · · 

lti~.a~a 
15l..404 
l.4'l .l6i' 
J.U.S~€$ 
l~u.eo(f· 
1~4.529 
1ao •. 42a 
136.270 
~z.1·w 
110 •. 1$ 
114.0JO 
l.09.&4$ 
105.80& 
101.e4a 
&7.920 
{)3.~19 
69.9$1 
aa.oaa 
ai.101 
ve.!st 
14.-55a 
10 ... u1 
6~.&:il 
aa.aM 
i::L.f>Q2$. 
47-.VM 
tt·llt. 0.,...,, · 
~· ·i,. 
29.zet'i 
ta~4M 
aa.1,w; · 

·.JU.?$$.· 
~·it3U8 
4G.G610 ·. 
oo.a1, 
54•.01!9 . 
61.104 
t5l. •. $8f} 
66.1()1 
oo.t1a1· 
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Diagonal A I I 
~ f 

' 

Tar&et ?tea.sured \ 

No. 2C at L tin~ f tan X... LJi&t&.noe Die~ortion 

36 4o 17 14 l.0100765 lbb. 764 l5v. 636 -.128 
S9 41 57 20 .8990706 lJS.646 138.686 +.040 
43 38 22 03 .'liH6G7l l22.06J 122.179 +. 00 . 
47 34 26 26 .6857o46 lOb. 7W 105.889 +.139 
62 29 Qij 32 e 667b586 8~.:.181 86.099 +, 118 
o4 26 02 12 • b066708 78.134 78. 2~b -+.lOl 
66 19 41 42 .3b7:103•1 66.200 !.>5.264 +.Oo4 
61 12 06 19 • 2144718 33.075 33.077 +.002 
73 10 27 lb .1845116 28.454 H.•~68 +.014 
78 18 04 32 .3263782 bO. 3;H 50.374 +.043 
81 21 41 07 .3976507 til .322 til.389 +.067 
84 2u og 36 .4697ll8 72.434 72.633 +.099 
88 .so :.;3 03 • 6902407 91.021 91.143 +.122 
91 33 33 01 • <.iu;5l4d~ 102.264 102.398 +.134 
97 J8 08 56 .8092704 124.7~8 124. 918 +.120 

101 42 13 03 .907301:S l39.9lb 139.a26 +.Oll 
103 43 4~ o7 .9067066 147. 534 147 .487 -.047 

Diagonal B 

36 44 00 41 .96607SO 148.978 148.897 -.081 
41 39 43 36 .S30ll943 128.148 128.224 +.076 
45 36 58 17 • 7207799 lll.1:12~ 112.041 +.118 
48 32 56 65 , \.·6477202 99.885 99.999 +.114 
:)() 30 50 46 • 6972109 92.096 n.200 .... 104 
b6 24 04 51 .4460202 68.920 68.989 +.069 
60 16 43 56 .3006222 46.3S9 46.382 +.023 
76 14 47 37 e 2640921 40. 726 40.751 +.026 
80 20 b8 28 .iS833b24 59.117 09.16.:i +.048 
82 ·23 20 46 .4316224 66.b60 66.650 +.070 
66 27 51 17 .6284614 81.494 a1. o:ilO +.096 
!10 33 03 18 • 6o077;s2 l00.3b6 lu0.476 +.120 
92 34 08 29 • 6~::;6b02 107.878 107.994 +.116 
:,6 37 43 37 • 7736393 119.303 119.393 +.OJO 
9~ 41 07 ll .8729620 134. 619 lS•1 . 626 +.007 

102 43 27 31 .1:1475926 146.128 l46.0b2 -.076 

fig. 26 



m. A &et ~i;· $.ttP1ple ooiaputtiitiona is ahcwn b~l.t;n:~ bi wl:t.i.c1'1 the Vlll.Ue 

oi' J.' in tl~ Poiat o!' Sy1lll:iett'~r m:id CPL oozr.1pu:tation~ was tW(ell al:J lS,t!. l (~s 

sta.i11pt>H.i ou leri.a hcld~.r) 1,uitea.d of 104.266 (US OQ':npvtad by the o:·$thod g1v~n in 
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loS.692 

l36.l.63 
143.681 
147 •. '!ll7 



0 51 



Deten,i11&ticm !!!_ C!IUbrated l'oo l ~ (Sff J>"i'• IM) \ 

.6 f • ~-:~5.tH~g:~ • 0. 121 ~M~ \' 

l 
f' 

\ 
Since 4p ie larger numori•ll:y than dn• b t is goaiti11e . 1~ , • • , 

Ci'L • lM. l • 0, 121 • l&t, 221 • • (CFL • 166. 220 wMJl f • 1M~-2al>) , 

·,, ., ·, :'" 

-•-,' 

n . ',e.eurin:: tbe v4ouum, 'ba.ok .for n.atneaa (S pr.r . 1-21. The 

JJea.sure enta tound for the lti&gUine uaed nth the camera oeiug •11t•t•d ~ 
illown in Fij . i1-V • ( . 
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