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The I%a.rbh Is an oblate spheroid. Its polar diameter is
7,900 miles and its equatorial diameter 7,926 miles. Tor all
purposes of navigation it is treated as being a sphere.

Fia. I,

—An axis is that diameter about which a body rotates

Al Do otates dai

’ The Earth rotates da ly from west to sast about its pol

diameter; this causes the heave : : to x o enst

C5 = GAUSEs the heavens to appear to rotate from

o € Ppear to rotate from east
G."(f‘{f-i C L

—Great c¢i (g
2l of the sphere are 3
planes p sphere are those

; s

through its centre. PFP’ pap’ . |
Small Circle.—Small cirel PEP’, PGP’, and W ?

planes do not pass through its e
Poles.—T =

P and P’
Equator is the ores

the poles. :

whose

of the sphere are

entre. HLKM,.
 poles of the Bapth are the

extremities of its axis

Wb ocirele y ( /] | (
Ir'c 1(_- round the [ ill.'t'-]l, 'nli(l\\':l\-' et ween

1 (‘ [:M“!.(.'.HH are semi n]'(_‘.i‘lfr (‘i'('{" j“i“il' r tl
the qua v ot Pkt . Pl y pe 'y

§ : 1..01 at ]_J‘;__,ht l]]hly.'_'. _] ,‘P’, P(‘P’
ara ‘[("L‘ of' fr'.'z"ih 1 s 1 : ‘ S
& ) ‘u'(n’{(i are  smsg i

I / S 7 i} SIng ].] Qll"f‘«l( S

parallel to that of the equator. HLEM

poles, They cut

whose planes are

~.

those whose

Meridians of longitude and parallels of latitude enable us to
fix the position of any place on the Earth’s surface.

Latitude is measured on the meridians from the equator to
the poles and reckoned from 0° to 90°, N. and S.

Longitude is measured on the equator, which is divided into
360°, measured 180° E. of Greenwich and 180° W.

One position on the Earth is connected with another by its
difference of latitude or difference of longitude, e.g., X and Y.

D. Lat. is the are of a meridian intercepted between their
parallels of latitude, e.g., X

7). Long. is the length of the smaller are of the equator,
intercepted between their meridians, e.g., FG.

It should be noted that D. long. is only measured on the
equator.  In the figure the are FG on the equator = 90°.
The are ZY is also 90°, but it is evident that each mile of ZY
1= much smaller thin that of FG.  ZY is called the Departure.

Departure is the amount of ecasting or westing that an air-
craft makes in going from one place to another.

By means of the Traverse Table it is possible to find the
true course, distance, departure, D. long. or D. lat. between
any two places provided any two elements are known.

The shortest track between two places on the Earth's surface
is the are of a great cirele. This can best be appreciated by
taking a globe and joining any two places on it by means of a
piece of string. A great circle, however, cuts all meridians at
different angles, so that to proceed along it would ne
constant alterations in the direction of the vessel’s head.
therefore, only used when a long voyage is to be made, and it is
more convenient for the mariner to take a path which makes
the same angle with every meridian.  Such a path is called a
rlocnd Tine.

Rhumb line is a curve which cuts successive meridians at
the same angle, e.g., SXYT. Fig. L

Distance.—The nautical distance between two places is that
part of the rhumb line l‘\-'ing hetween them measured in nautical
miles, e.g., XY.

Trie Course.—IT the air is considered an inert element, the
true course is the angle the rhumb line makes with the true
meridian, ¢.g., PXY.

Now, in an airship it is seldom or never the case that she is
able to steer the exact course required from place to place, on
account of wind: it is necessary therefore to distinguish between
the track desired and the course actually steered.  We can say
then that

Track Angle is the angle the rhumb line makes with the true
meridian. e.¢., NOX.  Fig. IT.  This will be referred to through-
out this work, for hrevity, as the Track.
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True Course is the angle the fore and aft line makes with
the true meridian, e¢.g., NCY. TFig. IT.

Drift is the angular difference between the track of an air-
craft and her fore and aft line, or, in other words, the difference
between the direction made good and the dire
results from the action of the wind and is
made by a sailing vessel. Drift is alws
from the wind.

on steered. It
milar to the leeway
i a direction away

the course and distance covered in,a period of time,
1 A to B the run was 89°—80 miles in two hours.

'y to note here that the course, the track and

ift ave all ang In Fig. II. we should say that the 7Track
of airship Xlis 70°, the True Course 90° and the Drift 20°.

S
Fig. II.
NCX =Track=70°.
NCY=True Course=90°.
2 XCY =Drift=20°,
Yead Reckoni 1
‘aud - Reckoning accordine i '
eXpression Rhouldgb( jie to the old accepted iden of the
the course _‘Ste o e tlf-‘ position arrived at as calculated from
the » Steered and the spe :
indicator.  In areigl nll..lxt?(r 5%30{"(1 as shown by the air speed
el b navigation, however, such a reckoning

: no value what i !
: y - ever, ¢ e : BES
G o , and in a voyage of 300 miles

B e o _1(_1 reckoning might he 100 or more
e S dehmtion must therefore b lified and
E retore be modified an
Dead R ving i
Jead Reckoning is
the estimatod tl‘im]{ and th i e
: ' H A0 est H ] 3
e estimatoed speed made good over
y Departure Poing is
e 1 ¢
aviator commenees his dead 1

aireraft, worlk e
5L E J \Vlll oeneyr
the vicinity clearly generally

the position arrived

the po

¢ pomt on the map or chart from which
eckoning caluclations.  In
be the are

Srge odrome or some s :
marked on the map. Home spot

B

These various definitions should be thoroughly understood
and committed to memory. Having ¢ ssimilated them they can
now be applied to a hypothetical voyage from any place, 4, to
another place, B, distant 100 miles. j

Take a small scale map or chart. Join A and B by a pencil

line. A is the Departure Point, B is the objective. Lay a

protractor with its centre over A and ascertain t._he ‘mlglc. made
bv the line AB with the True Meridian. This is the true
course to be made good, or the Track. Measure with dividers the
length of ADB. This is the nautical Distance. The speed of .th.e
aireralt in still air and its petrol supply are known, so that 1t 18
simple to calculate how long it will take to go from A to B and
whether we have sufficient fuel for the voyage. Assuming that
the air is an inert element we have only to steer in the dir
AB and we shall in due time arrive at our destination.
practice, however, it is found that the atmosphere 1s
extremely unstable element and its vagaries cannob
determined with any certainty. All we can do
the velocity of the wind and make allowances
increase or loss of speed, obtaining thereby the
correct course to steer and the speed over the ground. Now
the course taken from the chart is the true course and our
compass does not indicate true direction; we must therefore
know how to convert the true course to the compass course.
With these several calculations we can determine our
approximate track and speed from A toward B, mu“t these data
enable us to find a Dead Reckoning position which may be
somewhere near the correct one. In order to be able to make
these dead reckoning calculations the would-be aerial navi-
oator must know how to allow for the effects of wind, how to
determine the velocity of the wind, and how to use the
navigational instruments required to ('311?111)10. hlllll‘t() steer in
the desired direction and to fix his position from time to time
n route. Te

The several instruments required for navigational purposes
in aireraft are:— -~
1. Compass. . Air Speed Indicator.
2. Bearing Plate (Pelorus). 9. Altimeter or Aneroid.
3. Aircraft Course and Distance 10. Statoscope.

Indicator. 11. Engine Revolution Indi-

4. Drift Indicator and Corrector. cator (Tachometer).

. Sextant. 12. Petrol Gauge.

Protractor. 13. Bubble Level (Inclinometer
4 Station Pointer. and Cross Level).

Of the foregoing instruments only the first ‘seven will be
described here; the remainder will be fully deseribed in the
Airship Manual.

”“.‘-‘F-_""__‘_—“’-_
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NAVIGATING INSTRUMENTS.
(1) Compass.
This instrument indicates direction or bearing. It enables
the observer:—
(a) To proceed in any required direction from one place to
another.
(b) To ascertain the direction or
position of any visible object.
(¢) To ascertain his position by er
objects.
Modern compasses are of two kinds

bearing from his own
ss bearings of surrounding

Magnetic when influenced
by the Earth's magnetism and Gyroscopic when influenced by
the Earth’s rotation.

The gyroscopic compass is a true compass and is probably
the compass of the future, but it is not at present adaptable to
aireraft, and is such a complicated instrument, requiring special
study, that it will not be deseribed here.

The magnetic compass sists of three principal parts—
g I | pal j

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

The bowl is of some non-magnetic metal, in the centre of
which a magnetised steel needle, or system of needles, is
attached to a circular card so pivoted and suspended that it is
free to rotate about its centre o1

1 It the needle is
unaffected by local magnetic forces it points to Magnetic North

and the great circle ing through the poles of the needle is
ce idian of that place. ‘
Magnetic compasses are either dry or liguid.
In the first the bowl is empty and the card rotates in air
and in the second the bowl is filleq with liquid. The dry eard
1s useless where the compass is liable to be subjected to excessive

vibration or violent and irregular motion o that ligpuid coOmMpasses
only are used in aireraft.

The comp

and take up a definite pos

under the influence of the Earth’s ma gnetism.

and its management is fully dealt with in the
Chapter on Magnetism and Deviation of the Compass

o Ay 1 Vst = 5 by

Compas: Cay —_I_lu C wrd is divided at it outer
o(?ge 11.1(5(_)’.)6(1 divisions or ¢ grees, marked from the North
pomnt 0° (or 360°) with the hands of a wateh through Tasg
South, and West. Fig. ITT, i —

Fach quadrant thus contains 9.

Each degree containg 60 m;
seconds of are, written thus:
Minutes and seconds are

and each

o
. 5 Minutes
: not shown on the card,

When bearings are given with this card the deore 1
ey P a e only ar HC 1 ; . o

])ju{,, of a degree only are mentioned without 1'(‘fr'!'<tm-vht N %
., or W., thus—35°; 147°; 2810 3¢7. 3; RO

minute G0
" seconds 77,

i

' i ' ¢ card the opposite or reciprocal of ¢
In using this type of card tlui ‘-)1-)1)}0“-.“.1-' g 1q55
deeree may be found by adding or subtrac -mg 180°.
b= J ; 2 Lk ”
Rure.— Under 180°, for reciprocal add 180°. ’
Over 180°, for reciprocal subtract 1807
. 30°, : L
Thus Reciprocal 1s 245°.
po 5 o
& Reciprocal is 1407, : ity
i o ass the card is graduated m degree
e Mariners' Compass the card 1s g n d
et 0 1 ints. The card is divided
on a different system and also in pomts. 'f- i
into four quadrants of 90° each, which are read (_u;n{v i}é-u-
~ Ao o i _ N T -
90° 1o, and 90° W., and from S. 0° to 90° I, and 90 §
inga or GottSes BEe. 1700 B.; S. 38° E.; S. 49° W N
ings or courses are given as N. 707 lu.1 5. 58 i :
e dord®] T -
57° W. _ . "
ivi i oInts aking
Each quadrant is further divided into eight 1})0111&,, I;iimllim{{
32 points in the whole card; one point being thus equive
A ol
to 11° 15’ 0””. These are shown in Fig. ITL

int is fc - changing the lett

The reciprocal of any point 1s h_)ulnd by cl}n’ﬂl,ﬁ sl
N. or S. E. or W.; e. g., N.N.E. reciprocal, 5.5. .W. by &
4N [ -3 . .y L sy 4 5

. ; g |
e i 0° to 360° it will be well

When using the card graduated fl‘nn} '{—]m N
to 1‘omombotr the degrees corresponding to the
Quadrantal points. A a0
’ i °. 90°, 18( 70°,

The Cardinals are 0% 90°, 1807, 277 -

i Yuadrantals are 45°, 1357, 220 «

[he Quadrantals are :

#




Lubber’s Point or Lubber compass used for
the purpose of directing an aircraft from one place to another,
the direction of the craft’s head is shown by a small metal hori-
zontal pointer fixed to the compass bowl, or a vertical line
painted on the inside of the bowl. It should be so placed that
a line joining it with the center of the compas is exactly in the
fore and aft axis of the craft or in a line parallel to that axis.

In steering a course by compass the direction of the craft’s
head is indicated by the reading on the card where it is cut by
the Lubber Line.

Variation and Deviation.—It has been mentioned that the
compass needle in a compass influenced solely by the Iarth’s
magnetism points to the magnetic North and not to the true or
geographical North.

The angle which the needle when deflected makes with the
True North is called the Variation of the compass or Magnetic
Variation. If this same compass is placed in the car of an
airship and is surrounded by a certain amount of magnetic
material the needle will be further deflected to the East or

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

&
. Fig. IV.

NOM =

COM = D

NOC' = Compass Enror 2 A

NOM

= 10° W.
COM

= 20 W,
NOC = Compass Error = 120 W,
The resultant error of the compass needle
an, which may be the sum or difference of the v ariation and
Deviation, is called the Compass Error. Thus with Variat: :
10° W. and Deviation 2° E., the compass error js 8° W l Wl'l'm};
Variation 10° W. and Deviation 2° W., the (_-.nmi)a .(\,. 1t.
Mt S8 error 1s
Variation and Deviation are both fully dealth with in the
chapter on Magnetism, and it will only bé ne ssary to (011]11&1(1(12

from the Tryue

1 (4] \.\'l (4] \T ) 1 110 ¥ AT R0 "-u U.[
affect t (4] ayimg ’[t ¢ ll(l CC ll()(.t]. )
lll(.l l cre rhere Lh.'_l" ﬂ.ﬂ. t Lh. l ‘\ 1 ( 1 ) (

hearings and courses. el

‘ i Tere and changes with time.

Variation is not the same eve vhere and chang ST
- 7 siven on a chart or map and tht

b pgad Tt .orrected and brought up

of the annual change. It can thus be corrected 9

" Dews i i i the craft’s head.
Deviation changes with every direction of the cre

T oo in a te ‘hich is obtained
The amount for each point is given 1t a table ‘{lhﬁl found on &
by observation and calculation. The table w1 : C
: . i soraft compPAass.
small tablet attached to the airer aft comps

v o —' ‘ll‘ I‘ .
BEARINGS AND COURSES

on the True Meridian and

Since maps and charts are basec =

s. whereas the ¢
give True Bearings and True Coursre:,i };}(};S::a:vet;nmst i
either indicates magnetic or cOmpass (!110&- ..1 O., ,ﬂmt L
method of connecting one “‘"ltl'l th‘e other s
compasses may be used in c.omlnnntllon. by e
Be g is simply another \\'01:(1 for dl]l.bL: diﬁ.emnce il
of any object is determined by its anguiar e i
direction of some fixed point such as the SG% g Ioint v
when it is said to have a true bearing. 1t t-l?e P‘Mﬁc T
is the Magnetic North it is said to have 2 "Ir?«(fi] mm i i
it the reference point is Compass North it has a com]

™~ ¥ :
G "yl | ,

TFia. VI

1 o
True Bearing=>60°. o,
Magnetic Bearmg:.f :
et Compass Bearing="2 -

5 no W
0° W., Deviatmn:-i Ww.

Variation y x
erver's true “meridian

7 s obs .
betyree tion and the object.

True Bearing is the angle ' !
’ > o through his pos

and the great circle passing

Fig. V1.
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Magnetic Bearing is the angle between the obs
meridian and the great circle pe

ssing through his position and
the object. Fig. VI.

Compass Bea is the ang
needle and the great circle pe
object. Tig. VI.

'As bearings are never taken of objects at any very great
distance the arc of tl great cir ining the observer and the
o}laject may be considered as a straight line. Provided the
distance of the object is not over 35 mile
15 thus introduced.

e between the observer’s compass
ing through his position and the

s no appreciable error

X
Fra. VII. Fra. VIII

onetic Cou
‘ompass Conrse=1¢
viation 3° 1.

' are measured from the nort]

aft line of the aircraft. S s Rtisktse g

True Course is the anc ;

4 (- L () ¢ D J H lU'l 3 AV (O 8 o .Y A 3 3
e _‘n( b‘et\\ u‘,_l! t!le_ Tl ue Meridian and the
0 e AIBRING Of bheraircraf i e Sy A o VIII.

Magnetic Course is the angle betw
and the fore and aft line of the alreraft.  Figs. VII and VIII
. gs. § /

Compass Course is the angle between the
and the fore and aft line of the aireraft.

cen the Magnetic Meridian

Ompass needle

Figs. VII anq vI11.

Corvection of Compass Courses and Bearings.—When taking
a {rue course from the chart it is necessary to know how to
apply Variation and Deviation in_ordm‘ to find the cour
steer by compass.  Conversely, having steered a certain compass
course it is necessary to convert it to magnetic or true mn order
to lay it down on the chart. S .

The methods of application of Variation and D(\vamn 11.1'(.\
precisely the same and it will only be noc?ssnl‘__ to (‘mlﬁld("lj one
~or the other. Take the application of \":11‘1:1’[1(_’111r 1‘[(1 convert a
True Course to Magnetie, or Magnetic Course to True.

Having steered :1‘-111:1-gn(-t-ic course we wish to correct 1t to true
so as to lay it down on the chart. J

In Figs., IX. and X. the outer cirele 1'01)1’050.11‘& _the ‘[1'11(‘0211151
the inner cirele magnetic. In Fig. IX. the variation 1s 10° W,
and 1n INg. X, it is 10° E. .

Imagine the observer at the centre of the compass looking
in the _1'(-qui1'('-<l direction, and bear in mind that the degrees on
the card increase to the right (clockwise) and decrease to the
left (anti-clockwise). )

In Fig. Magnetic north 1s seen to (-()1'1'f\:-1)c__111(_i with a spot
10° to the left of True north. Consequently if given a 111qg110t-1(*
course with Westerly Variation to find the true, the reading on
the true civele will always be to the left. W 5 1o the
left. of North this is vns_\: to remember.) Thus in Fig. IX. the
magnet, ourse is 360° or north, Variation 10° W., the true
course 1s 350° or N. 10° W. _

In Fig. X. Magnetic north corresponds with a spot 10° to
the right of True north. Consequently if given a Magnetic
Course with Easterly Variation to find the True, the reading on
the True circle will always be to the right.  (East is on the Tight
of North.) Thus in Fig. X. the magnetic course is 360° or
North, Variation 10° E., the true course is 10° or N, 10° E.

Fie. IX.
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Fia. X.

The application of Deviati
‘ REBHCRLLO eviation to work from Compass t ir
T e e _t'hexrule i 7041111.:115.:3 to obtain
Gwen Compass or Magnetic to find the True-
[W l‘t_h Easterly Deviation or Variation apply
Rule I V\,"?E]TD(;UOH to the Right. apply
Vith  Westerly Deviati et
: ation » Variat ; .
l A ot n or Variation apply
Hlid, East. Right or increase]
West.  Left or decrease } W. C. E.

Exam
xample.— Compass Cours fi
: pass Course to fing ‘
e o se to lirﬁuol True Course.
Deviatio
\ lon
3° K. or Right.
Magnetic Course E‘T
Variation - 15° W
3° W. or Left,

. 34°

i1, Y S AN v l
I " II S ) S 1te ¢ ar.

r
True Course -

Gwen the True to find

and obtain Rule I, Magnetic or (om pa

—Reverse Rule I.

Easterly Variati
| erly Variation or Dev;
Rule II.[ Tl &

Vesterly Variation or Devi
Ly Variation or Deviatig

AT or Deviation apply correction
Mem. East,
West,

ation ¢ 1
on apply correction

_Lgft or decrease.
Right or incrensc.} E T w

Com pass Course:—
183°
15° W. or Right.

[Zxample.— True Course to find
Truc
Variation

- 1987
30 . or Left.

195°

—

Magnetic Course
Deviation =

Compass Course
See INig, VIII.
The letters W.C.E. and E.T.W. comn
be of assistance to the observer.
to True - W.C.E. or East Right
True to Compe _ E.T.W. or East Left
) ollect that when workin
Variation first, then Deviation.
When working from Compass to

ritted to memory may

and West Left.
and West Right.

o from True to Compass apply

True af sion fi

then Variation.

Deviation in the table is for
and never for the True.

When correcting Compass bearings to
the deviation is that for the direction of the :
time the hearing is talken and not that of the bearing.

The forogoing rules as to right and left apph equally to
the Mariners’ Card, but it will be simpler and avoid any chance
, s given in the Mariners’ Card grad-
e 0°—360° graduation. Thus:—

a Compass or Magnetic heading,
True, the amount of
craft’s head at the

o error if bearings or cour

uation are first converted to the
g. 26° I&. = 180° —26°= 154°.

30° W.=180°+ 30°=210°.

360° — 49° = 2

is In doubt,

N. 49° W.

It time admits, and ihe observer in
as in Figs. VIL and VIIIL. ;
p 17 (hart—From A

he should

always draw a figure
How to take off a Course or Bearing from art.-

to B. Lay a 1)1;11- f parallel rulers along the line jomng £ and

B, and then transfer them to the nearcst compass rose onl the

chart. Read off the True or Mag Jatic

then be corrected for Variation and Devi

compass course to steer from A t0 B. _
ing on @ Ohart—R _
51 compass course to Magnetic.
Place the rulers over the compass rose on the chart, and obtain
the magnetic or true course. Then transfer them to the place
11‘0}]1 which the course was steered, nd lay off the course.
To measure the Distance.—Measure the space hetween A
ﬂ_nri B with dividers and refer to the s .ale of latitude at either
side of the chart, or in a plan to the of latitude and

distance.

scale

,——#___.._.—--——_ﬂ-’_- e
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Tow to take off a Course or Bearing from a Map.—From A
to B. Join A and B by a pencil line. Place a protractor with
‘ts contre over A, being careful to have the 0° to 180° line parallel
to the side of the map or to the central meridian.

Then the reading where the line AB cuts the graduated are
is the true course. g

Variation and Deviation must then be applied to find the
Compass Course.

To easure the Distance—Measure the space between. A
.and B with dividers, and refer it to the line scale at the foot of
the map. 5

Note.—In calculating the amount of the Variation be careful
always to correct it to date.

Take the nea compass rose on the chart to the position.
Whr}.u the distance between two places is great, and the Varia-
tion changes considerably, take the mean of the Variation at
the two places.

For very accurate work it is better to use the engraved
GOIRAsECS 0N ﬂlC chart rather than a protractor, but in m:linm'\'
aerial navigation this degree of accuracy is not necessary. and

a good protractor can be used. LR

Hh b T
(2) Braring Prate or PrLonus.

] s A e S < -3

llhl:n is mp]pl a dummy compass card fitted with vanes for
l:}kn}g bearings, and is used when the compass 1s so placed in
T 11;:1.(,1;1[']?1 that bearings cannot be taken from it. The in."lru
ment 1s Tully deseribed in the ehar - gt

s fully described in the chapter on Magnetism and Con '
s 8. & b € ompass,
(3) Drirr CorrECTORS.

Loy ) ’

['he drift corrector is g mechani
amount the course has to he
allow for drift or leew
in lieu of plotting.

my b V

T'he various es are based on the

(1) Known air speed
steered.
(1) Iistimated velocity of the

There are several t i

yare several type xistere
e el _Y¥pes 1n existence, but the most usef
1at known as the Aire Course s 1 el g
e , Adreratt Course and Distance Tndicator
s fully deseribed in Chapter pag "

I means of mi

7k 18 of Uhlulnmg the
altered -to starboard o
ay caused by the velocity

I port, to
of the wind.

; fnl.lm\'lmg information
of the airship and the

course
wind.

ul is
hich

(4) Drrpp INDICATORS.
Drift indicators differ from {lye for
n ap « )
the aetual course made good. In thes

oing in that they show
that the surface of the earth

¢ Instruments it is

In these in wssential
Or sea 18 visible 1 ;

from the aireraft.
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Observations ar
over which the aireraft is traveling, the direction in w.
enter and leave the field of vision is noted, and this line of direc-
tion referred to the compass course steered during the observa-
tions, which gives the actual course being made good. Course
is then altered until the direction made good and the direction
proposed are in correspondence. ‘

A simple drift indicator is a Bearing Plate with a skeleton
centre attached on a bracket to the side of the aircraft. The
course made good can be read off on the instrument itself and

) S The time taken to p over certain
objects a known distance apart having been noted with a stop
watch, the ground speed can also be calculated.

A more complicated and much more accurate Instrument is

the Aireraft Bomb Sight, which is also available as a drift and

ground speed indicator and drift corrector. The following 1s
a brief description of the instrument only so far as it is an aid
to navigation:—

Aireraft Bomb Sight—This nstrument consists of a prismatic
telescope directed downwards to the carth below. It hangs
pendulum-wise on ball bearings, and the line of vision is de-
flocted 15° forward of the vertical by means of a double prism
arrangement.  The support is made in the form of a turntable,
also on ball bearings, to enable the instrument to be turned in
azimuth to allow for the drift of the airship. The optical system
consists of two prisms, an objective and an eyepiece; the two
latter form an astronomical telescope, whilst the two prisms’
in addition to deviating the light through the angle of 15°, also
form an inverting system, thus rendering the provision of invert-
ing lenses unnec

In the field of view is a graduated sight, carrying a cross line
at the point vertically below the instrument, and bhaving a
movable cross line which can be s ation of a milled
drum. This drum is turned by hand in ace
scale of heights given on the in ument, and the arrangements
are such that for all heights the distance on the ground between
these two cross wires is 300 metres. This constant distance 1is
used for timing the ground speed, and the wateh emplc
the purpose, which is a ched to the instrument, is graduated
directly in metres per nd to save arithmetic. :

When the ground speed has thus been obtained, the amount
of the drift can be calculated. On the fore and aft side of the

so of the instrument a lubber line is marked, which is
accurately parallel to the fore and aft line of the aireraft. A
hearing plate is fitted on the outside, graduated from 0° to 360°,
which is independent of the fixed base and of the telescope, and
this can be set to the course steered. On the outside of the
telescope support is an arrowhead indicating the direction of
the 10119;itudinal wires inside the field of the telescope. The arc

s A i i,
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on the bearing plate having been set to the course steered, the
“observer turns the telescope until objects on the ground in his
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.

It will thus 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 instrument used for measurement
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 at
sea:— :

(@) The observing 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 aireraft
has been designed and is called the Bubble Clnometer 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

“.fhether aircraft will have to depend on astronomical observa-
tions for fixing their positions, unless making an ocean passage
when 80 many more simple methods of doing the same t.hi;-(:'
al‘L‘.'{lVﬂl!ﬁb].G. On the other hand, the souﬁdins{ sextant i;
(:011311110?10}1 with the station pointer, should be c;(tremcly :uso.—
ful.for fixing positions by horizontal angles between ten‘estri‘ll
objects. ] ]

BusBLE CLINOMETER SEXTANT.

The instrument consists of a telescope A attached to an arc
]? 1)3{7 a frz{me B (Fig. XI. A.) A movable arm or ra-diun }‘—H .
C with spiral limb atpached, actuated by ”
screw E with a divided wheel-head F. A
carried in the handle of the
wires in the telescope, the s
and wheelhead.

The telescope of the instrument, when in use, is di
the sun or star and the arm carrying the spirit-ley .
l_mtil the bubble floats in the middle of its run J
1S seen %'eﬂeotcd i the field of the telescope at :
cross wires on the diaphragm I. The object i
the centre of the cross wires in coinge

an endless tangent
| A small dry battery is
mstrument to illuminate the cross
pirit-level K, and the divided arc

seted at
el is moved
This bubble
the side of the
- s brought into
idence with the bubble, as

shown in Fig. XIs. The readings of the arc and the divided
micrometer head of the tangent screw are then taken. T-he arc
is divided into degrees and the micrometer wheel into minutes.

For the free movement of the radius bar a spring lever G
reloases the endless tangent screw from the teeth of the rack on
the are D. The radius bar can then be moved up or down and
clamped at the desired pomnt.

R
Y,
™ %0,

Fic. XIsB. Fra. XIaA.

1. Telescope. 2. Bubble reflected. 3. Sun.

A. Telescope. K. Bubble Level.
Trame. L. Diaphragm. .
_ Movable Arm or Radius Bar. M. Aperture in Eyepiece.
). Arc N. Electric Lamp Holder.
‘.' Fndless Tangent Screw (Under- 0. Flcxib_le Lead from Battery.
neath). - . Eye-piece Lens.
. Divided Wheel Head. Q. Sha.dos. NS
. Spring Lever. . Object Glass.
. Milled Head of Tangent Screw. 5. Reflector.

The battery in the handle of the instrument is &.ctua,ted by
a push button conveniently placed, and a sma,?.l resistance c_011
is attached to the same for the purpose of varying the intensity
of the light. A revolving shutter is also arranged round thg-
lamp fitting, carrying a small lens, so that the arc or wheelhea

may be read at will.

Tae SOUNDING SEXTANT.

o : e : i t it
This instrument differs from the observing sextant hm Iisha 3
: s allv » horiz
has no shades to the mirrors, 1t 1s gener ally smaller, the
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silvored.  This should be parallel to the index glass when the

olass is all silvered and is enlarged, the vernier only reads to ; ; . :
S ged, the vernier only reads t¢ hdex is at zero, and is termed the horizon glass.

the nearest minute of are and the end of the are nearest the eye

i = I l“i ( I(xc.;(io}—) i ~ 'l‘h(‘ { F( SCOPE SCTOWS -U t“ a ('Url('n’ i

1S u‘\”(“ 1 |||](l|5(‘ ”” 2 ne es are sh ]i w ]th q ) : 2 5 .

t‘ ; ; . ‘ . : i I . &Y = B \1 i ‘l(‘ l‘“(l U-s- il]l\ '-nl(]‘. X %)E]l‘ Is ‘lhl‘ verner J'.?I(J(‘ t‘.l‘ﬂ .‘11]‘_,
I]ll . S 1 LA R [

along the edge ol the are. This is fitted underneath \‘:it-h. a
f-[fri'u}ain_q serew and at the side with a tangent screw, which
allows a small movement of the vernier after the vernier plate
hias been elamped.

A magnifying glass is fitted to read off the divisions on the
are and the vernier. ~ See Fig. XII. s AN

Laws of Construction.—These depend upon certain facts
deduced from simple laws of reflection of light from plane
mirrors, the most important of which teaches that the angle
observed is double the angle between the planes of the reflectors,
or the angle which is read off on the arc. In order to allow for
this the graduations on the are are n arked twice their real
value and in consequence the angle read off is the actual angle
observed between the two objects

To Reap OFF THE SEXTANT.

Vermier.— A vernier is an arrangement by means of which
readings may be obtained from any graduation to a areater
degree \ceuracy than it is divided for. It is a smaller, more
finely divided arc fitting close to and running along the primary
arc. L

The are of the sounding sextant is di Aded to half degrees,
it T. Todex Glass. but by means ()? the vernier it can 1).0 1‘_oad off to one minute.
y GO]!Q‘:I:[{;,:;‘E(;Z;C” 3 K. f_:laxlall).Jr;.g Serew. (Below.) An Imdox or })Ul?lt(‘-l on 1ho ‘\L.‘l mm’ %l}dlc.‘.ﬂcﬁ 1t-h‘t hl“.f. (c{:l(}; tmdl
Tt HEOUE: M. Magnifying Glass. (Above.) hall degrees on t-‘m._! primary h(:ﬂ:!l‘ \\111(.1_1 must )c,‘ read off, anc
ot 1[{. ,ll?adms l.".' the vernier itself gives the :ul(htm_lml 1111{11&05. [For ex _lplo, if

b LS el : the reading on the primary seale is 2° 30’ and the two 111‘.(‘8.011,
the primary and vernier seales coincide at 13’ on the vernier,

this is the amount in minutes on the vernier which must be

ar

V. Vernier.

D];‘ M T I OF T .Q - o ) E N . <
ESCRIPTION OF THE “SOUNDING SEXTANT. added, making the complete reading 2

l
n

Where « = accuracy of reading; [ = value of the smallest
division on the primary scale; n = the number of divisions on
the vernier.

The frame c
legs.

A radius bar
an indez which

The are i

> arc 1s graduated

i ited to 30" from right tow . :
right extensio 0 30" from right towards left. The

: n of the arc e ’
0 o i arc called the are of ercess is eraduatec
<¢ the arc, but from left to right of excess is graduated
D .

_[-], o (14 a
dex Glass—Centrod over the ce

attached t ; ntre of the instr
0 the radius bar is a 16 instrument and B i :
olass s bar s a plane mirror termed the index v scale divided to lmli. _d

: 3 on the vernier, 30.
Horizon, G1q rmier, 3(
another glas

’ nflovahle about the centre, has at its extremity "
travels on the are. ‘

Frample:—
; egrees. Number of divisions
of reading ?
—On the left o !
is fixed wh'idlf'f,t' “1111391‘ radius of the instrument
1 I the sounding sextant is whollv
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e Arc or Exc
Carc proper of t i

. ! 1e sextant is divi ;
P tant is divided from zero to the

S e Z(.};\tdl‘-lt the graduation is continued for two or
A 1(\ 11g1}th which is called the are of excess.
the are. ' gt to right as also is the vernier when set off
a5 TuE Apjusry
! L‘.1s 1}:& sary that the
ent. The adjustments gpe.

( 1 ) ] ]'1(- D
L) LG 1 X ’]. S
. SL1ASS I‘nll‘?;[. h

INTS o1 TIIE SI‘:X'[':\X'I'.
trument should be kept in adjust-

(2) T (Erp Il'])t‘mliculm' to the plane of
2) The horizon glass 11-1J ltU]l of perpendicularity.)
the inafe ust be perpendie ) t '
,1‘]1}11_‘] mstrument, (Side ep i tho piane '
e horizorn g P
i .'_1 glass must he parallel i i
(4) The linc €1ndex points to zepo e,
e of collimatioy, (4.¢ .tl
. G ne g 1 .
st P e, e A of the telescope)
¥ m]._-llunatmnm,mr_) planc of the instrument.
> Adjustments mygt be

(Index error.)
must he

made in the ahoy
1.1 To A '
. e Phatinls A AbJjusy,
:11“?3{ from the oye 1t the middle of the Hol
and itg p o¥e. Look © O the are. Hold the arc¢
case \tT reflection should he ; uely intg the index (zfld "h Arc
‘Oﬁ“" i O A P In one lipe ’l; 1€ hould be the
-founclcb by screw at th)(ful ¥ ﬁm"\’ud fronf‘ 1 T g
d and ;  the haek end to e he arc-
il 1d is generally ] BCE oftthe olans. s end of the a1
I e cra ¥ 1eft to the illqt]_:l 8. This error is seldom
he collar gt 41 To.  Hold o [t A aker
L : 5 : ; akKer.
abl ' the horiggy, Wt horizontal, Look through
: Y fmhno— . 8 ! 1. ook throug
1S sp g which s end bring ¢ . -
qh. N each side of Some distant, hopi., i e Liowizor
)l,lld be in one lipe fhie mirpoy, ”Pu(‘“ﬂﬂntdl line, so Lh‘}t' B
me object, sy, Or hold the i and reflected hor1zon
‘b such as g4 flgoat * mstrument vertically and
Yeflected oyop o1 it ;

¢ order.

glas;s

anot . If they do not
another there is side erroX-

d in {}
he ¢ : 3
> eentre of the horizon glﬂ“"“"

ernes
Meath tha mirprg
P2

: “2Cro, A
n and of Holq

: sext
OT1Zonta] Jipa
“ontal Jipe
of a o (
& chimpg
true 1y op . sea hopi. ]
b and pof T1zon, if qvails : el
now ‘-3] [1(\(zt0(li ‘ teast J, 1 v v i 1LV 1'111[[1)1(\, or “u (
"e‘ll'l 10WS zerq > Into exqop ¢ mile distant* Bring the
Ading, ] ore g ACL coineg L o <
K g It € 1S no : CoIncidence e el
;i i B o the are it ; 10 indey o (B(tl If the \;Cl s
" Unleg RS o) e TR herwise note W%
arall nless the A and off Eh o rwise 1
S ted ig -t‘_’_i ¢ 1ti1s
18 at g
4y he o 7
: are

i]lﬂtrul .

: ment  pepts Sun’s

g 1 are i verticalls The Suz®

ant, t-hiﬁ T I'e 1 usuﬂ].l y I! ' .111( 1 ] 3
IR Y me d, but 1 e

) annot, .

such g« Ot be < ; i

» Such ag the o done.  Select a x\mll-d‘-’[mod
dge
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T an yid
ato{- t}lalt a mile distant an error ¢ i
1an the inde

X error.

If under 27 or 3’ the error is recorded but not adjusted. Cor-
rect by capstan screws below the horizon glass or by iR
at back and at one side of the horizon glass. '

4. This adjustment need not be considered in the sounding
sextant.

To OBSERVE AN ANGLE.

In observing the angular distance between two obj ‘
the sextant, the instrument should be held in the plane joining
the objects. Iold the instrument with the right hand, are to
the left. Look through the collar and over the horizon gh“qu%_ at
(he left hand object and work the ndex har until the reflection
of the right hand object is brought underneath and in comel-
dence with the left. Clamp the vernier plate, work the tangent
serew, if nocessary, and then read off the angle.

When the horizontal angle between two objects at different
levels is required, this can be obtained by holding the istru-
ment horizontally and bringing the reflection of the right hand
object in coincidence with some point vertically below the left,
or if the latter is on the lower level bringing a pomnt vertically
helow the right hand object in coincidence with the left.

A vertical angle can be observed by holding the instrument
vortically, directing it at the lower object and reflecting the
upper object down to it.

In using the sextant the observer, before commencing his
worlk, should remove all side error, if it exists, and know accu-
rately the amount of the index error of his instrument. The
latter should be applied as a corroction to all observations when

aceuracy 1s necessary.
(6) PROTRACTOR.

There are various types of protractor in use, but only one of
these will be described. The aviator should select from the
many patterns on the market that which best suits his methods.

Tue CREAGH-OSBORNE PROTRACTOR.

This is a transparent celluloid protractor. It is square in
shape, with a contral circular arc divided from 0 to 360 in degrees.
At the top and bottom edges are scales In metres and yards cor-
responding to the more generally used scales in continental maps,
Viz., srioe nd tooeoo Attached at the centre is a silk thread.
The sides can be used for ruling straight lines. !

To take off Bearings.—FPlace the centre on the observation
point, taking care that the north and south line corresponds

T TDECLASSIFIED
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with the true or ]
et th'[(xut(i or magentic north and south line on the
[ e thros aoroce 1 1 ' )
R -111{,‘1(13(1 ss the object on the map, and re
armg where 1t cuts the eraduated are (\': ; 1% |
o 10 [ . D ee 12,

/08

=l _/
il FFra, XIII.
0 take a True Be

aring from the

e shorne Protractor
. MiAe rotractor. 2Ars
35° ( rue) from A. Bl

This protractor ;
ol WO[; _01.1 actor is very useful for those un
; K, as the arc is graduate
u.-_aed‘, and no mental calcul :
bearings, as in the
To lay

accustomed to cc
s 0 CcOoln-
.Lti(m(} bnmla-rly‘to the compass card
S s are required when laying off
] e hﬂrﬂlcll'c-uhll' p otrac ‘ i
e a Bearing or Course.—Proceed a . ; .
LR or Course, oceed as above ¢ z
SN {}\ on the line indicated by the thread i tlmtl i
] &) . 1-' [ = ~ T ; . ‘ ‘) : ‘I : 20
s ﬂs.mg -the side of the protractor as a rul 1(_d(-&-lled
‘entre and the pomt thus obtai e e
> thus ained by a pencil 1 J i,
y a peneil line.
(7) Tur S
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N Poinrer,

o1s 3 O
graduated arc and three legs,

fixed leg.
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To use.—The two angles ohserved between three objects
are set on the are by the two amovable legs. The instrument
is then laid on the chart and so manipulated that the beveled
odges of the three legs are over the three objects. The center
of the instrument then gives the observer's position, which can
v marked on the chart by peneil.

As this form of the instrument has 2 cortain amount of weight
it is not so well suited to aireraft work as the Cust Station Pointer
and is only likely to be found in tlic larger craft where a chart
table is available.

Tur Cusr StaTioN POINTER.

This is a square or oblong celluloid protractor with a civeular
oraduated are divided in degrees in two semicireles from 0° to
180°. At the center is a small hole. One side of the protractor
is specially prepared so that it will take pencil lines, which can
be easily erased. To use the station pointer take the centre
object as 0° and lay off right and left the observed angles and the
check angle. Place it over the map with the peneil lines on the
anderside and manipulate it until the rays drawn pass through
the positions of the observed points on the map. Then prick

1 the center, which is the observer’s position. As the pre-
pare of the instrument should be the underside when placed
on the map, to avoid errors of parallax due to the thickness of
the material, the angles when laid off should be reversed so that
when the instrument is turned to place on the map they are on
their correct side.

Example.—Observed angles, A B 48° C.

) the prepared side uppermost lay off 62° on the right
and 48° on the left. Then reverse the instrument and place on
the map, when A and C will be on their proper

I PR S e - P1

CHAPTER IL
POSITION LINES.
Fixing Posrrions.
Positions are found in aerial as in sea navigation by the inter-
section of two or more position lines.

A position line is any line which can be drawn on i chart or
map, on which the airship is known to be.

A fix is the point at which fwo or more position lines intersect.
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Position lines are obt in a variety of ways and may
appear as stre oht lines or as circles. The hest fix is one resulting
from the intersection of two or more position lines
the same time, provided that the angle of intersection is large.
A position so found is ealled an “‘absolute” fix in contradistinction
to a “running”’ fix.

A running fix is one in which the two position lines are obtained
with a considerable interval of time between them, e. g., a fix
from two bearings of the same object at different times. As the
value of this depends on the accuracy of the reckoning kept and
the correct estimation of the wind effect in the interval, which
presents great difficulty in aerial navigation, a running fix will
ne ndable and an absolute fix should be obtained when
possible.

Recollect when taking bearings or angles for fixing positions
that the time of the observation should be carefully noted.

hods of fix
A, Absolute I
(1) Cross Bearings. «
(2) Bearing and Angle.
(3) Transit and Angle or Transit and Bearing.
(4) Sextant Angles. _
(5) Astronomical Observations,

B. Running Fi

(1) Bearings of one or two objects and run in interval

(2) Doubling the angle on the bow and Tour Point bearing,
[t is improbable that the methods in B, will be of any real

value mn aerial naviegation. :

"‘\, (1) (a) Cross Bearings.—Select two ob the bearings
of which give as near a right angled cut as possible T&keb;
bearing of a third object as a check. This last not OI;IV (‘,heck:;
the accuracy of the fix, but ensures that the bearines are ld
off from the correct objects on the chart, i

Select near objects in preference to distant ones. A small

error in the observed bearing will have a oreater effect the farther
the object. '

In taking bearings the objeet which i ing i 1
King bearings the object which is changing its bearing

most rapidly should be observed last. Thus an object nearly
ahead or astern first and one on the beam last. '

“ rite down the names of the objects in the note hook
befora obs rving, then take the bearings as quickly < \

. . as possible,
105111,‘:’; no time ]‘)(_\t“'(\(‘.]] tll[‘ UhS(‘]'\"ﬂl’i”]]l"“\. 1 ‘

Note the bearings

observed and record the time of the last bearing as the time
the fix. =i
In taking down the names of the objects observed write them
down thus:— :
’ ; e
First object— Bearing
Second object Bearing—
Check object— Bearing—
e.g., in Fig. I. - Church 3185\
Hill 42°12
Tower 80°

'&Cﬁ'urc‘/: i

l Time of fix

3 p.m.

e ™ -‘“\‘\_-\,———-'/\W\\_\/:;ﬁ’/[
2\
~

i

\\
i

Tie. 1.

When converting the compass bearings obtained to Mz}guetit:
or True 1'011'101111_)0; that the deviation to apply isvthat for the
on of the craft's head at the time of observation. Correc.
the v riation to date, and when laying off ﬂw bearings use the
compass rose on the chart nearest to your e*t-lmatoc:l p(_)Slt-lOl:\.. il
Avoid drawing unmecessarily long lines on the (:.hmt_. anc
rule all pencil lines lightly, so that they can bnr (\;}Sll}f‘trl'ngirtlél :
Having found the p tion draw a 'ma]l cp"u-r J_l_oum he
spot to indicate the ‘‘fix and note the fime against 1L s
1en owing to small errors of o ration any thy ‘ 'mi :1
of bearing do not interseet at a point the small triangle 1791111(_(‘
is called a “‘cocked hat,” and in such case the central point of
the cocked hat should be taken as the position.

o

L 07 Bearimgs.—In an
A. () () Position plotted by Reciprocal J{)L om fms rose is
I 5 W ated € ass i b
Ordnance map no True or Magnetic 81 L ot t'lhel'eforo be
. . P i 'S o ( ‘ ' i
given, as in a chart, and parallel rulers e The
= e <ort to the protractor. The

used unless graduated, without Tresord &

e e
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simplest method of finding a position in such case is by laying
off back* or reciprocal bearings.

It is obvious that if an object B has a certain bearing from
A, then A has the opposite or reciprocal bearing from B.

Given cross bearings from a point A of objects B and €, first
calculate the reciprocal bearings from those objects, and \\"[1('.-:1
these are laid off o1 the map the point where they intersect 1=
the position of A.

Example:
From A, true bearings of B and C,

and 315°,
Then A bears 225° {y

m B and 135° from C,

Positions of B and C are known, back bearings laid off from
them will give position of A.

A. (1) (e) If a Cust station poiniter is available the bearings
may be casily and accurately plotted.

Join the centre with the zero to serve as the true m

Lay oftf the bearings, converted to true, and then manipulate
the instrument over the map so that the lines of position pass
through the several objects observed, taking care to keep the
true meridian on the instrument parallel to the true meridian on

the map. Then pric through the observer’s position at the
centre,

eridian,

A. (2) Bearing and Angle.—1t
consplcuous object can be observe
a fix can be obtained b
at the same time obse

may happen thas only one
d by compass. In this case
taking a bearing of that objeet and

'ving the sextant angle, or angle by
bearing plate, between it and some other

object. An object
as nearly as possible at right angles to the bearing should be
selected.

To lay off a bearing
on pointer is av
the centre leg coincident with the bearing line, and slic

station pointer along till the leg set to the angle is over the
object.

and angle, lay off the beaving first, [f
ailable, put the angle on one 1

If only a protractor is available, mark with a dot any point
A in the bearing line and lay off the required angle

from this
point. Then through the object draw a line paralle] to this

1¢ term by

© bearing is also given to a bearing taken ahaft, 1}
airship in contpg

he beam of an
stinction to a forward hearing,

27

ine of beari A1l be the required
md the point where it cuts the line of bearing will |
yosition. A et o
| 1-.). IT. Point bears 342°; angle to Chu chis 7 9%
rhateagh . o instruments and two observers

As this method requires tw airship if other methods

it is not likely to be frequently used in an
can be utilised.

Fra. 11,

= 1 RBearing.—0One
(4 y Transit and Angle, or i 'mj é.);;mt: that is
IPRPE S G position line 18 ¢ her. . This is
of the most J-L(_.llld} i o T mwi-'tt e
5 “ih\('n“-t_\‘-\ :t“ )m ition lines to obtamn Vand‘ 1(;111;. e
cmof nlf rtu,ﬂ.l.l(:lf .ﬂ 1\ k. The gymbol ¢ 18 1:L1(Ll object, s in
useful for airera : BT H  Fhe TIEATE ;
transit. Thus A ¢ B indicates that \:\t’l..‘:}ll;it] will not, however
transit with B, the more remote. i carefully chosen
be absolutely reliable unless the 01‘{1} (l;‘atunce \part is at least
and are not too close together. ;\: -{1-0; nrh-]:oct from the observer.
A f o Yk J y SATFAT
(')m‘_thm'l 0 -d, - O{L- thlL t;lu'm\. miles ‘f-_"()m the tlbb(l : L;.;wl@
Thus A is one mile from B anc Taced objects, take an ang
Having selected two suitably P—‘i‘-ll , as poasible,
to a third object C. This angle shoulc
and in any case not, less than 30°. )
To plot. Join A and B and l“"-)d‘}('{ ]
any point in this position line (11’51;\‘ \(lli‘-11-zll}c‘
served XV, Through C draw & line ps

[e]
be as near 90
7 irect from
e in your direction. Fr ]
i o that ob-
anele equal to t-hnt] 0 :
dlls 2y 1 , e
1 to this, and wh

-
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are § xqual, so
‘ In Fie IV. the angles ACB, ADB and AEB are {gi;\fgéﬂ'the
it cuts AB produced at X is the required position. The angle that if Dt,]m angle subtended by AB has been_ .O)-nfer(;ll,cc- f
can as easily be laid off on tracing paper and pricked through. observer's pos jon must be somewhere on the cir ;}u- gy 2 .
(Fig. TIL) : t-he ze of which depends on o m'lgktalt? b(ei:o n.lust be
gives a circle of position, and the observer in this case
somewhere on the are ADB.

Fia. IV.

: - he angle

If in addition to the angle subtended b?- ABf ti;(‘s'ltio ;is

subtended by BX is also observed, a secor}d circle (i‘t'l o
obtained, and where the two circles cut is the positio

observer. (See Fig. V.)
Fra. III.

Transit and Angle—A ¢ B 77° C.

It 16 1s more convenient, a bearing of a third object C can be
taken instead of an angle. The bearing converted to true 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 at 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 marlks

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

A. (4) Sextant Angles.—The sextant is a most useful mstru-
ment for accurately fixing the position of an aircraft by angles
between terrestrial objects, if these are suita 03¢0, st it

The usual method is called the Three Poing Method. This
pends on the fact that the angles subtended by the chord E F]L_
segment of a circle measured from any point on the c cun ke
are equal. (Euclid, IIT. 21.) reumference

If the objects A, B and X are suitably selected the fix is good,
var if it so happens that the circle through A, B and the observer
ut so hap

41083—18——3
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also passes through X, as in Fig. VI, the fix is bad and of no

use. For the position of the observer may be at O or O or

anywhere on the arc AOXB.

In order to ensure a good fix the objects selected should be
so placed that—
(a) The middle object is nearest the observer.
(b) They are in a straight line.
() 'I‘h}e observer is inside the triangle formed by joining
them. :

The obser‘..rered angles should be as near 90° as possible and
should not differ much from each other. -

The selected objects should 0 A ,
as possible cquidisiant.. 0 1ot s ‘tou far distant and asfav
The ﬁ.x iS bad_ﬁ

(@) If the middl i 2
(Seo Fig, ‘?If))b]ect 1s the furthest from the observer.

(0) If the observed angles are less tha
¢ : : n 30°
thit clesn ;l;vms}r)s advisable to take a third Oiﬂcl‘leck
thefos object. The observations should b
e wr
Left hand ob
hand object.

Underneath.—Centr .
InSHiol Ve = Pt

angle from
itten down

ject.—Angle. Centre object

Angle. Right-

Angle. Checl object.
A50°0" B 028078
Irll practice the .y
angles are laid off g LA
el o) and the posit;
i,-)h v:h’lch the Cust station gﬁ?ﬂ i
ey can be plotteq by tracing plﬂ.}e Chd
g paper,

1en no statj i
ion :
Draw o UL pomter iy gyvail:
& vertical line in the ceu‘mm e
entre

circles ar

but the observed
2 station pointer,
most useful type, or

traciy
Mg pa LR
5 pPaper s 30
of the Paper. - paper is used.

From a point O

at the bottom of this lay off right and left the f)bsel'vfecl angles.
Place the paper over the map and manipfulate it Tunt’dl‘lh the rf}yls{
pass through the ,observe% points A, ]'?;,.Ok, and Y. en pric
through O, which is the o server’s position.

A. ?S)Oiflst-rono-mical Obse‘r‘va,t-io‘ns._—Posit.lons may ?e fcn.mdi
when making long passages out of sight of '18.11(1 b‘j‘f astronomica
observations of the sun or stars. The altitude of the object is
observed by means of the Bubble Clhlc_nleiﬁe}' Sextant, and tllle
time accurately recorded. With the zgmth distance ?f the body
50 obtained, and the assistance of special tables (Ball’s), the true
bearing of the object can be determined, zu.ld a position line .lmc’{
down on the chart. A second position line may be obtamnec
from the true bearing of a second celestial object or any terres-
trial one, the interesection of the two position lines giving
a fix.

The Admiralty “Manual of Navigation’’ should be consulted
to obtain the methods of calculating by Nautical Astronomy the
observations so taken. oo

B. (1) Bearings of one or two Objects and rum interval.—
Take the bearing of an object and the time. ;

After an interval take the bearing again, or take the bearing
of a second object, and the time. Lay the.be&rings off, calcu-
late the ground covered by the craft in the interval, and fit the
distance in between the lines on the track, the craft 1s
making good. Fig. VIL

Scale 1 inch = 10 miles.
TF1a. VIIL
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This will not give accurate results, as it is essential that
the speed and direction of the craft are known correctly .

B. (2) Doubling the Angle on the Bow.—The angle on the
bow means the angle between the craft’s’ fore-and-aft line and
the object reckoned to starboard or port.

Observe the bearing 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. d

B. (2) Four Point Bearing.—The object is first observed
when it is on the Bow, i.e., 45° from right ahead, and secondly
when on the Beam, 4.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 method
of fixing is extremely unreliable, the accuracy of the result
depending entirely on the correct estimation of the track and
ground speed of the craft in the interval. It is only referred to
here since it is a recognised method of fixing a position in sea
navigation, but it is of no practical value in aerial work.

CHAPTER III.

COMPOSITION OF VELOCITIES, DRIFT AND
TACTICAL PROBLEMS.
C’om.posi.t-io-n: of Velocities, Drift and Tactical Problems.—
](;_1 tthe. foregoing chapters it has been shown how courses and
istances may be calculated and plotted and positions . arr:
at when making no allowance e T e

_ for the effect of wind on the
aireraft. Tt will now be demonstrated how drift can be
calculated and allowed for, how the velocity of t '

he wind may
actical nature can
1tles,

be determined, and various problems of a
be solved by means of the triangle of veloc

These problems can all be quickly cg]
: : alculate / means
the Aircraft Course and Distance Inﬁir- e e

. J&tvOI' £ 5 A o ]
use by Lieutenant-Commanders G. R C:)lllfa%tii )fl?l\llaeimi%
Gl'otl‘?ﬁc}qiﬁjson’*hﬂlblrf but the graphical work Lllie(lch;.u. Lli;
lt))f' Sl S nona iney of . al)) b understood thorg .
efore the instrument i attempted “erstood  thoroughly

: ) tsell is :
Indicator is fully described ip The Aireraft Course

- . a later ch 4
The followinge are tl B ﬂ.ptel c
(1) Drift.b *e. Bl principal problems:—.

(2) Wind.

(3) Interception of g :

(4) Radius of &Ction_lemy arreraft or dipeet
The above ¢

approach,
over
other problems,

in their method of

application several

. i 5 ion of Forces.—1f two forces act on
Compensation and Resolution 0 orice

i o their
i C U cultant is equal to the
a body in the same direction their mr_,ul?\{l;;.u}nccl
sum, and if in opposite directions to thull e il o
Thus, an airship having an alr spece U.HL At e ]
wind of 20 knots. Her ground speed m“ -mlmld speed L
With the wind directly against her the gr ,
e i ioid body in different
When two forces act at a point of a 1‘11:,] - ﬂm“Pa_-m.l‘ldogr(rm
directions their resultant can be obtamed DY
of forces LR
A S. , ‘wo forces acting ab !
Parallelogram of Fonogh 1 0 01 1?'1 ((}L('Loll: by the two sides of
rted i aonitude and direc y the ¥ i
be represented in magnitude ar e g e i
a parallelogram drawn from one oi‘ its a b't,ude i
vesultant is then represented both in magnl ude B0
by the diagonal of the parallelogram passiig g
i J gons
angular point. , g
T i o resultant can
The direction and magnitude of the resulta
by ealeulation or by plotting.

a point can

cmm == y

¢ P}
Fic. 1. .
ces acting in different directions

In Fig. 1., A and B are two forces acting 1n e e &

at the point C. Complete the parallelogram C2 :

their resultant. ” _ L oath ‘ s
Clomposition of Velocities.—Since the velocity of li; po o
S, i ] iitide ar Imown

knowh‘! when its direction and magnitide .melboth Sente,d s

relocity of a moving point can be conveniently represe ey

b ()tcl '}lt line AB. The arrow indicates direction, anc

a straight AB. ) o

length of the line its magnitude.

___&i”ﬁf_"-r—)-
i B

Scale, 1 inch = 20 knots.

A body may have simultaneously 'vel(?cit.‘y in two
or more different directions. An airship 1s forc.:ed
by her engines due North at 50 knots, the ‘xvvm;i
:L;:.ting on her at the ?.il.me.tlme is from the es',
20 knots. 'The airship will, therefore, have t;:o.
velocities, one towards the North and the othex
towards the East.

20 knols
Fra. 1.

DECI
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: : Ssesses
Parallelogram  of Velocities.—If a moving pn.mt Pi:lttzlde
simultaneously velocities which are represented In n}d_._} -Qm ;
and direction by the two sides of a parul]el(’)grufn drm\-‘fl) i—ed W
point, they are equivalent to a velc‘lcitv which is rcpre;alullowrmn
magnitude and direction by the dmg«_‘)n;ﬂ 01‘; th.e para ileﬁt .
passing through the poir The \telocltv which is e(,ﬂ,]“i‘i I-ities
two or more velocities is called their resultant and these velot
are called the comy wts of this 1'esultf}nt. : )
In Fig. (I.) D is the resultant velocity of the two compone
velocities A and B. . . 1 .
Trinagle of Velocities.—If o moving point possesses bllﬂ];lc
taneously velocities represented by the two sides AB and BC

of a triangle taken in order, they are equivalent to a velocity
represented by AC.

g

(¢

—_——— e — 8

Fig. III.

An airship is steering a course in the
acted on by a wind BC, then the P
represented by AC.

Change of Velocity—A body is moving with g velocity
represented by AB and gat some subsequent time by that
represented by A(,

direction AR and is
ath of the airship will be

A
Fra. 1V,
Join BC, and complete the Parallelogy
Then velocities represented hy
the velocity AC, Hence the véllocity' AD g
must be compoundeq with AB tq pro.dur:u ;
_Thc .velocit_\-' AD is therefore the chﬂ

glven time.

An

am ADCB,
AB and AD are equivalent to
the velocity which
the velocity AQ,
ange of velocity in the
airship is Proceeding iy
on by a wing and fore
18 Tepresented by g},
‘he oregoing ey
of velocities W
Problems gy

_ the direction AB,
ed in the direction AC, Tl
direction AD, -
mples llustrate
hich is the
© Worked,

and is geted
1en the wind
the Principle of

basig UPon which 4 tl

the triangle
1e followin o

i

‘1) Drift.

Frc. V.

1 a miles.
Seale 1 inch =20 sea m

. r e 4 om B to C ’
= mtft P;Lf (get(})l%g:tw". Air speed 50 knots.
Track fro

Wind N.W. 20 knots. 1 speed, and drift.
ser. gqround speed, 1
' ourse to steer, grot
red true course
3
Join B and C.

i 5 20 knots.
From B lay off BD=135°—20 kno
ro B
wind is blowing.

Direction in which

1 lt 117 1(1 s )0 1\110 I8 ., )G
( J 1rele wit o ~
I‘ rom l] Cleb(ll an arce 01 aQ Cc1Y l p: 11s iq S B(i

of aircraft) cutting BC at 1.

. lirection
y alce o‘()Od the ¢
lirection DE is that to steer to make t]))et,ween RsdlG
The direction 5 : Yistance b . nd
> } e (1 this remains, no matter the dllqmvind and speed of t-hlg
5 4 1 direction and force of t 1e7‘~ is the angle that D
T tl'e .tl e same. LThe true cou:ra:f lbd_' Cance (BEMA the
airship remain the same. % 219 The. dISIATESEASn s
dm’linp 1?‘thL the true meridian=21%. 11_ A hour =46 1‘_110‘18
makesawith distance made good 11 ack and the true
S e lﬁ ce between the trac
= FenN CE &1
ft will be the differe
= . that the
0 vind remember that t
At -~

: of 3 . « that at an
In allowing for velocity of the ity as that a

g o
: - the same 1n V€

\‘lnd f]_t -]l(‘- ..'Lll'E(C'-, 15 never tl wI=

W av
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altitude. Allowance must the

to the height at which the
from B to C.

refore be made for wind according
aircraft will fly when on passage

. The velocity of the wind at various altitudes will be given
in t,.he meteorological report for the day, but should this-nbot be
zwm“lable a rough general rule is that the wind in t.hé \;01'1711.0-1‘11
hgmlspherp usually veers, i. e., shifts to the 1'icr-]1t ]mnci :)1' clock-
wise and increases in force with altitude. 5 ; g
veer up to about 20° at 3,000 feet
wind may be expected, and
speed at that height.

In direction it may
» at which height the gradient
) may increase to twice its surface
The same change will not, oce
sea, whe.re- t.hc.surfa.co wind will more nearly approximate te
the gra(%lent_ wind. At night the wind at an aliiltu(ll\, 111‘11: b((i
f;lpfe e;c to increase considerably above that experienced on

ur over the

on the

It should be borne in mind that the direction of the wind is

always given as True, not Magnetic.

(2) Wind.—How to calculate.

Fra. vI.
Scale 1 inch =20 sea miles
In practice it

: Is sometimeg possi
N o ’ S possible b
airship remaing stationary for g Shicnh timto arrange that the

€ over a certain spot,

o=
(3N}

with her head pointing directly at the \\'ind._ The t,“l‘(‘(.'-tlt)‘l‘l ('rﬂl_l
then be determined at once and the speed will be that lll(llcal.t.-(’-d
by the tachometer® in the airship, that is to say, the speed which
the craft should be making in still air according to the l:evolu—
tions of her eneines. This is not, however, always possﬂ;le't-o
carry out, and 1t entails loss of time. A methﬂd.of calculating
the wind when under way and without losing speed is as follows:—

In Fig. VI. Aireraft proceeding from B to C. ‘ _

Track from B to C=45°. Ground speed 46 knots (obtained
from observation of ground objects).

Course steered 21°.  Air speed, 50 knots.

Required, direction 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. TForce, 20 knots.

Similarly, if the course steered, the air speed, dircction and

force of the wind are given, the track and ground speed can be
calculated.

(3) Interception of Enemy Aireraft or Ship, or direct approach

te given range.

This problem has two cases— s
(@) 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.

Case (¢).—This problem is solved in precisely the same man-

ner as that for drift.

Fzample—Find the true course to be steered b.y an ail'ship B
to intercept an enemy aircraft C bearing 30°, distant 60 miles
from B, and steering 270°.

B’s Air speed =50 ki (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 copfiderios,

e e,
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IY16. VII,

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
From B draw BC=45°— 60 miles.
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.

The problem then becom
ing for a wind the velocit,
reversed.

From B lay off BD=90°_ 45 miles,

DE as radius=50 miles (B's speed), draw the arc of a circle
cutting BC in E. Join DE, Through B draw BK P
DE, cutting (s course at K,
Then the direction BK ig B’s tr
intercept C at K, B and ¢ arr
To find the time taken by

case be disregarded,
Then C is enemy’s position,

es to find B’s course to point C,

allow-
y of which is (s direction and

speed

With D as centre and

b
arallel to

ue course (338°), which will
ving at K at the same time,
B to reach K:—
) AR BK in miles 56
Time in hours— 5 IS =gg=1 hour 7 ming
. S 8peed in knots ~ 5( :
approximately.

This can be chee
to reach K.

In this problem allowance must, be made for B to climb to (g
height, and this can either be plotted as extra speed of C or do-
creased speed of B for the first half-hour,

Always over-estimate the
estimate it, and ar

ked by caleulating similarly how long C takeg

enemy’s speed rath

er than under-
range to attack at g greater

height if possible.

caleulated position. This

f the cnemv's ; P '8
Aim well ahead of the enenmy ion of enemy

weestimat
; aeh as under-estin
Mows for contingencies such as

5 C ..
speed, &« _ e |
This method will also soly e ——
| (¢) Find B's course to join anotic
) 1B o o talke up a ¢
() Tind B’s course to take P i
to C—say 1 mile ahead or abe: o
< Bisine ocuisite speed B
(¢) Find B's course and requisite s
(4 D s

m position with regard

a position
talke up a positl

in a definite time. "
- 3 . i} \1] ‘
Case (b).—To intercept an ¢he T
't-='ﬁ direction and speed or to mterce] i pof Sk
E (IL‘I t;u problem B is affected by \Ilm(t .ﬂw el
n this Ton nins thit the lenem; .
it will gencrally be the case O, e
practice it will g("m,%ul : rer certain places at certain 111te1v¢} ;
B e joks ll is ground speed can then be
his direction made good and his g
is et ade ‘
le : les,
R 1 C is distant from B 40 mi
An enemy vessel C 1s . b
i el hd 135° at 20 knots! Winc st,
Dearine 20° and making good 13 : ol SR
e Tind the true course and time taken b
20 knots. e
to intercept her at 60 knots.

aireraft making  good

Tra. VIIL

p 61 3 =20 il S,
11L 1. 1]‘1(;1[ ;-IL se 111]19
o Calt

. : i iles ) m e
From B lay off BC=20°—40 ml tion C is miaking

o s direc
From C lay off CX=135° e

good.

—
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From B lay off BD=315°—20 knots. C’s direction and
speed reversed.

From D lay off DE =270°—20 knots. Wind.

From E draw the arc of a circle with radius 60 knots (B's
speed) cutting BC produced at K., Join DK.

Draw BM parallel to DK, cutting CX at M.

Then the direction EX is B’s true course=58° to intercept
Cat M.

The direction BM is B’s track=45° and DK is B's ground
speed =44 knots.

Then S, l'fl‘_ n%=2—2=49 minutes, or time taken by B to
reach M and intercept enemy C.

This problem may be varied by treating C as the fagship
and caleulating at what speed B will have to proceed to join C
in a certain time or her direct approach.

Thus the foregoing may be—

An airship .B bears 200°—40 miles from the fleet C, which
1 steaming 135° at 20 knots. Wind East, 20 knots. Find
the true course and speed required by B to join flag

in 49 minutes.
Answer.—True course 58°, Speed, 60 knots.

(4) Radius of Action.—Under

this heading there are two
cases;—

(@) Radius returning to the same base.
(b) Radius returning to a second base.

(@) To caleulate the radius of action of an aircraft in a wind

returning to the same base.—If there is no wind the calculation
s simply the speed multiplied by the number of hours’ fuel
capacity and the radius is half the quotient.

Thus, the speed 60 knots, fuel capacity 10 hours. Radius

= ‘7 =300 miles,

When there is
speed against i,

To take o i I ‘
--lil-cl-qfilk(ga stmple case, wind directly with and against the
aareratt. Speed =0 1. ] ) ! :
e pc;.d. .)9 knots. Petro] supply, 10 hours.  Direction

TRLCLILB0S L Wind'860°, 20 knots,

b 1 outward spoed < 70 knots.

oMeward speed — 3() knots

jou. equlmd_tho radius of actioy or
: ey which iy allow sufficje
the wing. 7

Out : 1y . : 70

4 wind, allowance must be made for the reduced

the distance on the outward
nt fuel for the return against

30 oras 7 to 3.

homeward 7

is 10 hours and the allowance for the out-

The petrol supply — 3 hours, and for the

1 S n 3 ours = o
ward journey must be %ths of 10 hours

hs of 10 hours, which is 7 hours.
Then-out 3. % 70 = 210 miles| R, dius of action.
Then in = 7 X 30 = 210 miles | 1 <o G ol L
ule. however, the wind will be oblique to th
R e speed out and speed in 1t
course. and in order to calculate the speed out &
ourse, a
will be necessary to o I
wind as in explanation on drift. o
The speed made good, ou‘t; and 1;1,. i
and the problem solved by White's Tormula.
speed out X speed In
) e : s v
Bd 4 speed out + speed in
Where R = Radius of action and p = p(f,t.rol rhoulllb.
Example—Find the radius of acmoni returning go t GI'SAI_::{G
base, of an airship in a direction N.E. Air speed, 50 knots.
Petrol supply, 10 hours. Wind West, 20 knots.

to plot the problem and make allowance for

an then be determined

Fia. IX.
Secale 1 inch =20 sea miles.

I 1 B 3 ﬂ ”( 4 o and B l“)‘)i’o

‘-‘ron hlJ ., r—"- ‘ 5 ‘S, 1 d{ ‘LC( 'LIld B]L 1].011195"?11‘(1 tl‘ﬂ.Ck.
1 ] &l hfﬂl‘( ) Grad sy <

'I‘}len dll‘ectl()n B(} out

o -
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From B lay off BD =wind 0 East 20 knots.

From D cut in DC and DE =50 knots. .

Then direction DC = course out, and BC=ground speed out = 62
knots. 7

Then direction DE = course in, and BE

=ground speed in =34
knots. '

43 6085, :
Then R=10 x o8 =10 x — 96 =221 miles.

Margin of Safety—Now this represents the extreme radius
of action, exhaus ing all the petrol. Tt will be well, therefore,
to have a margin of safety, to allow for unforeseen contingencies
such as increase or alteration in direction of wind, loss of speed,
&c., in order to have a safe and working supply of petrol 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 he 220
less 25 per cent., which is equal to 165 miles, Tt will be simpler
to deduct this before using the formula and thus working with
7% petrol hours instead of the full 10 hours,

(4) Case (b), 1st Solution.
aireraft in ¢ wind rety wng to @ second pas =—h
this case is to find the time at which to alte

Take the elements given i
addition that the aircraft h
miles N'W. of B,

To find the radius of action of ap

e problem in
I course to return.
n the preceding example with the
as to return to g second base 100

(See Fia. X )

From B lay oft BX —315°

Lay oft wind, BD —90° =9 knots.

From D cut in D, airspeed 50 knots, DC is the course out,
BC is speed out made good =62 knots,

From B lay off BM parallel to DC=50¢’
in still air in time, 10 hours,)

From X lay off XN -200’, total wind effec
(Total distance aireraft has to make to windw
wind effect.)

Join NM. At N make the anele PNM=anole PMN
PN g NM = angle PMN. Then

Line PN is course back,

=100 miles and BC — 45°,

(Total distance

t in the time,
ard to overcome

and point P is the turning point,
=time gt which  to tyrp— 150 o
; ’ 50 T
three hours.
Through P draw g line PQ paralle] ¢, W
Q is the point on the track N.|&
183 miles, and QX is the tr

ind to cut B at Q.

you must turn, 4. &

. at whicly
ack home.

100 Sea Miles.

Scale_ 1"
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(4) Case (b), 2nd Solution ( White's method).—To find the
radius of action of an aircraft in a wind returning to a second

hase.

Courst heme

I'1g. XI.

Scale 1 inch =50 sea miles.

From B lay off BX=315°—-100 miles, and BC=45°
(direction of patrol).

From B lay off BD=wind to East—20 knots.

From D cut in DC =250 knots. Speed of airship.

-

- o . X,
Divide BX at Z where BZ=——; where n=number of

n
100 :
hours petrol. Then BZ = i 10 miles.

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, cutting BC produced
at Y.

Then DC = course out.

Then DE = course home.

BE and YX = track home.

Y is the turning point on the outward track and BY =183
miles. BC=ground speed=62 miles and time to turn 15
therefore approximately 3 hours.

41083—18——4
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This problem can be expressed in another wa;rﬂ anc‘llE‘» Ilng;y
be the first position of the fleet. An aircraft is orderec o
scout in a direction BC and then to rejoin flag at X.

Example.—The fleet is steaming N._W. at 20 lillét‘&‘a.- An
airship 1s ordered to scout in & direction N.ﬁ?}. a.11f1 1?]01?1: in
5 hours. Speed of airs}fli}? =15'0 knots. Wind West —20 knots.

i ~nine point ol airsnip.

Pt}lé}lggtuig?t;;me figure, it will be feen that In 5 hmg‘lsi
the fleet will have gone from B to L :m:d’the: problllem' mu
be exactly as before except that the airship’s time allowance
i s instead of 10. '

i ::;.'Eg 11,11;?‘1'11'111.%‘ point will therefore be half BQ= 91} miles.

PSS

CHAPTER IV.

AIRCRAFT COURSE AND DISTANCE INDICATOR.

The rapid development of aircraft, both of the heavier than

air and lighter than air types, together with the great strides
3 o g 3

already made, and still to be ‘made, in _the. sc:ien-gc of a.pp:;(‘)m;
mately accurate navigation 1m the ailr, follmn-l‘ng{ 0;1 ‘?1?&“
jmprovements in the aero compass and the r&emm of o )mml;b.
accurate bearings from aircraft, has .emph_n.smod the necd for
some simple form of instrument which \\-'11_1 enable 'tho. nmni
sators of the air to keep a D.R., not referring to 1211.t1’c'-uile mul
t13c>ngitude, but will at any moment enable fi:-]‘1‘e;n lﬂ.-?,l(i ythv::l(t
simply to obtain the bearing and (hstm.lc_e.1 0” tz?m?\vh; Clh mp
having to use chart, parallel rulers, dividers, &c., ) S

n in the largest form of aircraft.

cumbersome eve e st R

¢ I ‘ e i 0 o 1 “. nc NG \il‘Cl“lft COI rse
| | i s el e : 4 Al y S
11 i 1S [ 1 )E v ese ] (0] y L a

a HI S 63 ( 1 i o iz 5 i l li{‘ Ll [ orm Of t-ll(. ser 1ce
i 1C¢ 1S I]’l(‘l (’l 7 sim D ] ; 3o ‘ V1( ‘.
B DL_ t{lll(_‘- ) I]l(ll ca tO ) i ; . b o
a oT'T W l . as « (& . o " |
th(- fOHO V g . o ( 1 i =} W i it 1 l i 11tL ¢ (‘]lﬂ DIC a
i instr I} b= '1].1 ]1.- 12 TS I l 1 11 g

: i iith the fleet.
they are con fronted when scoutmg ® ith the

DESCRIPTION OF INSTRUMENT.

ring marked every

The instrument consists of an outer ofon

five degrees from 0 to 360, the points of the compass
marked, every two points being lettered.

A central rotating dise, squared, diameter of disc represent-
ing 240 miles.

Two arms pivoted at the centre of the disc marked to the
same scale as disc.

Two movable pointers working on the two arms. The arms
are identical, and are marked A and B for reference.
A central clamp for holding instrument rigid when set.

PRINCIPLE OF INSTRUMENT.

The principle employed in the solution of all problems is
the theory of relative velocities.

Briefly it is as follows:—

If two bodies be moving in definite directions at fixed speed,
and if through any point lines be drawn equal in length to those
speeds, to any scale, and parallel to the directions in which the
bodies are moving, and then the ends of these two lines be joined,
a triangle will be formed, the third side of which represents in
direction and length (to the same scale) the relative velocity of
these bodies to each other.

a

)

F For“ezample—A body A is moving along line AB with a
velocity represented by the length of AB to any scale, A body
C is moving along line CD with a velocity represented by the
length of CD to the same scale. Through A draw a line paral-
lel and equal to CD; call it AM. Then MB represents in direc-
tion and length, to the same scale, the relative velocity of the
two bodies to each other.

By way of illustration how to use the instrument a problem
is here worked out—
(@) by Plotting,
() by Course and Distance Indicator.

Problem.—A body at A is moving in the direction North at a
speed of 30 knots.

e e S )

=4



A second body C bearing East of A is moving N.E. at a
speed of 20 knots.
Find their velocity relative to cach other.

8
//
c

A

By Plotting.—
Through A draw a line AD North equal to 30 units.
Through A draw a line AM N.E., equal to 20 units.

The line BM running in the direction 137° and equal t0 21.5

anits will be the relative velocity.
i. e., C relative to A is moving 137° at 21.5 knots.
A relative to C is moving 317° at 21.5 knots.
By Course and Distance Indicator.—
Place arm and pointer A to North and 30.
Place arm and pointer B to N.E. and 20.

Revolve disc till line on disc, parallel to arrow, passes
" through both pointers, or is parallel to the line joining both
pointers.

Arrow on disc now points to the
course, 137° or 317°, the space on dise
gives the relative velocity, 21.5 knots.

‘The above example serves to show that the method of
solving problems by plotting and by course indicator are
identical.

The use of the instrument, how
of paper, pencil, and parallel rulers.

direction of relative
hetween the pointers

or, dispenses With the need

RULES FOR USING INSTRUMENT.

using the instrument are given, as

The following rules for .
attention to them, confusion

it is hoped that by paying strict
may be avoided:—
(1) Arm A should when possible represent
and speed. AR s
(2) Arm B should when possible represent the objective s
course and speed. : « Ll )
(3) Always keep the general lines of the -_sl_tuatlon in your
head; this will obviate the possibility of reading
from the wrong end of the arrow.
(4) In all cases an allowance of at least 25 per cent. should
be made for errors in estimation of the wind, leakages,

&e., in working out range of action.

you r owl course

" i —C
DECLASSIF y
— 7 e
A 11{£1r_\rityf¢;;(2_ /D :_\.:‘(?_ / %

o ———————
—




47
Problem 1.

To determine the *‘Speed and Direction of the Wind,” having
observed the Path and Speed made good. i

(@) Set arm and pointer A to course steered and air speed.

(b) Set arm and pointer B to course made good and ground
speed.

(¢) Set disc so that arrow is parallel to line AB.

Arrow points to direction in which wind is blowing. Length
of AB is speed of wind.

Erample.—Machine steers 300° at 50 knots. Drift observed to
be 260° at 70 knots. Find the speed and direction of wind.

(See Fia. 1.)

(@) Set arm and pointer A to 300° and 50.

(b) Set arm amd pointer B to 260° and 70

(¢) Set disc as in (¢).

Arrow points to 215°.  Length AB =44,
Answer—Wind blowing from 35° at 44 knots.

Problem I1.
To find what ** Allowance to make for a Wind.”

(@) Set arrow on disc to course t0 be made good.

(b) Set arm and pointer B to direction from which wind is
blowing and to speed of wind.

(¢) Set pointer A to air speed of machine.

(d) Revolve arm A till pointer A ig on same line (parallel to
arrow) as pointer B.

Arm points to the course to steer.

The distance between pointers A and B will be ground speed.

Example.—Wind N.E., 40 lmots. Machine air speed, 70 knots.
Wishes to make good a path W. What course must he steer?

(See Fia. I1.)

(@) Set arrow on disc to W.

(b) Set arm and pointer B to N.E. and 40.

(¢) Set pointer A to 70.

(d) Revolve arm A as in (d).

Arm A points to 295°. Length AB=91.

Answer—Course to steer 295°. Speed along course w., 91
knots.

i ——
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Problem 111.
To determine ‘* Radius of Action.”

(a) By Problem II. determine the course “‘out’” and the course
“home.”’

(b) Set arm A to course out.

(¢) Set arrow on disc to course home.

(d) Set arm and pointer B to total wind.

(¢) Line through pointer B parallel to arrow cuts arm A at the
turning point (distance through air).

FEzample.—TFind your ‘‘radius of action’’ in a direction N.J.,
wind N.N.W. 20 knots, your air speed 60 knots, you have five
hours’ fuel.

(See Fig. 111.)

(@) Course out 27° 50 knots. Course home 242° 64 lknots,

(b) Set arm A to 27°. '

(¢) 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.)

(¢) Line through pointer B cuts arm A at 88, i.e., 176, and
time to turn will be }6—70(—5=2 hrs. 56 mins.

If arm B be now set to N.E. and arrow be set to direction

of wind, line through pointer A cuts pointer B at the distance
made good N.I. at time to tum, 73, 4.e., 146 miles.

Problem IV.

. . I
Nourse to ‘¢ Intercept Hostile Aireraft.

Case 1. —When course steered and air speed of hostile craft

are known.
(@) Set arrow on dise to bearing of objective.
() Set arm and pointer B to course and
aircraft.
(¢) Set p()‘l]\t'(\l‘ At A { ~hine
A 0 air speed of MACHITE: _
(@) Revolve arm A till pointer A is on Sime line (parallel to
?.TOW) as pointer B. Arm A points to cours® to steer. l‘hi
(lfli{ain(:e 'AB will be “‘speed of approach” and time to intercep
will be distance off divided by AB.
_JlEm.mpZe.—A hostile aircraft is reported pearing N-E- 120
miles away, steering West at 50 knots. Your air speed is 100

nots e o
knots. What course must v : long will 1t take
; se must you steer how lon
to intercept her? ¥ teer, and g

specd of hostile

- (See Fia, IV.)
((%.) Set arrow on dise to N.E
) Set arm and pointer B to West and 50.

| e
DECLASSIFIEDR :

- 7 P s =

A ‘-Hh‘—‘rit}"'_c;g'LD,_ts of 7o face page 48.

Malbyv4 Soms L.th




(¢) Set pointer A to 100.

(d) Revolve arm A as in (d).

Arm A points to 25°. Length of AB 128.

, 9
Answer.—Course to steer 25°. Time = 1;2 =0 hr. 56 mins.
“O

Case 2.—When track and speed made good of hostile aircraft
are known.

N. B.—This problem is exactly the same as closing on a ship
or fle

m b = - =

l_ h.e _ hlllll)l@.bﬁ. way of solving all problems where three
velocities oceur, 4. e., wind, objective’s, and your own, is to reduce
th.en"m to two by resolving the wind and your objective’s into one .
this is done by considering the wind to have the opposite effect
on your objective to what it would have on you, and resolving
this and your objective’s velocities into one (i. e., you find course
steered and air speed of objective) you then use this result as
the actual velocity of your objective.

(@) Set arm and pointer A to course and speed of objective.

) Set arm and pointer B to direction in which wind is
blowing and velocity of wind.

(¢) Revolve disc till arrow is parallel to line BA. Arrow
points to direction of resultant velocity of objective and wind,
and distance BA is resultant velocity.

(d) Set arm and pointer B to resultant obtained in (¢).

(e) Set arrow to bearing of objective.

(f) Set pointer A to your air speed.

() Revolve arm A till pointer A is on same line parallel to
arrow as pointer B.

Arm A points to course to steer. Distance AB is speed of

approach.

Example.—A hostile aircraft is I‘eI'JO]‘ted at 10 p. m. passing
over a place, A; at 10.30 p. m. she is reported passing over B,
West 25 miles of A. Place B bears N.E. 120 miles from. you.
Your air speed 70 knots. What course must you s;stoo.r to inter-
cept her, and at what time will you do so? Wind N.W., 20
knots.

(See Fig. V.)

(@) Set arm and pointer A to W. and 50.

(b) Set arm and pointer B to S.B. and 20.

(¢) Revolve dise as in (¢), and arrow points to 283°, and
distance BA is 66.

(See T1a. VI.)
(d) Set arm and pointer B to 283° and 66.
(¢) Set arrow to N.E.
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(f) Set pointer A to 70. .
(¢) Revolve arm A as in (), and arm A points to 353°.
Length of AB 78.

. 120 ;
Answer.—Course to steer, 353°. Time ta.ken=—7§,sl hour

L&
32 mins.
Problem V.

Sent out to scout on @ bearing, to know when to alter course to
rejoin Fleet at @ Sized tume, and 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.”

Example.—Fleet steaming East, 20 knots. Wind N.E,,
95 knots. Your speed, 60 knots. You are ordered to scout on
a bearing North and rejoin the Fleet in 4 hours.

(=

Fie. VII.

Let A be position of Fleet.

From A lay off AX, North.

From A lay off AT, East, equal to 80, course and distance
Fleet will go in the 4 hours. T is position of Fleet at end of
4 hours.

From F lay off FG equal to 1001 N.E. (the total wind effect

in the 4 hours, assuming that wind is blowing Fleet in opposite

direction to what it would do to the aircraft, and aircraft is
in still air).

Join AG (this is now considered as the course and distance
gone by the Fleet in the 4 hours).

Trom A lay off the course to steer to make good North, al-
lowing for wind, AE.

Make AE equal to 240°. (Total distance machine can fly in
the time).

Join EG, and at G with EG construct 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 T, and from H to G, and these are the
courses 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.) 161—8’ gives the time

to turn, 4.e., in 1 hour 58 minutes.

Sent out to scout in a given direction, to know when to alter
course to rejoin Fleet at @ fized time, and what course to
steer to do so.

Note.—This problem may also be stated: “Radius of action
returning to a second base.”

(¢) Work out as in Problem II course allowing for wind to
make good direction ordered.

(b) Place arm and pointer A In direction Fleet is steaming
and to distance Fleet goes in the time.

(¢) Place arm and pointer B In direction in which wind is
blowing and to total wind effect in the time.

(@) Revolve disc till pointers are on same line parallel to arrow.
Note the direction and distance from pointer A to B.

(¢) Set arm and pointer A to result obtained in (a), and to
total distance you can fly in the time.

(f) Set arm and pointer B to result obtained in (d).

(g) Set disc so that line joining the two pointers is parallel
to arrow and arrow points towards Fleet.

(h) Note angle on rim of instrument between arm A and tail
of arrow.

(k) Move disc till tail of arrow makes double this angle with
arm A.

Arrow head points to course to steer to rejoin the Fleet; line
through pointer B parallel to arrow cuts arm A at the point at
which course must be altered and distance indicated by
pointer A divided by air speed gives time at which course must
be altered.
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Erca'r71ple.—+Fleet steaming East at 20 knots. Wind N.E.,
95 knots. Your speed 60 knots. You are ordered to scout on
a bearing North and rejoin the Fleet in 4 hours.

(@) Work out course to steer by Problem IT. 17°.

(See Figs. VIIL and IX.)

. (b) Place arm and pointer A to West and 80.

(¢) Place arm and pointer B to S.W. and 100.

(d) Revolve dise as in (d) arrow points to 65°. Distance
between pointers—lﬁﬂl’.

(¢) Set arm and pointer A to 17° and 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 as in (g), angle between arm A and tail of
arrow—43°.

(k) Set tail of arrow to 86° from arm A, i.e., to 291°. Arrow
head now points to 111°, the course to steer to return to Fleet.

Line through pointer B cuts arm A at 39' (i.e., 118), so

time to alter is %—g’ hours = hour 58 minutes after starting.

SCOUTING.
Problem VI

You are ordered to scout in @ given direction to find what course

to steer to return to the Fleet at any moment.

Neit‘he-r Fleet mor machine having altered course during the

operaton.

The allowance for wind should immediately be worked out

by Problem IL. so that your track is in the direction ordered.

The method now employed for keeping the positions of

Fleet and yourself is simply using one arm and pointer to repre-
sent the Fleet’s track and the other to re resent your Owi (which
will be track and speed made good). This is done as follows:—

(a) Set arm and pointer A to the direction in which you are
ordered to scout and the distance you have made
good.

(b) Set arm and pointer B to Fleet’s course and distance
gone.

(¢) Resolve dise till same line on dise, parallel to arrow,
passes through both pointers and arrow is towards
the Fleet.

(d) Arrow points to bearing of Fleet and distance between
the pointers is distance of Fleet.

Proceed as in Problem IV., case 2.

T
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Problem VII.
Same as VI. Fleet or machine having altered course.

(@) Proceed as in Problem VI, obtaining bearing and
distance of Fleet from you at moment of alteration.

() Put this bearing and distance on arm and pointer B.

(¢) Move arm A to machine’s new course.

(d) Set pointer A to distance gone since alteration of course.

(¢) Revolve arrow to course of Fleet.

(f) Move arm and pointer B along course of Fleet on disc
the distance Fleet has gone in this time.

(¢) Revolve disc till the same line, parallel to arrow,
passes through hoth pointers. Arrow points to bearing of Fleet.
Distance between pointers is distance of Fleet.

Proceed as in Problem IV., case 2.

Problem VIII.
To determine the Course an Enem y's Flect is steering.

This method only to be employed 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.

Having established this fact assume that Fleet is steering at
right angles to bearing on which it was sighted, and assume &
speed for the Fleet—

If battleships, 17 knots;
If cruisers, 23 kno
If destroyers, 25 kr

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 have probably assumed the

correct course and speed of Fleet. _

N. B.—The word “probably” is used because an error in
estimated speed might neutralise an error in course, but this
would be negligible for a first'report.

If bearing draws ahead, fleet is steering more towards you

than you have assumed and vice versd. You have now estab-,

lished the course of the Fleet within eight points.

Now assume that Fleet is steering at 45° instead of 90° to
first bearing.

Shape course, allowing for wind, to preserve your present
bearing and observe as before.

ot



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 remains

constant.
Example on Problem VIII.

Fleet is sighted bearing East and estimated distant 60 miles
(at this distance Fleet would probably be only just visible).
Course of Fleet is 5.5.W., speed 18 knots. Machine's speed 60.
Wind North, 15 knots.

To find by above method course of Fleet:—

(@) Machine shapes course, allowing for wind, to make
good track East and observes that bearing alters
to the right.

Course of Fleet is therefore Southerly.

(6) You assume now that Fleet is steering South and now
bears 95°,

(¢) You shape course as above to preserve this bearing.
By Problem IV., case 2, track to be made good, 112°,
Course to steer, 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, case 2, this course to steer is 109°.

Bearing of Fleet now draws aft to 100°. You
therefore know that 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 Tleet 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 attracting and holding particles of iron.
. A natural magnet, suspended horizontally, will always, if
unaffected by local causes, lie with one end pointing nearly to
the North Pole.

This end is called the north-secking or red pole of the
magnet; the other end is called the south-seeking or blue pole
of the magnet.

Artificial Magnets are made of hard iron or steel, and possess
the same properties as natural magnets. Iron and steel are
divided into two classes, viz., hard and soft. |

Hard iron is not casily magnetised, but when once magnetised
retains its magnetism permanently. .

Soft iron in a pure state becomes instantly magnetised when
exposed to oven small magnetic forces, but has no power of
retaining its magnetism when these forces are removed.

Artificial magnets are made (1) by contact with a natural
magnet; (2) by contact with other artificial magnets; (3) by
contact with an electro magnet; (4) by percussion; (5) by
passing the bar into a coil through which armr electrie current
15 passing.

No. (4) method influences the question of compass worlk,
because by hammering, the steel parts of a machine when being
})uilt. become themselves permanent magnets. No. (5) method
is the one employed in making bar magnets, such as those used
Incompass adjustment. The bar is passed Into an electric
coil, through which a powerful direct current is passing, the
polarity formed depending on the winding of the coil and the
direction of the current. However magnetised, the bar or
noeedle is said to be ‘‘saturated” when it cannot by any means
be made any stronger. 3 i

(See I'ia. 1.)

The properties of magnets are shown in Fig. 1, where a
small freely suspended magnetic ncedle is passed over a bar
magnet. It will be found to take up the positions shown.
Note that there are two points a short distance within the bar,
where the needle stands vertical, and towards which the necdle
always points; these points are the ‘‘poles’” of the magnet.
Where the needle lies horizontal is called the neutral zone. The
figure also shows that the blue pole of the bar magnet attracts
the red pole of the needle, and vice versdé. From this we get
the important rule that ‘‘like polarities repel, and unlike polari-
ties attract.” The bar magnets used for compass adjustment
are painted half red and half blue, the red end denoting the
north-secking end and the blue end the south-seeking end.
From this it is obvious that what we term, g(‘.ographicﬂ-u}'a the
North 1_)010 of the Earth contains blue magnetism, and that red
magnetism exists at the South Pole. The two polarities cannot
be separated, i. e., if a bar be broken, every piece will be found
to possess a red and a blue pole. h Lk

Repulsions and attractions of magnetic poles vary inversely
as the square of the distance, . e., if at a distance of 6 feet from
tI;e centre of a magnetic needle the pole of a magnet causes
2% of deflection, it will cause approximately 8° of deflection at
a distance of 3 feet in the same direction. When both poles
of a magnet are acting, as is always practically the case, the
effect varies inversely as the cube of the distance. i. e., if at &
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