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s;,ecit,L r.fcre,lcc t. rhc rir, rrl crh chjrnjrs ro br rhc quickcst rn'l
most rccrnic: Ogurr, ll20; hcwron rnd !iDro, 1921r Snurt arcl

Shcunc, 1922i Cooih'in. 11t26; Wccms, 1927r l)Leironsrok. ,\gcton

lnd {)nrgr;ch. l92S-31r rnd .\qu;Iro, lril " 'fhr Nrrll InstitLrte pub

Lishcd Wccm s trbles rlLr,r hc rgreccl ro rein:brnc them ior xn,v lo$
llc clrov hervily on the ncti,od oi thc J,rprrcc rslrononi.r mxthcnl
iicim Oliuni Oguri ir tur! hld ncrcLi rpplicd r iomuh suggcstcd

nr 1S5{) i,v the 6*r p-f*-. ol larisrLtrn lrd n.rrhcnrtjcs rr tht
U.S. \.rvil ,tcrdmry. Tlie Drcjsonstok rnd G;rsrich trbLer lppcercd

h:rd on rlic l,cels ol \\rcc,rs s. w.cns irrro1..Ic.l tlrc rppelrlrcc oi

Hycl,ogrrphlc Olicc puLrli.rtnr) iumbcr 20S (l)rcisorrsrok) .r l brrk-
hrrdcci complincrt. (iingrich\, published pri'rtch, di6crcd prilurlh
il rht \Vccms prcvirlcd .rzimtth b,v I rliurro, ClintLich h-r trbul.r-

tidr. 1r th. midst oi this.rcti'irl. L. ll. (illins oi the II)drolrrp|ic
Oliicc bc3rr ltLircr stt of trblcs L,Lrt rbr rdoncd thc cllon' obscrrjls
thar "it is dillicul ]r J,is lxte,ll. r(, jLrgllc rhc rsrronomicrl rrinrle
o r nov fcrn. \tvtnhclc*. rhc trbLcs th,l rvoultl bc nrost Iiclell
L:sed b,r ,\ntr:crn,,virtors r, \Vrtld \\hr II, L] O.2l'i. did not strrt

tu xflniur Lrntil 19j6. ,\r.rngcci in brnds ol 1{)' of lrtitrtl. per rolunc.
*, t1'"t " 

n"uig"tur rc<l cl:rv lcs rhn the conpletc scl of n;ric !ol-
L,ncs. thc Grsi cisht voLun.., coveLin3 79'South to 79'\onh, r|cLc

,rvriLbLe bv ]']cr,l HrrL,oL.:'
Gtncrullr', rnv t.rbul.u ,olurior ol rr cJcsriri obscrrrion rcquirccl

c\rrrctiDjl il]ftrmitidr fron tlifut or ior d:lTe:clL p:ucs lnri ivritirrg

dos'r. rddi,rg, or subnrctint i!Lrei 20 1.:5 tinrcs, (l.fcnding on

hon .rc coll|ts tjrc ':rciri' ol t|c soiutioD f,vcr| trLrlc hrd its rrclcrt
suproLtcrr it;s ciillcuir ros not ro ftnclLrd. rhrt rlc firt methotl I
levigrto. lcrrnecl rcnJcd ro bt his lrroritc. rnd t;rr c!rlurtilg onc

furinst rhe othcr is r.rrhcr stcrilc 'h the unin;rirtccl, rll trblcs look

li.L,nkl;n.q. Vu." in1""rrnt, torvrrl rhe e,rd ol r L(f)s Iisht, m;strkcs

rre cr.ily mrdc in thc sinplest comirutrtiorrs. Or b.irh count\, r:rblrl'r
$luti.Jrs rrc underirrblc. ,\gain iolloinrg thc direction trken bv rhc

brllrnnists (ebove, r,r,. 32 la). . ,runnrr of nontaL,uhr rncrhocls ol

rccluction appcrrcd benveen thc rvrrs. They crn be chsiGed rs

grrpliical.rnd mcchrnnrl.r'
Thc bcst knos'n grrphicrl rcduction ncthod to 

'p?err 
bctwcen

the \'16 sr5 wco",;, ,t"r currcs. scts oi prcoryttccl curvcs hrd

been uscd by brlloonnts bclore \\rodd \\rrL I. but Wccn\ sot rhc i'l€r

fror wimpcLiis /1" Nll.);rdtb" oi 1920 rnrl r Nrtnrnal Advisorv
(irxnirtc. ior .\rrurutics reporr pu5lishcd ir 1924'1r Wccmis

patctt rtplicxtior) srrcssecl rhat, irir| rhc curvcs lcs schooling was

i.plrcd."t tl'" r$irl nrvig o, icver ircns nccdcd to be crrricd nr

,l'. 
"j.c.,,ft, 

r" r*umcd posirnn qts lccdcd foL ploainr' ocl r pilor
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Nrrisltor s cockfn of the Ilresuct Qxenjon M .4, shoi,ins pctorus.
Se! ' rbe l4l

US.1F pllata.

c.,uld c.rry out rhe lyhole operlrion ivirh onl,! pert of hjs atcntion.
unl) ,hc I .' cl :r -oJlJ be e. ur. y \tu(.'i,,!.t. \ n:c I.,Jn.i
fhi.Le'ter ., vcr. . ,rrn€, ,i.rd ., lr nd.Let.l ,^r..rL rvl,itr p)ir.. ."t..
Lindbog! sNcificrlty denied bciD: ablc to do v,.,,, c"rrri r,i tr,.,
associated 1vi!h thc Weems Systen of Narigetion. urd the seond
edition of rhc st;rr curves or his rvortd tlighi Nith posr:rnd pr.iscd
them. This iestimonirl wrs r)or thc best, not onlv b"ciu.e ;f rh"
c.u .ni. 1r",e.'.b,,r b1.,-.c.,t,r'r din;,. njr.rr rtrr.houshr w:.
Ir'.r rd. rh.v found .h,y ,vc-e.. ( Lc.rer. c. fi.,. $,-1, "ve- Siberi-
\. \ nrwi- rnprer vc. T\o m ior cri.i.:.. , ,\(,r te,. d .,1 rh rutv!j.
Frur. orly so rJ\ .,r. p.o\ dcd. L.re ,,1:.or, rncrL.,ed rh.. ro
thr,c. L,u .rill cl",d, ut,r I.,r or .he .\) m,Fl,, p",rrr, u* ot rFe
.el..rrd . r.. fL1' e'. $he,, rh" , urv* 6rL ..ooe.,(.r. ni\:SJ,o,.
rvcn hoorirrr rro o,,cr . t(1 r .. A, hr:r \ c! ". ,r. ..,,.,,, ,,..,
lJ rr more r r-ifl,!1. i s.r le<. lkeh rh.L rhet,..ur.t -r rhe F i.|l.
l.'-.:-r. s,rc'.J,r L('r.ri tn vic,,.u-h,dr..:,eLr-,t Ju.',,. ll a.,,.
., diF(,e.r , !r'"d. f rdudiL, ,v.,. 1.lui.eJ. .\ . JJe, | .outd t".,1,
. .inr'-. . ,r,tr.,1 n -l,uJ m"r.. .it\ rh.,r r$a.".

A Irench vrrirtion of rhe sanc principle, populrrjzccl bv Be|onte\

.,_+ +-
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no.i'inr o- r" rndlc, r,r " ' (hr i-'rrun' nr "rr-l L (\- r r'nrft

*., l5 ve..bbetol ir rrme. Il,cel,cro"r..um,',rrEr \'trLJ be ""r€'
. -"f.'. *.f' an instrument rvork A complicrted an:rlog computer

f.. -**'i' , n.iqh ob.rr',rro ' 16 qc'3r' I-l'r "l 
pn':t'"r' I ' ntt

r.,J."-.i' ',rrr 
by r'ir.hrl" \er;rl ' m- i La\ '11( :1{-u

;;.., .-. " hruvv .J erpers'e: o( ' ttrt'

,.,-., .'n"'.'ii 'r.. 
p" .,.. ni i', 'k- m'd' rlc rr "un ntrL'q

:-,;.,J;i ,; i..i' ..',ih, ,,J." 5,ru.Lrron Lc"le' lohr r' c"rrli'q'
'"" 't ;.'n1 :. I rn ,""r1,"'";'"'e rrrer " e' ; l e i r'''n' "r
ii. r,r..r'iiJ i*,*-*t: "Looks like I rvirelcss set' a'd costs about

,, -*f, .' , Due,\h''; sum("ne trrf' J \"r rlrr nr r 'rouJ

'o-,,* '" i- . . . . 'vl, 
i "orl' r' ' hc oilnr sr'r'h

i'"^ '".r,r.-a r" \omrr; f el Cu"r \r-\t n rhc Tr '. L''
.i.,u.-,. -..1 ";.,r "tvr',' .pp'rrJ - F ncc J-nnc tll lqJU

;;. "^, i:'.i" -." ^, h. F"\c.r d Birr r\rrumc-r' o prc'

tn"ai *r, r plo*. p, I rrr: r''rl^r I ' 'irrl r ro hc B k'r

',i.',"" ,*'i^" *"f St Al., k nJ B'or 'r 
:rr l'rlo t L"rc i' lOnr'6

Tr..it" ^,.t',. 
i ,l rdurr"nd'ri'err'(h'"ves;d- ' entJ rcl $ '

"'" 111'?,11X0*; ,*, 
'',ncn 

Squacrron Lca,ler Grilirhs rud somc Lenure

"f". ,-fr" i,rr";.i -r,1,, f,rc ,'.ot' W""'r' 
"nthu'i"sticrliv 

rbout an idte:

tfr.,.." - pr"n lr;-or-h lo'!!r ulilu' l- 'r'r-)rr'b
.,fts oL.ltl'udL 'rcl<. l n'" "'J ' lr'd r' ''u\!-'Ll r''\(
,.;.;-. ;;i i"o" u*. (t'eJ r' r" '\u'r' rr: r'c hrd

...';i.*l -rl J JeL: nJ L;""d ''v'ft'' r'ur*
6.iiiir"-aial", a-p ,r'e irlca. horvevcr' rnd ultirnrtelv intercsted his
"-"'"-.-;l'r'.,'.i,."'. 

'r'l l' '-o:r''l h rrr'h 'rm' rhc

 "'.',-,' l-a U.-o-. mo" ."m,1 'r'd llr 'u re on tr t'o r-rt
fi -:;"," ,," rhrough , P '1.:r' r 'rln" tl" rr''ti"rr"ri s- \ rrb'-'

,; i', 'i. l;..' ".i. r'"r..'' "nro 'he r;ur'r r' ri5 :on r"r''
On " "lq"e 

I p',p.'lf i" n rr; r^- rmoll tr'"er hc L'r^!er,l n-"1

'"sn.n;" rl'; n,1 '1J rr|d ofl rl'€ r'oiecr'r' lhrir'r'rur\ vis

in rhc .u:j,mer r. Ll'. 'u. rne tlrn n- rh' t "'er hrJ Ll"l re' I 'o'
,;l;.: : 

": 
;;;', ' ";; 

; ';,;' r" ,ri", 'r ' u 'oh "o rJ hc r'rc"

n,,, ol rdibrm(rr bi ,\''r;rng 'm1"''r'*' furr\er' onl\ " 's

",,, i" 'u 
i. ,.."-."a e.l o rhe ilm n rh .It ' 'ne bre' t n

;;:l;.";il;il;", curves rlso applicd to thc asrrosrrPh: the

;:il;- -';;;., b; ;bre tn *e the 'i'tcd 'trrs 
thet *ere p1otted 67

" -"p",' 
,i.i.L-' r"*,tigated thc varii'us nciv methods but cortinuecl

. .i'' ". ir* brs;. t"ble,. such I' Dreisolstok Prn Americrn' horv-

-,, 1",,r,i "n"'a u ':'t I I'J\;"'r\ ' r-furlr 'r I rr-irr l''m
i.;*al. iv;r' '1..'u . .r't. r(\r 'rrJ rhe t 5 \-- \ \'r
ilr'.;.r".,' ri ''"" \-r r'tr'rir, : pr"-r.,n's'rc "'rr'rtd

I
ti
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:u the vcry time rhat enlrance stindards were lowered. Grifrths,
struggljng to ger his nighr bombing squ;rdron combit ready iD 1938,
comptanred to Wecms that "all these systems rvere too complicated
rnd lcrsthv.o bc ,ughtlo,h( ve,.,s. f,lo,. . . . Nl,o( m hcmJr,..,t
cJ:c 'rnn rppc. rcd t" \r,c ce,.eJ $h",, lLel co,,ld (oun, -t to t0.
For ch resons rhe RAF adopted the srar curves rnd the asirogrrph,
while the U.S. Army Air Corps md Navy both adc,pted the curves,
in spite of the limittrtions inhereDr nr both devjces.6s Neither nation
was s:tis6ed rrirh those expcdients, horvever; h luDe 19q1 Thurtolv
was busily comparing rhe larest British air navjgation tables rvith the
latest Hydrographic Olice public;uion, reconmcnding a new publicr_
tioD to incorpornte the "best fe.turei'of erch.rrc

The dcvelopment of the various instrumcnrs used for aerial r:rvi-
grti.,n belween the World Wars has norv been recounted: radio:
ai.speed metersi compases lrom magneric rbrou8h directional gyro
ro magnctic-gyro combinations; driftmeten; presure and absolute
altimetersj sexrants.?o The increasing use of the rveather map Ior
ptannnrg long-range llighrs and rhe various methods c,f reducing;etes,
tial observations have been described. In practice thc trrruocean
navigators used all these iDsrrumenrs and techniques.

Dead reckoning continued to be bas;c. The rransoceanic navigator
read the compas, altimeter, airspeed meter, and driftmeter periodically,
bcing c.rc'ul ro no';ce Jny rh.rn;e. rrom prcviou. vJIue;,.,.d u.e.l
rhi. d.,,J ro \cep., running Jc(oun, .t hi,,r.ft,p".ron. Wh"rc -he
marine nrvigator computed the coordinrtes of a DR position mathe-
mrtically rnd theo plorred it on the charr (trbovc, pp. 10 11), the
aeri.l n.vigrtor had sjmpli6ed the procedurc. He combined thc forces
aEecting the .ircraft veclorir1]y, found the course and distance traveled
from the previous posltior, and ploned the DR position or rhe chart
directly, usins draftsman s dividcrs .nd prorr:rctor. The dcrd rect on,
ing ivrs updated regulrrly-hourly or lcs, depending on compaly
policy by $hatever fi:ring methods rvere avaitrble. The nnigrtor
did not use only rhe mosr convenjent navjgational aidr he urd ail oI
them. Because any one method mighr f:il, it ivas prudert to us. rhem
etl, to h.rre a procedure a)ready estahtished before it becrme neccssrry.
Because one could not Lnow rvhat wrs .rhead on the route. ,tavis:
,io, -i J, r. rr"m rl. ,ou'.c .hou d oc dJrh, rd . nd .,o.ed ,, he io;
for possible later use. Bec:ruse ro ftethod rvas perfect, rhe r.rdii
her;ng should be compared rvith tbe celestial tnri of posttion, and
both rvith the dead-reckoning d.ta. And the peak of navigrtionat
perfection 1v$ nor rhe abiiity ro carry on several difi,erent rrviiat;onal
techniques simuirrlleously, but the ab;lity to integrate their rcsults.
Sometimes the navigrtor had to judgc benveen cor8icting data, ac,

The sn.:

hourlv di]\ .:

t;ce, trush: !i

Ther i:-

The 1c:;

19J0s becr':::
airiine nr!is::

This:r::r
20th centun.

nirg a n.r!ij-:

tank of r:,rsol::
1930s did rc:


