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The ~arth is an oblate spheroid. I ts pol ar diamete r 1,-

7,900 m iles a n d its equ a torial diameter 7,926 rn·ilcs . F or nll 

purposes of navigation it is t reated as b eing n s phere. 
. p 

------ Ii' -- - - -- ------

Q 

p' 
Fm. I. 

A:i.-is.- An axis is that clin.u.1eter ab ou t 
PP'. w hi ch a body rotates . 

T he Ear th rotates <lnily fron1 west to east l t · • 
diameter ; this cau ses the heaven s to lll)IJear . to ~ ~Olt'. f1 ts pol at· 
to west. · ' 1 0 a c rom cast 

Great Oi·rcle.- Great circles of the sp h ere arc t ho::;c 
pl anes pass t lu-ough its cen tre. PFP' PGP' d W wh ose 

S ll o· l ' , nu QER 
ma ire e.-Small circles f t l h . . 

planes do not pass tlu·ouo-h . t o 1c sp ere ar c those who.-;c 
b 1 s centre. HLKt\1 

P oles.- Tbc poles of the E . tl · 
P and P'. ar 1 arc t h e extremities of it s nxi . 

Equator is Lho o-rcat circle 
1 

. 

l b · ·01111d t h e F'a -tl - 1 t 1e poles . WQER. . " . 1 i, nuc wny h c twcen 

3le1·idiaris arc semi-groat circle . . . 
tlle t . • . s Jorn ,ng the ll l 

cqun, or at n gh t angles. PFP', P GP'. o cs. They c-ut 

P cwallels of Latit11 cle arc sm n . 
parnlkl Lo t hn t of tho o t . a circle;; whoso JJla nes ... ,.,... 

qua or. HLRM. " -. 

:\kridi1111,; of' lo11git udu and pnra llc ls of latitu dP <'nnh1('. {1,; to 

fix t lw po:-;ition ol' a ny placr. on tlw ~nrth 's s urface'. 

Latitucfr i,; nwn,;ured on I h<' meridians from th e eq111ltor to· 

t lie pole,; nn d 1·pc-k01wcl from 0° t o 00°, r. a n d S. 

L nngit uc1'1 i,; nwnsu rcd 011 the ('Cf uator , wh ich i,; d i ,·idecl into 

:rno0
, l)](•;l:-;Ul"<'d !S0° I~. of G rm'nw ie h a nd 1S0° W. 

01w po,; il ion on I lfr 8nrt Ii is rnnnectccl with anot her hy its 

diff<'n '1H·c of latitudl' or diffrrenc-e of longiLudr, r.g .. :X and Y. 
n. lat . i,; t he 7\1'(· of a meridia n inter cep ted lwtwt'l'n their 

pnrall<'ls of lntitud<'. r' .g .. XZ. 
n. louy. j,_ t lw l<'ngth of the .~malhr nre of the Nf?Wfo,-, 

in tr r(•e ptcd h nl\\'(\t' ll thei r m e ridian. ·,('.[/., FG. 

It s hou ld he not('(l t.lrn t D. lon g. is only men::;urcd on the 

0qunt or. 1n t he figure the a JT l~G on t he ('quator = 90°. 

T lw ;\I°(' 7,y is a lso 00°, hut it i,; CYidcn t th nt Cft<" h m ile of zy 
i,- 1111wh :-mall<'!' th.i n thnt· of F'G. ZY is cal led tlw Departw·e. 

n e1wr/111·r, is !Im amount of eiisti ng or westing that nn aJr­

n aft m11 krs in going from 0111' pince to an other. 

B.r mean,; of the Trni·i·1·se Table it is possib l<' to find t ho 

t nt ('. c·ou rs1\ dis tnnC'<', depnrLure . D. long. or D. Int. b chrnen 

a ny two p lnc:es p rov ided a ny t wo <'lcmcn ts arc known. 

The· ,;hort<'s t trn.ck between t wo plnces on I.h e Earth's surfnr<\ 

is I hl' arc of a g rent c it'(·l c'. This ca n b osL h e apprecia ted b.'· 

tnking a g lob e nnd joining any two places on it hy m eans of n, 

piccl' of s t ring. A great c ircle. however , cu ts al l merid ians at 

d ifferPnt ang le:;, so that to proceed alo ng it would n ccr. itato 

cons t nnt nlL0rnt ion::; in t he direc t io11 of tho vessel 's head. I t is , 

t hon,fon•. onl_\· us r,d w lw n a long , ·oyngo is to he m ad e, a nd it, is 

morn com·<\nient for thr marin er to take n, path w hic h make;; 

t]11, s:tm~\ nngl<' w'it·h rnry mrr idinn . Such a pn th is c11lle<l a 
111111,1 Ii Ii II r . 

Rl111111b li11e is n c-u1Te ,,·hich c- uts s uce<\Ssi,·c m eridian,; a l, 

th<' samr. nnglt•. r•.g .. ·SXYT. F ig. L . 
lh~tanc,,. -T he n a u tical dis Lnnro hotwoon Lwo p lacrs is Lhn t 

part, of t lw l'h umh lirw l_ving het w(\(111 them m C'nsur·ed in nnutien l 

milr:-. r .g., XY. 
Tn111 ( 'm11·.~I' . -ff tlw nil' is eons id(\md nn iner t e lement , tho 

tl'll<' (·ou r:;t' i,; tlw nnglr t ho rh u mh lino rnnkes w it h 11w tnw 

m eridi1111. 1 .g .. PXY. . 
~ow. in :111 ni 1·,-hip it i,; ,;l'ldom or rwver t.ho cn,;o t hn.t she 1s 

ahl<· to s iN'r t lw <'Xnd c·our,;e r<'<pt ired from plnco to plnc<' , on 

1lrrou nt of ,,·ind: i.1 i:-; 1wc(1s,- ,u-y t lw rd"ore to d i ting u ish h ot,,·r<'n 

t he tmc/4- <IC's il'< ,d :111cl th e <·O urs t' nt!un lly s toerrd. W e c-an say 

tlw n t hat - · 
7h1ck A 11_q/1 is t lw ntwle the rhumh luw nrnkcs with tho truo 

111r r id i:in. fl ._(/ .. NC'X. Fig. TL T his ,vi ii h o refcrrr.d t o th ro ugh-

out t hi ,; \\' Ol"k, for hn•,·it y, n,; t h C' T1·ad. 
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T1-ue Oou1'8e is tho angle tho fore and nfL lirw mak(',.; with 

the true meridian, e.g., NCY. Fig. II. 

Drift is the angular difference hctwcon the track of an air­

craft and her [oro _and aft line, or, in other words, tho cliffenmcc 

between the d1rect10n made good and tho d irection steered. II, 

r esul ts from t ho action of the wind and is similar to 'tlrn lctm·a\· 

m ade by a sailing vessel. Drift is alway:-; in a clime! ion nwa~· 
from tho wind. ., 

Run is the comsc and dis tance covered in. a period of t ime, 

e.g., fr~m A to B tho run was 89°- , 0 miles in t,"·o hours. 

!t is necessary to note horn tlrnt the course. t lrn trnck nnd 

dr~f~ ar~ a~l, _angles. In Fig. I I. \\·c should say that the Track 

of.a1J"sh1p X11s 70°, t ho T1·11" { '0111·s1' !)0° and the n r{ft 20°. 

N 

1 

s 
F10. II. 

NCX=1'rack=70°. 
NOY ='l'ruc Coursc=no0 • 

XCY =Drift=20° 
D l · . 

eG,{ Reckoning accord· o- t tl . .I: 
~xprossion sh 11 b h mt>_ .0 · 10 old accepted icl en of L1e 

the course stu c d e t o pos1t1on arrived at as calcu lated from 

i ndicato1· Iencre _anl d tho speed as shown b v the ,n ir snoe<l. 
· arc1a n · · J ' 

would be of no 1 avigatwn , however, such a reckoning 
· h va ue whatever l · ·1 

wit varying winds th l ' anc 111 a voyaoe of 300 m 1 es 

miles in error. Th· J c 0 :1-~ r eckoning migh t be 100 or more 

should become- is ofinition must therefore be modified nnd 

Dead Reckoning i· C• t l10 . . 
t,h · " pos1L10 · 

e cstimatcrl t,raok ltnd tl 11
• a r-r-ivcd a.t as ca.lculatccl from 

the g1·ouncl. 
10 cstimatod spoccl mado good ov<'r 

De7Ja_rt'Ure Point. is the oin . 
tl:ic aviator commences f. t on tho map or chart from which 

:tc1·~f~ ,~ork it will gene1~f1 c~adt~·eckonU1g caluolations. In 

ic v1c1mty clearly markecl y t lc e arcodromo or· somo s1Jot in 
on 10 map. · 

l') 

T hese ,·,u·rou:-: dcfin it,ions should he lhoroughly understood 

and com mi tted to memory. Ha\·ing ns,;imilntcd them they can 

now be applied lo n hypothetical ,-oy11ge from nny place, A, to 

anothN plnce, B , distant 100 miles. 

Tako n s mnll scnlC' m ap or chart. J oin A aud B by a pencil 

linC'. A is the Depart.ure Point. B is the objective. Lay a 

prnl-rnctor with its centre oYcr A and ascertain the angle made 

ll\· the lirH' AB w ith t.ho True Moridinn. This is tho t rue 

c;rn rsc lo he m nclo good. or the Traclc. :Measure with di,iders tho 

kngth of AB. This is tho nnutical Distance. The speed of the 

ain\aft in still air and its petrol supply are known, so that it is 

,.; impk to calculnle how long i t will take to go from A t? B and 

,,·het,hcr we lrn.ve sullicient fuel for the voyage. Assmrung that 

thr air is an inert clement wo have only Lo s teer in the direction 

.\ B :rnd ·we' sh a ll in duo time arri,·e at our destination. In 

pract ice'. however, i t is found that the ntmosphore is an 

ext n,m ol_y unstable oloment and its vagaries cannot be 

dotcrminod with any certainty. All we can do is to estimate 

tho velocity of the wind itncl make allowauces for Dryft and 

inereasc or loss of speed, obtaining thereby tho approximately 

<·01-rcct comse to steer and thP- s peed over tho ground . Now 

I-he course taken from the chart is the t rue course and our 

compass does not indicate true d irection; we must therefore 

!m ow how to convert the true course Lo tho compass course. 

With these several calculations we can determine our 

:tpproximate track and speed from A toward B, and these data 

enable us to find a Dead Reckoning position which may be 

:;om owhere near the correct one. In order to b13 ablo to make 

these dead reckonino- calculations the would-be aerial navi­

<Ya.tor must know ho,~ to allow for the effects of wind, how to 

determine th o velocity of the wind, aud ho_w to use t~o 

navigation al instruments re"quirec! to ~~able lum. _to steer_ m 

the desired direction a.ncl to fix h is pos1t1on from t ime to time 

n route. 
'fho severnl instruments required for navigational p urposes 

in aircraft aro:- · 
1. Compass. 8. AiJ: Speed Indicator . 

2 . Bearing P late (Pelorus). 9. Altimeter or Aneroid. 

3. Aircraft Course and Distance 10. Statoscope. 

Indicator. 11. E ngine Revolut ion Indi-

4. Drift Indicator and Corrector . ca tor (Tachometer) . 

5 . Sextant. 12. P etrol Gauge. 

G. P rotractor. 13. B ubble Level (Inclin ometer 

7. Station Pointer. and Cross Level). 

Of tho foregoing instruments only the firs t · seven will be 

described here; the roma.inder will he fully described in the 

Airship Manual 
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NA YIG.\TTXG IxsTnu~rnx-rs . 

(l ) C~~IPASS. 

This instrument indicates dirrction or h rn 1·ing. I l t•Hahk,­

thc obsc1Tcr :-

(o) T o p roce<.'C 111 an_,· I · 1·cc1t1·11·rcl rl1·1·ec·tion from Oil(' 111ac(' t 11 

another. 

(b) To nscer tai.n t,hr dirrction or !waring from hi;:; m \·n 

posi t ion of un>· Yi iblc objcc L. . 

(c) To ascrr tn in hi.- pos ition h>' cross hl'nsings of su1-ro u nd111µ: 

objects . . . 

:Yfodcrn compnsses a rc ol two kinds, Maynet.i.c when influcll(.-ed 

hy the E arth's m ognrtism nnd (/yroscovic wlwn influ<>.ncccl h_\· 
the EurLh's rotntion. · 

The gyroscopic compa::;s is a l,rne co mp,tss und is proba bly 

the compnss of the fu ture, but it is not at present nd uptahlc• to 

aircraft, and is imch a comp1icn.ted i.ns tl'unwnt, requiring s1wr inl 

s tudy, that i t will not b e d escribed h ere . 

The magnetic compass consis t s of three principal parls­

(1) Bowl. 
(2 ) Necclk. 
(3) Card . 

The bowl is of some non-mognetic metn.1, i.n th e centre uf 

which a mngnetiscd steel needle, or system of n eedles, is 

attached to a circular card so pivoted and sus pended thn t it is 

free to rotate about its cen tre and take up n ddmitc position 

u11clcr the influence of the Earth's m flgnetism. IC th e needle i::: 

unafl'cctccl b y local m agnetic forces it points to Magnetic No1·th 

nnd the great c ircle passing tlu-ough th e poles of tlw nC'edlc i,­

called the .Magnetic ]Iericlian of thn.t place. 

Magnetic compasses arc either cl'l'y or liquid. 

In the firs t Lhc howl is empty and th e en.rel rotitLcs in 11 11· 

and in the second the bowl is fi.Uec\ w ith liquid. 'l'hc cl1·y card 

is u seless where th e compass is liable to be suhj cctcd to excessiYc 

vibrn.tion or Yiolen t and irregula r motion so tha L liquid compa:::sc;: 

only arc used in nircrnH. · 

The compass and its m11.J1agcmcni is fully dealt with i1L tlH• 

Cha pter on Magnetism and Deviat ion of the Co.mp ns: . 

Oomvass Oorcl.- Tho compass cnrd is dfridcd n L its out
0
r 

edge into 360 divisions or degrees, m:nkcd from t he Nort.h 

point 0° (or :360°) with tho hands of n. watch through En,; L. 
RouLh, and Wes t. Fig. III. 

E nch quadrant thus contains 00°. 

Each degree conta ins 60 minutes, and each mi.nu tr 60 

se~onds of arc, wriLten Ums :- D egrc0s 0 , minutes ' seconds ". 

.Mmutcs and seconds arc not sh own on tl10 c11.rd. 

When bearings nrc giYen ,~1 iLh this card the derrrcps nncl 

par ts of i t dcg r0c only a rc m cnt10nccl without, refc•t·(•n \ ~ S 

E., or ·w., lhus-3i5° ; 147°; 281° 30'; 3500. C(' 0 • . , •. , 

7 

I .- l, or n •<·iJ)rncn,l of any 
In u:-;i1w this type of c,inl t H' oppo:;1 e . o 

dpo- rce -m~- bo fo und by ad ding or subtrn.ctmg 180 . 

'o., , U l . 1800 for reciprocal aclrl l SO . 
h n,E.- n ce1 . ' . l b t l ROo 

OVPr l 0 0, for r 0cipro~a Sl~ ot rfic c . 

Thus 65. R eciproc,il 1s ~4b · 
0 

,, 320 0 . Rrciprocal 1s 1-10 • 

. C ~- ti , c-nrd is o-rittluatNl m degrees 
In the ~,fo,nnc•rs' ompa:;:; 

1
~ '· . t~ "'The co.rd is divided 

on a differ0nt system n.nd also in P? lll . . . . l f ·om 0 0 N. to 

. d t f !)()o r:i.ch \\·h1ch arc 10:1.c 1. 

into four qua ran s o · · ' 
0 

E cl goo W B car-

CJOo 8 ·tnd go o W. and fro m S. 00 t,o DO ~- anE S 49~ W . N 
. . • . ' . ' T 700 E . s 380 ~-; . . ; . 
ings or courses n.re g1vc•n as -~. . ... . 

:37o W. . . . 'rrl t )oints m o.king 
Fnch c1uadran t is fm-t.hc r d1Y1dt' d mto c1."' l I ' . al nt 

'"' . I· · t bemo- t-h us 0qmv · e 
:12 p oint s m t-.lw whole en.re . one po~n o . 

t' o 11 ° 1 !5' O". Thcsr an• shown in Fig. III. 

----3 --,.__ __ -..-=:._ 

l•'1c. III. 

. is found by ch anging t he letters 
The reciprocal of a n_\· pomt · . J S s W · S .W. by S. 

N 0 1• s E or vV.: l' . g., J.N.E. rcc1p rocil, ' . . . ' . 
. ., . . J 

reciprocnl, N.E. hy N • 1 
f. 0

o l,o 050° it will be well 

When using the card gri,duatec t o~~ o· Lo th e Cnr djn11,l an d 

to r emember tho deg rees corrcsponc ino 

Quaclrantnl points. O ·roo 

The Cardinals an' ao., g~oo' 11 -~~o' ;~50_· :3150_ 
Tlw Quadrnn1 n.Is arc 4v , · , 

--[>£CLASS I FIEe -~ 

Authority -k~ 0 -jp__:£~/ : 



s 

Lubber's Point or Lu,bbe1· Li11e.- In every c:;ompass used for 

the purpose of directing an aircraft from one place to n.notho~·, 

tho direction of tho cr afL's head is shown by n, small metal hon ­

zon tal pointer fixed to tho compass bowl, or a ver t ical line 

painted on tho inside of tho bowl. I t should be so placed t.hat 

a line joining it with the cen ter of the compas is exactly i1~ t he 

fore and aft axis of tho craft or in a line p arallel to that axis. 

In steering n, course by compass the direction of the craft's 

head is indicated by the reading on tho card whore it is cu t by 

the Lubber Line. 

Variation and Deviation.- It h as been men tioned t lrn,t t,he 

compass needle in a comp ass influenced solely by t,he E ar th 's 

magnetism points to the magnetic North and not t o the t rue or 

geographical North . 

The angle which the needle when defiected m akes with tho 

T1'Ue North is called tho Va1·iation of the comp ass or Magnetic 

Variation. If t.his same compass is placed in the car of an 

airship and is surrounded by a certain amount of m agnetic 

material the needle will be further deflected to the East or 

West and the angle it then makes with the Magnetic meridian 
is called Devicition. 

, rw. T\'. 

:,;0,,1 = Variation = 10° \\'. 

<'O~I = Deviation = :!0 E. 
~0(' = C'ompn., s E rr"r = 8° \\ '. 

N 
M 

C 

s 
P l!;. \' . 

:'\0~1 = Variation = 10 ° \\'. 

l'O~I = Dc\·iation = ,!0 \\" . 

:'\0( ' = ('ompass Error = 12° \\'. 

The resultant error of thl' c:;ompitss needle from the Trite 

Meridian, which may be the sum or difference of the Var iat ion and 

Deviatio11, is ' callecl the Oomvass En·or. Thus with Variation 

10° W. and DC'v iat ion 2° E ., tho compass en or is 3° W. With 

Variat ion 10° vV. and Deviation 2° W ., the compass error is 
12° W. 

Variation and ~ oviation _arc . both fully de~lth with iu the 

chapter on Magnetism, and 1t will only ho necessary to consider 

D 

the laying off ancl correction of 
them here whore Lite? affect 

hcn,rin<Y,:; aud courses. l . "ncl chaiwes with t ime. 
" . . I , , everyw 101 e ·• - ' o 

Vari<Lhon is n ot t 1c s,imo I ·t o1·1ua1) and the amoun t 
· · on a c 1m 

I ts value a t any place is given tl ' be corrected and brought up 
of the annual change. It can rns 

to dat?. . .· er direction of tho cr~ft's h~ad . 
Deviat.ion changes with ~Y _Y . table which 1s obtamed 

I ·11t 1sO"n-en ma l 
The amount for eac 1 p01 . o Tho table will be founc on a 
by observat ion and calculatwn. 
smnll t a blot au.ached to t he aircraft compass. 

BEAJtIXGS A:S-D Coun sE s . 

l the True Meridian and 
Since m aps and char ts are b nCscc ~1: whereas tho compass 

O'ive True BearinO'S and True oursdie_' t ·ons we must find a 

o o . omJ)ass roe l ' l 
either in dicates maO"netic or c th . so that charts anc 

method of conuectfng one w"itl~ th.e O ' ei 

l ·u combmat1on. l di t iou 
compasses m ay be usec 1 • 

1 
f . direction . T 1e rec 

B ea1i ng is simply another wor_c 01 
1 

. difference from the 
. . d by its angu a1 1 of any object 1s determ u1:e tl O'OOO'raphical north po e, 

direction of some fixed pomt such ,?s 
1\f t l:e point of r~forence 

when it is said to have a trite becL? ing. gnetic bearing and 
. . . cl to have a ma . 

is the MaO'netic Nor th i t is sm 'h . t 
1 

as a comvass bea,ring. 
0 

• · c ass N or t 1 1 
if the reference pom t 1s omp, 

N 
*. 

Frn. vr. 

B al·1·0"'= 60o. 
NOX = 'l'rue e o . o 
l . B an ng= 70 . 
l\IOX=i'lfngoetic e . ~,30 
· B arrn"'= · 

. x 

COX=Compass e . o . _30 W. 
0 W Dev1at1on-

Varial ion = l O ·• • . • 

bserver 's truc,.mend1au 
. . le between t he O . • cl the obJ·ect. 

Tr·ue B ea1"1,ng 1s tho ang 1 
h·s pos1t10n a.11 

· throuO' 1 1 
.md the O'reat circle passmg b · 

6 

Fig. VI. 

--DEC LASS I FI Ee ----i 
Au th ori ty £ _Jz_.jp~1:_/ ! 
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l"Jt!afnetic Bea1·ing is the angle between th o obser ver's 111:wnctie 

mcndian an d t ho rn•eat c· . I · I . . . 0 

. . 5 ' n c c passmg t t rouo-h his pos1t1on nn cl 
the object. Fig. VI. 0 

Comz~ciss Bea1'ing is t lto "11crl , l t · h J 
i. o c )C "con t e o Jscrvor 's COl!lJ)il -~ 

needle and th e great c ircl .· ti · . . ':;::, 

b . . e pass 111g 1ro ucrh his pos1t10n •rncl the 
o Ject. Fig. VI. 0 , 

As bearincrs ar c uevci· taJ·e f b . 
di . o ~ 11 o o Joct,s at nnY Yery o-reat 

stance the arc of t he er • at · I · • • J • 0 

ob·ect m . 010' oi rc e Jommg t h e ohser vor nn d tho 

r \ ay b e c~nsidcred as a straigh t line. Provided t h e 

~ isthanc~ of th e obJect is not over 35 miles no npprecia bk c rrnr 
is us mtroduced. 

N 

Pio. VII. X 

Fro . VI[l. 

NOX=Tnre Courso=3-1° . 
MOX=i\Iagnolic Coul"Se= ,rno. :'\OX = True Comse= 1s30_ 

COX=C'ompass Course=aGo. .\I OX = .\lagnctic Course= 1930 

. . COX= C'ompass ('011rc-rn· o 
Vanat,un 150 W .. 1Jc\"iatio11 30 E. . - . o . 

C~u1·ses arc meas ured from the no;·tl1 
aft lino of th e aircraft. poin t to the fore and 

True Co111·se is the angle bct,,·ccn 1 . . . 

fore and a ft line of the a ircraft ,,,. L_10 1'rnc Mondian and the 
• • J.! 1gs. VII and VIII 

llagnetic Course is t.ho a no-lc bet 
1 

· 
1 t] f . 0 ween t 10 Macrnet' M . . 

n11c ie ore and aft lrno of tlw aircr aft p· VII i c 111.enclrnu 

Comvass Oou1·se is the ancrlc b et, . rgs. and VIII. 
I th f o ween t ho c 

anc e ore and nft l ino of tho aircraft, F' . ompass needle 
· rgs. VII and VIII. 

11 

r 'orredion 1?f Com.pass C'ourses and Bea1·ings.- \i\1hen ta,king 

n tnu• <·oms<' from thC' chart it is nC'cessnry to know bow to 

a pply \'a1·ialion an d DC'viation in onkr to find t he com ::;c to 

s (N'r i>y co m pns:-;. Con,·C'rscly, h::n·ing stN'l'Cd a certain compass 

<'our:-;c iL is lll'C<'Ssnr _v to convert it to magnetic or t.r ur in ord er . 

to la,- i L down on t hr chart. 

'l'l{c methods of applicat.ion of Variation and DcYit1,tion are 

precisely tlw sanw and it " ·ill oilly he nrcessary to collsidcr OllC 

o r lht> o t lwr. 'l'ak<' tlw application of Variation to conv(')'t n 

' l'ru<• Coursl' lo Mngnetic, or Mngnctic Course to True. 

lTa,·ing ,-:lt•Prccl a mngnctic cours l' we' wis h t o c01wrt it to trne 

,-:o as to l:1 \. i I down 011 t he c har t. 

In Figs .· IX. and X. t lw outer cirdt• rt'Pl'l'S<'nts lhl' True and 

th<' inner c:irelf, magnd ie. In Fig. IX. tlw Yarinlion is 10° \i\-. 

:UH! in Fig. X. ib is ]0° E. 
lmaginl' Llw ohscn·er nt the Cl'n t.re of tlw ~om pas;; looking 

in t lw r cquil"C'd dire('.(,ion , nnd hpnr in mind that, t he dcgrcl'S 011 

t he eard inC'l'l'ase to t lw r ight (dockwis<') nnd dccrC'nS<' to t,hc 

IPft (anti-doekwisP ) . 

l n Fig. I X. J •fogi1eLic nor~h is st'l' ll to corrl':poml with a spot 

I 0° Lo the lift of True north. Consequently if gin'n n magnetic 

eourse with \,\7psterly Variation to find Lhr true, the r ending Oll 

Lhc' Lruc circle' will ahrnys he to t he left. (As \i\Test is to t lw 

kfL of North Lhis i:-; easy to renwrnhcr.) Thns in Fig . IX. the 

magnetic cour:-;e is 360° or 1101'lh, Ynrintion ]0° 1V .. Llw t.n1(' 

( 'OUl'tiC j,- 350° 0 1' N . 10° vv. 
fo Fig. X . .Magnetic north co1Tesp ~nds " ·ith ;1 spoL ] 0° to 

lrhc 1ight of Trul' north. Co11s<'q uen t ly if given a Magnetit 

(\>nr:;c with Easterly Variation to fi.ncl t lw True, the reading on 

I ho 1'nw eirclr \\·ill always b e to t he 1·ight . (East is on tl10 right 

or Nor Lh. ) Thus in Fig. X . tlw mng11cLic course is :360° or 

01'"orl-h , Ynrin t ion 10° E. , the Lrur C'Ourse is 10° or N . 10° E. 

• 0 ~:____1'/,---~ ~( I I ~/ O 

I (J I <·O . ' I s,o 
, I ~o , 

F 10. IX. 

.,_o 
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F IG. X. 

The ~Pl?lication of Deviatiou to . - . . 
Magnetic is precisely th ,~01J... f1om Compnss to obtni 

G. e same and the rule is·- ' n 

'::.C:{"t~~;,::;;t:~:i1t 0~ru~ n1iation apply 

With Weste1·ly D · . . 
. eviation or v · t· 

correct10n t o the left arm 1011 apply 

Mem. East. R. . · 
vVest ight or merease} 

E - . Left or decrease W. C. E. 

xample - 0 "'om . ompass Course to find ,.,., 
'-' pass Course .L ?'Ue Course. 

Deviation _ 46° 

Magnetic Course 
Variation _ 

~~ E. or R ight. 

49° 

15.:___W. or Lef t. 

Trne Course 
. - 34° 

Fig . VII. should make this . -
Given the T: qmtc clenr 

d 
. 'l'ue to find Jlf, . 

an obtam R ule I I. agnetic or Co mpass.- R everse R ule 

{ 

L 

Eas terly Variation or . . 
R ule II. to Left. Deviation apply corr , 

Westerly V .· . ect1011 
a11at1on or D . . 

to Right. eviat1on appl , , . , . 
M:em E ) 0011 cct1on 

. as t . Left or cl 
VVest R' ecl'ease. } 

. igh t or increase. E. T. W. 

l~x.unplc. - '/',-ur C'our:-e to find Com pass C'oursr. :-

'l' rue Cou1·;;n - - l e 3° 

Ynrin l ion 1.5° Vf. or Right. 

Magnot ie ('ou r:-<• 

Do,~intion 

L9 ° 
3° E. or Left .. 

Compn:;s Com sc - 19,5° 

81 r- F ig. YIU. 

1 
The lett ers ,v.c.E. :111d E.T.W. committed to memol'y may 

J C of nssis lnnco to t,hc observer. 
Compass to True - W .C.E. or East Right and West Left. 

1he Lo Compass :._ E. T . W. or East Left nnd West Right. 

r.~-cc~Liccl: Lhat when "·orking from True to Compnss apply 

\ .-i.uation fil':;L, then D c,7iation. 
' 'Vhen working from Comprrss to T rno npply DeYiation first, 

then Variation. 
Deviat ion in tho table i::; fo r a Compnss or 1\Ingnct-ic heading, 

a11<l never for the True. 
th~iVho~ c?1To?tiug Compass ~ea1·i~1,gs to True, t l,1e amount of 

. <levial1011 1s that for tho dl1'ect10n of tho crnfl s head at l,he 

L•1;1c the bearing is taken nnd not that of the bearing. 

th;h,e : .oreg?ing rnlcs ~s t? r igh~ and Jr.ft npp!Y equally to 

Mauners Card , buL 1t will be srn1plor and n.v01cl any chance 

of ~l'l'or if b oari.nas or courses O'ivcn in the Mariners' Card grad-

ual O o . 
•on arc fi rs t converted to the 0°- 360° graduation. Thus :-

S . 26° E . =180°- 26° = 15'.l,
0

• 

S. 30° W. = l80° + 30° = 210°. 

N. ,19° W. = :360°-49° = 311°. 

1 
]~~ t.imo ad mits, and tl1c ob. e1Tor j::; in doubt, he should 

a" n,rs clra" · n, figure as in Figs. VII. nncl VIII. 
flow to tal.:e off ci Course or B earinq j i'om. a Chart.- From A 

to B . .1 · 
B · Lay a pair of pnrn.llol r ulers a long the line joining A and 

ch ~nd then transfer Lhem to the nean•s t compass ro~e on the 

1 
ai t . Read oIT the True or 1\facrnetic course, wh1ch must 

t 1 011 be corrcclccl for y a,riation ni~l Deviation ! o obtain the 

compass course to steer from A to B. 
b To lay off' a CoursP 01· B earing on ci Ohart.- Reverso the 

~l ov-o prococluro. Coiprnr t tho compass course to Magnetic. 

Lh~ce the rulers ovor the compass rose on the chart, and obtain 

fro mag:i-ctic or t rue course. Then transfer thom to the place 

;1'1 wluch the coU1·sc was steered and la.y off tho course. 
~ ' ' . 
1 
° measure the Distana.- Moasuro the spa.co between A 

a_nc 13 wi t h div-idcr,- ancl rofor t O the scale of latit ude at either 

· •_de of Lhe eh art, 'or in n, p.l an to the scale of ]a.titude and 

cl1stancc. 
41083- 18-2 
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llow to take ojf" ci Oou1·se or B ew·ing ji·om a J fo1,.- Frorn A 

to B. Join A and B by a pencil line. Pin.co a protrnctor with 

its centre o,-cr A , b eing careful lo have the 0° lo 1S0° li,w par.tllc•l 

to the s ide of the m ap or to tho centr al :r.ncridian. 

Then the reading where the line AB cu ts tlw gradu;tl<·cl al'<' 

is the true course. 
Variation and D eviation must then be appli,,d lo fi nd t Ii<· 

Compass Course. 
To measU1'e the Distance.- Mcasw·c t,lrn s p,l<.:t\ lwl\Yocn . . \. 

-and B with div id ers, and 1:ofcr it lo the lin e SC'H ll' at tl H' foot of 

t h e map. · 

Note.-In calculating the amount of thn \'ari,t tio11 hn f'nrdu l 

a lways to correct it to datc. 

Take the _non.rest compns::; rose on the cltn r t to tlw po,; ition. 

'Yhen t he d1stanc~ bet\\·ocn l\\·o places is great, nnd t lw \',irin ­

t 1on ch anges eons,clerahly , take thn menn ol' (h(' ' ' aria lio 11 at 

l he two places. 

For very aceurntc \\·or k iL is hotter to usl' t hn e llO'l':1Yrd 

con:ipasses_on ~he ch~r t rather than a prot raetor. hut in 01~]inan· 

acnal nav1gat1on this <logrcc of nc:curnc_v is not nN·rssar_,·. nn;I 

n good protractor can he u cd. 

(2) B BAH IXG PI.ATF: 0 1! P 1-: I.OHL'S. 

This is s imply a dummy compn s c·1rd fitt J •·11 
l. · rr b .· · • · ' • ' ('( '' 1 1 ,·anPs fol' 

tn -1110 em mgs, and is USC'd when tho c· . .. · . . 
an aircraft that bearinrr::,~ cnn110L l)o t 1·· . omf p.1ss. is so placrcl lit 

o ' , n ~en mm 11 Tl · 

;:'lc;et ~~~ully cleseribccl in the chapter on Mngnr t ism. and~~:>;~~~~~~ 

(3) DnlF'r ConnECTOlis. 

The drift co t · n ec or is a moch anieal me·tns r h . . 
nmount the course has l o be nit . . 1 

t ' · 0 0 lau11ng tlw 
11 f • ' ' CJ N · o starho•Hd . 

a ow or drift or krwn ,. cnuscrl 1 • ll _ 
1 

. ' _01 port. 1 o 

in lieu of J)lot ti11 rr · l_'r ic ' e octty o-1 the wind 
o · ' 

The various types are hascd on t hn f 11 .· . 
(' ) K . . c• 0 0\\ llt<T lltform L' 
1 nown ail' speed of tllC' · . 1 • '"' n .Jon:-

s t<>crC'd. an s 11 p and tlw ('0Ul'so 

"(ii) Estimated vr locity of thl' wind. 

I hcrc al'c several ty[)CS in e .·, L, . 1 . 
tl l 

x1s m en >ut the 111 , 1 1. 1 . 
mt mown as the Aircraft C ·~ · ' . o::, use u 1s 

is fully dcscrihod in Cha1)tor ~Vlll :;e nnd D1:-:tan c•p Tndir·ator, \Yhich 
, . , pagn •l-1. 

(-l ) DnwT h DtCATons. 

Drift indicators cliffC'r from ti f . . . 

t he actual course ma.de rrood I 10h OJc~o,ng 111 lhnt tl1c,,· s how 
t,l t th "' . n t C'so ins tn t . . . 

ia . o s urfaco of thr earth o . . , . .' imen s it is n "S<'11t·inl 
I sca ts v1s1hlr fl'om t hC' aircraft. 

15 

Obscl'nltions arc m ade of ·fi......:ecl objects on t ho ear th's stuface 

oYor ,d1ich the air cr aft is traxcling, the direction in which they· 

e nter nnd lc1tvc t he fiel d of v ision is noted, aucl this line of di.ree­

l.ion referred to t ltc compnss course steered dming th e obser,a­

t ions, which givcs thr a.ctunl course b eing made good. Com-se 

is then altered until the direction made good and th e direction 

proposcd a re in r.orrespondcncc. · 

A simplr drift indicator is a B earing Plate with a skeleton 

r·L•ntrc nttnrhccl on a brnckct to the side of t ho aircraft. The 

course mat!~ good ca n be read off on the ins trumen t i tself an d 

corrected if n ecessary. The ! i1:nr trikon to pass over cer tain 

ohjrc t,; a known cijstnncc apa r t hav ing been noted with a stop 

\\·atch, Lhr grnund speed can ab o be cnl culated. 

A moTe com plicated and much mor o accl!l'ntc instnunent is 

. t he Aircraft Bomb Sight, which is also avnilablc as a drift ancl 

ground speed indicato r . aud drift corrector . The following is 

,1, hl'icf descrip tion of t he instrument only so far as i t is nn aid 

to 1iaYigntion:-

. _l i1·cmft Bo1,1b Sighl.- This i.ltstrunwnt consis ts of a prismatic 

telescope directed dom1wnrds to t he earth below. It hangs 

pendulum-wis e on hall bearings, and the line of vision is de­

fl ected 15° fo rward of the ver tical by m ean of a double pris111 

nrran g<.' lllC'nt. 1'hl' s upport is madc i1{ the form of a t w·ntable, 

also on ball bearings, to enable tb c instrument to be turned in 

azimul,h to allo,,· for the drift of thc nirship. The optical system 

eonsis ts of two pr isms, nn objective nJ1d an eyepiece; th e two 

ln tter form an nstr onomical tC'lcscope, whilst t he t,Yo prisms' 

in arldition to deviating t he l ight t hrough t h e angle of 15°, also 

form nn i•n vC'r ting system. thus renclC'ring the p rovis ion of invert­

i 11.g l<:'llSC',; 11 nnC'r.l'ssa ry. 
In thc field ol' view is a graduated sig ht. carry ing a eross line 

.1 t, the point vertically below the instrument, and ha.Ying a 

mornblc cro,;s line which cnn he set b y the rotation of a milled 

drnm. Thi,; drum i::; turned by hnnd in accorclanco with the 

seale of hcio-ht rriven on the instrument, aucl the arrangements 
0 ,:, 

arc such that for all h eights tho dista.n cc on tl10 g round b etween 

t,bcse two cross wires is 300 m etre,;. This constnnt distance is 

used for timing tho ground speed, nncl tl10 watch employed for 

t he purpose, \Yhich is attached to the instrumen t , is gracluntccl 

dirnctly in m ctrrs per second to save a.rithmetic. 

Wl,C'n t hC' ground s peed has thus boon obtained, the amounL 

of the drift cnn he calculated. Ou the fore and n;f t s ide of the 

fixed base of the ins trumenL a lubber l ine is marked, which is 

accurn.tcly parallel Io the fore and aft lino of tho a ircraf t . A 

hearing plate is fitted on the outside, grnd uatccl from 0° to 360°, 

which is inclopcndent of tho fixod base and of tho telescope, and 

this cnn be sot to the com se steered. On the outside of the 

tcloscopc support is an a rrnwhead indicating the direction of 

the longit udinal wires inside the field of the telescopo. The arc 

--l)F:CL.~SJFrne~ 
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on the bearing plate having been set to the course steere~, t l~P 

· observer turns the telescope until objects on the grom1d m l11s 

field of view pass along the longitudinal wires. The amount 

of the drift in degrees can then be read off on the graduated arc; 

outside. 
I t will tp.us be seen that the instrument serves as a Drift 

and Ground Speed Indicator, and as a Drift Corrector, in addi­

tion to its proper purpose as a bomb sight. 

(5 ) SEXTANT. 

The sextant is a portable instrnment used for meas1u-eme~t 

of angles, and it enables the observer to measure angular dis­

tances up to about 130° in any plane. 

There are two principal types of the instrument in use nt · 

sea:­

(a) The obsermng sextant for astronomical work. 

(b) The sounding sextant for horizontal and vertical angles 

between terrestrial objects. 

The former is at present of no practical use in aerial naviga­

tion, but a special pattern for astronomical work in aircraft 

has been designed and is called the Bubble O"/:inometer Sextant. 

This instrument renders astronomical observations possible in 

the air and results to a certain degree of accuracy should be 

obtained with it by practice. It is, however, questionable 

whether aircraft will have to depend on astronomical ·observa­

tions for fixing their positions, unless making an ocean passage, 

when so many more simple methods of doing the same thing 

are available. On the other hand, the sounding sextant, in 

conjunction with the station pointer, should be extremely use­

ful for fixing positions by horizontal angles between terrestrial 
objects. 

B UBBLE CLINOMETER SEXTA~T. 

The instrument consists of a t elescope A attached to an arc 

D by a frame B. (Fig. XI. A.) A movable arm or radiu., bar 

C with sp~·al lim_b. a tpached, actuated by an endless tangent 

scre~v E_ with a divided whee!-head F . A small dry battery is 

earn ed m the handle of the mstrument to illuminate the cross 

wires in the telescope, the spirit-level K, and the divided arc 
and wheelhead. 

The telescope of the instrument, when in use, is directed at 

the sun or star and the arm carrying the spirit-level is moved 

until the bubble floats in the middle of i ts rw1. This bubble 

is seen reflected in the field of the telescope at the side of the 

cross wires on the diaphragm L. The object is brotwht into 

the centre of the cross wires in coincidence with the b;bble, as 

17 

. F' XI The readinas of the arc and the divided 
shown m ◄ 1g. -' 

13
· 0 h J The arc 

. 1 l f tl tanaent screw are t en ta rnn. . 
micrometer 1eac 

O ie O • • . • wheel into minutes. 
. li 'd cl 1·nto dearees and thP m1c1ometei . 1 G 
1s c v1 e o cl. b . sprrna ever 

For the free movement of the ra ms a1 a o k on 

releases the endless ~angen~ scre·;h!:~e t~:!:~t:
1
~f

0
:.h;

0
~: and 

the arc D. The raclms bai can 

clamped a.t the desired point . 
0 

A 

0 , 
/ . 

·· ,3:, 

", ··-. 
bi •, ,,,. . , } 

""~· , __ ? 
'-\,~.- ---JO rr-, -~--- J __ _ 

~ ~ ---:v. 

Fie:. Xln. Fm. XIA. 

1. Telescope. 
.\. Telescope. 

2. Bubble reflected. 3. Sun. 

B. Frame. 
C. :Movable Arm or Radius Bar. 

D.Are. cl 
E . Endless Tangent 8crcw (Un cr-

neath). 
F . Divided Wheel Head. 

G. Spring Lever. 
H . Milled Head of Tangent Screw• 

K. Bubble Level. 
L . Diaphragm. 
M. Aperture in Eyepiece. 

N . Electric Lamp Holder. 

0. Flexible Lead from Battery. 

P. Eye-piece Lens. 
Q. Shades. 

• R. Object Glass. 
s. Reflector. 

M 

The batter - in the handle of the instrument is a_ctuated b?' 

a ush butto;1 conveniently placed, and a sma~l res1st~nce ~011 

. - p tt heel to the same for the purpose of varymg the mtens1i; 

1:,,f atl a\aht. A revolving shutter is also arranged round t de 

o le Jo 11 1 th t th arc or wheelhea 
lamp fitting, carrying a sma ens, so a e 

may be read at will. 

THE SOUNDING SEXTANT. . 

. b . . sextant in that it 
Thi:; instrument differs from the o se1vmg ll the horizon 

hns no shades to the mirrors, it is generally sma er, 
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glass is all s ilvered and is en.largcd, the vernier only read;;; to 

the nearest minute of a · d th d f h · 
. 1c an e en o t c arc nearest th e c r o 

: el~~ually rounded off. The t elescopes aro sh or t with a la rge 

H--1----:;,1 

·, 

'·•,,,~,, •• , .-.. ,., ,- I -

:::::::==::::::::: 

. I . . I.re. 

-'-' - Arc of E xcess. 

C. Collar for Telescope. 

F. Frame. 
H . Horihon Glass. 

A 

Frc. XII. 

V. Vernier. 

~ ::._.___,~-- V 

ff 

------T 

I. Index Glass. 

K . Clamping Screw. (Below.) 

:\I. Magnifying Glass. (Above. ) 

R . Radius Bar. 

T - Tangent Screw. 

DESCRIPTION OF THE ·Sou NDING SEXTAXT . 

The frame carries th . . l -
legs. e severn parts and 1.:, caniecl ou t,hree 

A radius ba1· bl · 
• , .1 ' mova e about the t . h · 

an i 11,(l,ex which t. 1, cen IC, as a t its ex t r emity 

'l'h . rave s on the arc 

.· . e arc is graduated to 30' . . . 

u ght extension of t,l fiom nght towards left. The 

lil- 1e arc call d h . · 
~e the arc but f. 1 _c t c lL?'c oj excess is gradu ated 

l?idex Gla~s iom eft to right. 

attach d --Centred over ihe ce1 t . . 

gl e to t he r o.dius bur i. a l l i e of th e m strument and 

n-ss. . • "' p a ne minor termed the index 

Horizon Glass 0 
another glass . ·-:- n th~ left oute1· radiu . 

is f1X.ed which in th . s of t h e instrument 
e souodma . . . 

,., sextant 1s wholly 

:-ih·l'rl'cl . T hi,; :-l10uld r>e pan1llrl to t he i11L!Px gh. ,-; when the 

index i,-, a l zero, a nd i:-; t1•r me1l t he horizon glass. 

The tl'l1sco11f' ,;n r \\·;; into ,1 collal' . 

. \ I the t'llcl of tin' index bar i,.; the -vanie,- plate tra n•lling 

alo,ng lhr <'dgc• ol' tlw ar1·. This i,; fit ted undcrnr.1 th with u. 

da lit p i 11g 8t-rnc :llld a l I he ,.; idc ,\·i th n ta.nge11 t. sc1·ew, wh ieh 

allow,-; a ,-; ninll 1,1m·pnw 11l of l hr \·ernier nf tc• r the ,·r rnicr pln te 

l1.1,.; h1·1·n d a mp<'d . 

. \ 11t(lg 1, ~fyi11 g g/.11.~s i,-; fi tted lo rr ,td off t he d iYis ion,; 011 the 

an· and thr n ' rn ic' r. · ' ef' F ig. XII. 

f,aws 1f ( '0118fn u·i io11 .- T hese' dep enc[ upon certa in Ja.cts 

d c•duc·ed l'ro m :-; impk lnws of rdfoction of ligh t from plane 

mitTOr:- , l-11<' mos t important o-f which teaches Lha t the nngk 

obscr n.'d is douhlr t lw angle h ctwr cn the planes of t he reflectors . 

o r the n11glP which is ren d off on (,he nrc . In order to u.llow for 

I hi,- tht• g rndua t ions 011 t he ar c a re marked twice their real 

YnltH• and in 1·onsequcncc th e anglr read off is the nrtual nnglc 

oh,:c1T<'d hr twcr n the two objects . 

To READ OFF TII E SEX TANT . 

V (l'11iCI' .- -. \ 1·1•rnier is nn nrrangcmon t by me1m,.; of which 

rr adi11g,-; m:ty be obtained from any g rndun.t,ion to n. g rea trr 

deg ree of accurn.cy t han it is di,idcd for. It is n ·maller. m ore 

fi1wl.,· di vided arc fitt ing close to and runn ing along the primm·~­

nrc. 
. The arc of th e soullding sex tant is cl iv idccT to half degrees, 

hut by means of tb c vernier i t can be r ead off to one m inute. 

.\n i ndr x o r po in ter on th C' n •rnier ind ica tes the degrees and 

half degrC'c,-; on the p rima ry scale \\·hich must be r C'acl off, and 

the Yerni<'r it:,:eJr g ins thr add it ionnl min utes . For C'xarnple, if 

LIH' reading nn tlrn primary ,-;enlc is ~0 30' nnd the hrn lin es on 

tlw p rimary and YC' rnier scak s coincide a t l :i' on the vernier , 

t hi,; i,-; Lhe a mount in minu tes on the vernier which m us t h e 

nd1lcd. m nking Lh(• comple te read ing ~0 43' . 

To tlc-tcrmine the degree of i1.ccumcy to whieh n :-;C'xlant can 

he ,·end thr following formula can he used-

Z 
CL= ­

n 

vVho1·e a = nc-c urncy of r ending; l = yaJue of Lh c smallest 

d i\·is io11 011 tlw p rima ry scale : n = thr n umber of divis ions on 

the ver nier. 

l'.xam plP:-
P rimal'y scale di,·idcd to h alf degrees. J umber of div is ions 

on Lhc nmicr, 30. Wl1nt is the necurnc:r of read ing1 

l :30' , 
a = = - = l . 

n 30 

--DECLASSTFIF,i} ~ 

Authori ty.J,.,,:--=-: D -j_Q S 0/ I 

-~~ ,· 

----
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Th A 1w o 1~ E x c Ess . 
c arc proper of tl . . . 

l ef t, but in every soxt io sl extant is divided from zt•rn to th e 

th.re d • an t t 1e ()'rad t· · . 
. e egrocs to th .- h O • ua 1011 1s contm uccf for t\\·o or 

This · e 11g t wh1cl · 11 
Is rend from zeit t . 1 is en eel th c n re of execs ·. 

the arc :1 · 0 11ght ns n]-: 0 · t ] • ff 
. · is w Ycrn1cr wh C'n set o 

'I'm: An1r 8 .. I t . . " ' [ ) fEXTS . 
. Ls uecessni·y th . •· · O Jo 'f'll E , 1-:x·1'A1\'T. 

m~i~~- 7hr: nd/us t~:~1:!10
a:,11~trumen t shoul d he k l'p t in ndju:,; t-

'J ho Index glass m c. 

(')) 
the instrume11t u(EsL be pcrpcndi<;uJar to til<' J)lan<' of 

'l'I I · 1 l'l'or f 
- 10 1orizon ()'la s O }Jei•pcnd iculuri t.), ) 

the · t O • mus t ho pc• 1· · 
(3) 

1
,h JU~ nunent. (Si 1 . . 1 penc 1e ul nr to ti Lt' pln 11 c· of 

e horizon 1 . c O cu or. ) 

I - g ass m t b 
w 1011 ti . us l' p·t .. 11 l . 

(4) The I' 10 tnclex points to z . ' I a o to the nu lt•x-glnss 
111<' of collimnt' : 010· (Index en or ) 

must b ton (i .e. th . . . 
(Coll O• parallel to th ' c ax is of the tclc::;co pr) 

The a I' , imation error. ) 
0 plane of t he• ins tr u mPnt. 

c Jtk,tments must b 
c made in th 

1 I l T A e abov e order. 
. nc ex set to ah o DJUST 

awa~ from the o out th o middle . 

and Its reflect· ye. L ook obliq u l ?f th e ar <;. H ol d th e 11!'C 

C
ease when the lu?nl should be in o~1y ll!lto the index glas~ . .Art; 

orrcct b tc ex ba . c inc Tl . J 
f d Y screw at· th I' 15 moved f . · 11s sh oul d be t 10 

Olln and is ()'enc~ ll e back of the 
11tn encl to en d of tJ,e nn :. 

2- Index ;;t ia Y lef t to th e · g ass. This error is seldom 

the ll zero B 1 instrum , t · · 
co a1· nt th . o d scx t en m 11kc1· 

~vailable failin e h?rizon gla~s an t [hor izon tal. Look throu<rh 

is so ' g wlu cl anc br· o.f 

sh ulen each side f l some d is tant I u~g tho sea horizon1 I 

io 0k cl b<' in 0110 / the mirror. 'I' iori?.onta,l lino, so that; i t 

ht at sornc obj<'ct1e. Or hold th ~lle and reflect ed h or izon 

C 
_1, passing tho 1· flst1ch as a fla~t efl' ins tnnnont ver ticnllv nn d 

0 inc1d J e ecte l 6" a . SL l ·'. • 
Correct )Ut pass each ~. over the true !s 1tly work t,h c mdc:x. 

orb by screw n.t b s1clc of one r . obJoct . If they do 11ot 

. y the key tmdcr ack and in th tnothor there is s ide error. 

I
. 3. Index at . neath the rnirro _o cent re of th e h orizon <r]nss, 

c 1amete zero B 1 t. o 

r on · o I · 
soun 1· and off th c instrllm . 
hor · l tug sextant th· c arc is allon t ve1·tically The Sun 's 

of izon~nl line such is cannot b usul y inensu reci b. u t . in t he 

a chi ' as th c c on ' · I 
true an tney or roof c sea h orizo o._ Select a wcJ1-dcf1n cc 

now 
1 
c 1•cfl cctccl hn Qt _least half· n, ~ available or the edge 

reac1 · s tows zero th age~ into ex: ta ?n:il<' distant:i Brin<r t,hc 
lilg If ' ere t • nc con . I o . 

----· on the . . ~ no ind . tc1c en cc. If the vcrn1or 

* U -- a1 c It I ex erro. 0 l 
nless the~ •S -, and off ·] 1 

· t hcrwise n ote t 10 

arallax Will • .. ~~Ject seleetcto~ I t lC arc it is + 
,esuJt h' · ec is · 

' w tch at lea.st l - - ---------
ll'lay be .-. ' 1a lf a rn·1 d ' fl I 

.,rea.ter th · 1 c 1stant a n error en N 

an thc index error. 

2 1 

·1 f undel' 2' or 3 ' the error is recorded but not ndj u tee!. Cor­

r ec t- h y capstan screw::; below the h ori1/.0ll glass or by the scrc\\-

a t hack nncl a t ono side of tho horizon glass. · 

4 . This adjus tm ent need not b e considered in the sounding 

sextant. 

To OnsBnn: AX A x GLE. 

In ohscning 1hc angular distance hclwcen t wo objects with 

f he soxt,nn t-. the ins trument should ho h eld in tho plan e joinin g 

llw objcct.s . H old th e i.nst rumcnt wi th the righ t h and, ar c t o 

f'lw lef t. L ook through the collar and o,;-er the h orizon glass at 

the loft h and object nml work the index bar until the r eflect.ion 

nf t.hn righ t, h ancl object is brough t un dernea th and in coinci­

dence with the loft. Clamp tho vernier plate , work t:ho t angent 

sere,,·, if n ecessary, an d then road off t he a ngle . 

·when th o horizontal a.nglo between two objects at different 

lcYels is required, t his can be obt ained by h olding the instrn­

m cn t h orizontally and bringing the r eflection of the righ t h and 

object in coinciden ce with som e point , ·or t ically below th o left , 

or if th e latter is on tho lower level bringing a point ver tica.lly 

below th e righ t h and object in coinciden ce with t he lef t. 

A ver t ical auglo can be obser ved by holding t he instr um ent 

vorticully, clirocting it at the lowor ohjccf· nnd r eflecting the 

upper object down t o i t . 
In using the sextan t the observer, beforo commencing his 

work, sh ould rem ove all side error , if it mcis ts, and lrnow accu­

rntely th e am ow1t of tho index error of his instrument. The 

lat.tnr sh ould be appl ied ns a correction to all observations when 

accuracy is necessary . 

(6) PROTRACTOR. 

There arc various types of protractor in use, but only one of 

these will be described. The aviator sh ould select from tho 

m any patterns 011 th e m arket that which best suits h is m eth ods . 

.'1'1-rn CREAGH-OSBORNE PROT RACTOH . 

T his is a transp arent celluloid protractor . I t is squaro in 

,-Jrn,pc, with a cen tral cir cular ar c divided from O to 360 in degrees. 

At th o top and bottom edges ar c scales in m etres and y ards cor­

res ponding to the more genernlly used scales in con tinental m aps , 

vi1/. ., ~ and i odo oo · Attach ed at the cen tre is a silk thrcnd. 

The sides can b e used for r uling straight lines . 

To talce o..-fl Bea1-ings.- Place the cen tre on the observat ion 

point, taking care that .th e north and south line corresponds 
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"·ith tho true or magontic Horth ·tn . 

Stretch tho thread aero ti b . <l soulh l111 c on t ltc ma p 

t h b · ss · 10 0 ject on ti · 
e carmo "·here it 'ut tl 10 map, nnd read off 

o c ·S ,1ograduatcd arc. (81'f' Fig . :XTll. l 

>60 

1' FIG . XIII 
o take a 'fruo l3eari . . 

ng trom t he map with Cr ,.,I 
3-0 (T ea., l·Osborno Protractor B b naff 

1'l . · il rue) from .A. · ~ 

lls prot,Tactor is vcr u f l 
pass work as the a. . y se u for those unaccus tomed t . 

used ' IC is gradunted simil ·l o com­

b : and no mentnl cnlculntions a. ar Y_ to the compass card 

eanngs, as in the case of the s . _1e ~·cqturccl when ln,yjna off 

To lay off· a B ea1'ing , C' . ~m1cu·cu a r protractor. o 

a ·1 o1 ou1se - Pro d 
penc1 m ark on the lin . di . coo as above and I· 

direction. Usina the s· ~ m f ~ahtecl by the thr ead in the d ~~ ,cl, 

c t; cl o I c o t e protrn. t esuec 

en ;re an the point thus obtained h :r c or a~ n._ rule, join the 
J a pencil Imo. 

(7 ) 'fm-J STA·1·1o p 
, . . N O IKTER. 

'llus is of m et,al with a . . l . 
two f hi h cn cu ar gradu t l 

o w c n.re movable a l a Cl a rc and th.roe loo" 

elled edges of the three leO's rndc. the centre one fixed. The h;;~ 
men t d h O a tato from the • t . r· · 

an t at of t,he fixed le co . . . c~n ie o · the rns tru-

graduated arc which i·s mn1•]· gd f ucsponds with the zero of tl1c 
th . . , ' ' ,. ,c rom 00 to 18 o . . . , 

e ze10. l he two movable leO's can b . l O on e it her side of 

~nd~ clamped at any point on ~he ar c e !l?lvo vcd about the ecnLn, 

m 1catcd b ' · 10 centre f I ' 
y a small nick jn (:he bevelled eel o t. le c ircle is 

- go of the fixed log. 

T11 u ,;<•.- Tlt(' t ,,·o :1J1g l<'" nl>>"<'n·ed het,WC'l'J\ th rt•c objects 

,ti'<' .-;('( oii th<' :11'(' hy thr lwn .m<n-ahlc k g,; . The instrumen t 

i:- then l:lid Oil th<' l'hart and :-n m:111i pulntC'd t h:1 t th e he,-clcd 

<'dges ol' t lw thr<'<' lc•gs :l n ' o ,·<'1' tlw three ohjcd:-. The center 

ol' th<' irn;lrnmt•n t tht•n g iY<'S th<' ohsf'n· N ·s position. which ean 

'.Hi markf'd oii tlw dt:lrt hY J1C'J1 eil. 

.\,; thi,; form lll' t he in::;Lntlllt'Jl l ha,; a t'l'l'l,till :Ull<lltll l o r weigh t 

it i,; 11 0 1. ,;o wull suit ed to nirentl't work a::; the Cus L Station Pointer 

and il> oidy likf'ly lo IH' l'ou.11d in tli<• lnrg:<'1' crnft ,,·here· ii. ('h:i rt. 

t ah]e i,- :tYai l.1hll'~ 

T h is is a ,;quart' or o bking <"elluloid p rot.mctor \\·i th a circular 

grn:h1a ted arc d ividcd in degrees i11 two scrnic irclcs from 0° to 

180° . :\t the nm tc ,· is n ,;mall hole. One s ide of the prot,mdor 

is ,;pC'e i,tU_y prcp:HNI so th at it will take pencil lines, which c:1n 

lw <'as ily ernscd. To use tlw s tation poinLer take the centre 

object as 0° and la _y o ff right a!ld left t.h c obscn·ed angles and tlw 

check :1.11g-lc. Place it over the map with the pencil lines on the 

ttlldersiclc nrnl manipulalc it unt il t he rays dnnrn pass Lhrough 

t.ho pos itions of the ob:;ervetl points on the m ap. · Then prick 

Lhrough the cen ttr, which is the observer 's po:;iLio11. As the pre­

pared side of t he ins trument shou kl be the under::;ide when placed 

Oll the map, to avoid errors of pamllnx due to the thickness of 

Lhe material, Lhe angles when laid off sh ould be reversed so tha t 

when t,hc ins trnmen t is !,urned Lo place 011 the mitp t hc_v itrc OH 

t heir col'1'ect s id<' . 

Example.- Ob ·orvcd angle::;, A 62° B 48° C. 

V'iTith the prepared side uppermost lny o ff 62° oii the right 

:tpcl 48° on the left . Then reverse the instrument and place on 

the map, when A nn<l C will b e on their proper sides . 

CHAPTER II. 

POSITI ON LINES. 

F1x1xG Posn·1oxs. 

Pos itions arn founcl in aerial as in scit 1rn.vigatio11 hy the i11 t cr­

scction o[ two or more position lines . 

A posit·ion lin e is any l ine which can be drawn on a. cha.rt or 

map, on which the a irship is known to b e . 

Ajix is t,he poi11L aL which two or more pos ition lines in tersect. 
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Pos ition li_nes a rn ohtai ned in a YaricLr of ,nt ,·s a.JI(! m.n· 

,tppcar as stra ight lines or as circles. T he h~s t fix is ·OJJ<' resulting 

from thC' in tersection of two or more po. it ion liJJ C'. o b!"en-e<l n t 

t he same t ime, provided Lhat Lhe angle of in tersecLion is lnrgr. 

A position so found is called an '' absolute '' fix in con trnd is t.inrt io11 

to a " running·, fi.,c 

-'i .. running fix is one in which the two posit ion lines arc ohtaincd 

with a considerable interval of time bet"-ecn them, <'. g., a fix 

from tw.o bearings of the same object at d iffer ent t imes . As the 

value of this d~penc~s on the accuracy of the r eckoning kept an d 

the correct estllln.t1on of the win d effect in the inter,n.l, which 

presents great d ifficulty in n.erial n avigation, a running fix will 

n ever be dependable an d an n.bsolute fi..---.: should be ob tainC'd when 

possible . 

R ecolle~t, " ·hen taking bearings or angles for :fi..""<ing positions 

that the t ime of the obser vation should b e carefully noted. 

Jl1.et7wds of.fixing P ositions . 

. \.. Absolute Fix:-

(1) 
(2) 
(3) 
(4 ) 

(:> ) 

Cross Bearings . • 

Bearing and Angle . 

Trnnsit and Angle o r Transit, ancl B carino­
i:- · 

Sextant Angle,,,. 

Ast-ronomica] Ohse1·vations . 

13. Ru nni·11;1 ft!i x:-

(l ) Bearings of OJH• or two objects and run in interval 

. (~) Doubling Lhe aJ1gle on the how and Four P oint bea;ing. 

[! t~ imp '.·oh,thl~ t,haL th<' nwthods in B. w ill he of an real 

YH luo m n.<'1'1,tl niw1gation. y 

A. ( l ) (a ) (11-08.~ RPm·ings.- Sc• lect Lwo nh1·octs th b . 

f •I · J · • . e earmgs 

o \\. uc 1 gwc '.ts n ea.- a n gh.L angled cut as possible T k 

ben.1·1!lg of a Lhll'(I ohjoct as ·t <"hm·l· Th· I L · a e a 

t i ' , . . f I , . ' · is as 11ot only checks 

• I.(. il.CClll il.('_\ O t lC fi x hut, OIISl ll'" S tl1ot ti 1.. • • 

. . ' , . · ,. 10 •J<'ann o- • a r 1 · d 
ofl lrom the eotTn<·t ohjcc-t . 011 t he <'hart. ,...,., ' e a i 

Select ncn.r ohjl\C' ts in 1>rnferc•1cc' t 1· t 
· 1 · · · o c 1s ,tn t ones ·\. ll 

t' t-ror in t. 1<' ohsl'1Tod h<'ari ,10- "·ill l . . . , . . • sma 

the object. ,., la, ca, g ieatp1· cfl ec t the far ther 

l II tak~1g bearings Lhc object which i,; C'ha11g ing its b earing 

'.nost rnp1d ly sh?uld be observed las t. Thus a.n object naarl.v 

,t hen.cl 01· as tern flrs t n.n d Olle on- t he beam las t . 

W rite down tho 11amcs of the objects in t h 

hcfor" oh . · . h 1 . 0 note book 

. o sci vmg, t ell ta <e th e bcanngs n.s quickl as o . 

losing 110 time bot\,·oon tho obsC'r vat.ions Not yth Pb ss1_ble, 
· · c o canngs 
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obsl'rHd an <l r ecord the time of the last bearing a.s the time o[ 

th e fix . 
. 

In Laking clown the 11ames of the objects ohsen-cd wn tc them 

do"·11 thus :-
FiTSt obj cclr­

Seconcl objecL­

Ch rck object -
e.g., in Fig. I. 

B earing- I 
Bearin g- Time of fi..-.;: 

Bearing­

Church 318°] 
HilJ 42°[ 2.38 p.m. 

Tower 80° . 

Frn. I. 

When cmwerting the compass bearings obtained to Magnetic 

or Trne r emember that the deviation to apply is that for the 

clil'ect·ion of the craft's ltt ad at the time of obson-ati~11. Correc '., 

t he va,riation t o date, an d when laying off th e bearm~s-use the 

compass r ose 011 the chart nc:u:cst to y otu: estimated pos1t10~1. . 

Avoid drawing rnmecessanly lon g Imes on th~ cha1 t and 

rule all p en cil lin e,; lightly, so that they can b e _easily erased. 

Havin g found the position draw a small c1_rcle. roun d tho 

spot to indicate the " fix" an d note the t ime agamst it. . 

When owi11a to small error s of obser,n.tion any three Im es 

of bearing do ~1ot i11 Lerscct a t a poin t the small triangle f~rmccl 

is called a " cock ed hat," and i11 su ch case the con tral porn t of 

th e cocked h at should ho taken as the p osition . 

* A. (1 ) (b) P osition plotted by R eciv1·ocal B earings.- In n._,~ 

0 l 
. l t cd compass r ose 1s 

re n an ce map 110 True or Mao-net1c grnc u a b 

• • 

0 
ll 1 , l •s ca1mot therefore :­

gffm1, as m a chart, and par a e ru 01 • . t. t . The 

d 1 .h ·ttothep101aco1. 
use w1 ess graduated , wit out resoi 
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s implest method of fi11di11g a posit ion 111 suclt (·a,.;l' 1,-; hy ln_,·i11g 

off back* or reciprocal bearing,;. 

It is obYious tha t if a11 · object 13 has a l'erLai11 bcari11g from 

A, then A has the opposit e or reciprocal b C'n_ring from B. 

Given cross bearings from a point A of objc•ct::; B n11d C, lir,;t, 

calcula te the reciprocal hearing,; from those ohjC'cts, and \\·hc_:1 

these are laid off o 1 tlw map the poin t \\·hC'I'(' they i11 Ll'l'::il'CL 1,-; 

the position of A. 

B 

Exampk:-

From A, true beari_n g,; of B and C', -!5° and :H 5°. 

Then A bcttrs 225° from B and 135° from C. 

P ositions of B and C are known , back hcari11g,; laid off from 

tlwm will giYc position of A. 

A. (1) (c) If a Cust s tatio11 poili tcr i;; ax ailahlc the henri11g,: 

may be ca: ily and ·accurately p lottC'd . 

Join thr cen t re wi th the ;1,cro to se1Tc as the true meridian. 

Lay off the hearings; COllYerted to tru e, and t hen manipula te' 

the instrumen t over thr map so tha t thr lines of pm;it ion pass 

t lu·ough the scnral objects obsrrn d. takiny carf to keep the 

true me1"iclia11 on t ill' instJ-11111ent JJarallf l to thf ii'ue mrridi an on 

the rncip. ThC'n prick through Llw ohs01Ter's posit ion at thl' 
CC'll t l'C' . 

A. (2) B eari'l1y and A ngle.- l t, ma.v happ e11 tha1, only on r 

conspicuous object, can ])(' ohsen ed hy compass. fo this case 

a fix can lw ohtnin(•d hy Laking a l)('ariHg of that objPct an,l 

at the samc time obscn·i11g t lw sex tant :mglc, or angle hy 

bearing plate, between it, and :,ome other object. A11 ohject 

as nearly as possibl e nt, right angl<,s Lo the hearing should he 
selc·cted. 

To lay off . a lwa_ring a~id n11 gk lay off the !waring fi r::;t. [ f 

n, st ation pomL<'r _ is _ n,vn1lahlt'. put the angl<' 011 one leg, put. 

Lhr crntrc leg comc1d011t with tlw lirnring li11c, and sl ide t he 

stnt io;1 pointnr a long Lill thr lPg spt lo the angle i::; over the 

object. · 

If only n prnLrnl'lor i::; ani ilahl<> , mark " ·ith a doL any poin t 

A in tho hearing l int' n11d lay off the required a:1gle from thi,, 

point. Then th rnuglt Lhc ohj<'ct <ll'aw a line parnlle! Lo thi, 

. * Tho_ term back beari ng is also givt•n to a hearing Lak1•n ahal°L the brarn of :1

11 
a irship 111 <·ont radisLinct.ion 10 a fonrnnl heari ng. 
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. . . b nrino will be the required 
,111<.l the point wher e 1L cuts the line ot c o 

position. . . o. 01 to Church is 72°. 

Fia . II. P omt bears 342 ' an':' e t i d two obsci-vcrs 

o . 1 1 . . . t \\·o mstrumen s at 1 
As this rnct 10c 10quu es . .·•-h· ifoth er rncthocs 

iL i::; not likely to be frequently used m an .:t.11:, ip 

c·n 11 he u t il isod. 

F I G. Ir. 

o1· Transit and B ea:ring.- 01:0 

L (3) B y 'J.'l'Cl nsit and .Angle, . . 
1
. •s a transit, that 1s 

J 
f )0s1t10n LllC 1 ' h' · 

of the most accu rate forms O . l li .· th 
0 110 

another . T 15 15 

Lo sar when two objects arc lll nl' "b't · 1 and c1uitc the most 
' ., ' . . l' to O ,fill ' 

one of the ensic::;t pos1t10n mes bol ¢ is used to deno~e . a 

useful for aircraft work. The sym \. the nearer object , 15 
m 

transit . 'Thus ..:\. ¢ ·n indicates tha~( ~rausit will noL, howe,cr 

tr ansit with B , the more remote. 
1 

. Ls arc carefully chosen 

he absolutely rcliahk unless the ~ )fJ e~k tancc rtpar t is at lenSt 
th 1. A :,ll. C :, I bS"lTer 

and ar c not too close toge O · b · ect from t 1c O ' · 

. h 1 · ·f the nea.rcr o J 1 b- iTcr 
one-third o f t c c 1::;t ancc O •1 s from t, 10 o :,C · 

Thus A is one m ile from Band th ree 1111
1 

°obJ'ects take an a~1gle 

·t blv J)facec ' o o' s1hlc 
Havin° ,;;elected two su i n J l l l as near 00 ns P "' ' 

b . . l hou c >e 
Lo a third object C. Th is ang e s 

l · } 30° · · · From 
anc m any case no t, less L rn.n · iu your clu·ect1on. 

To plot . J oin A and B and produce . · ak cqua.l to that ob-

. 1· l.t·n" · n.n ano . d ·here 
,1Ily pomt in this posit ion m e c ]' )arallel t,o t,lus, an " ' 

s01Tccl X 'C' . Through C draw a inc 1 ' 

--DECL.~SJFrne ~ 

Authority_c. · Dlf)~~/ I 
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it cuts .A.B produced at X is the required positiou. 'l'he ,u1glc 

can as easily be laid off on tracing paper and pricked through. 
(Fig. III.) 

Fro. III. 

Transit and Angle.-A <I> B 77° C. 

C 

,­,-

If it is more con,cnicnt, a bearing of a third object C can be 

taken instead of an angle. The bearing converted to tru e or 

magnetic can be laid off as before described. 

The observant aerial navigator will constantly be able to get 

position lines by transits, as these occur every moment. Two 

such position lines obtained o.t the same time give an absolute 

fix, and no instruments are required for so finding a position. 

An example of this is when the craft is flying on leading marks 

and a transit cutting this leading lino nearly at right angles is 
observed. 

A. (4) Sextant Angles.-The sextant is a, most useful instru­

ment for accurately fi xing the position of an aircrnJt by ano-lcs 

between terrestrial objects, if these arc suitably chosen. 0 

The usual method is caJlod tho Three Point Method. 'l'bis de­

pends on the ~act that the angles subtended by tho chord of tho 

segment of a circle measured from any point on the c·. f . 

arc equal. (Euclid, III. 21.) u cum e1enco 
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B d AEB arc all equal, so 

In F ig IV. the n.ngles ACB, AD A;nhas been oQserved, th~ 

that if the angle subtended by h . tho circumference of 

obser,er 's position mu~t be somew e1~hon an<Tle observed. This 

a circle, the size of which clepenhds obn . e r ii this case must be 

. . l f . t· n "nd t e o se1 ve 
grves n. c1rc e o pos1 ·10 , <• 

somewhere on the arc ADB. 

£ 

Fro. IV. 

I d b AB the angle 
If in n.ddition to the angle subtenc e !. of osition is 

subtended by BX is also observed, a. seco1:1-d cucle ·ti~n of the 

obta.inecl, and where the two circles cut is the pos1 

observer . (See Fig. V.) 

Fro. V. 

If h b. ts A B and X are suitably selected the fix is good, 

. t. e o Jlec . ' tl at the circle throu(Th A, B and the observer 
but if it so iappens 1 c 

41083-18--3 

---Df,CL.'~~s_1F1_ie-----i 
A uthority J; . () ·.LP__£__o I I 

---~~ I --..... 
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also passes th.rough X · F" VI · 

1 
. . , as 1n •1g. ., the !L's: 1s bad and of no 

~1se. For the pos1t10n of the observer may be at o or 0' or 

anywhere on the arc A0XB. 

0 

Fw.VI. 

In order to ensu.re a good fi....'C the objects selected should ho 

so placed tho.t-
(a) The middle object is neo.rest the observer. 

(b) They are in a straight lino. 

(c) The observer is inside the triano-le form• I b 
them. 

0 ec Y joining 

The observered angles should be a . o . 

should not differ much from each othe:· neat 90 as possible and 

The selected objects should - . . 

a.s possible equidista t not he too far dis tant and as for 

The fix is bad- n . 

(a) If the middle ob· · 
(See Fig VI ) Ject is the furthest from the observer. 

(b) If the o bse~ed 
/ It is always advisabl angles are less than 300. 

the centre ob. ect e to take a third o h 

thus- J · The observations shoul~ ~ eek _angle from 

Left hand b • e Written down 

hand object. 
0 

Ject.-Angle. Centre 

Underneath -C object. Angle. Right-

In Fi!l. V. :...:___ entre object. An I 
= g e. Check ob· 

A soo , Ject. 
o B 620 0' :X. 

In practice the •, 1 
B 84° 30' y· 

angles are l .d enc cs are n . 
of whi a1 off and the . ~ver drawn b 
tho ch the Cust statio po~1t1ou found b' ut tl~o observed 

WJ:
Y can be plotted b t n _ pomter is th y n. station pointer 

1en u . Y racmg p e most u . ful ' 
D. o station po· t . aper. sc typo or 

law a vertical line in ~~ er is available tr . ' 

e centre of the pap:~.u1g/apcr is used. 
· •rom n. point 0 
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at the bottom of this lay off right and left the observed angles. 

Place the paper over the map and manipulate it until the rays 

pass through the _observed points A, B, X, and Y. Then prick 

through 0 , which is the observer's position. 

A. (5) Ast1·onomical Obse1'Vations.-Positions may be found 

when making long passages out of sight of land by astronomical 

observations of the sun or stars. The altitude of the object is 

observed by means of the Bubble Clinometer Sextant, and the 

time accurately r ecorded. With the zenith distance of the body 

so obtained, and the assistance of special tables (Ball's), the true 

bearing of the object can be determined, and a position line laid 

down on the chart. A second position line may be obtained 

from the true bearing of a second celestial object or any terres­

trial one, the intoresection of tho two position lines giving 

a fi.x. 
The Admiralty " Manual of Navigation" should be consulted 

to obtain the methods of calculating by Nautical Astronomy the 

observations so taken. 
B. (1) Bea1·ings of one or two Objects and, 1'Un in inte1'Val.­

Take the bearing of an object and the time. 

After an interval take the bearing again, or to.ke the bearing 

of a second object, and the time. Lay the bearings off, calcu­

l~te the ground covered by the craft in the interval, and fit the 

distance in between the lines on the track the craft is 

making good. Fig. VII. • 

I 
\ 

I 
I 

I 

\ 

\ 

I 
\ 
\ 

\ 
I 

Scale 1 inch = 10 miles. 
Fm. VII. 

X 



32 

This will not give accurate results, as i t is essenLial that 

the speed and direction of the craft are !mown correctly. 

B. (2) Doubling the Angle on the Bow.- The angle on th r 

bow m eans the angle between the craft's' fore-a.nd-aJt line and 

the object reckoned to s tarboard or port. 

Observe the b earing of an object, say 30°, on the starboard 

bow, and take the time. When the angle on the bow is doubled , 

i.e., is 60°, take the time again. 

B . .(2) Fow· Point Bearing.- Thc object is firs t observed 

when it is on the Bow, i .e. , 45° from right ahead, and secondly 

when on the Beam, i.e., 90° from right ahead. 

Theoretically , in both cases, the distance run between the 

observations is then the distance of the observer from the object 

at the second observation. In practice, however, this m ethod 

of fixing is extremely unreliable, the accuracy of the result 

depending ent irely on the correct estimation of the track and 

ground speed of the craft in t he interval. I t is only referred. to 

h ere since it is a recognised method of fixing a position in sea 

navigation, but it is of no practical value in aerial work. 

CHAPTER ID. 

COMPOSITION OF VELOCITIES, DRIFT AND 

_ TACTICAL PROBLEMS. 

Composition of Vel.ocities, Drift and 71 t · z p .. bl 

I th f · h · · ac ica i o ems -· 

1:1 e oregomg c apters it has been shown how courses a~d 

~:t;~ces mfunbe calculated and plotted and posit ions .arrived 

. tn ma g no allowance for the effect of wind on th 

au-era t. It will now be demonstrated how drift can e 

calculated and allowed for, how the velocity of the . cl be 

be determined , and various problems of a t f l wm may 

be solved by means of the triangle of v l _at? ica nature can 

Th e oc1 1es 
ese pro blerns can all be quickly c l I · 

the Aircraft Com·se and Distance Ind. : cu ated by means of 

use by Lieutenant-Commanders G ~a or, ~dapted for aerial 

G. ~ - Harrison, R.N., but the e'l'~ hi. Colm Campbell and 

plottmg them should first of ll 6 cal work necessary in 

before the instrument itself is t: e Understood thorou ahly 

Indicator is f_ully described in a ~at::pted. The Aircraft Co~rse 

The follow111g are the prin . 
1 

chapter. 

(1 ) Drift . cipa problems :-

(2) Wind. 

(3) Intercep tion of ene"' . 
(4 ) R d. = Y au·craft O • c1· 

a ms of action. I t.rect approach 

The above cover in h . . 

other problems. t eu· method of ap r . 
p 1cat1ou several 

.. 

If t"·o forces act on 

C'ompensatio11 crncl R ~solu~i on °1 .~01:ces.ltant is equal to their 

a body in thr s am e d1rect1m1 then 1 e~u . , 
. a· . to thell' d1fl ercnce. 

sum, and if in_ opJ?os1tc . 1rert1011~. d of 
50 

knots has a fair 

Thus, an n1 rs lup hanng an au spe~ .
11 

then b e 70 knots 

wind of 20 knots . H er ground spec 
I 

wi 
1
d speed will be 

With tlw "·incl direct]!- against her t 1e groui 

:30 knots. . •c1 l)ocly 1·11 different 
· t o f a rw1 

\Vhcn two fon.:cs ,wt at n, pom : 0 b t i 
1
arallelogram 

directions thri r rC'sul tnnt. can he obt.mned Y 10 1 · · 

ofj01·ces. · t · a nt a point can 

P · l " 'I' -0 forces ac m o <• ' f 
cimllPlog1·a.m of 1 orces.- " . b tl two sides o 

be represen ted in magnitude and directwn Y
1 

1epoints Their 

f , of its ano-u ar · 
a paralleloara.m drawn rom one ~ and direction 

. o d b ti in mao-01 tucle -
resul tant 1s t hen represen te O 1 ' 0 • through that 

hy t he diagonal of the parnUelogram p assmg 

angular point. . 1 
. ltnnt can be found 

The direction nncl m.agmtude of t 10 iesu 

hy calculat ion or by plotting. 

C 
FIG. I. 

· · · diff • 1t directions 
In Fig. I. , A and B t1,re two forces actmg m ernr Dis 

a.t the point C. Complete the parnJlelogram CXYZ. Then 

their resultant. · · t · 

Composition oj Veloe,-ities.-Since -~h~ velocity olf kna po1n this 

. d" t · . cl magnitude are bot1 own, e 
known when its irec 1011 an . d b . 

l ·t f 111ovu1a point can be con,em en tly represente y 

ve oc1 y o a "' . • c1· t' nd the 
. 1. AB The arrow indicates irec -1011, a 

a straight me • . 
length of the line it.c; magnitude. 

2 0 l<noli 
Fm. II. 

2 0 AnoE. 
A 

Scale, 1 inch = 20 knots. 

A body m ay have s imultaneously _vel~city in two 

or more differen t directions . An airship 1s for~ed 

by her engines due North ~t 50_ knots, the wmd 

i1,cting on her nt t_he ~ame_ t ime 1s from the Wes~, 

20 knots. The uirsh1p will, therefore, have two 

velocities, one t owards the Nor th nnd the other 

towards the Ea.st. 

~ECLASSIFmn ----. 

A uthority~~LQ_ S O I I 
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Pa1'allelograrn oj Velocities.- If a m oving poin L poss_es::;es 

simultaneously velocities which :ne r epresen ted in magmtude 

and d irec tion by the two sides of a p ar allelogram <lrn,wH from . a 

point, they are equivalen t to a velocity which is represent.eel ll1 

magnitude and direction by tho diagonal of tho parnllolograrn 

p assing tlu-ough the point. The velocity which is equ ivalent to 

two or m ore velocities is ca,lled their resultcint and these v-elocities 

are <;ailed the components of this r esultant. 

In Fig. (I. ) D is the r esul tan t velocity of the t,\·o t"omponcn t 
velocit ies A and B. 

T1inagle of Velocities .- If n, moving point possesses s imul­

taneously velocities represented by the two sides .AB n.ud DC 

of a triangle taken in order, they n.re equivalent to a veloci t)' 

represented by AC. 

Fro. III. 

An airsrup is steering a course in the direC'tion AB and is 

acted on by a ·wind BC, then the path of the airship will be 
r epresented by .AC. 

Change of Velocity.- A body is moving with a '"'elocity 

represented by AB and at some subsequent t ime by that 
represented by AC. 

LJ ·••··-······ - · ·· ··-· · C 

I 

A B 
F10. IV. 

f,oin BC, a~~ complete the parallelogi-am ADCB 
Ihen veloc1t1es represented 1 AB · 

the velocity AC. Hence the ;Jocit ~id ~D arc equivalent Lo 

must be compounded with AB t . Y \.D 1s the velocity which 

The velocity AD 1·8 t•· f O Produce the velocity AC 
. . • uerc ore th h · · 

given t ime. 
0 c ange of veloci ty in the 

An ai1-s~p is proceeding in the dircc i 

?n by a wmd and forced in th d" . . t on AB, and is acted 

1s rep res t cl b e JI ect1011 AC 'l'I 
en e. Y the direction AD. · 1011 the wind 

The foregoing exu,IUJ)l ·11 . . 
of l . . es i ustzatc the . . 

ve oc1t1es which is the bas· ))rmczplc of the triano-Je 

problems are worked.· is upon Which all t ho followi~o-

e-

' 1) I h·i ft . 
G 

E 

* 1 
1 

FIG. V. 

Scale 1 inch = 20 sea miles. 

Aircraft proceeding fro~ B ;~. ~- eed 50 lmots. 
Track from B to C = 45 · p 

Wind N.W. 20 knots. . . 

l a ancl cl·l'·tf t 
. . ·se to stee1· groiin£< svee ' . . 

Reqwl,?'ed tl'ue cou1 ' · 

J oin B and C. Direction in which 

ff BD = 135°-20 ·knots. 
From B lay 0 

wind is blowing. . d" 
50 

knots (speed 
·f ·. le with r a ms 

From D describe an arc o a en c 

of aircraft) cu tting DC at E. d t he direction 

. tl t to steer to m ake goo l C 
The direction DE 15 rn d • t 

O 
between B anc ' 

· atter t he is anc f the 
BC, and this rem am~, no m ' . of the wind und speed o • 

so long as the direction and fo1ce , is the angle that DE 

. l e The tnie cou1 se BE is the 
airship remum t 1e sam · . . _ 

21 
o The distance 

makes with t he t rue menchan - · . . hour =46 knots. 

· ade o-ood m one l tiue 
grouncl sveed or the distance m O tl e t rack m1d t 

10 

The cl-rift will be the difference between 1 

course = 24°. ber that the 

. . . l· wind rel!10m . 
In allowmg for velocity of t te . locity as that at an 

. tl same m ve 
wind at the surface 1s never 10 . ----..... I 

--DECLASSJFIEI) _ . i 

Authority C. D ·lP...EJ ! 
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altitude. Allowance must ti f 
to the h · It . ierc ore be made for wind nr·corcliug 

f e1g 1 at wluch the ai1·craft ill fl 
rom B to C. w ·- :r .whell 011 passage 

The velocity of the wind at . . 

in the meteoroloo-ical repo ·t f . ~ar10us alti tudes will be giYen 

available a rougl~ general 
1

, 1 °~ tlle day, but should this not be 

hemisphere usually ~ u e is _t lat t he wind in t he Northern 

. veers, i . e. , shifts to t i .· I 
wise aud increases in force "th l . 1e ug 1t hand or clock-

wi a t1tude I d" • . 
veer up to about 20° at 3 000 f . : 11 . u·ectrnn 1t may 

wind may be expected ' I eet, _at whwh height the o-radient 

speed at t hat hcio-ht 'l'l:nc may , mcrease to twice it sb surface 

I b • same c 1ange will t 
sea, w ierc the surface wind ·n . no occur over t he 

t he gradient wind . At nio-J t wtl1 m?1e nearly approximate to 

. t I . o 1 le wmd at a lt"t I 
expec ec to mcrease consiclerabl ' b < n a i_ uc c may be 

surface. .) a ove that experienced on the 

It should be borne in . l 

always given as True tmMmc th_at the direction of the wind 
, no 11gnet1c. 18 

(2 ) lVi11,cl.- How to calculate. 

0 

E 

Fro. VJ. 

Scale 1 inch = 20 . 
sea miles. 

. I~. practice it is sometimes . 

all'S ip remains spationary for a ~°:t:b!7m!o arrange t hat the 

over a cer tain spot 
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wit h lier head pointing dircc-tly at t.h e wind. The direction ean 

theJJ be determined aL once nnd the speed will be l,hnt indicated 

by the tachometer* i.i1 the airship, tlint is to say, the speed which 

the craft should be making in still air according to th e revolu­

tions of her e1i'gi.i1cs. This is not, hO\rnvor, always possible t o 

carry out, n.nd it cn t n.ils loss of time. A method of calculating 

the wind when under way and wi thout losing speed is as follows :-

In Fig. VI. Aircraft proceeding from .B to C. 

Track from B to C=45°. Ground speed 46 knots (obtain ed 

from observa.tion of ground objects). 

Course steered 21 °. Air speed, 50 kno ts. 

R eg_'ui?-ed, di:l'ectiun and force of the wind . 

From B draw BC = 45°. Mark off BE=46 knots = ground 

speed. 

From B draw BD = 21 °. Mark off BD ,,,;, 50 knots = air speed. 

Join DE. Then DE represents the direction and force of the 

wind, which is blowing the airship from D to E. 

Wind direction , N.W. Force, 20 knots. 

Similarly, if the course steered, the air speed, direction and 

force of the wind nre given, the trnck n.nd ground speed can be 

ralculated . 

(3) Interception of Enemy Ai1·c1·0:ft 01' Ship, or direct approach 

te given range. 

This problem has two cases-

(a) Where both attacker and attacked are equally affected 

by wind ; or where there is no wind. 

(b ) Where the attacker only is affected by wind. 

Oa-se (a).-This problem is solved in precisely the same m an­

ner as that for drift. 

Example.- Find the true course to be steered by an airship B 

to intercept an enemy aircraft C b earing 30°, distant 60 miles 

from B, and steering 270° . 

B 's Air speed= 50 knots. C's Air speed = 45 knots. 

* The Air Speed Indicator may be used in lieu. The pilot should avail him­

self of the instrument in which he places the greater confidence. 
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\ 

Scale 1 inch = 30 sea miles. 

In this example there is no wind, but since both B and C are 

equally affected by the wind it can in any case be disregarded. 

From B draw BC = 45° -60 miles. Then C is enemy's position. 

Lay off 270° from C. 

Imagine there is a wind blowing exactly opposite in velocity 

to C's course, viz., 90°-45 knots. Then C is stationary, and 

BC is the direction which B desires to make good. 

T he problem then becomes to find B's course to point C, allow­

ing for a wind the velocity of which is C's direction and speed 
reversed. 

From B lay off BD = 90° -45 miles. With D as centre and 

DE as radius ~ 50 miles (B's speed), d,·aw the arc of a ci.-cle, 

cutting BC in E. Join DE. Through B draw BK parallel to 
DE, cutting C's course at K. 

Then the direction BK is B's tr ue course (338°), which will 

intercept C at K, B and C arriving at K at the same time. 

To find the time taken by B to reach K :-

T . · 1 BK in miles 56 

une m wurs = 13' d . I = - = 1 hour 7 mins . 
s spee in mots 50 

approximately . 

This ca.n be checked by calculating similarly how long C takes 
to reach K. 

In this prnblem allowance must be Innde for B to climb to C's 

height, and this can eithec be plotted as extra speed of C or de­

creased speed of B for the first half-hour. 

Always over-estimate the enemy's speed rather than under­

estimate it, and arrange to attack at a greater height if possible. 

:rn 

. . . "tlt-u.la tr d posi Li ,in. Th~~ 
- d f thn <'nrn1_, " < • • · of enemy " 

Aim -1nell al1f'a 
O J . undr r-rstnnat.inn · 

. ·C's su1· 1 ns 
,1 Uo\\·s for c·o 11t mgPnc·1 . . 

"))Ced, &:c·. . 1 · ·olw :- . 

This nwthod will a :--;o" . . ·11wthrr n ir<T11i t. . I . . ·d 

. (a) F ind B 's c·oursr to JO!ll~ ' ·t o·in'n position ,nt l JCgill 
. . , to tn ~o up · ~ 

(7, ) Find B s c·om-:-;c . I . 'theam. · · 

to C'- s11Y l mi1r nhca<_ ~1 , . I to tnkc up a pos ition 
· I · u1 ;;1k "pre< ( ) 1.,,. I n · .... '"OUJ':3(' 11 I) ( 1 r q . 

C '111( ""'- . 
. I 

inn, defi ni te t nnr. . ·1 ircraf t nrnkrng gooc 

' L' . t rcoJ)•t 1111 <, n cm) , . r:ihip 
('wst' (b).-. o m c ] . to inter cept an enemy.' . t In 

. d". ·t·o11 and spcnc o1 . I I C is no . 
a c·cr tn m n cc J . • ff etc cl hy wmc itn c . . . ·aft 

In this problem n i s n c I • •··c that the enemy au CI l . 

. t· cc i t will gcncmlly he t le ~1 " I ·cs at certain interva s' 

p1ac 
1 

• . , r cortam P ac ' ·h he 

will bo reported passmg t.c d his grouncl sveed can t en 
l1is direction ·1nadf' r1ooc. ,111 

. 

· I f B 40 miles, 
dctorrnmcc • -el c is distant rom E t 

Z An enemy ves::1 t - Wind as , 
l\'w,np , .- l . . •ood 1350 at 20 kno ' · . I . 

bearing 200 ~ndl ;~a ~~Je "'course and time taken by an a11-s 11p 
•JO knots. Fmc e 
- . . , t her at 60 knots. to mtmccp 

w ind 

X 
I 
I , 
I 

Fm. VIII. 

. 1 _ ?.0 sen miles. 
Seidel mci - ~ 

. _ 200--40 miles. C is niaking 
B I OJl' BC- • 1 · 5 d1'rcction From ay ~o This 

From C l~.y off CX = 130 . 

good. 

--oF:cLAssrFme ~ 
Authority C. 0-iQ -S_o I ! 
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From B lay off BD = 315°-20 kno t,::;_ c·s direl:Lion and 
speed reversed. 

From D lay off DE = 270°-20 knots . W ind. 

From E draw the nrc or a circle with radius 60 knot,,-; ( 13"-; 

speed) cutting BC produced at K. . Join DK. 

Draw BM parallel to DK, cutting CX a t M. 

Then the direction EK is B 's true course = 58° to intercept, 
CatM. 

The direction BM is B 's trnck =45° n,ncl DK is B 's ground 
spec-cl = 44 knots . 

BM in miles 36 · · t J l B t 
Then 44 = 44 = 49 mmutes, or t11ne ·n, rnn )Y o 

reach M and intercept enemy C. 

This problem may he varied by t rea t ing C as tho flagship 

and calculating at wha t speed B will have to proceP.d to join C 

in a certain time or her direct approach. 
Thus the foregoing may he-

An airship .B bears 200°-40 miles from the fleet C, which 

is steaming 135° at 20 knots. Wind East , 20 knots . Find 

the true course and speed required by n to join flag in 49 minutrs. 

Answe1·.- True rourse 58°. Speed, 60 knots. 

(-!) RacUus qj' Action .- Unde1· this heading there are two 
cases :-

(a) Radius returning to the same base . 

(b) Radius returning to a second base. 

(a) To calcu,late the radius qf ciction of an aircraft in a wind 

1·eturning to the same base.- If there is no wind the calculation 

·is simply the speed multiplied by the number of hours' fuel 

capacity and the radius is half the quotient. 

Thus, the speed 60 knot-~. fud capacity JO hours. Radius 
600 

= 2 = 300 mile -; . 

When there is a wind, alluwunc·<· must be made' for the reduced 
speed again•;t it . 

. To take a simple case, wind clirec:th- with nncl I\ O'ainst the 
aircraft s d I! _ • 0 

. . 

of · pee · 0 0 knot-;. P etrol suppl y , IO hours . D1rect10n 
pa.1,rol, 1s oo_ Wind 36oa, 20 knot-;. . 

Then outward speed = 70 knots . 
Rorn~wn,i·d speed = 30 knots. 
Required the radius f t" . 

journey which .11 1 ° ac 1011, 0 1· the dis tance on the outward 

the wind . "'
1 

a low Sumcicnt fuel for the return ngnins t 
Out : In 

70 : 30 or as 7 to 3 . 

4 1 

. . . . nd t he allO\nrnce for th e out-
The petrol supply is l0lhouf1 "1oa !10urs = 3 h ours , and for t h e 

d · st be ~-t 1s 0 
war Journey mu TO h" l · 7 hours 
homeward fuths of 10 hours, ': IC l is . . 

Tl . t _ 3 x 70 = 210 m1lesl R adius of act1011. 
1en ?U - - ? 10 miles J . 

Then m = 7 X 30 - -_ . t he wind " ·ill be oblique to_ tl~e 

As a gene~·al rule, ho\\,elve,l t the speed ou t and speed ill it 

course and m order t o ca cu a e bl and m ake allowance for 
will b ~ necessary to plot t he _pro em 

. · - l a tion on dnft . d · d 
wmd ns ill exp nn cl t and in c11u t hen be etermille 

The speed made goo ' ou '. ' f ; rmula 
and t he problem solved by Wl11te s d : 

speed out X spee ~ . 
R = P X speed out + speed m ... 

R d. f action and p = p etrol hom ts. 

Where R = a ms_ o f action r eturni.nO' to the same 

Example.- 1:ind_ 
th

.e r ad~~: 
0
t.on N.E. A.ir sp~ed , 50 lmots . 

base of an airship ill a u ec l 

Petr~l supply, 10 hours. Wind Wes t, 20 knots. 

E 
Fro. IX. 

Seo.le 1 inch = 20 sea miles. 

o d BE = 225°. 1 
From B lay off BC = 45 and 1 and BE homeward trac c. 

. BC twar trac < Then direct10n = ou · 

---~:-::-~-
- -D f, CLASS J FIE l} 

Authority£, {;) .jp__ SJ!J 
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From Blay off BD = wind to East 20 knots. 

From D cut in DC and DE=50 knots. 

Then· direction DC= course out, a.:ncl BC= ground speed out= 62 
knots. 

Then direction DE = course in, and BE = ground speed in = 34 
kno ts. 

62 X 3-l 62 X 34 . 
Then R = 10 x 62 + 34 = 10 X 

96 
=221 n:ules. 

Jlia1·gin of Safety.-Now this represents the extreme radius 

of action, exhausting all the petrol. It will be well, therefore, 

to have a margin of safety, to allow for unforeseen con t i11gencies 

such a.s increase or al teration in direct.ion of wind, loss of speed, 

&c., in order to have a safe and working supply of peirol left 

over at the end of the voyage. A fair and reasonable margin is 

25 per cent. of the petrol supply. The radius of action of the 

above, allowing for the margin of safety, will therefore be 220 

less 25 per cent., which is equal to 165 miles. It will be simpler 

to deduct this before using tho formula. and thus working with 

7} petrol hours instead of the full 10 hours. 

(4) Oa.se (b), 1st Solution. 1'o find tlte mdiitS of action of an 

cii1·c,.aft in ci w-ind, 1·etuming to ci second bcise,- The problem in 

this case is to find the time at which i,o alter course to return. 

Take the elements given in the preceding example with the 

addition that the aircraft has to return to a. second base 100 
miles N.W. of B. 

(See li'w . X.) 

From Blay off BX-315°= 100 miles and 13C-45°_ 

Lay off wind, BD - 90° = 20 knots. 

F.-om D cut in DC, ai,speed 50 knots. DC is the comse out. 

BC is speed out made good = 62 knots. 

From B lay of! BM parnllel to DC~500'. (Total distance 
in still air in time, 10 hours.) 

F.-om X lay of! XN -200', total wind effect in the time. 

(Total distance nh·c,·aft has to make to wind"·a,·d to ovm·come 
wind effect.) 

Joill NM. At N make tho angle PNM- •n•lo PMN. Then 
PN = PM. b 

Line PN is _cou,se back, and point P is the 0uming poillt. 

distance BP . · . 1 i:o 
Therefore, • 1 = time at wh ich to turn = 

0 air Spece 50 = 
three hours. 

Through P dmw n L,_'.e P~ pa,·nl!cl . 0o wind to cut BC at Q. 

Q ,s the po,n t on the trnck N .E. nt wluch you muso t m•u i . , . 

183 miles, and QX .is the track home. ' ' 

j 
I/ 

<il 

t 
::, 
0 
(.J 

z 
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(4) C'ase (b), 2nd Solution ( White's method) .- To find the 

radius of action of n,n nircrnft in a wind returning to a second 

bnsc. 

FIG.XI. 

Sen.lo 1 inch= 50 sea miles. 

From B lay off BX=315°- 100 miles, ~ind BC=45° 

(direction of patrol). 
From B lay off BD =wind to East-20 kuots. 

From D rut in DC = 50 knots. Speed of airship. 

Divide BX nt Z where BZ = B;; where n=number of 

Bz 100 ·1 
hom·t; petrol. Then =w= lO mi es. 

Join CZ and produce towards E. 

From D cut in DE= 50 knots. Speed of airship. 

Join EB. 
From X draw XY parallel to ED, cutt ing BC produced 

at Y. 
Then DC= course out. 

Then DE =course home. 

BE n.nd YX = track home. 

Y is tbe turning point on the ou tward track and BY= 183 

miles. BC =ground speecl=62 miles and t ime to turn is 

therefore approximately 3 hours. 

41083-18-4 
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This pr oblem can be expressed in another way and B may 

b e the first posi t ion of the fleet. An aircraft is ordered to 

scou t in a d irection BC and then to rejoin flag at X. 

Example.-T he fleet is s t eaming N .W. a t 20 knots. A n 

airship is ordered t o scout in a direction N.E. and rejoin in 

5 h ours. Speed of airship = 50 knots. Wind West-20 knots . 

Find t urning point of airship. 
Using the same figurn, it will be seen that in 5 hours 

the fleet will have gone from B to X and the problem will 

be exactly as before except tha t the airship's time n1lowancc 

is 5 hoUl'S ins t ead of 10. 
The turning point will therefore be half BQ =O l ·!?- miles. 

CHAPTER IV. 

AIRCRAFT COURSE AND DIST ANCE INDICATOR. 

The rapid development of aircraft, both of the heavier t lmi°1 

air and lighter than air t y pes, together with the great strides 

ah·eady m ade, and still to be made, in the science of approxi­

m at ely accurate navigation in the a ir , following 011 great 

improvements in the a€l'o compass and the means of obtaining 

accurate bearings from aircraf t , has emphasized the need for 

some simple form of instrument which will enable the navi­

gators of the air to keep a D.R., not referrin g t o la titude and 

longitude, but will at any moment enable them rapidly and 

simply to obtain the bearing and dist ance of " home" with out 

having to use chart, parallel r ulers , dividers, &c., ·which are 

cumbersome even in the largest form of aircraft. 

The " Ba t ten berg Course n,nd Distance Indicator_" is the basis 

for a ll instrumen ts of this description, and the All'craft Cou~·se 

n,nd Distance Indicator is merely a simplifi?cl f ~1-m of the servwe 

pattern which has been ada pted for use m aJrcrnft by officers 

in the Admiralty Compas~ Departmellt. A cn.reful stu_Jy of 

tho following ins tructions will, it ie trusted , cnabl~ au-cr~ft 

obser vers to solve most, if no t all, of the problems wi th which 

they are confronted when scouting with the flcci. 

DESCRIPTION OF I NST ltU~IENT . 

The ins tr ument consis ts of an outer ring marked every 

five degrees from O to 360 the points of the compas!'. !w ing 

marked . . '. 
, evm Y two pom ts bemg le ttered. 

r 
t 
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. A cent~·al rotating disc, squared, diameter of disc represent­

mg 240 miles. 

Two arms p~voted at the centre of the disc marked to t h 

same scale as disc. 
e 

Two movable pointers worki1w on the two • Th 
. l . 1 o aims. e arms 

are 1c ent1ca , und nre m arked A and B for reference. 

A centrnl clamp for holding instrument r igid when set. 

PRINCIPLE OF I NSTRUMENT . 

The principle employed in the solution of all problems is 

the theory of relative velocit ies. 

Briefly it is as follows:-

~ ~wo bodies be moving in definite directions at fixed speed 

on through nny point lines be drawn equal in length to thos~ 

spe~ds, to any _scale, nnd parnllel to the directions in which the 

bodi_es nre m?vmg, nnd then the ends of these two lines be · oined 

a_ t rrn~1gle Will be formed, the third side of which repres~nts ~ 
direct10n _and length (Lo t he snme scale) the relative velocity of 

these bodies to each other . · 

B 

0 C 

f F01-~exarnple.- A body A is movina alona line AB with 

1 
. o o a 

ve oc1ty represented by the lenath of AB to nnv scale A b d 
C . . o • . o y 

1s movmg along line CD with a velocity represented by the 

length of CD to the sumo scale. Through A draw a line p 1-

lel and equal t CD all • A ""1: ara 
. . o ; c 1t .i-u, • Then MB represents in direc-

twn an~ length, to the same scale, t he relative velocity of th 

two bodies to ench other. 

0 

By wa.y of illustration how to use the instrument 11 problem 

is here worked out-

(a) by P lotting 
(b) , . 

by Course and Distance Indicator. 

Problem .- A body nt \. · . . h . . 

cl f 3 1 
•~ .1. 1s moving m t e direction North at a 

spce o O mots. 

- ---:----- -
DECL.~ SI F;Ei) ____ _ 

A uthority_£. Q.-jp-.:I"_~__t f 

- ----- --- ' 
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A second body C bearing EasL of A is moving N .E. at a 

speed of 20 knots. 

Fin d t h ei r veloci ty relative to each other. 

/ 
C 

By P lottinrr.-
Through A d raw a line AB North equal to 30 units. 

, Th1:ough A clra,~ a li:11e AM N .E. , equal to 20 units. 

~the ~llnebBl\h1 runln1~g 111 th e direction 1370 and equal to 21.5 

um ·s WI e t e re at1ve veloci ty. 

i . e., C r elative to A is moving 137° at 21.5 Jm ots. 

A relat ive t o C is m oving 317° nt 21.5 knots. 

By Course and Distance Ir1dicat01·.-

Place arm and pointer A t o North and 30. 

Place arm and pointer B to N .E. and 20. 

R evolve disc t ill line on disc, parallel to arrow, p asses 

th rough both pointers, or is parallel to the line joining both 

pointers . 
Arrow on disc now points to the direction of relative 

course, 137° or 317°, the space on disc betwoen t he pointers 

gives t he relat ive velocity, 21 .5 knot,s. 

·The above exam ple serves to show that the method of 

solving p roblem s by p lotting and by course indicat or are 

identical. 
Th e use of the instrument, however , dispenses wit h the need 

of paper , pen cil, and p arallel rulers . 

R UJ,ES FOR USI NG INSTR UMENT . 

. ~he following rules fo r using the instrument are given , as 

it lS hoped that by p aying strict n,ttent ion t o them, confusion 

m ay be avoided :-
(!) Arm A should when possible represent your own course 

and speed. 
(2) Arm B should when possible represent the objective's 

course and speed . . . in your 
rending (3) Alwnys keep the general lines of th~ ~~t unt1on 

head ; t his will obviate tho poss1 bihty of 

from the wrong end of tho arrow. 

(4) In nll cases an allowance of at least 25 per cent. should 

be made for errors in estimntion of the wind, leakages, 

&c., in working out range of action . 
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P1·oblem I. 

To clete1·mine the ''Speed and D frection of the Wind, '' having 

observed the Pa.th and Speed made good. 

(a) Set arm and pointer A to course steered and air speed. 

(b) Set arm and pointer B to course made good and ground 

speed. 
(c) Set disc so that ai-ro,, is parallel to line AB. 

Arrow points to direction in which wind is blowing. Length 

of AB is speed of ,,incl. 

Example.-Machine steers 300° at 50 knots. Drift observed to 

be 260° at 70 lrnots. Find the speed and direction of wind. 

(See FIG. I.) 

(a) Set arm and pointer A to 300° and 50 . 

(b) Set arm amcl pointer B to 260° and 70 

(c) Set disc as in (c). 

Arrow points to 215°. Length A.B =44. 

Answe1'.- Wind hlowi11g from 35° at 44 knots. 

P?'oblem Jl. 

To find what "Allowance to malre for a. Wind. " 

(a) Set arrow on disc to course to be made good. 

(b) Set arm and pointer B to direction from "•hich wind 1s 

blowing and to speed of wi11d. 

(c) Set pointer A to air speed of machine. 

(cl) R evolve arm A t ill pointer A .is on sn.me line (pn.rnl.lel to 

arrow) as pointer B. 

Arm points to the course to steer. 

The distance betweell pointers A and B will be grom1d speed. 

Example.-Wind N.E., 40 knots. Machine air speed, 70 lmots. 

Wishes to make good a path W. What course must he steed 

(See Fw. II.) 

(a) Set arrow on disc to W. 

(b) Set arm and pointer B to N.E. n.n<l 40. 

(c) Set pointer A to 70. 

(d) Revolve arm A as in (cl). 

Arm A points to 295 °. Length AB = 9 l . 

Answe1·.-Courso to steer 295°. Speed along courso W., 91 

lmots. 

--DF:CLAss1Fmi5"-...__ 
A tllhority C. {;) LP S O I f ----- . 
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Problem 111. 

To dete1'mine "Rad·iiis of Action." 

(a) By Problem II. determine the course "out" and the coursP 

''home.'' 
(b) Set arm A to course out. 

(c) Set anow on disc to course home. 

(d) Set arm and pointer B to total wind. 

(e) Linc t,hrough pointer B parallel to arrow cuts arm A at the 

turning point (distance through air). 

Example.- Find your "radius of action" in a. direction N.E., 

wind N.N.W. 20 knots, your air speed 60 knots, you have five 

hours' fuel. 
(See Frn. III. ) 

(a) Course out 27° 50 knots . Course home 242° 64 lmots. 

(b) Set arm A to 27°. 

(c) Set arrow to 242°. 

(d) Set arm and pointer B to N.N.W. and 100. (Divide scale 

by 2. Set pointer B to 50.) 

(e) L ine through pointer B cuts arm A nt 88, i .e., 176, a.11cl 

time to tum will be ~
6 

=2 hrs. 56 mins. 

f If arm B be now set to N.E. and arrov, be set to direction 

of wind, line through pointer A cuts pointer B at the distanco 

made good N.E. at t ime to tum, 73, i .e., 146 miles. 

Problem IV. 

Oou1·se to " l nte1·cept Hosti le Aircraft." 

Oase 1.- Wb.en course steured ancl. air speed of hostile craft 

are known . 

(a) Set arrow on disc to beari11g of objective . 

. (b) Set arm and pointer B to course and speed of hostile 

aircraft. 

(c) Set poin t er A to air sp eed of machine. . 

(d) Revolve arm A t ill pointer A is 011 same Imo (parallel to 

a~o"') as pointer B. Arm A points to course to st e_er. The 

d1_stanee _AB \\<ill be "speed of approach" and time to intercept 

will be chs tance off divided by AB 

Example A h il · b · er N E 120 

. .- ost e aircraft is reported earm0 • .' 

miles away , steerin"' West at 50 1- t Your air speed 1s 100 

knot Wh b ... no s. ·11 ·t t I 

. s. at course must you steer and how long WI I a rn 

to m tcrcept hed ' 

(See Fro. IV.) 

(a) Set arrow on disc to NE 
(b) · Set a ·m d • · · 

• n,n pomter B to West n,nd 50. 

270 W 

350 N IO 
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(c) Set pointer A to 100. 

(d ) R evolve arm A as in (d). 

A.rm A points to 25°. Length of AB 128. 

C o T . 120 J . 
A nswer.- ourso to s teer 25 . 1me = 

128 
= 0 u-. 56 mms. 

C'a.se 2.- Whcn t rnck nnd speed made good of hostile aircraft 

·ar0. kno\\·n. 

N. B.- Tbis prohlem is exactly t he same ns closing on a sh ip 

or fleet. 

The simples t way of solving nil p roblems where three 

velocities occur, i . e., wind, objective's, and your own , is to reduce 

them to two by resolving the ·wind and your objective's into one; 

this is done by considering the wind to have the opposi te effect 

on your objective to wha t it would have on yoµ, and resolving 

this and yom- object,ive's velocities into one (i. e., you find course 

s teered and air speed of objective) you then use t his result as 

the actu~l velocity of your objective. 

(a ) Set arm and pointer A to course and speed of objective. 

(b) Se t nrm and pointer B to direction in which wind is 

blowing and velocity of wind. 

(c) R evolve disc till arrow is para llel to line BA. Arrow 

points to direction of resultant velocity of objective and wind, 

and dis tance BA is resultant velocity. 

(d ) Set arm and pointer B to resultant ohtni.ned iJ1 (c) . 

(e) Set arrow to bearing of objective. 

(f) Set pointer A to ~our a_ir speed._ . 

(g) Revolve arm A till p01nter A 1s on same lmo parallel to 

arrow as pointer B. 

t t I Dis tance AB is speed of 
Asm A points to course o s ec .. 

approach. 
. 

Ei:ample.- A hostile aircraft is re.Ji>orted at 10 p .. m. pas~mBg 

l \. t 10 30 JJ m she 1s reported passmg ove1 , 
over a p ace, 1 ; 11 • • • NE. 120 il f. o 

Wes t 25 miles of A. Place B bears . i . . m _es _iom_ y ~-

y 
· cl 70 I ts Wha t course must you stee1 to m tc1-

om· i:ur spce cno . w· d N W 'JO 

cept her , and a t wha t time w-ill you do so 1 m • ' ., ~ 

knots. 
(See Fm. V. ) 

(a) S<'t arm and pointer A t o W. and 50. 

(b) Set arm n.nd pointer 13 to S.E. and 20 . . 

(c) R evolve disc aH in (c), and arrow poin ts 

dis tancn BA is 66. 
(St'e Frn. VI. ) 

(rl) Set arm and poin ter B to 2830 and 66. 

(r) Srt arrow to N.E. 

to 283°, nnd 
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(f) Set pointer A to 70_. . 
0 

(g) R evolve arm A as m (g) , and arm A pomts to 353 . 

L ength of AB 78. 

.1l nswer.- Course> to steer, 353° . 

32 mins . 

120 
'l'imc taken = 78 = I hour 

P·roblem V. 

Sent out to scout on a bem'ing, to know when to alter cou1·se to 

rejoin Fleet at a fixed time, cind what course to steer to do so. 

The method of solving this problem by plotting is given to 

simplify the solution of it by course indicator. 

"By Plotting." 

Exa:mvle.-Fleet steaming East, 20 knots. Wind N .E ., 

25 knots . Your speed, 60 ]mots. You are ordered to scout on 

a _bearing North and rejoin the Fleet in 4 hours . 

c 

FIG. VIL 

Let A be posi tion of F leet. 

From A lay off AX, N orth. 

From A lay off AF, Eas t, equal to 80, course and distance 

Fleet will go in tlw 4 hours . F is posit ion of Fleet at end of 

4 hour~. 
From F lay off FG equa l to 100' N.E. (the total wind effect 

in the 4 hourf' , assuming tho.I, wind is hlowing Fleet in opposite 
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direction to what it would do to the aircraft, and aircr aft is 

in still air). 
Join AG (this is now considered as t he course and distance 

gone by the Fleet in the 4 hours). 

From A lay oft' the com se to steer to make good Nor th, al­

lowing for wind, AE. 
Make AE equal to 240'. (Total dis tance machine can fly in 

the t ime) . 
J oin EG, and at G with E G constrnct an angle equal to AEG. 

Angle HGE is equal to HEG. 

HE is now equal to HG, and, since machine can fly from A to 

E, it can fly from A to H, and from H to G, and these are the 

com-ses to steer; and when the machine gets to G the wind will 

have carried it to F , the actual position of Fleet at end of 4 hours. 

The length AH, divided by air speed (i.e.) 
1
6
~8, gives the t ime 

to turn, i .e., in 1 hour 58 minutes. 

Sent out to sc01.1t in a given direction, to know when to alter 

cou1·se to 1·ejoin Fleet at a fixed time, and, what cou1·se to 

steer to do so. • 

Note.-This problem may also he stated: " R adius of a.ction 

returning to a second base." 
(a) Work out as in Problem rr:- com-se allowing for wind to 

make good direction ordered. 
(b) Place arm and pointer A in direction Fleet is s teaming 

and to clis tnnce Fleet goes in the time. 

(c) Pla.ce arm and pointer B in direction in which wind is 

b lowing and to total wind effect in the t ime .. 

(d) R evolve disc t ill pointers are on same hue parallel to arrow. 

Note the direction and distance from pointer A to B. 

(e) Set arm and pointer A to result obtn.ined in (a), nnd to 

total distance you cn.n fly in the tiµi e. 

(f) Set arm and pointer B to result obtn.ined in (d). 

(g) Set disc so that line joining the two pointers is parallel 

to arrow and fUTow points towards Fleet. 

(h) Note angle on rim of instrument between arm A and tail 

of arrow. 
(k) Move disc t,ill tail of arrow makes double this angle with 

arm A. 
Arrow head points to com se to steer to rejoin the Fleet; line 

through pointer B parallel to arrow cuts arm A at the point at 

which com-se must be al tered and distance indicated by 

pointer A divided by n.ir speed gives time at which com-se must 

be altered. 
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Example.- Fleet steaming East at 20 knots. Wind N.E., 

25 knots. Your speed 60 knots. You are ordered to scout on 

a bearing North and rejoin the F leet in 4 hours. 

(a) ·vvork out course to steer by Problem II. 17°. 

(See Fros. VIII. and IX.) 

(b) P lace arm and pointer A to West and 80. 

(c) Place arm and pointer B to S.W. and 100. 

(d ) Revolve disc as in (d) arrow points to 65°. Dis tance 

between pointers- 164'. 

(e) Set arm and poiJ1ter A to 17° nncl 240 (i.e .. to 80, using . 

convenient scale) . 

(f) Set arm and pointer B to 65° and 164 (i.e., to 55). 

(g) Set disc ns in (g), angle between arm A and titi l of 

arrow--43 °. 

(k) Set tail of arrow to 86° from arm A, i .e., to 291 °. .A.1Tow 

head now points to 111 °, the comse to s teer to retlli'n to F leet. 

Line tm·ough pointer B cuts arm A at 39' (i .e., 118), so 

t . l · 118 h h . f . 
ime to a ter 1s 60 OU.l'S = our 58 mmutes a ter s tartmg. 

• 

SCOUTING. 

Problem VJ. 

You a1·e ordered to scoitt in a given direction to find what cou1·se 

to steer to return to the Fleet at any moment. 

Neither Fleet no1· machine having altered cou1·se du r-ing the 

opemtion. 

The allowance for wind should immediately be worked out 

by Problem II. so that yolli' track is in the direction ordered. 

The method now employed for keeping the positions of 

Fleet and yomself is simply using one arm a.nd pointer to repre­

sent the Fleet 's track and the other to represent your own (which 

will be track and speed mctde good). This is done as foUows :-

(a) Set arm and pointer A to the direction in which you are 

ordered to scou t and the distance you have made 

good. 
(b) Set arm and pointer B to Fleet 's course and dis tance 

gone. 
(c ) Resolve disc till same line on disc, parallel to arrow, 

passes through both pointers and arrnw is towards 

the Fleet. 

(d) Arrow points to bearing of Fleet nn<l clis tnnco between 

the point01-s is distance of Fleet. 

Proceed as in Problem IV. , case 2. 
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P1·oblem VII. 

Same as V I. Fleet or macl!ine having altered course. 

((I.) Proceed us in Problem VI. , obtaining bearing and 

distance of Fleet from you at moment of alteration. 

(b) Put this bearing and distance on arm and pointer B. 

(c) l\love arm A to machine's new course. 

(d) Set pointer A to distance gone since alterution of course. 

(e) R evolve arrow to course of Fleet. 

(f) Move arm ancl pointer B along course of Fleet on disc 

the distance Fleet has gone in t his time. 

~g) R evolve disc till the same line, parallel to arrow, 

pusses through both pointers. Arrow points to bearing of Fleet. 

Distance between pointers is distance of Fleet. 

Proceed as in Problem I V., case 2. 

Problem TT II I. 

To cletermine the Course an Enemy's Fleet is stee1ing. 

This metl10cl only to be em.ployed when Fleet is at a great 

distance. 
Immediately on sighting Fleet course should be set to the 

bearing on which Fleet is sighted. 

Maintaining this course, observe whether Fleet moves to left 

or right. 
H aving established this fact assume that Fleet is steering n.t 

right angles to bearing on which it was sighted, and assume a 

speed for the Fleet-

[f battleships, 17 knots; 

1f cruisers, 23 knots; 

If destroyers, 25 knot~. 

Course should now be set to close Fleet, preserving the 

bearing at this moment and allowing for wind as in Problem IV. , 

case 2. 
If bearing remains constant you h11,ve prob11,bly assumed the 

correct course and speed of Fleet. 

N. B.-The word " probably" is used because 1111 error in 

estimn.ted speed might neutralise an error in course·, but this 

would be negligible for n. first·report. 

If bearing drn.ws ahead, Fleet is steering more towards you 

than you h ave assumed and vice Vl'rsa. You have now estab-. 

lished the course of th e Fleet wit hin eight points. 

Now assume thnt Fleet is steering at ,15° instead of 90° to 

fu'st bearing. 
Shape course, allowing for wind, to preserve your present 

bearing and observe as before. 
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This will establish the course of the Fleet within four points. 
If it is desired to give the course of Fleet more accurately, 

the operation should be repeated until bearing remn.ins 
constant. 

Examvle on P1·oble1n Vlll. 

Fleet is sighted bearing E ast and estimated distant 60 miles 
(at this distance Fleet would probably be only just visible) . 
Course of Fleet is S.S.W., speed 18 knots. Machine's speed 60. 
Wind North, 15 )mots. -

To find by above method course of Fleet:-
(a) Machine shapes course, allowing for wind, to make 

good track Enst and observes that bearing alters 
to the right. 

Course of F leet is therefore Southerly. 
(b) You assume now that Fleet is steering South and now 

bears 95°. 
(c) You shape course as above to preserve this bearing. 

By Problem IV., case 2, track to be made good, 112°. 
Course to s teer, 99°. , 

Bearing of Fleet now draws ahead to 105°. You 
now know that Fleet is steering between South and 
West. 

(d) You therefore assume Fleet to be steering S. W. and 
alter course as before to preserve the bearing; by 
Problem IV, cnse 2, this comse to steer is 109°. 

Bearing of Fleet now draws aft to 100° . You 
therefore know th at course of Fleet is between S. and 
s.w. 

(e) You assume it, to be S.S.W. and shape course to 
preserve the bearing 100° ; by Problem IV., case 2, 
this course to steer is 103° and bearing remains 
steady . Therefore course of Fleet is S.S.W. 

CHAPTER V. 

MAGNETISM AND DEVIATION OF THE COMPASS. 

MAGNETISM. 

Natural Magnets.-A certain iron ore or lodestone possessing 
the property of attractmg and holding particles of iron. 
. A n atural magnet, suspended horizontally, will always, if 
unaffected by local causes, lie with one end pointing nen.rly to 
the North Pole. 

This end is called the north-seeking or red pole of the 
magnet; the other end is called the south-seeking or blue pole 
of the magnet. 
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.11'rtifici.a,l Jlfcignels are made of h a rd iron or steel, and possess 
Lhc same properties as n atural magnet s . Iron and steel are 
divided into two classes, Yiz., h ar d an <l soft . . 

Ilal'd i ron is not easily m agnetised, but when once magnetised 
ret ains i ts m agnetism p crmuu ent ly. . 

S of t iron in a pure state b ecom es inst-an t ly n111gnet1sed when 
exposed to even sm alJ m agnct,ic forces, bu t has no p ower of 
ret aining its magnetism ,,-h en these forces ar c removed. 

Ar t ifi cial magnets arc m ade (1) by con tact, wi th a natural 
m agnet ; (2) by contact, " -i th oth er ar Lificial m agnets; (3) by 
contac t wit,h an elec tr o magn et, ; (4) by percussion ; (5) by 
passing Lhe bnr into a coil th rouo-h " -hjch arr nlcctric current 
• • t:> 
is passmg. 

N o. (4) meth od influen ces Lhc q uestion of comp ass \YO_rk, 
because by ham m ering, th e steel p a r ts of a m a chjno ,,-hen b cmg 
~:niilt b ecome themselves p erman en t m agnets . No. (5) method 
is t;hc one employed in ma.kin bo- b ar mao-ncts su ch as (,hose used 
• • t:, , 

l1l . comp ass adj ustment. The bnr is passed in to an electric 
coil , ~hrough which a powerful direct current is passing, the 
polanty formoLl depending on tho winclino- of the coil and the 
directio_n of the current,. However ma;netiscd, th e bar or 
needle 18 said t,o be "saturat ed " when it cannot by any m eans 
be made nny s tronger. 

(See l◄'w. I. ) 

The proper ties of m agnets aro shown in Fig. 1, where a 
small freely susp ended magnetic n eedle is passed over a bar 
magnet. It w ill be fotmd to take up the posi t ions sh own. 
Noto that there aro two points a short distance within the b ar , 
,vhere th e needle s tands vertical, and towards which tho n eedle 
always points; these points arn the · 'polos" of the m agnet . 
·where the needle lies horizon tal is called the n eu tral zon e. The 
figure also shows that the blue p ole of Lh c bar nrn.gnct a ttr acts 
tho r ed polo of the needle, a nd vie(' versa. From this we got 
the impor tnnt rule th at, '' like polarit ies repel, uncl unlike polari­
ties attract . " The bar magnets used for compass adjustm en t 
ai·e painted half r ed nnd h alf blue, tho red end denoting t ho 
north-scoking end and the bluo encl tho south-seeking end. 
From this it is obvious tha t what \\·o term, geographically, t ho 
Nor th Polo of the Earth contains blue magnetism , and t h at reel 
magnetism exists at the South Pole. The two polarit ies cannot 
be separated , i . f' ., if a bar be broken , C\7Cry p iece will b e found 
to possess a red and a blue pole. . . 

Repulsions and at.tractions of magnet ic poles ,-ary inversel,,· 
n.s the square of t he dis t.ancc, i . e., if n,t a distance of 6 feet from 
t he centre of a m agnet ic need le th e pole of a magn et causes 
20 ~f cleflcc tion, it will en.use approximately 8° of defl ection a t 
a. dis tance of 3 feet in the same cliroc tion. When both poles 
of a mag~et. are acting, us is a lways practically the ca:e, tho 
effect vanes mverscly ns t h e cube of th e distance, i . (' . , if a t a 

-oF:cLAssJF1En--, I Aut11ori ty£_J2__ . .LP._~l?/ ~ 
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distance of 6 feet the effect is 2°, it will be 16° at 3 feet, since 

23 =8. 

A magnet, end on, has twice us much effect on 11. magnetic 

needle as when broadside on. 
. 

A magnet acts most powerfully when its direction is at nght 

angles to the North and South ljne of the disturbed neec!10· 

Magnets diminish their power by rise of temperature, accordmg 

to 
th

e temperature to which they are raised· ceasing t o be 

magnetic when heated to a dull reel heat'. Tim properties of 

~agn~ts are permanent in any part of the world, and in any 

cli.rection in whlch they are placed provicleu a.lways t.hat the~ 

arc not 
stowed with like poles tog;ther whon t,hoy would ten 

to ;veaken each other's ma<Ynetism ' 

he power of magnet,s bis red~cecl if the magnets become 

rusted, because .... · . 
T. •uagnet1sm hes on the surface. · 

m emvor~ry Magnets and ln<htction.-Wo h11.v0 seen that in 

agnets like pole . l . 1, ve seen 

also th ' . s iepo and unhke polos attract; we ,.11. dle 

t k e v~rymg.direction thnt a freely sus1)endecl magnet ic nee If 

a es up if carried f. 
n ot. 

now the s tom end to en:cl of 11, large fixed mag . 
10 

of 

each vibr:~e s:nall magnet is mncle to vibrate, and tho .t-~ ,, of 

side-to-side iisn .1s ~ote~l, it will he found that Lhc "per10 t an)' 

other part of sllation IS less when it is at the poles than n, ccd1o 

to be the s icd_magnet, always, of course supposing the 11 • tbo 

. ame 1st f. '. f steI 

vibrations th ancc 1 om the magnet; )n fact, the n tbn,t 

e greater th f F . bscrvc 

round every m e orce. 1 rom this we o . f orco 

exists which · agnet t,here is a space in which magnetJC the 

ct· ' Is st,rongest t h I-er as 

1stance from th a t e poles and gets wca ~ 
1 

cl 1.h r. 

" field of th 
O 

poles incr·eases. This space is cn l 0 

e magnet." 

If a bar m . (See FIG. II.) d finO 

• . agnet 1s pin d r an d 

ll'on filmgs dusted on • cc under a s heet of p aRe be fouJl 

to arrange them 1 to the paper, these fil ings will ·t. cle of 

filings has be so ves as shown iu Fi<Y 2 Each pn1 ,1 }1"\Te 

· come e. · · 1 y ,. 

arranged themsel n. temporary maPnet, nnd t 10 arc in 

op · • ves so that th · b bl poles 

~os1t1on to the bl cu· reel and qe Tho Jines 

whlch the direct' uc and red poles of the magnet. , ,:r.,incs 

of Force·" th ions of the filings take U{) are known as I pole, 

. · ' cy are c ·ct . ·h roe 

CUiving round . . ons1 erecl ns ISsuin<Y out of t c tor thO 

blu I ill Wtder l • b .
1 

1 y en 
0 

Po e. anc wider circuits unt 1 t 10 

In tl 
iroJl 

fil' 1.e ox.periincnt . lo thO f 

lllgs become ma s Just described not only c the ficlcl do 

a ma gnets but .' 1 
d in ,or s 

g~et will be f ' ' any soft iron p ace . other " 

magnetism is u · 1 ound to ho rnn,<Ynetisc<l: 111 
1 nc ucecl " · · 0 

i ll It. 

In Fig. 3 ·r . (See Fro. III. ) 1 
}... will 

be found to' h'av! i:sd a magnet and n a soft . iron t-~-~ec ;.ed pole 

1 
uccd magnetism in B, so t hn.t 

~c---, 
__.---pf,CL-~ (;) .j_{) S t)j 

ritY J.-.--!,----
p. utllO ----- --

------------

F 1 G . L 

--- --------- ------- -- - -- - - - - - - - -- - - - - - - - - - - - - -

FIG. II. 

FIG. III. 




