of B will be adjacent to the blue pole of A, or wice versd. This
may be simply explained by the lines of force. Lines of force
on leaving the red pole of the magnet go in the direction of least
magnetic resistance, and as the resistance in soft iron is less Fl_mn
that of the surrounding medium, owing to its greater permeablhty,
they all crowd in to the soft iron and form a blue pole; where
they emerge ngr;in a red pole will naturally be formed. 5 W

IT the soft iron bar be reversed end for end, the magnetism in
it will be found to be entirely reversed, and the end which was a
red pole before will now be found to be a blue one; and if the
bar be removed it will cease to be magnetic from that cause, .but
we may say here that no «oft iron is entirely nonmagnetic, SIee
it is always acted on by the magnetism of the Earth.

(See F1a. IV.)

In Fig. 4 we see the effect of induction in small soft iron 1'ing_s,
such as are used in compass correction, by a magnet. A rapid
revolution of the rings does not affect the positions of the red
and blue (north and south) poles in them with reference to the
magnet, so long as they retain their relative positions from the
magnets. Here we sec that the lines of force pass through the
ring, forming, as before, a blue pole where they enter and a red
pole where they emerge.

(See Fiag, 1Va.)

If, instead of a ring, a soft iron rod, which for these purposes
must be considered as having length only, is carried horizontally
over the magnet, and lying either in the same direction as the
magnet or at right angles to it, we see that in the first case the
rod is unmagnetised at the poles, since the lines of force pass
through it at right angles, and it is magnetised at the Hquator
or neutral zone of the magnet, where they pass through its
length. In the second case, the rod 1s magnetised at the poles
since the lines of force pass through its length, and is not mag-
netised at the equator or neutral zone.

(See F1G. V.)

Another case of induction is that of a large soft iron ring

' placed between two magnetic poles, as in Fig. 5. Here the lines

of foree from the red pole enter the ring and, following the line
of least resistance, go round the ring, coming out of it again
opposite the blue pole; so that in the ring itself we should find
a-red pole opposite the blue magnetic pole and wvice virsd. Since
the lines of force all pass through the ring, and none cross it,
a magnetic needle inside would have no force to direct it, and
therefore would point in any direction, showing that the ring
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has diverted all the directive forc fr insi
Actually, since no iron is absolut et "
A cBbuii 8 1. -‘(-').50 utely s'oft, and is, as it were, &
ard and soft, a certain percent: i
of force cross the ring, formin th e e s
- d ? ¥ g o 5 i i i b i
S —— o ¢ on the inside of the ring, where
¢ ; pole, and where they enter it again,
pole. These few lines of for r b again, o el
e 7 of force form the directive force in an all
e eIy and since the greater number go through tl i
E; rective force is much less than outside $ S o
Tlectric Inst 10NS.— 1 ]
o J Instglla,twn-s. Tvery electric machine has a m: i
T(_,- d, and a single electric wire will deflect a daggioatiy
ot b a compass needle
L gnetic lines of force produced round a wire conveying 11{
(;m(,l 01;11(1 01]111511_’} act at right angles to the direction of the qbu;w
wirrent ) [ 7 S11res QT ) 1 , . :
ﬁowmg, illu 1 ‘t:wo wires are laid together with the current
doe b (}pl;}(;blt{) 11chre.ct-;ons. the effect of one will neutralise
effect o ¢ other. This i i ’ Hahting
, r. This is done m 7iri [ lighti
sets, and care must be take 1 i 'the L S e
: en that single wires aT 1
iy o s are nowhere near
Dynamos %
8 motors, &c., all hi ' 1
e Shoul’d et | L)&c., all have their magnetic fields; none of
e Tt ose to .the compass. Moreover, no iron or
s d be at a less distance than 5 feet from a compass

m
i [ERRESTRIAL MAGNETISM.
Lar o ¢ ot} a H
1o Earth, being a great spherical magnet, possesses th
property as other magnets; t s Wl v
2] s i e N‘b ts; sO that a freely suspended magnet-
tidﬁ of" 5 ,Gab its 'orth—seekmg or red end drawn in the (‘Tirec-
% e Geographic North, and wvice versd
or convenience the eff b
X ect o1 ) th-seeki i
e e ma 6 ol y 1 the No1th_—seek1ng end only 18
p g ﬂ. on the Sopth—seekmg end is equal and
L g at on the North-seeking end. Hence this force 1s
If} gr e ob_dlreotlon and not of translation.

e co is directi i i
g GojI‘n- ine this directive force of the Barth with the lines
g 00e a,glly permanent magneb within whose field” our
Mt ?ee ¢ may happen to be placed, we shall find the
o ‘]“31?}8 OE i'he needle either increased OT decreased

ling as to w other the two fields ¢ ing i

o e two fields ore acting together or In

If the Ii

mes e . L

e Lo ek Ea(;ihf(afe of 'Lhe. magnet are runnig parallel to
s dd At ere Wl!l be no deflection of the needle, but

16 thaeraps szlqase of directive force only.
sitias s defaston o gha.t. an angle to the needle they will also
T R e e n(; 0;1 o noedle. When running a6 right angles
i riemineg ne they will cause & maximum deflection,
DR et f6111: the! directive force. This increase O
and timing_ the OSC'IU&t?((:ncm‘l be found by deflecting the needle
2 o A :
f:::llg’ the less the direct.i:elg e the EtiegEs

oo varies inversely as the orce. The wvalue of the directive

square of the times.
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Definitions-

Line of total force is the direction which a freely sus ended
magnetised needle takes up under the influence of the Earth’s
magnetism, varying according 10 the geographical position.
Magnetic Poles are the two positions on the globe where the
line of total force is vertical and towards which the needle points

in all n.dj,oining reglons. :
.. Foei.—There are four positions of m
field of force, called the magnetic focl,

aximum in-

&

tensity in the Farth’s

two in each hemisphere.
Magnetic Equator 18 the line

{ the Tarth, on which

separating the red and blue
magnetism 0 the line of total force is
horizontal.

Magnetic
longitudinul axis of a m
total force.

Magnetac

agne

the directions of the mag
Magnett Dip or Incl n is the vertical angle contained

between the directions of a freely suspended magne sed needle
resting in the line of total force and the 1101"1;5011’(-&1 plane passing

through its centre.
The magnetic dip at Greenwich 18
tion about 15° W.

Magnetic ‘Latitude is meast
and is analogous to ordinary latitude. Lanes ©
spond to pa.m\le.is of latitude. :

Now the total force can be resolved 1

idian is the vertical plane passing through the
:’Lgnet-iscd needle resting in a line ©

ained between

about 67° and the varia-

red from the magnetic equator
f equal dip cOTTe

a horizontnl and vertical

direction.
1f 6 is the angle of dip,
T is the total foree;
Then Z 18 the vertical component = T sin 9,1
ond H, the horizontal force = T cos 0, &C- &e.
The horizontal force 18 roferred 10 Greenwich, where the
value 18 considercd to be L.
Chart 3 shows the comparative values for it at any place on
the Barth. Notice that it is greatest mear the equator and
diminishes towards the poles.
The dip 1 measurcd by means of a dip circle.
Chart 2 gives the lines and values of equal magnetic dip and
the natural tangent of the angle 10 the margin.
Variati ——Variation can be found by observations.
Chart 1 gives the Isogonic lines, or lines of equal
westerly variation being shown by continuous lines and easter
variation by pecked lines.
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The variation is not constant, but changes year by year.

This annual change is given on the variation chart supplied, as

woll as in the title of eve chart supplied, and should never be -

forgotten. The use of this variation chart is most important to
the mavigator, enabling him to ascertain the cor 4 magnetic
course to steer and to calculate the deviation of his compiss.
It is most important on a long flight to allow for the change 1I
the variation, due to the alteration in geographic position of the
aircraft. The closeness of the lines of equal variation, Cic ed
by the qireraft’s course, show at once :f the variation is altering
rapidly.

Chart 4 gives the lines of equal vertical foree from the formula
7, = H tan dip

TLocal Magnetic Disturbance—This term is used to denote
forces outside the aircraft altogether, and does not refer to the
effect of the iron in the aireraft.

Numerous ar of local disturbance are found on land, where
the magnetic conditions differ largely {rom those immediately
round them. Several similar areas have been found in the land
under the sea, and it is when passing over these that a compass
will be affec ed, for it is only under such conditions that the
disturbing force will be near enough to have any effect.

This will only be in shallow water. The magnetism of the

ible land cannot affect @ ship’s compasses, owing to its dis-
tance away. : : X

The most remarkable of these arecas SO far discovered 1s near
Cossack, Western Australia, where in 0 fathoms of water the
0 wved variation differed from 56° E. to 26° W. withi
space of 200 yards. ; i .

f local magnetic disturbance 11 the ar

No authentic case ©
has yet been reported. Clouds have no offect on & compass

unless charged with electricity, as may occur in thundery type
of weather.

COMPASSES.
SwiNGING FOR COMPASS ADJUSTMENT.

Wo, will now procced to describe the method of swinging.
This is the process emplc d, in the first place, to adjust for the
original compass errors and secondly to determine the small
errors remaining after adjustment.

"The aero compass adjusted for one magnetic latitude is to
a1l intents adjusted for any other, but the e ssive vibration,
heavy landings, shocks due to firing guns and being hit by gun
fire, &c., tend to change the deviation. The navigator or pﬂm
thorefore, cannot be too careful, and a constant watch on ]li'-*:
compass by swinging froquently is the only real Sﬂfi"&"lmra
against losing himself, olwi.ng to Li}nl\'nm\rn deviation. Dlt.l is
some eS qible to swing om & 18 v Ints .
s!v.rn-tttz:z(l\.( n'f11(i)n1:‘mgk(-u)h11t 11:; oppm‘t111:?1‘[\.-1)2}“ts-On}y‘ owing t0

2 y &0y U A doing so should be

lost, and specially before a long flight the Aation on the
courses likely to be steered should be obtained.

The pilot who has paid careful attention to his compass will,
in clouds or foggy weather, feel comparative security in that
branch of his work at any rate.

The general idea in swinging is that the machine is placed
in each of the magnetic directions, N., N.E., E., S.E, S, SW.,
W., N.W., alternately, and the headings of the machine as
shown by compass taken in each case, the. difference between
the magnetic and coMpass directions being the deviation.
Where more than one comp is fitted, the second one may be
done at the same time; or at any subsequent time, if it 1s com-
pared with the other, its deviation can be obtained.

Ezample:—

R R

. l . . . s -

Machine’s Head | D viation of Machine’s Head | Deviation of

Compass. A Compass. by B Compass. B Compass.
{ {

el

3° W. l 4° 5°W.

e n e e

Before swinging, the following points must be a ed to:—

(1) Machine should be upright (tyres inflated to the same
extent).

(2) Cap and pivot of compass in good order. This may
be found by deflecting the card 45° and noting
whether the card returns to its original position
exactly when it comes to rest.

(3) It should be ascertained that the lubber line is in the
fore and aft line of the aircraft.

4) Everything in the shape of iron or steel should be in
the proper pls occupied by it whilst flying.

(5) No other machine should be within 30 yards.

There is one standard method of swinging aircraft. A spot
is selected free fron local magnetic disturbance, at least 100
yards from the nearest shed or railway line, &e.

A landing compass is set up on 1ts tripod over the spot A,
and from it pegs are driven into the ground on the bearings N.,
NE, E, S.E, 5, S.W., W., and N.W. The opposite points
are then joined either by rope Lines when the ‘“base’ 1s a tem-
porary one, OF by lines painted or otherwise marked on the
concrete in the case of permanent bases. (Concrete circles
20 feet in diameter are now laid at most of the aerodromes.)

You have now got marked on the Barth’s surface lines run-
ning magnetic North and South, East and West, N.E. and
g.W., S.E., and NW. Two plumb lines are attached in the
central fore and aft line of the machine, one near the nose and
one near the tail.

|
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Tl}e machine is then wheeled o to the base and its foro ﬁ_“d The Germans, having realised this, are most careful to place
aft line (as shown by the plumb lines) made to correspond with =
the lines on the base, and the difference between the reading
<hown by the lubber line on the compass and that on the base
is the deviation.

1f the reading of the compass 18 less than the magnetic the
deviation 1s Tasterly or +.

If the reading of the compass 1s more than the magnetic the
deviation 18 Westerly or —-

Thus, machine is on the N.E. and S W. line heading N.E.
or 45°, lubber line shows machine heading 40°.

Deviation is 5° Tasterly or +.

A table 1s then made out for the machine and should be
secured where it can easily be seen by the pilot, preferably on
the instrument board close to the compass.

This table shows what the compass reads when the machine
is heading in the various magnetic directions, and by simple
interpolation the compass reading for any intermediate direction
may be obtained.

A sample table is here given:—

no magnetic material within 30 feet of the compass, and there
are consequently no errors of a size worth considering.

Swinging by the Sun.—First set your watch to S.AT.

The airship is then flown as slowly as possible in the various
directions by compass.

As the airship is steadied on each point the bearing of the
Sun by compass 18 taken, the time being also taken; the true
bearing of the Sun is obtained from Burdwood’s tables, to this
the variation is applied and thus magnetic bearing of the Sun
is obtained, which, compared with compass bearing, gives the
deviation.

MAGNETISM OF AIRCRAFT.

The Cause of Deviation.—If an aircraft were built entirely
of non-magnetic material, there is no reason why the compass
should have any deviation, and such, in fact, is the case; but
since aireraft are built partly of steel, there will be, first of all,
magnetism caused in the hard iron of its construction by the
hammering to which the parts are subjected, making them
into a permanent magnetic system, having two distinct poles.

Besides this there is a certain amount of soft iron liable to
‘nstantaneous magnetisation by induction of the Earth and
. de-magnetisation, according to direction of aircraft’s head. .
North ‘_‘: 358 Both of these tend to cause a deviation of the compass needle
‘]\'qu]:t l . ; from the magnetic meridian, and also an increase or decrease
SE. g - in the directive force at the compass position.

Sou}h
SwW. 22 : ‘ nor MAGNETIS
=l = 570° PERMANENT MAGNETISM.
N.W. 315° 318°

Tor Magnetic Steer
Course. by Compass.

Generally the process of construction causes the iron and
steel parts of an aircraft first of all to acquire an amount of
permanent magnetism in excess of what they can permanently
carry, but after trials, &c., this overdose of magnetism  gets
shaken out, and what is left remains perm:ment.ly. The aireraft
then acts as a permanent magnet, having its poles lying in some
definite direction.

We may then suppose the compass to be placed in the vieinity
of the poles of a permanent magnet, which will turn round with

may be obtained
by flying directly at two conspicuous objects wh.iC-h are in line
and comparing YOUr course with the magnetic direction of the
line joining the two objects on the chart or map.
Lighter—thi‘vn‘a'ir craft are usually swung before the envelope
i attached, but can be done on a very calm day with the
envelope attached; since, however, the presence of the envelope
makes no difference magnetically, it 1s more convenient, when

3 13 iati , compass
During flight, deviations of the P

possible, to swing before attaching the envelope.
Rigid airships present great difficulties, as they must he
done in the air, when it is exceedingly difficult to keep them
steady, and the only possible ways of swinging them will be—
(1) by the Sun when it is very low in altitude; B
(2) by placing a compass on top of the Ship where it will

be una.ﬁ.cc.‘t ed by magnetic material, and adjusting
the remaining compasses his one. 8 3

the aircraft.

Take, as an example, an aireraft having a red pole, low down,
forward on the starboard side, and a blue pole, high up, further
aft on the port side.

The compass being in the midships line and abaft both of
these poles. (This is what generally occurs in heavier than air
machines.)
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Tts permanent magnetism would be ropresented a8 in
Tig. VL.

Tt is only necessary to consider the action on the compass
of the pole S, net st to the compass A, as the offect of N will
only modify this slightly, being further away.

If now it were possible to place 2 magnet near the compass
with its poles In ex tly the opposite direction to those of the
aircraft itself, the disturbing effect of the permanent magnetism
of the aircraft would be annulled. As there are difficulties 1
doing this in practice, it is simpler to deal separately with each
component of the aircraft’s permanent magnetisn.

Thus, at a compass at A, the magnet force acting through
it due to SN is the resultant of three forces acting in this case
(1) towards the nose, (2) towards the port side, (3) vertically
upwards. The permanent magnetism of any aireraft is always
split up into these three components, and they are denoted by
the letters P, Q, R. + P denotes an attraction towards the
nose, — b towards the tail, + Q to the starboard side, — Q t0
the port side, + R vertically downwards, — R upwards.

In the above exe mple there st By =@ and — R. R will
produce no deviation, as it acts through the pivot of the com-
pass, and may be disregarded. So we Tay NOW assume that
P and Q are acting in the plane of the compass needles, 2. €.
horizontally. :

Consider now the effect of these two forces, + P and — Q.

1+ P is a pull to nose.
(See F16G. VIL)

The above figure shows the result of a pull to nose on 2 compass
in an aircraft as ib is placed in each direction. The maximum
offect 18 on . and W., where the force 1s at right angles to the
needles, the offect on W. being equal and opposite to the effect
on K. i

On N. and S. there is nO deviation, but an increase and decrease
respective in directive force.

Thus it 18 clear that the deviation due to a — P starts at 0 at
N. and increases with the sine of the angle to maximum at K.,

decreasing again to 3., from where it increases again to maximum
in the opposite direction on W, and comes down to 0 on N

If the curve of this similar to above be drawn, 1t will be seen
that it also is a sine CUIve.

Similarly with the force Q, & cosine curve 18 obtained since it
will cause no deviation on E. and W., but will cause its maximum
on N. and S. Since both these curves are semi-circular,
’?hn,t. part of the deviation caused by the permanent magnet-
s of the aircraft on any course is equal to P sin
course + Q cos course; the values of P and Q being taken 2%
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FIGURE SHOWING EFFECT

Malby& Sons Lith

To face paqe

el

equal to the maximum amount of deviation they respoctively
cause. P is corrected by pernm-nent magnets placec in fore and
aft direction.

Q 1s corrected by permanent magnets p]aced in an athwart-
ship dire

Tt will be obvious that correcting magnets will produce an
equal and opposite effect on the compass to what the forces P
and Q will produce, and that the cffect of the correctors will
vary in the same way as P and Q. Therefore, by placing the
aircraft on N. or S. and inserting magnets in the athwartship
tubes till the compass shows machine to be heading N. or S
Q will be corrected. Similarly on L. or w., P will be
corrected by placing magnets in the fore and aft tubes.

INDUCED MAGNETISM.

The whole of the effect of magnetism induced by the Earth
in those parts of an aircraft’s construction which come under
the heading “soft iron’’ may be represented by the action on
the compass of two typical soft iron rods having length but no
thickness, passing through the compass, one in the athwartship
direction and the other in a fore and aft direction, both, lying
horizontally.

Being horizontal and supposed to have no thickness, these
rods will be magnetised by the Earth’s horizontal force only.

Consider now the effect of these two rods.

The rod going athy rartships, we will call “e,” for reference.

The rod going fore and aft, we will call ¢ ¢, for reference.

(See Fia. VIIIL.) .
The figure shows the result of the rad %s”! On N, ¢

and W. the effect is nil, since on N. and S. the rod is
magnetised, and on B. and W. it is in line with the needles.

On the quadrantal points N.E,S. E,S. W. and N. W. it will
have its maximum effect, and it will be noticed that it changes
sign in each quadrant.

Thus it can be represented by a sine 2 § curve, where 8 is
the course in degrees.

By drawing a similar picture for an “a’’ rod, it will be seen
that it produces exactly the opposite offect to that caused by
the “e” rod; however, in all aircraft the “e’” has a larger effect
than “a’’ because its poles are closer to the compass, and the
rosult is that a corrector has to be introduced to correct & weak
“e’ rod.

'This

:an only be done In ¢ asses Pattern Nos. 255, 256
and 268 nly be done In compasses Pattern I , 299,

m ¥
l]hc. _met.hod of correcting this error is by int oducing on
16} a 3 ! i 3 ] - i R
each side of the compass circles of soft iron, called gpheres,
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which, owing to their position, cause an equal and opposite
deviation to the “e’’ rod.

In all modern heavier than air machines where the tanks
are constructed of non-magnetic material, the amount of error
produced by this cause is less than .5°, so it may be neglected.

Having adjusted a Machine, to find out the Cause of the
FErrors remaining.—(a) Mean all the deviations; this will tell
you whether the fore and aft line of compass orresponds to
fore and aft line of aircraft.

(b) Mean the deviations on BE. and W., changing the sign
on W.; this tells you the amount of error due to P remaining.

(¢) Mean the deviations on N. and 8., changing the sign on
S.; this tells you the amount of error due to Q remaining.

(d) Mean the deviations on N.E.,S B8 W, N. W, changing
the signs on S. E. and N. W.: this tells you the amount of error
due to soft iron remaining.

(i) If (a) comes out —the fore and aft line of compass
should he moved to port the number of degrees equal
to the mean and vice versd.

(i) If (b) comes oub —magnets are required Red Aft.

@iii) If (¢) comes out — magnets are required Red to Port.

(iv) If (d) comes out +spheres are required, and wvice versd.

Tue Use oF COMPASSES.

Having adjusted a compass in an aireraft as already
explained, we now come to a consideration of the tual use of
the instrument and the natural limitations which attend its
employment.

Provided that the card is kept horizontal, it will always
register the correct direction in which an aireraft is traveling;
in order to allow it to remain horizontal, a clearance of between
30° and 40° is allowed for, so that under any ordinary climb or
glide the card will register correctly.

Since, however, In e: ,cuting banked turns, the card, under
the influence of centrifugal force, instead of remaining hori-
sontal to the Earth’s surface, takes up the same plane as the
machine and therefore becomes inclined to the horizontal, the
needles are gradually tilted out of the Earth’s horizontal
component into the vertical component, and so the tendency 18
for the card to rotate till the North point is pointing vertically
downwards, the result being that a machine may be actually
turning without any turn heing indicated by the compass
card.

This feature is intensified in these latitudes (British Isles)
where the vertical component is greater than the horizontal
component, but except when executing a turn off a northerly
course this may be neglected.

In executing a turn off a northerly course, if it is desired
that the compass chould register the turn, the turn should be
executed slowly and with very little bank.

This feature can be almost entirely overcome by so reducing
the strength of the needles of the compass that the vertical
force of the Barth acts on the needles so weakly that the card
turns more slowly than the machine does; but it should be
remembered that if this is done when horizontal, the horizontal
force will also act very weakly, the result being an extremely
sluggish compass which when once disturbed takes a consider-
able time to settle down.

The one type of compass possessing this weak system of
needles in use at present is the early Pattern 255. The later
Pattern 255 has a stronger system. In the Royal Flying Corps
a compass (Mark IT R.A.F.) having an even weaker system of
needles, is in use. In Patterns 256, 258, and 259 the needle
system 1s considerably stronger, and using one of these types
the caution before mentioned should be borne in mind.

The edge of the card, when used in conjunction with the
cross wires on the face, will form a most useful side slip indicator,
also an inclinometer.

DESCRIPTION OF COMPASSES.

The standard type of aero compass 1S the “Upright” type
designed by Captain Creagh-Osborne, R.N. It is made in three
sizes and four patterns. The essential features are the same, SO
a description of one pattern only is given. See Figs. IX. and X.

The compass 1s sensitive in action and is undisturbed by
vibration or gunfire. This is ensured by immersing the card
in liquid consisting of two parts pure alcohol to three parts of
distilled water; this mixture prevents it freezing at tempera-
tures above — 12° Fah. The bowlis attached t0 the_outer con-
taining ring by means of four anti-vibrational spring at-ta?.h—
ments. An expansion chamber is fitted 0 allow for expansion
and contraction of liquid. The pivot, which is made of agate,
is attached to the card; the cup in which it works, mounted on
a stem attached to the bottom of the bowl, is of sapphire.

The needles are inside the float and are thus protected against
rust. :

The card is made of mica, painted red and blue to indicate
the northerly and southerly cemi-circles; the degree markings
are painted in white. .

The card, which stands on its edge and represents a portion
of a cylinder, is attached to the float by means of copper or

white metal clips.
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The compass is read from the after side; the lubber line being
on the after side should be considered to follow in its motion
the movements of the tail, but indicates the course being steered.

The card is marked with radium paint to illuminate it, no
other lighting arrangement being necessary.

The tubes for correcting magnets are attached on top of the
outer containing ring.

The Pattern 255 compass is fitted with two windows for
pilot’s and observer's use when the observer sits in {front. Period
about 45 seconds (this period has recently been reduced to 25
to 30 seconds), weight 5% lbs.

Pattern 258 1s exactly the same size as pattern 255, but having
only one window and period 25 to 30 seconds.

Pattern 256, a large edition of pattern 258, weight 9% Ibs.

Pattern 259 is 2 small edition of pattern 258, period 17 to
20 seconds, weight 2 Ibs.

To REMOVE A BuBBLE FROM THE CoMPASS.

The compass should first be taken out of the machine (do
not remove it from the outer support ring), then manipulate it
till the bubble is immediately below the filling plug. Remove
same and pour in pure water (pure aleohol, if at hand, should
be used, otherwise water as free from dirt or sediment as possible)
411 the bowl overflows. Serew in the filling plug and if bubble
has not disappeared repeat the operation till it does.

When a bubble is being removed the bowl should be as cool
as possible so that the maximum amount of liquid is introduced
into the bowl.

Supplied with each compass 1S a cOpy of Chapter IV. of “The
Magnetic Compass in Aircraft,” by Captain Creagh-Osborne,
R.N., with which all pilots and observers should make themselves
familiar.

BEARING PLATES.

There are two types of bearing plates at present in use, one,
the “acro bearing plate,” for use of observers, the other, the
«“ypright compass bearing plate,” is attached to the face of the
vertical compass or to any suitable part of the aircraft and 1s
principally for the use of pilots.

Instructions for use "of Aero Bearing Plate.—The bearing
plate must always be fitted in position with the arrow head
or lubber point pointing parallel to the fore and aft axis of
the aircraft.

To take a compass hearing of an object, set the outer dial
with the division representing the compass course cutting the
arrow head or lubber line.
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mile of 6,080 feet. Relief in maps is in feet, whilst in charts
and plans it may be in fathoms or feet.

PROJECTIONS.

A projection is a representation of a figure on a plane
formed by the intersection of that plane by lines drawn from
the observer's eye to every visible point of the figure.

Thus in Figure I. an observer at A views through a pic
of flat glass B, at a tangent to a globe C, a delineation of &
continent. Lines drawn from A to various points on ¢ wil
form, where they cut B, a representation of the continent. 'The
figure is called a projection and B is said to be the primiti
pla-'{t.e.. Such a projection is called a natural projection, which
is simply a perspective delineation of any object on the primitive
plane. Where the projection is not a perspective delineation it
is called artifici

A

Tie. 1.

Original naval surveys and ordnance maps are constructed
on the gnomonic projection, or one closely allied to it, but charts
evolved from the original surveys.are On Mercator’s and the
majority of plans on a plane projection.

Gnomonic Projection.—The gNOMONAC projection supposes
the observer to be at the centre of the earth and the
primitive plane to be a tangent to the earth, touching
it only at the central point of the plane. From the centre
of the earth lines -are drawn passing through the different

points on the surface until they reach the primitive plane. Since
the plane of every great circle passes through the observer’s
eye, all meridians and the equator are shown as straight lines.
The pm-alle.ls of latitude will appear as curves, concave towards
the poles, and cutting each meridian at right angles. They are
in fact conic scctions. In Figures II. and III. BCDE is the
primitive plane; G, H, N, L places projected on that plane
through ¥, H, M and K; P the pole, O the centre of the earth,
and A the point where the converging meridians on the plane
. if extended.
A

.

Fie. 11 Fic. III.

The convergency of the meridians and the curvature of the

parallels are here shown greatly exaggerated. On a large scale
map they will be hardly apparent. oy wlf

It will be seen that the further the primitive plane is irom
the surface of the earth the greater will be the distortion of the
projcction. -

Thus distortion increases from the centre of the gnomonic
chart and will become very €O erable if a large portion of the
earth be shown. Gnomonic charts arve therefore only used for
charts over a scale 2 inches=1 mile.

It should be noted that the marginal lines of the chart on
this projection are drawn parallel and ab right angles to the
central mer idian instead of to the nearest: mnrghml meridians.
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Ordinary maps in atlasses are o this projection, and it can ' not shown in these plane cha.rts.whlch are usually termed plans,

generally be detected by the slight convergency of the meridians thelir Ob_]e(’t_ being to ELVE, bearings and distances and to show
and curvature of the parallels. : everything n greater detail.

Mercator’s Pro on—1In this, which is an artificial pro-
jection, all meridians are drawn as straight lines at right angles
to the parallels of latitude and the equator, which are also shown ' Mensurement and Seale.
as parallel straight lines. Fig. IV. ;

CHARTS AND PLANS.

Measurement.—In charts the surface distance on the meridians
from the equator to the poles is divided into 90 degrees of lati-
tude, and each degree is talen as of equal length. Every degree
contains 60 minutes, and one minute, written 1', is ¢ Jled a sea
mile and taken as 6,080 feet.

A sea mile contains 10 cables, approximately 200 yards each.
. Distances at sea arve always expressed in sed miles and speed
in knots. A knotis a speed of one sea mile per hour.

The meridians of longitude, instead of converging at the
poles, are stretched until they are equally apart ab top and
bottom. In order, therefore, to keep up the relation between
the parts of the parallels of latitude must be distorted in pros
portion, the distance between the parallels increasing from the
equator to the poles. These increased lengths of meridians are
given in nautical tables as meridional or mercatorial parts. In
Mercator’s chart, 1° of latitude increases in value as under:—

Lat. - 0 40 60 80° 90°

Value - 60’ 78’ 118’ 330/ 2 Infinity.

The effect of this distortion is that the actual shape of the
coast line if viewed from the air is not the same in reality as
shown on the chart. Where the chart is one on 2 large scale
only a small portion of the ecarth the distortion is inapprect
but the further from the equator and the smaller the scale of
the chart the greater the distortion appears. To take an extreme
case. By reference to the above table it will be seen that if
an island in latitude 60° and another of equal size on the equator
are shown on the same Mercator’s chart, the former will appear
twice the size of the latter, yet if it were possible to view both
from the air at the same time they would appear of equal size.
Mercator’s projection is used for all charts under a scale of 2
inches to the mile.

The p&rallels of latitude are equally divided into degrees of
longitude, but these vary in length on the surface according to
the latitude in which they are measured. For example, the

I 5 :
oy - , arc XY (Fig. V he equator is 15 and the arc NZ in lati-
Plane P?'oject'z.o-n..;ln addition to the two forecoine pro- : X (bg. ) on UG BRL : Yt aach degr £ 1 :
s e e 1 el by o TR ; gomng tude 75° is also 15°, but 1t 18 obvious that each degree ol Lnoat
{G“m““’*‘“”_;“me]‘ & sl 1])01 mn_; & }(‘ = “}Lle of the carth may ? measurement of NZ must be much smaller than those of XY. !
o considered as & plane Without sensible error, charts . : s SUT

; b ; il charts of Consequently longitude cannot be used for measurement of
harbours, anchorages, and small portions of the earth’s surface listance 7
& : ' o distance.
are shown on a plane projection. Latitude and longitude ar¢ 11033—18—8
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Secale (Charts).—Every chart has two scales.

The scale of lat}tude_ and distance will be found at the sides
of the chart, AB in Fig. VI. and the scale of longitude at the
top and bottom, CD in Fig. VL.

e

Scale (I.JZG/FLS) —In nautical plans the scale used is indicated
by a fractmq called the natural scale. That is to say the relation
that a certain unit on the plan bears to the real length of that

unit on the earth. The fraction ~5990 means that 1 inch on

the map represents 72,990 inches on the ground.

Scales of Latitude, Distance, and LO‘RQ@i‘ud‘";fm plans the
latitude and longitude are not shown at the sides and bottom

as in a chart, but a scale of latitude and distance 18 given, also
a scale of longitude. The exact position of some special point
is given in the title of the plan, and the latitude and longitude
of other points may bhe reckoned by measuring from this datum
point.

In some plans séparate scales of latitude and of distance will
be given. These will be identically the same in length, but will
be divided differently.

Tor scales in & plan see Tig. VIL

To fixz a Position on & Chart or Plan—When it is require
to fix the position of an airship on a chart or plan, proceed as
directed in Chapter II., page 23, to the position by compass
bearings or sextant angles, laying off bearings as directed and
recollecting to correct the variation given on the chart or plan
to the date of the observations.

Maztural Scale

Scale of Latitude & Distance

g3 Mile.

10 Cables or

€0 Seconds

One Minute of Longltude

Malby & Sons, Lith.
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Scales on a Nautical Plan.

The Scale of Latitude and Distance may be shown graduated either as in A or in B.

To FACE PAGE 4.
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To find the Distance on @ Chart.—Measure with the dividers
the distance between the two places. Transfer the space to ‘the
graduated meridian at the side of the chart as nearly opposite
the places as possible. (Scale AB, Fig. V1) The degrees
turned into minutes will be the distance required in nautical
wiles, XY inWig, VL=82 miles.

If the places have the same or nearly the same latitude, take
the space between them, apply it to the graduated meridian
above and below the parallel on which the places are situated.
The difference between the degrees of the extreme points turned
into minutes will be the approximate distance required in nautical
miles.

To find the Laiiiude on @ Chart.—Measure with the dividers
the distance from the position to the nearest parallel of latitude,
XM in Fig. VI., and transfer this to the graduated meridian at the
side of the chart, talking care to measure from the same parallel
of latitude. The leg of. the dividers which was on the position
of the aircraft will indicate the latitude. 1f the degrees increase
in number towards the North, the latitude is North, and if they
increase to the South, the latitude is South. In this case the
latitude is 50° 55" N.

To find the Longitude on @ Chart —Measure with the di7iders
the distance from the position to the Learest meridian of longitude,
XR, and transfer this to the graduated parallel at the top or bot-
tom of the chart, taking care to measure from the same meridian.
The leg of the dividers which was o1 the position of the aircraft
will indicate the longitude. If the degrees increase in number
towards the Tast, the longitude is Tast; if they increase towards
the West, the longitude is West. In this case the longitude is
70° 157 W

To Tay off the Latitude and Longitude on @ Chart ==l show
the position of Y in latitude 50° 55’ N.,_1011g1t11(13 70° 15" W.
Reverse the foregoing steps, guessing within a_quarter of an inch
where to scratch lightly the latitude and longitude, the point at
_ which the two seratches cut oneé another being the required
position—ab Y in Fig. VI.; the short dotted arcs show the two
light scratches.

To find the Distance on @ Plan.—Measure with the dividers
the distance between the two places. Transfer the space to the
scale of latitude and distance and read off the amount shown.

To find Latitude and Longiiude on @ flasn.——Re.fer to the title
of the plan where the latitude and longitude of the datum point
will be found. To ascertain the latitude and longitude of some
other point, draw & line pa.rn]lel to the top of the plan through
the datum point; this will represent & parallel of latitude. Then
draw 2 line parallel to the side of the plan through the datum to

‘represent & meridian of longitude. With the dividers and the
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scale of latitude measure off the difference of latitude n't t.h(i 13:
quired position and the datum; this will give the.l‘eclun-ed a d
tude. With the dividers and the scale of longitude proceé
similarly to obtain the required longitude. )
: Admiral.y Charis and Plans.—These are of four kinds:—
(I.) World charts.

(I1) Ocean charts.

(II1.) General charts.

(IV.) Plans. o

I and IT. on a small scale give data such as magnetic vnrm.mm,l,
coaling stations, ocean tracks, or large extents of the enl‘ﬁh‘S
surface, such as the North and South Atlantic. III." contain
very full information over a limited area, e. ¢., portions of the
English Channel, North Sea, &ec., &c. IV. Plans show small
areas on a large scale, such as harbours, anchorages, &c., ‘-"n,d
contain much detail. The first three are drawn on Mercatori
projection and the last on a plane projection. Polar charts anc
some plans are on the gnomonic projection. . N
How to read a Chart or Plan.—Read through the title; ﬂ“*f’

is the key to the chart. It gives the locality covered, d&t.e_o
survey, abbreviations for lights, buoys, and deseription of the

: : : e i
sea bottom; also information as to the heights, variation, sounc
mngs, &e.

Ascertain the date of publication in order to determine the
realibility of the chart. This will be found in the center of thi‘
margin at the foot of the chart. In the left-hand corner -
the margin will be found the dates in Roman numerals of 9113{
small corrections which have been made since it was PUbh?-’he);i

Study carefully the chart of abbreviations and conventio!
signs (see Plate I.) and memorise as much as possible. Jate of

When wishing to describe a chart, the title, number, v",m_
publication, and date of last, small corrections should be %11 Jed
Thus—South Coast of Ireland to Land’s End, 1328/gpubushe
1888, small corrections XI. 14. lovel of mean low

Soundings—These are reduced to th? 1 ee\;ﬁ fathoms or feet
water spring tides (M.L.W.S.). They mﬂ'}f tjhe chart. In charts
and this will be stated under the tl.ﬂ.e - in feet. Six fect =one
‘;hely are usually in fathoms and In plans e

athom. ; the shape of the s€

Fathom lines indicate relief and show 11;11;10(111‘1]31?1113:9 on a map
bottom in exactly the same way ‘;.hcnct cc')l‘he conventional signs
show the shape of the egrth-?ht:;ll (;1})0 committed to memory.
for the different fathom }nif-ztber ¥ balks, de., i the partol

The position of shoa " iy carefully noted and the different
area of the aircraft should , Banks which dry at low

mbols used to distinguish them. Dbanks which dry at lo
Syn,ﬂmlb us.cjly have a figure on them with a line heneath it, e- 9-»
gl.aui;lﬁgni?:{icates, as a rule, the amount of feet that the bank
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will dry at N
y low water. Rocks awash at low water are shown

thus £ i A : sl
sele) the dots indicating the points sticking up above

-
Yraew

the water and the dotted circle the boundary line of the danger.

=

- *~

” 0y
L]

Rocks with less than six feet of water are shown : } . The

positions of these should be carefully noted. From the air a
swell gently surging over a rock just submerged might easily
suggest & submarine and be so reported if the presence of a
roclk was not known to the observer.

Heights.—These are given in feet above mean high water
springs -(M.H.W.S.). Heights of lights in lighthouses and
lightships are given from mean high water level and the water-
line respectively to the centre of the lantern.

Bearings—When laying off bearings to or from light-vessels
peacons, or flagstaffs, they should always be laid off to or fron;
the bottom of the object observed, as that is its true position on
the chart. In the case of a light-vessel or buoy the bearing

hould be laid off from the centre of the waterline. Tl ke
isslgenerally indicated by a small circle thus— ot 1¢ position

AT = =

Variation.—The Jpzl.gnetic compasses on a chart show the
Vﬂl'iﬂ‘tiOI,l a.t a certain date and the amount of annual chanece
The variation must always be corrected to date, e.qg., Magne?i(;
Variation (1&)12) 14° 56" W., decreasing about 9’ &imually will
Yove 142207 W. n 1916, o
“ Use the magnetic compass nearest the position, or better
still caleulate the amount of the variation from the Isogonic
line nearest the position on the chart and use the true compass.

Lights, B-uo-ys_, and Tides.f’l‘hescla will each be dealt with
sepﬂl‘ﬂtely and in greater dctm.l. Lights and buoys should be
of the greatest value and assistance to the aerial navigator,
and o knowledge of. the m_des, thougl} not of such importance
to him as to the sml'or, will enab_le him to knqw 1}*hen certain
channels will be available for ships of a certain size, to what

1 of friendly or enemy ships will be affected,

extent the speec .
whether rocks, sandbanks, &c., will be covered or uncovered,

forth.
and so Licirs.
ars of all lights round the shores of Great Britain

Full particul { : 4 :
b be found in the Admiralty Light Lists. Lights

or elsewhere may
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light or be varied by the intro-
They are generally divided
hose which do not
acter of

may show a continuous steady
duotion of flashes, eclipses, &c.
into two classes, those which change and t
change colour. They are also distinguished by the char
their illuminating apparatus.
C. Catoptric -
D. Dioptric -
C.D. Catadioptric

_  Metallic reflectors.
- Refracting lenses.
(Combination of C and D.

Abbreviations and Characteristics.

other colour

J)t,-. —#Ligllt. .
Red and white or _
o eclipse.

(1) Lt. All‘-.—-);"llz.‘.u-nr'!.ﬁ*i?r.g/. ; ‘ _
alternately at equal intervals without any 111?@1'1'011111
(2) Li_'[n, e reontinyous stend}‘ hgh't.t iy
(J) Lt. FL _ [lashing. A single flagh at intervais.

- BT 2 _,.'Ilt_:ic
of darkness greater than .P(_.l lOd. o_f _11:5 i
(4) Lt. Oce. __(Occulting. A steady g e
-1 s >l(-I Period of lieht greater than period 0 s
" (1'1'); bI;t RL;V __Revolving. Light gmdun.lly ine
5] 4l 3N . ] g- >
; ,creasing to eclipse.” B _ o o .
“H‘(Jé; {i} ‘im 1(‘1((7 Il #E”ixecl and Flastang- tomb1ina
e T .o or MO
dn??)( )])-Jt. Grp- Fl.—(Group Two N
uﬁ*k. sion sepamtcd . s
! (‘;) Lt. Grp- Oce.—GTo%

two or more eclipses.
(R after the name ol
i to bel

and 18 therefore not ;
Pcr-‘iod.f—ls the interva

of the same phase- _ .
| ey | pearings o1 7e oy
o " i . calculate
geawal d. o R '
: ¢ visibility of a 11g ol e

hove 1 HW. level.

Period

suddenly and totally

arkness.
asing to

full

re flashes 11

Flashing-
by eclipses-

e P Occulting- Same
that 1t is unwatched

¢ indicates

ly relied on- ,,
‘ nts
~cessive commencemm

of a ligh
mplimt
betweell su
Lists are

given in Light

e
15 feet 2
h further- - olving o

- occ.ul tlllg

ashing, T€ T oT-
e 11 31355(31: at anc )
of the light.

r
o figure The
y & "=5 indicate
° 99 will indica
H
'("ht ﬂ'lﬂ'Y he

2;2,000 canﬂle-power. If two figures are given, the first shows
clear weather power and the second the i e
thick weather. SR 1 Ly

C’olow.—Lright—vessels in England are painted red, and in Ire-
r1‘_[5‘1‘1111(1 black. The name is painted on both sides in white letters.

iﬁay are furtber dlstu‘lguished by a day mark or top mark, which
will be given in the Light List. This may be a ball at the mast-
he:}cll 01‘1:1. diamond over an inverted triangle, &c.

1e day marks of all light-vessels in the area

The . area of patr ;
airship should be memoriszd. S

Light Vess@ off her Station.—By day she will lower her day
mark., By night, lower her ordinary lights, show a red light at
each end of the vessel, and a red flare every 15 minutes.
' Fog ;S.'ig'n..a-ls. It is improbable that any of these will be heard
in an airship, as the sound will be drowned by the noise of the
engines. They may be explosive report, syren, trumpet, reed
horn, bell, gong, whistle. ; |

~A gun or e.xplqsive report might be heard, or the flash seen.
In any case, it will be well if the aerial navigator knows the fog
signals of lighthouses and light-vessels in his vicinity.

Buoys.

. In the United Kingdom a uniform system of buoyage is estab-
lished, all buoys on the starboard hand being of ouebshape and
colour, and all buoys on the port hand of another distinctive
shape and colour, shape being more important than colour
First determine the direction of the main stream of ﬂoocitide
The term ““starboard hand” then denotes that side whieh is on-
the right of the mariner, either going with the main stream of
flood or when entering a harbour, river, or estuary from seaward.
The term ‘“port hand” denotes the left hand of the mariner

under the same circumstances.

Shapes of Buoys.—Starboard hand buoys, Conical. One colour.
England: red or black. Scotland and Ireland: red.

Port hand buoys, Can. One colour or particoloured. England:
chequered, red and white, or black and white. Scotland n.n?l Ire-

land: black.
Middle grounds, Spherical.
can be passed on either side.

Can

Spherwal

Horizontal stripes. These buoys

Special positions have specisﬂ type of buoy.

(A

ot
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Pillar buoys, generally light buoys; bell buoys, gas buoys,
whistling buoys, wreck buoys.

Topmarks on Buoys.—Topmarks are placed on certain buoys
or beacons in a channel to distinguish them.

Staff and globe - &Q)

Staff and cage - (fg@

Starboard hand buoys

Port hand buoys

Outer ends of middle grounds Staff and diamond Q

Inner ends of middle grounds Staff and triangle LP

Light buoys.—Light buoys are not included in the Admiralty
Light List. They must not be implicitly relied on as the lights are
unwatched. As they are not far above the water-line a_nfi have
not a powerful illuminating apparatus, they are not visible at

any great distance.

TmES.

i s OWi 7 and ! when the sun
During the days following new and fl{]l 111_(?0?1,.‘ c‘ t 8o
and moon are acting in conjunction, the tide rises higher and 1alls
Jower that at any other period of the month. The§er are spring

ring the first and third quarters,

tides. During the days follow L third quete
when the sun and moon are Il quadrature, the tide has the les
range. These are neap tides.
Lunar Day.—The moon appe
in 24 hours 48 minutes, which period I
moon thus passes the meridian twice 1 i
are two high waters and two low waters in this 1nt e
¢ the tide are due to the
Flow and Ebb.—The flow and ebb of the t-lde.l ar iid(. el
i e U o Y LY
alteration of the level of the water caused -})y L_l_( o & nd a tidal
When the water in a channel has been set 11 motion lll-llc(‘]iqtel}r
1 lops ‘ acl1ate
current, produced, the motion of the water does not imme ey
c:ﬁfe when it is either high or low water, but the mome
s . g
Itc‘on-tmues to produce its effect.

: 1‘ I - - -
wm;erg “1211)91tant, therefore, to distinguish
U 1lam time of slack water. Water may 1

¥ be still flowing.

he earth once
day. The
and there

ars to move round t
d is called 2 lunar
o Junar day,

e of Ingh

o, but 1t

hetween t1m
ot be risiig

1 of M.L.W.S.

R’ise 0 - 3
Ran, f @ Tide is the vertical rise above the 1eve
ange o S 3 o water
of r)11<ajt'1cl(-,J=r ;L g ide is the difference in height between Jlow watel
nd high water of the next following tide:

Mean Level of the Sea is the mean between the levels of high
and low water of any tide.
These are shown in the diagram—

o MEWS

Rise

er /7‘/3'/’ Wajer Maae

ing

MSL.
or Mewurn Sealevel

LW
- or Low Weler ozo.

Spre " 7 r‘?awyp or

or Mean Low Wakr Springs

Spring rise will be seen to be the same as spring range.
Generally speaking—

Neap rise = # or § spring rise.

Neap range =  spring range.

Lunitidal Interval is the interval of time between the moon’s
meridian passage at a place and the next high water.

HW.F. & (. or the Vulgar Establishment of the Port is
the interval of time in hours and minutes between the moon’s
meridian passage on days of full and change and the next suc-
ceeding high tide, e.g., Port Natal, HW.F. &.C. IV.: 30™.
It is the lunitidal interval on days of full and ehange.

Time of H.W.—To obtain the time of high water at any
place refer to the Admiralty tide tables and obtain the time of
IL.W. at the nearest standard port. To this apply the tidal
constant for the port required. Result—Time of H.W. at the
place.

Maps AND Map READING.
asping the topographical features

Map reading is the art of gr ‘
rounding country from the

or general appearance of the sur :
inspection of a map representing it To do this the ob?erver
must be able to picture in his mind what the representation of
the country on a flat surface would look like in nature. The
aviator has his task simplified in some respects, since the ground

{ )

-
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immediately below him appears quite flat as in a map, only the
distant surrounding objects showing up more or less in profile.

In addition to reading the signs in his map, the aviator must
also understand scales and be able to measure off distances with
facility.

Military maps are of two kinds—military surveys, such as
those of the Ordnance Survey, which are representations of the
earth’s surface accurately delineated by expert surveyors, and
military or field sketches, which are rough and only approxi-
“mately correct representations of small portions of a country
with special reference to the requirements of the soldier. The
naval aerial navigator will seldom or never be called upon to
use the latter, and so they will not be considered here, and
attention will only be given to maps issued by the Ordnance
Survey.

In order to be able to read a map, the following points require
consideration:—

(1) Secale.

(2) The direction of true and magnetic north.

(3) The vertical intervals used and method of showing the

form- of the ground, i.e., contours, colour layers, &ec.

(4) The conventional signs employed.

(5) The general character of the country, 4. ¢., undulating, flat,

canals, agricultural, &e.

Scales.—Scale is the proportion between linear distance on
the ground and the representation of that distance on the map.

It may be denoted in three ways—

(1) By a representative fraction, known as the R.F., eyg.,
1
63360
(2) By words, ¢.g., 1 inch = 1 mile.
(3) By a scale line, e.g.,

4 ) / 2 Jmules

Emmmw::l_:——_f—_:::;

In the case of the representative fraction, or R.F., the num-
erator must always be unity, and the numerator and denomi-
nator of the same character, i.c., both inches, feet, yards, centi-
metres, &c. The R.F. is one whose numerator bears to the

denominator the same proportion that a distance on the map
bears to the actual distance on the ground.

Thus, R.F. 6331 po means that 1 inch on the map equals 63 ,360

inches, or 1 mile, on the ground. The scale is then 1 inch to g
mile. Maps in Great Britain have the inch as the unit, In
French and Continental maps the unit is generally g contimotre

)

; 1 . ;
“¢» {00000’ °F 1 centimetre to 1 kilometre,

The advantage of the R.F. is that when 1t ?s given any Conti-
nental map scale can be immediately turned into a British scale
and a scale line in British units constructed. :

To find miles to the inch.—To find the nu.m_ber of statute miles
to the inch for any map that has a R.F. Divide the denominator
of the R.F. by 63,360:—

Thus R.F. .280_1""()()():(85:(3),:223:1'263 miles to the inch.

? y :

To find inches to the mile.—To find the nuplber of inches to t.he

statute mile. Divide 63,360 by the denominator of the R.F.:—
1 63,360

Thus R.IF. =¢5-556 = 50,000 ; ' .
When it is miles to the inch the denominator is always greater

792 inches to the mile.

. 1 o AT )
than 63,360, 2.e., m=1'28 miles to the 1.nch. : .
When it is inches to the mile the denominator is always less

=1-.58 inches to the mile.

: 1
than 63,360, .e., 40,000

Line Scales.—These are generally 4 to 6 inches long, and Ehm‘ﬂd
g : . . . b= . - - < ; o
show complete divisions of units; thus, scale in miles, showing
tenths of a mile. i ;
1 Cessar
In order to be able to construct a line scale it is first necessary

ivi ine i 1 parts.
to know how to divide up a line into equal parts. .
Take a line AB, 5 inches long, which is to be divided into six

equal parts.

X K

From A lay off AC at an angle of about 20 dcgrees.' Alpngl
this mark off six equal distances about thg size of thf: uaqmret1
visions, 4.¢., & of an inch. Join the last division K with B, an
i Ay H draw lines parallel to KB, cutting AB at

¢ - 1? G - - . .
;;)h’muEg;h FD’, Ié,’ ﬁ'_ ’ The points of intersection will then divide
? b )

AB into six equal divisions.

L]
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If it iS Teq Il‘ Ivict
ed, the first division may be divi
’ ay be divided e aceu-
rately as follows:— X S e

X At A and D’ set up perpendiculars below and above the line.
'.Iark off f_rom A.and D’ the number of divisions required, say,
eﬁht. Jom A with the uppermost division, and by joining the
0 . o a a7 . . : 3 It . B b . ‘
belfrfaﬁzl,nts so that they intersect AD’ the required division will
The scale will then be marked in the required manner, notine

=]

that the end of the first division is always marked O, and that

w division divided up into the required fractions of the unit em-

ployed.

171771@ Scale.—In aerial navigation it will be found a great con-
venience to construct a time scale in addition to t-hg distance
scale on the map. With the aid of this the time at which objects
on the route should he passed over can be easily found.

For. example.—Speed of airship 60 miles per hour. A time
gcale is required to show minutes. The scale of the mh.p uqc({
is 4 miles to the inch or 1 of an inch to the mile. T

Now 1 hour =60 mins. =15 inches.

=

. 15 .
Then 10 mins.= rim 2.5 inches.

Then 5 mins.=1.25 inches.

Scale will be as shown ir i
g be as shown in margin,

The P?"oi.]mcth?‘.~]fn cases where a line scale is not laid down
on {)L map the diagonal scale on g protractor enables any distance
to be measured to hundredths of an inch ‘
. The protractor most commonly used is of boxwood
six 1nches in length by two in breadth.

On_ one side are several simply divided scales of 30 40, 50, &
that is to say those number of parts to an inch B

Ml o Also graduations
aying off aneles to 180°, a ale - .
e g » and a scale of chords also for laying

or ivory,
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figures, the following is the general rule:—

On the parallel indicated by the third figure, measure. from
the diagonal indicated by the second figure, to the vertical indi-
cated by the first. Thus—2'6S. On the parallel of 8, at the
point where it is intersected by the diagonal of 6, set the left
leg of the dividers and extend the right leg to the point where
the vertical of 2 cuts the same parallel.

Direction of True and Magnetic North.—In a chart the
meridians are always based on the true meridian, but this is
not the case in o map. It is therefore always necessary, when
using a map, to find the direction of True and Magnetic North.
As a general rule a compass diagram will be given somewhere
on the map showing the direction of true North and the amount
of variation when the map was published, with the annual
change. If this is not given it may be that the position of

~the meridians are marked on the top and bottom marginal

lines of the map. If these points are joined up the direction
of true North is shown. Failing either of these the sides of
the map must be taken as true North and South.

Relief on Maps.—Relief may be represented by—

(a) Contour lines.
(6) Colour layers.
(¢) Shading.

(d) Hachuring.
(¢) Spot heights.

For aerial navigation (b), (¢) and (d) are the most satis-
factory. The colour layer system is really contour lines with
varying shades of colour added in order to aid visualisation
of a considerable area. This system, though it is not usually
resorted to in military maps, shows very readily inequalities

in the surface mapped, and is therefore of great convenience

to the airman. )
Shading and hachuring effect the same thing, and, though

perhaps not indicating relief so clearly, have the advantage of

not making landmarks indistinct.
Spot heights, which are merely dots on the map with the
height in figures near them, are useless for aerial maps.

o\



T}.}_e height of one contour above another is called the
Vertical Interval (V.L); it is always a fixed number of feet
?vhlch is the same throughout on any one map. The verticai
mterval on the map used should be ascertained; it is generally
50 or 100 feet in British maps. )

Conventional Signs.—The conventional signs used in Ord-
nance Maps should be carefully learnt. These are not at all
d].ffl(.:ult and are easily memorised. These signs, as used in
British Ordnance Survey Maps, are shown in Plzte JII

The Continental conventional signs on maps are not quite
the same as those used in Great Britain, and these should also

gtlaezgudied for differences. The key sheet (Plate II1.) illustrates

CHAPTER VIIL.
PRACTICAL AERIAL NAVIGATION.
SELECTION OF LANDMARKS AND SEAMARKS.

In practical aerial navigation much can be done towards
determining the position of the aircraft and in makeine accurate
angl speedy passages from place to place by rapidly rzcoo'nising
objects on the ground which are marked on the map i

The objects most easily distinguished are:— .

Landmarks. 7
(1) Water.—This can gonerally be seen at a great distance.

Shape is of importance. If a lake or pond, note whether there

are buildings near it or something which enables you to identify
it from a similar piece of water in the neighbourhood. Position
over rivers or canals can be determined by the railway or
passenger bridges over them,

In wet weather and after a wet season, recollect that large
areas of low lying country may be temporarily flooded, which
will not be marked on the map.

Small streams are generally hidden by trees and are of little
use..
(2) Cemeteries.—These can be seen at some distance and are
most distinetive and very useful landmarks, !

3) Gagomete-r”.——These are generally good marks and their
Bi};égon, 1.e., north or south of a town, will help to identify the

(4) Railways (especially crossings or junctions).—If flying
parallel to or over a straight stretch of railway line ma.ke}usz
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The height of one contour above another is called the

nga-l ]éllterval (V.I.); it is always a fixed number of feet
3 is e same throughout on any one map. The verticai
terval on the map used should be ascertained; it 18 enerall
) or 100 feet in British maps. ’ i i
Comventional Signs.—The conventional signs used in Ord-
;-ECB Maps should be carefully learnt. These are not ab all
ficult and are easily memorised. These gions, as used 1D
itish Ordnance Survey Maps, are shown n Plate i
The Continental conventional signs on maps are Dob quibe
those used in Great Britain, and these should also
I1.) illustrates
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When flying over the land such a report should cover:

(1) Towns.—The names of towns or villages pas ed
and whether defended or undefende

If the former— Nature of Defence:

(a) Permanent fortifications.

(b) Earthworks.

(¢) Trenches. Give detailed sketch of these.

Troops and Barracks.

(@) Permanent barracks.

(b) Camps. Give position and number of huts, probable
number of men accommodated, &e.

(¢) Troops. State approximate strength of those seen
and whether moving and in what direction.

(2) Railways.—Number and type of rolling stock scen. in
what direction proceeding, whether track is double or single,
length of sidings, termini and junctions, cuttings, embankments,
tunnels, bridges and level crossings

3) Roads.—Type of roac :

her metalled or nots
whether suitable for heavy transport «

otherwise, whether open

or fenced, and if fenced, how ? Wood, iron rails, &e.
(4) wils.—Barges or craft seen.  Locks.
% B 7 £ . 3 i Y y : ‘
(5) Rivers.—Flowing in what direction, width at various

Vhether rail, pa
) and Lal
(8) J
(9) Gasworks and large - work-
mg or not

(10) Districts passed over—Whether manufacturing, agri-
cultural, &ec., and general nature of the fencing, general contour,
whether hilly or flat, wooded or grass land, giving general
description.

When flying over the Sea.

(1) f'[(l?'bm.u*S..———l nscn‘h(ﬁ the docks, if auy, or harbour works,
dry docks, basins, derricks, coaling quays and shed

) : : number
sels in dock or in harbour; vess

s proceeding in or out:
harging or taking in cargo.
ping.—Note all shipping seen, and mention whether
man-of-war, merchantman, steam, sail, &e., and give accurate
description, 4. e., battleship, battle-cruiser submarine, mail
steamer, barque, &ec., and state nationality. Give hearings and
stimated distances and direction proceeding. l

o it Vessels, Buoys, Beacons.—Note those passed over

and the times.

&
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(4) Rocks, Sandbanks, Shoals, {:e—State whether covurcd_01'
wred, and give state of tide. If wrecks seen, describe
position and apparent condition. i
In places where the charts or plans are not gf 1'ec,e.11t date
and only on a small scale, valuable information might be
forthcoming from aircraft as to unsuspected pim:}&cle rocks,
1 ~ which could be seen from the air but have

) or observing objects.
CONNING THE AIRSHIP.
] soxswain in an airerait s 1 under-
It ic essential that the coxswa Ih an aircraft b}lO};l(t ple
stand clearly any directions received from the pilo 1::, ¢
Y T i » no ambiguity
glterations of ecourse, and that there should be no ambigt ¥
about the orders given. _ v ol wi
The steering wheel used in an airship represents tht1 w llltl-el
. " 3 2 v = -} r '] I3 'a: (“.
of a sca-going ship, and the same orders should be d,lip icab
q o ] I Air Qorvie as eV
\ recent order 1n the Royal Naval Ahlhb(.‘_n"iu..e has, 110“ v}‘
lecreed that the terms ‘‘right” and ¢left”? are to be sub-
el and ‘‘port”; the ordinary naval helm
orders do not therefore hold goo_d. Moreover,f t]h( COXSV 1:,1111
in an airship labours ander the disadvantage of bemg unable
5 i i £ -here ot
hear any orders given from hehind, ‘m‘d these must theufm‘(
g }1 4 »su?h o way that he will understand what 1s
Y Y TeVEe( b < ) : . p i g
]-)L ('0,{1‘,1 " Fvery pilot will have his own ideas on the -"Qb.l('{ t
AT LIL br(it way of conveyng his wishes to his subordinate,
ae to the best way C _ ok Ang!
T-H ttqtixi“ill be better for all concerned if there is some definite
ut 1 > bettt

stituted for tatarboard”

; , the service.
:L‘rt'allgt‘ll?‘(‘;ll,tl;f-hli(gu%1}01‘1;:)1[0111{11‘}? for the pilot to touch the
- rP“:& :th choulder, and having thus gained his attention
s -:_lll.l g ’iﬂl the hand in which direction the wheel is to be
o f:ib'lv chowing by the pumber of fingers held up
oo {)(\)fhof “degrees of the alteration, or by pointing in the
o= )(.11" tiOE The coxswain will then alter course,
b ‘re(l -1( llofﬂ It.]lo.' wor.d cgteady”’ the pilot will again touch
ﬂpd o h; t: shoulder when the craft is on her coursoe, the cox-
hu'n_ ol t‘-u.f '-11 r n-t;t.infr the degree of the compass indicated
iy Cm‘-o }1 }*téudiedt? The operation of steadying is repeated
gttt ‘(‘q éblld after short intervals until the pilot is
gwo or three times stoering the correct course, the cox-

o Il(‘ I thcbl (& A a1 1S

tll ] (0“:“ 11 S
=H nq\ ‘Lllﬂ )th tr}J. (l( ce 1 rl!tl . &
‘ i . {=] o £ l](. s 0 [

er. here the cOXs vain is able to hear the word of com-
H (S i ‘ ; ‘ = S o ~

In cases W 1.1 e should be ‘‘Alter course — degrees
mand, the orf Iltht % As the craft’s head comes near the new
: or Joft.” As ! _ g L

to the If‘?’.ﬁiqp » in order that her swing may ])o_c.hecl\od as
course, ey e 1'(‘.qui1'ed direction. If it 1s necessary

arrives in th
her head arrives in

L |



for opposite he = .
£0 t-halt, the sf:tllll:rl 11;31. Ir) ingn, the pilot will order, **Meet her,"”
o t}}e ‘{ checked as quickly as possible.
e L St(‘ad\-v” Wiul]-)il( comes exa_ctly on the new course, the
head must be kept v En. 'Th@. indicates that the eraft’s
“Steady” was C&illel(l 1T .xthe c'hl'_ectlon it was at the instant
craft finally steadiéd. i et th‘S_Ol'd(.‘-r is received, and the
aTiaten s frml,l the COXSWain should steer the course
the coxswain should ?111&' is given. At the word ‘*Steady,”
steering compass, and call out the course as indicated by the
» and he should always repeat any order. ‘

Taxixe Star
KING STATION WITH THE FLEET.

Since airshi

Simee airships novy

; v have o I

definite stations, ave to work with the Fleet and take up

trh(‘ aeTl s
Qv F v merial e
terms “bow,” ‘‘heam,” ¢ navigator should understand the
»quarter,” &e., used in fleet tactic
3., use et tacties.

It is

customary ¢ e

: v to div :

each side of the airer divide the two semi-cireles formed on

: f the aft into points i |

being 16 points in the semj o T o g
a value of 11° 157 g7 semi-circle of 180°. Thus each PO{Ht .
.. o - 3 . | = | ‘
Thu, position immediate
ahead” or ““ahead,” g

four poi :
Epm points on either side
T1ght points on either siq
S'welve points on eit}
1xteen points on eith

ly i : .
Yy m fIOIlt of the (_'I’E'Lfir s ‘]1ghf

e on the ‘‘Bow,”

:ﬂd.e on the ““Beam” or **
: é1 .s_l_dle on the ““Quarter.”
ny other intermed: T side ‘‘ Astern” or ¢“Rj )

o ntermediate positions s
pass dircotion, i. ¢, Flagship stg are given by signal 83 0P
-T1I1 by E.—1 mile, SShIp  steering north—“Take station

¢ terms ¢ | e

starboard
and theref e S

e i and L S . Y
o theu L e %1[:01‘5 are still used at s¢®
order *d also by the aerial navigator,

20 " referre
which station i tred to on p
station is to be taken I page 89, to indicate the side o1

cam.”’

_Until very recent] RI.JLE OF THE Roap
aircraft to obser Uy 1t has bee

havigation, hut
of rules is Imper

ve a “‘rule of {} n considered unnecessary for
conditions have Ilfe road” as is the case in SC®
. ave ;-
It is 1 ative, if dancers 0, 1"‘150_1)060111(3 such that a code
‘”"PIJI'OE;-CI;i;?r ai{ iy uncommzﬁ btgf collisions are to be avoided-
UIE - dangeroys see reckless serovplane Pi
getful in the fob"loubly Lot ta ‘m%}@“-lsl ss aeroplane plllco
2 IMEer case arships and alloons, 10T~
00 feet below it, and -L%L that the ailgl'(’-,ld : -LHO .1-1::' >
underneath, Thy l‘( the trail rope of {1 lipb acrial 13'0(;1
ST 3 C hirs g he latter s
aeroplane pilot, ‘Lndht of these s Cormhﬂmtt,(_a s,.o;ﬁs 30
< L il 4 T r - {I‘
lights. In either e ‘I)IOBably the secon 71‘ : 1_‘y invisible S find
(1) Two ajre ase there is danger { d- also in bad or 13%%s
running t} ) 11‘(.1aft meetine o ger to all concerned.
They 1 i,k of ision ach other end on, and thereby
theis n‘i;ust, . addition t;) (1111;__1111151‘, always Stn(‘.r’ to the right-
st adjacent DOintg' iis; pass at a safe distance betwec!
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A safe distance, in the case of aeroplanes, 1s considered to

irships at least 500 yards.

(2) When two aireratt are approaching one another in cros
divections, then the aireraft that has the other on its right hand
forward quadrant most give way, and the other aireraft must
keep on its course at the same level till both are well clear.

(3) Any aircraft overtaking another aireraft 1s responsible

keeping clear and must not approach within 100 yards on
the right or 300 yards on the loft of the overtaken aireraft if
it is an acroplane or 50 vards if it is an airship, and must not
pass directly underneath or over such overtaken aircraft.

The distance shall be taken between the nearest adjacent
points of the respective aireraft. In no case must the over-
taking aircraft turn in across the bows of the other aircraft
after passing it so as to foul it in any way.

(4) In these regulations acroplanes should always
to airships, except as in paragraph (3), when they are the
overtaken craft, and the airship should continue her course.

Note—When observing the relative position of another
aireraft it should be remembered that if the bearing of the
other eraft remains constant, the two aircraft will meet.

If the bearing draws ahead of you, she will pass ahead of you.

If the bearing draws astern, you will pass ahead of her.

ABrIAL VOYAGES.
The foregoing explanations of the meaning of navigational
texms, of the methods of finding positions and use of navi-
gational instruments, charts, and maps must NOw be com-
ded to make a connected whole.  If the pilot has properly
and practised the methods advocated he should be
ake any aerial navigational work which

give way

poun
‘at.ssin'lilﬂt.o-d
0 o fair way to undert
he may be called upon to perform. ‘
The following concluding hints are by no means exhaustive,
but are merely intended to serve as & framework to be covered by
each pilot as his own special and personal experience teaches him.
Having been ordered to undertake a long voyage on .the
the pilot will make all his preliminary preparations
overnight, ke ping in mind the fact th&t‘. once started on his
journey he will have no sa.pace for comfortable au('l necumt}e
‘p,&lcuhﬂ;,t,ions por time in which to do them. Everything that is
ﬁossible must therefore be done beforehand. _
Instrumer ¢.—Go over these and make sure that all are 1n
cood working Jor.. Spe that you have a dependable \\vapcl1 or
:t-op watch; that the compasses have been properly adjusted
' : in their places near the

and that the deviation slips are . :
comMpasses ready for use. n S.S. ships where there 1S only

one coMPpass fitted the observer should carry & sec ond one,

morrow




sreferably an “‘observer's’
1(““0 ;hi}’l““% observer's” conmipass, in ¢ ase of  accidents
ould be BTl e usine that it js held Gn & g
magnetic position.  Adjus o 0 is held in a good
parison with a t Adjust the aneroid or altimeter by com-
N 10.'11’53 -{mdm-fl barometer and test your air specd
Those instr akkage, as mstructed in the Airshipm‘\['],lm-11

pei =g 18 ‘11111@11tc‘, i“-('h. 3 . : - ~¥ld i,

3 : clude e Hohap o - :
are fitted on the instrumen d in the list on page 5 which
ot will. b easily strument board will all be in place and 1f
attached illil\"lu(?l fl(;lll;o‘:g but any one of those which arc not

4 B RS ten at the las : :
therefore, of these 'mz:l‘ i vt the last moment. Make a list,

5 YAy QIS T CSp (R - - &

(1) Charts and maps C:i 0“1}f-hﬂdt bl
2 narthoarc - ~ ¥ AR
ey t1 yoard. Note-book with seetional
(DRI o o i e 20 :
) v1c_l(11h, parallel rulers : 1 . )
pointer, india-rubbe S DID ors, Cust station
ibber, peneils, knife. These should be

fitted in a 1
(3) Watch. m a light handy case.

(4) Sextant,.
(5) Aircraft ¢

5) Aire course and dists i

: L ‘LL.’ & tle] 17
(6) Station pointer st

All of these
> should have thej
be found easily we their proper place so that they can

First prepare maps ant

covering Yolur whl(j;}zb _J»n(.l charts. Take a small scale chart

Bl s () \,-mu.-l dioulm.'-}- and on it lay down ﬂw dir
Stud}"il'_lg this, sueleﬂt, Llpc‘r;lutﬁ“f‘ point and the ohjnc-.tiv-c. After
21233:‘311 require and put tieimhlm-gﬂr, Scale charts ol TP
decide 011? 'lcllinlf)m L order. In your notes put
A s best 0
may not llu(:essnrfl\ioluflo.to take to reach your objective which
TAnArsrky or idens D¢ the most direct, Note -11‘] ﬂ' 5 ){.ilwipﬂ.l
beacons, liuht-;-,d:lnm"ks to be passed oVt ‘L ) 5 1 huoys
When mal?n \Fshf’lﬂ, &(‘ and endeav ‘ l] .su:'h’ ﬂ.'h_ .
<ing a long flicht, over . avour to memorise them:
5 ver sea be careful to record all

stern 1(\.1(-1'

cading marks whi ,

coast in the 1 i which will assis _
r'l(»]_lght dll' 'tlon AR ht F(JU to St-%LI‘t c'ﬁ' 1]'0111 1'-]1(‘

In your notehook
e 00K
thuu distances apart
mes at which voy

s of the charts )
charts required in suc 1. Then

put dow
L (:\ nl the several directional marks,
state of : will e‘)}. and miles, and the ;-Lppro}:inmt.t‘
+ » of the tide at i ] ect to reach them. Also note the
W ((131;1101- to look out foy 15 times of the day so that you will know
an 1f the 1 L ' sandb s Y S hat yo 110°
» 1T the journey wi T r——
journey will be partly at ni als, rocks, &c., as guid®
' at night, note the moon’s phases.

Having [ai
me |s
156 t}? laid down the track t ;
b othe  {rue ack that you wish to make good,

. course  {frqg

approx : B s 1.

S]p])lo:\“hat-(‘. distance g _1)1111 place to place. Make out a

&‘-Oulrl be passed OWJ,I. " 1d time-table, giving times that objects

1. 1-()11‘1gh scale or g (“’1,11(1‘“11(:1 distance between them and the ne:

side for distane ard slip about 12 i ; SIS !
distance and on thpl()t] ut, L' inches long, marked on ont

»other for time, will be found very useful-

Now you are well aware that your courses and speed must
depend in great measure 0N the direction and force of the wind
:}111_1 the type of weather you will experience. You must, there-
fore. make a careful study of the meteorological conditions,
and the forecast of the local meteorologist. From this you will
know whether to anticipate wind. rain, fog, low visibility, &e.,
:11-1{'1 you can make approximate calculations as to how your
direction and speed will be affected thereby. You cannot
caleulate anything helorehand, as the weather conditions m the
morning may not comply with the forecast, but you can at any
rate have alternative distance and time scales in case of an
adverse or fair wind.

Under the heading « Prohabilities” and “Weather Pros
in the Meteorological Report you will be able to get a good idea
of the general type of weather you may expect on the morrow,
and the likely winds at various heights. The altitude at which
vou will have to fly will largely be determined by the latter.

In order to determine :mpproxinmt:uly the height at which
you will {ly most sconomically, note the \xtreme height of any
land that your selocted route will pass over and arrange to fly
at such a height as to give this roasonable clearance. Then

ider the wind force and direction, and decide whether there
is any advantage in flying higher or lower when going with or
against the wind, bearing in mind that as rough general rule
the wind veers as you & nd, and also increases in force.

The height of flight 15 & matter of supreme import:
it moans "sconomy or waste of gas. Endeavour, there

co that as nearly as possible a constant
taking full advantage

at the same time
o that it assistg your speed rather than

to arrange matt
height 1s maintaine
of the wind, arrang
the reversc. )
Potrol supply needs careful consl ‘ ‘
o table before this showing your radius of action at
ou will from this be able to determine
whether the track to be made good and the probable wind will
give you the greatest radius or t'hu least. Bu.. sure that you
have a good margin of safety, sO far as supply 1s concerned, to\

meet all contingencies , :
Log Book.——Have this 1n such a form that your entries can

be made rapidly and that the log is s0 kept that an accurate
record of vour voyage can nitc‘.r\vgl'ds be ]')lc)t:tu‘d on the chart.
The usual form of o ship’s log with columns for time, course
steered, distance run, &e., should be equally useful for aerial
(m{'jnn with extra headings to meet the case.
= ing on @ Vo (’[_(](-‘.'—*I’Iﬂ\'e a lalst: look at the meteoro-
logical report and modify your calculations as far as possible

if the conditions arce not quite what you expected.

ation. You will 1

drawn up
varying speeds, and 'y

L |



Make sure that all your navigating instruments are on board.

Take care that at the last moment no magnetic substances
such as iron or steel implements, 4. ¢., spanners, &e., are placed
in the craft close to the compass.

Set your altimeter to record the height of your landing ground.
Unless this is done and you are to land after dark at a place at a
lower altitude than your own the instrument will be recording
incorrectly cou will have trouble. Remember in any case
when linding that your altimeter will show creep,”’ which may
he 2 per cent. of the height attained.

FEn Route.—On starting make the aerodrome your departure
point. Set your comj course, note the time by your watch
and your estimated ed by the engine revolution indicator.
When vou have reached the altitude desived note the time and
position. The track you have arranged should take you over
one or two well-known landmarks and to a definite point on the
coast, all in the direct path you wish to make good. Before
leaving the land you should endeavour with the aid of th
marks to determine your drift and ground speed and the ve
of the wind. First find your drift and ground speed as expls
in Chapters IIL. and IV. then determine the direction and
torce of the wind. With these you can then find the necessary
course to steer to make good the required track. ‘

Do not forget when taking hearings, angles, or making any
alterations of course to note the time. '

Finally before losing sight of land, on passing from shore to
sea and having no objects beneath you to give you your posi-
tion, commence to fix by cross bearings or sextant angles, and
continue to take these until landmarks are no longer available for
the purpos Cross bearings of objects taken abaft the beam are
called ‘“‘stern bearings’’ or ‘‘back bearings,” and by some navi-
gators these arve considered of importance for ing the final
positions before losing sight of the land. The 11n1)01-7[};1.11t point,
however, is t-hc. obtaining of a good fix or good departure point
before the land is lost, and it is immaterial how such fix is obtained.
. Leading Marks—In the section on position finding it was
pointed out how useful transits are for fixing position or giving
a line of direction. Transits should always be sought for, and
a transit steered on becomes either a léading mark or stern
leading mark. \ ;

With Leading Marks Ahead.—Steer from the aerodrome to
one of the special marks on your track, keeping this in line with
a second and more distant mark, thus steering on a transit or
leading mark. Whilst on this line the drift and wind can be
caleulated and so allowed for that when the leading marks are
passed over the same track can be maintained towards the

095

objective, bearing 1n mind that the wind, as a gunera} 1‘1110:
over the sea at a height of 1,000 feet more nearly approximat
in velocity to the gradient wind. ,
With Stern Leading Marks—Having settled the course to
be steered in order to make good the required track, just bcjfore
leaving the coast the pilot looks astern and sel_ects_ two obJect-s-
in li_nch which he finds from his chart will keep him 1n the proper
direction. Whilst the coxswain attends to 11'is compass m?ursci
the pilot will keep an to t:hcse stern Jeading nﬁ;&:ksi :1{’:{1‘%1)3
keeping them on will know he is making go_od what o ¢ Ll‘Sl t n
An alternative way is to select two o_bject-s on the chart ‘1
the desired track and to keep these in line, f[-he co§sxx-f311t 0521];—
fully noting his compass course whilst the 1)11()}- ﬂtlieil(. b} -‘Ot.hth,
2ding marks. The compass course steered will © 1?1} .JL L
ary to maintain the required track, and any difference 1m

setween the land and sea wind will be allowed for.

cludi -emarks on navig
necluding these remarks g e
ial pilot and navigator 1S called to that most important

ation the ‘attention of

of all directional instruments, t‘,hclconlpa-sszjwhml}., 1{1 1;2 ul;:)(ll:;—l
stands it property, will never iml‘hun. .He ;éﬁS]::ec.}a‘rz-rin‘tto : m
to avoid falling nto the el‘rorb(-)i({tiilzxslﬁigc E;::(;; ‘n; Pr;

3 s o, Or object ne /
") . dlS’Gﬁl‘l'_ﬂ' CI'OE(IS’ 7%\0’1:;,131 tal)le] boat’’ should be the .01'dex. He
b T8 00 3 1t on the chart the results of steering by such
o S Finally, if good results are to be

: to see its faults. rs o
» m'Gth(I}ddirect and rapid passages made, and skilful navigation
attainec et a ; made skilful navie
1;15)\\711 t,he navigator must at all times give & gtrict attention to
shown, the )

2]
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