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CHAPTER 3 a

mFr sunligl'l tor an e\tended pcriod $i warp lh.
ho,.,l

Never leavc the board in rhe ptane. Rain and
grease do not improve it. 'l'he plasric board should
not be subjecied to any strain that will bend rhe sur,
Iace or the grid. lt is erpensive s.d noi easily re-
placed.

The plotting board is not a toy; its versariliry witl
amaze you. The disc giid should not be rotated ar
high .p""d lor ahusemFnr pu,posrs. The gromer
shnuld j,ugly tiL rhc hotc in rhe fa"e nt rhe board and
rhe srid disc. Wlen the rue indices are lined up
with 000, 090, 180, and 270, not rnore rhan /s;
erroJ should be observed. If a sreater error is tound,
rh. board Jrould bF Fadju.red or surveycd.

5-u8s"r1rc6. Always begin a prodcm s;rh a.tcan
I'ofiJ. u.Jng s good ernser for cteaning.

\evrr pur a marL on thc l,oa.d wirhour labeting ir.
Use a sharp, soft pencil.
llost inporranr of all, estabtish good working habits

and be co.siste.t in rheir use. Whcn an eoergency
arises, much t;me rilt b. saved.

Th. b.Jrd .huutd nc,4 be .,a.ed in operarionat
usc un,:l rhp mi-sion i. rompleled. The Dsc ot sub.
scrirts is reconrmended. (p- p", etc.)

U5E

Geneml. 'lhe ploning boa ca be worked wirh
'{.}ar,l. d ,i..imlh tparure ih l,orh li8hl ptane. and.rn:I enAiqp militar) iir.raft. In m;tirarr aircralL
lh" boa'd i. mouhhd on ! st;ding shcl{ "ir'ter una.r
rl,e in.rrurprr 1,rnel nr ar the side ol th" pilol.s seat.
A.m;ll.r rrrsion of the VK3 board i" L.ine c^h-
-id"rpJ for u+ ih tbp Na\y iet plan^. Th. kdu"-
rLn ,r'.r/p xrr n.c.s.irar.,l by rhp l;mitpd.n.kpil
.P&F. 'lh. nmd ior ."npurinp "p,.d. .onsidryabl,
In.\,r-- ol lh'. -,rlc "horn on the p.c-phr Arid,.om-
p.lhd a 

'crisior oI rh. .peed .i,.te. on thF Arid,tt..

\

MECHANICAL PTOTTING BOARD

(MK3A) AND MK8 COMPUTER

The derelopment of rhe mechanieat plu ing Luord
has ben of spmial valuc ro rh" Na!;. parL;.utarl)
for the rapid solulion of rhosc nsrigerionat p,obhm"
experienced in long overwater flights by singte-ensine
air$sft. The prinary disadvantascs found in rhe
borrd aie its siz€ and rhe necessily for considerable
care in handlins and ue. It is not atwars as easilv
read as s chart would be. prrticutarty ;n n;gl,r op*"'-
tions or under orh"r barl tiBht;ng.unditions.

Dts€RtPflON

The nechanicat plorting board is designed as a con-
plete navigational device, requiring nothins more rhan
a so(t lead pencil for.ompuring anl rt"ad r-.tonirrs
problem wiLhin rh. lim;ts ot rh" board. The pt^uins
surfaee has a matt" finish nn a lrahl,rr.nr plasti. b.sc
$hi.h provid.. a suirabte erirjns su,tr- ihar.an b.
asily erased. A gdd disc fastencd to rhe board by a
grornmet or a snap lasrene. rorales under the plorling
surface, On each side o{ rhis disc is p.inr.d a recrang-
ular grid and a.erips ut.oncFntr;c .p"ed "i!.t.s,Fqualll spa.ed. The grid ahd ri,.trc arc u.ux ) .hosn
in color. A different scale is used for each siite ot the
J;s.- The sp"ed of rhc air"rafr .n,t rhe t"ngrh ot rhc
mission should d.rerm;ne rhe ,hoi., ot scah. spi.F
f"r imporranl data and a MKB,.umpDter i. stro pro.
vid.d. A similarly mark.J dir ".a " r,"n"1.,,,,
shect of paper may be readity sulsriruted {or the nore
erpensive plotting board. Templares are avaiiabl:
Ior crytain *es of rhe world. "limiorrinp rh,, ne,c*
srty ot consl'u.ting a plotrjng sh,a on thF Luird. rnd
add;ng somewhrt t,, lhe o..uracy and speed nf Io,ar-
ins losition.. Th/5F tcmptites 6re lisr.d n, t\p Hld,o.
sraplric Om.. Cotatoe ol laonauti,or Cha,; a ,l

CARE

Ccztions.-Never place the board under etrremr:
heat cobditions such as a hot radiator. Direcr sun

nertrtcled 32



Chcprer 3.--.'{ECHANICAI PIO|IING BOARD (f,rK3A) AND rtK8 CO PUTER lostrl.tcd

i:-:&ri. aer.- A plotiing sheet can be constructed

-:rrse and di.tance can be read direry fron the

- directions should be read as true fron th€

-:. slandard vector diagrm is easily reproduced
- ::. Interception, radius of action, point option,

-:r ::.!or diaCram, and other navigation problems
:-. ::ickly solved.

Pointers in d.rawing on the Doord. The vector dia-
grams illustratcd in this chapter are shown with
broken lines drawn to a poinl indicating the (sp€€d)

length oI the vcctor. This practice is recommended
only for instruction and illuslration. Indicaling the
dot by lettering tu, p, e, or s is sufrcient Ior opera-
tional use, or rhc vector nay be shown by the use of

rnd letters, as shown in figure 34.
These practices are for the beginner. As profrciency

is obrained there will l,e no necessity lor drawing the

-! the

,hould

ly re-

y wilt

d and
:d up

Y2'

lC i!.

abiis

:

1

with

lldft

kpit
ably

lisr:-

t I sst. 34.-v c.t ot dle sr cm.

{ .onplete log may be kept on the dara cards
r::mpanying the board.

Tre 11K8 computer, a circular slide rule, is attached

r: the lower ight hand corner of the board and is

-.:d lor solving .ine, speed, and distance problens.

-: ior deteminine tru. air speed and airitude cor-

vector o. indicating the direction with the anows.
InstructoB will find it helplul to their ine\p€ri€nced
sludents if lhey arc consistent in thei. presentation
of the rcctor diagran.

All geographic positions should be indicated by a

.ircle{l dot, tbusr o. This practi.e hss two advantages:

the location of a geographic posirion is dislinguished

33
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Re.trtded AIR NAVIGATION SUPPLlIriENt

t

I
(

{ron a portion of rhe vector diasran and .he dot
indicating t}le posirion renains clear and distincr {or
meauring distance. dire.lion. or posirion whFn pn".
sible. Time shouid atso be ind;ared whor a geo-
graphic position is shown.

Much time can be sav€d if the nission or probtem
is siudied before consrructing rhe charr. The limited
area of the MK3 board comp.ls rhc navisalor lo selecL
thc m;d.lalituile and mid-tonsirude h;lh .afe.

gardle's "l lhe mounr ot innreasec ot sp.pd vrtr
ducitron- and angles mun nor b".h61q.6. 16. .;
ol rhF v"ctor i. thu" !edu("d in a re,pF.tE to the .i,
proportions, as shown jn isure Jj.

In all folluw;ng itlusrratron- and probtm., tlvi]r' g;ra arc truF lor a .our.r.. lrack.. headin€
airspFpds, ind simihr m"asurercnr-, unt.sj orhFrFi

A veloc;ty vector nay be represeDr.d by a straisl

Elgute 3'-Ptoponto,et rcdo. on .t . v..to?.

Seled the side of .he disc whose naxinum speed
.irclp ;s nearsr ro rhF true air speed of Lhe ptane. It
thc plsne spppd e\repds rhF harimum rru" ai, sp.ed
cirle, rhF wind \e.ror ma) b" sotved by in"ree.ins
aU sp"€d cir.hs p.oporrjunaL.t). BDI rmembtr, F.

icstrlctod 34

inre with an arrow head on one end. It indicates both
ditection and speed. The directior of a ,ector is indi-
.ated by the angie that it nakes wirh true norrh whit.
rhe -p"pd ; rpprFrcntFd L) th, tpnsrh of rhF \F.ror
draq tn son" presetL,red scate.



chcpr.r 3.-nEcHANlcal pr.oTllNG EOARD (rrtK3A) AND fiK8 COIIPUTIR lasttl.rsd

rtings,

raighr

HOW IO CONSIRU(T IHT (HART

Giv.n

I Set |he tu€ inde! dlre.rly under 0"

2. tobel rhe tue index 05' w {Mid.

3 robel the (ro* index 20' N (Mid-

lor.) ond every 60 obove ond below

wnh opprop.iore ir'irude.

r R.;or,e rh-" d ( .io.!wne 20' (M d

5. D'ow o I ne d redly ocros rhe boo.a

.d..'d ns wirh the ao$ ind€x Ih 1

i! rhe ,eteren.e lide ld onqirude

6 0ra* o shorr pen.il line ocros the

reteren.e line ev€ry 60'on eo.h:ide

7. tdbe wnh rh€ opprop.idie lons rude,

,,..ri

s nrdi

35
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choprer 3.-NucHANtCAt ptoTflNG BOARD (tiK3a) AND I$K8 COtitpUtER p€srricted

How I0 10(ATt PoStTtoNs

37

03".tO w

l. Find rhe lonqitude. IFe lonsnude ol
''A ir 05oro' w. From $e Midloru.
(05' W) follow rhe relerence t:ne
l.tr (w) ro rhe t0 cii... Ihe 

'nterle.rion ol lhe ..0 .ncle *ith rhe rel-
6ren.e lin. n 05'40 w lonsilude-
A v6dicol line rhroush thi, poinr <on-
roi$ oll poinit oi rhdt m.ridion.

2. Find rh. lotilude. The lo ude.on he

dei.rm;ned lrom rhe horizonrol srid
lin€, obove $e Mid.lor. (20' N),

The inr66edion oI rh.re loiiiud. ond
lehgnudc lin.r qives . location ol
po.iii6.r, q! on ony other chort.

ln 3imilor mo.n.r "8,' C, ond D
.re lo.ored io the letr or righi oI rhc
Mid-lons, ond obove or below rhe
Mid-lor. For !o!rh loiirudc dndlor
eot lonsirud. rhB.hod i!.onirr!.led
in on id.nti.ol nonn.i. Cor. mur, be
t.k.n dt ell ti .t to 6ti.nt th. bo.td
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DEIENMINING BTARING AND DISTAN(T

38

GiY.r

a 2t'30 N

I 20'20',N
c tt'ro'N
D l9',15'N

L R.volv. th. dii. unril on imoginorv

lin. lrom A lo "8 t Porol.l to dn

2. Fro6 $. (ompos roi.
''B h.oB 137'lrom 'A

Th. dkron.6 betu..n A ond B

Find E, b.oring 0,17', diiton.e ao

mil.. fioE D, Th. rr!. ind.r i' :ei

oi 0,17t. from 'D in o trolshl lin.
roword 047' mork oft a0 mi: ro lo.

dn'qnc.82 mi, iroh C.'

Rcori.d $. boo,d ond lo.or. E



chqpr.r 3.--^tE€HANtcAr ptotflNc BoARD (r$K3A) AND ,nK8 corupurtR l..trrctcd

ia

<3

idocity veetors are used as a conveni€nr means of.i*::!ining lhe efect of several or s combinarion oI.._r::bei sucl ss tltose afierting an sirptane in_+:: \ecrors in a rind Lriangl" may bF ronsrrucred
I-r:r aliy or a substiturion may be Ffterted b) some
-<:anical neans, such as a computer. A dias.an or
l_-Tl:'*l :r^a comtle,ed wind rriangre arwals:-*tr.1! l crgs:d b8ure. This vector di.arsm or eind_-r:!je.should not be confuEed eith a morement ptot

:- : _:l.i' sucessive po6irions of moving objetrs: :.rrron to the €arth.s surface.l.rd. gmund speed. and ajrspeFd have djr€cLionE: 
=agnrructp. or spepd. and cu rherpfore Lc reprc.€:.: b) wntors, When rlese vecrors are combined

-;r"alD, rhe resutL is va.ioust) d.s.ribed as a wind

I 
E::re a 

]ector.d;aqGm. a wind recror diasrd, a
-_.i. :\ \pctor rriangte. or a rriangle ol reto.iries.j:'::e purpGp of uniform;t). rh. rFrm wind rriangte

. When rhe air nayjgaror has obtained su6c;ent in.
l::l,y* . ronsrruct rwonhirds of a r;nd rriaDste

quanrities. rwo unlirown r, he can deter.
mme rhe unk,oen parts oI lhe sind rdsnsle e;thout
resoflrng to trjsonometrv.

.! 
Yiad letocity should nor be confused with a uero_

:? !e.,td.,whe.e rh" former indicares only speedor wrnd.ond rh€ ta er bolh speed and dirertion of6one obje.L as in the c&!e of rhe TH and TAS ot a

^ 1.1:1T.. too. thar.winddihcrion is arways sive,
::-:-:'l*,1:" rrom.vhhh rle wind ;s brorine. butprorrFd rn the direction tohard $bich iL btows. rThisr: 

'n,contrasl 
to rhF set ol a cur.ent rvhich is giv€n a!

rne drFcrrcn touad \|hich it fors.r Ary number ofvlerocrt) rFctors may be added. By jojning lbe rip ol
ll. I^l .::1", ro the rail of Lhe second vector, rhe.pi!//dtrr ot rhese rso velo.ities. or r}e single veloeity

39 Rcstrtcl.d



AIR NAVIGATION SUpPttr{ r
that would be th€ equivaleDt of fie two or more velo_
citi€s, can be {ound.

The para elogram nethod is comnonly used for
loh ing vtrtor problems. rhor:gh lhe para etogram as
such is no longer ploued ;n detait.

_.Both vectors arp draen from point E, with
THITAS paratlFt ro TH1/TAS, and \i,p, paralht ro
wind EWr. Wlere rbese tins cros at pr indi.atA lhe
resulrant q EP,. Sr 6BUre.t9. The.omplFrion of the
Paraldogmm is nol ntresary. s;nce Lbc resuhant can
be obla;npd b) addinBrhetwo re,rors. Some.uns;der-
ation of the paralelogram will aid rhe srudent in vis-
uaiizjng any wind rrianStp if the fo owing poinr, are

l,,Wb.n condrtr.rjne rh. sind rrianstp ii shourd bF r€.n.mbdrd lh* .lt dntrrioDs bht b. indic,red ss rtuF, abd.x_b(. q sp€eds d,!M,o a (dtc combor io,ll portiuns

2. A velociry veto. hls lolh lensd sn.t direcrion.
3. Tro krroh .an be addrd b, plofijns rhF r.,r of on€otrto rhc he.d oI anoiler

. 4. Thp kcro' sub o rsurranr ot rso or ho.s vrrroE xrh. \(ror rrch rhe rait oI rh. 6Er vcdor h rhc h.rd or rte

5. Poinls on the rid triangte are l€tr€re.t as {olom:c.r.p'e$hrs.rhp ps.rh Foinl froD hhi.h the *ind, tra.k
'.oursp) shud sp"pd. ,nd 6hips re.ror, .rp J,rwn,

Hepres€nrs ri. vind at &e cenle. of ihe .liag.ah; rhepo'nr ro*ard shi.h rhr wind v.!lo, i. &a*n and hoh {hichthe headihs.air speed vector 6 .lrr-
, p- Fprsnt6 rh" ,, refl ,ptanc, pojnr lDPard Ht-hh rhchttdibs.ai' sp*d lnd rra.t rcou*r Bround -l)fFd verors!r€ drah.

If rbc movements of a ship are in\otv"d, an sddi-
tional poinr is tabeled:

r .epre*nrins rhe sl,jp_a poin ioward yhich rhe ship!vetor i3 dfawn .nd t on wlich $€ rel.tive novenent lin,is druwn

Veetorc are l€trered ss loltows:

. .o-.sjld {orcc and dirp.troD. Dhhn {rnh the dhrance

'ioh 
wbich rhc 

'ind is bto*i0& lo rh. Fhrer af rh. diaerah.,p- th€ airrralL.lrur had,ns and LUe ai, !Dr"d,.e ,1. !!!ra{'\ k&r. ,or.orrfl and a,ound }r,Fd.
rp 

. 
aircr.I.. dirp.rion oI retaliye noyrh.nr 4auv. m e.hd nn.l ahd sperd Dt rrl.l'vp morrhert i,Flcrjv- \pcrd,.

The use oI Lhese atrbrpriarions r"a y jnrotves the
use ol the wind lrianglp.omLinFd qirh lhe speeJ
triansle.

The following srandard abbreviations and symbots

Ai (no *ind) posnion -....................-.. ....... ........ NW

Direction ol rel.tive novemdr *,-..,.._.,_..,.-, _..,- 'ORMDrift angle ,.,..,.- .-..._.*-._,- --_,,* _.,,._ ._.._,.,_-__.....,-... DA
Groud speed -..,.-*....._.*._..*._.-..,._..,.,..-._......_- -_cS

-DR

...crI
speed Ghip) ._-.*-_**_...*_ _- .-.._-. *_._..-.sI

I

I

Sp€€.] of .€lariye hovenenr BM

... .... .. lls

T&
TTT

All sectors and/or courses should be cross-hatched
for either rime or distance wirh tine or mile€ indi
cated on the. plot. IDstrucrors will find n helpfut to
plot the relative notion ptot in red until the students
are faniliar with the rheo.y.

POD{T OPTloN

For practical reasons it is difrcult for a canier to
mainlain constant course and lpeed white irs aircralt
are out on a search. Nevertheless, to inr€rcept the
carier ar rhe end o{ the search, rh€ pilots must have
b€ans of determining a rendezvous point. Therefore,
to overcomF this diffi.uhy. u imagin;ary mo!ing point
cattetl Pt. Option is inrrodu.ed. This point is a geo-
graphiral locaLion and is a3umed ro hau". 

"on.tartt.ours ahd speed. lr is rhis moring point rhaL $e
planes inLercept on lhe lasl IeB, Dle6s instrucled to
proceed ohervie.

.Iq peacetime operations it is the cedeis respon-
sibiliiy to be at Pt. Oprion by rhe tiine the aircrsft
relurn or lu notiry $c plancs ot any change in eouree

W}len a carrier is unabte to reach the original pt.
Option it s;U. if possibh. jnto,n rhF planes our on
seareh tlrat a nee Pt. Option is to be in;rceDted. This
point i, r.fc ed to as Pt. Oprion Nd. 2. and irs position
is given by a bearing and distance from the original
posirio. o{ rhe fro, p,. Opr;oz (unl* otherwise Jesig-
nat€d). Similarly, Pt. Option No.3 mav be established
also by diretion and distan.e {rorn th; orieinsl posi-
lion of Pt. Option No. l.

In lihe ol $ar lhe.srrier woutd ordinaril! mainlain
raJio silcnce aod rheretore.ould nor i,tonn rle air.
craft ol an1 .hang.s in Pr. Oprion. planm would
ploial,Ll r*i'. rturl sienat from some orh"r ship
of the l'ieet, or would have to find thc carrier bv radar
;n I.he e!pnt rhat th" ship could hot m.kF pt. Oprion
at lhe specified r;he.

CouB€ (ai.oafr) _,., - ...,.. -...crrs
Conre Ghip)

Resrrtcr.d
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/ R.volve ih. diic unlil lh' Poinl P

n on lh. ku. ind'x

5. R.od rh€ rru. heodine (*P) on fi'
.6mpo$ rd., o30o'

I

42
x€rtrlcl.d
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XV orrr*m{rr{c,'TRCAT'R (oRRECroN

,=.

.
3:
:

3..:

''+.
',d d.

+ dr':.

& d\. '
'" ),.+ !' q!.,,'i"'

69

GiYon

Di6eren.e of Lonsii!de

tind

8" I Sei tue index or O'.
40' z. r,o^ srofrmer. mork oF ti difier

ence ol lonsirude {DrO) urins o

lorqe r.ale {,1 . l, DIO with eoch

l0 l.Adotot"Al.
3. R,"vo ve dirc unril kue index i! on

Mid.lor.040'.
,1. Reod frercolor coreclion in sohe

*oie (r0 = r') on cro$ inder

12.6" ).
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fl8
coilvEnilNc Mll{uffs OF IO]IGITUDE TO NAUTICA1 MITES AC(ORDING TO I,AIII

70

Glv.n

Po'il A, 90 mil* .dtr ol Mid l.nq
Poini "8, 90 nil.t w.t ol Midloni.

Iind

Longitud..l "A ond "l

Procadora

l. s.r rru. i.d.x to MidJor. (046").

2. Mork inl.tr.dlor of oos lnd.x
witl 60' clr.l.. tob.l "M."

3. R.o/..r to 0' oid proi..r "M ro

c'o$ ind.x (poril "N' or illlr

Numld of Nouti.olMil.r

5.

7.

On .onput.r !.r 60'on ln'id. kol.
oppocr. 12 mil.r oi ouhid. rdl.
Not. thot 70 on ourtid. 3.ol.lt op.
poril. lO on inrid. rol..lo5.l46'

Opposit. 90 mild on ollsid. 3.o1.

r.od l?9'on inlid. r.1..
A! poinr '1 n 90 nil.r.ott ol20'
W, subr.o.r 129'sivins 17'51'W

Sinc. point B" ir 90 nil6 w6,l of
20' W odd 129'siving 22'09'W



fl8
(c0NTll{utD)

'""""Ti"' f ' H"'"",'j. 4 't'

"|r
I

I.n

t8

t:l i.i,dr,rr,

i,9- -

Note li w i be noted thqi rhe 
'e 

o-
rionrhlp 5elween Jhe number of nourkol
mies io rhe nlnutes of ons,ude i! rhe

c05ine lundion. A :imio' rel6rionrhip
con be ser up lor oll lorirudes. T6ld.ili-
Jore ope.olion, rhe iquore dr l0 on the

inside r.ole.on be pld.ed ot l0 on rhe

ouhids role Jor 0_ ldt. Mdrk rhi5 0",
ror 18_ roi ihe rquore or l0 on rhe ln-

3ide roe copposte 95 Mo,kth s l8'.
S milory tO i. morked 26',70 norked
,15 , and up jhe !cole os ilu5rroted.

Thu. for ropid .onv.roion of mil.! to
hinules ol lonsitude, l0 on lhe in!id.
scole is ploced opposne the ditldc o!
morl€d on rhe ouhide scole, OpF6:ire
the number offtil€r on rhe oubide s.o e
ir r€od the minuie! of longirude on rhe

inside scole. ln Jhi3 fdshion longirude
moy be ned3ured in Jerh5 ol milereot
or wen oJ ihe cenirot m€rididn whcn
tue index k sci d' 0'ond.onve'red lo
minur6 of lonsiiude by u5e ot rhe.om-

IAIITUDI

7'
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POIARIS Q (ORRTCIION.].

-t

22oo I .'
lVote: Steo 9/s lrue oz/z
vlez bzlV'tx/e * caxstixtr'6'4A',W a .

a conection lor Polo.ir

: rFe dk. locore Podri! on lhe
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