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AIR NAVIGATION FOR FLIGHT OFFICERS

magnets,” which are never used in compass
adjustment, one reason being that they vary
greatly in strength.

Artificial Magnets.—These are pieces of
iron or steel to which magnetic properties
have been imparted by various methods.

They have the same magnetic properties
as natural magnets, but with increased power,
depending on the amount of magnetism they
receive.

Any part of a magnet contains more or
less magnetism, but its greatest power is con-
centrated at two points near each extremity,
these positions being known as the ‘ Poles’
of the magnet. The earth itself possesses the
properties of a huge magnet, following the
same laws that an ordinary magnet does.
Its poles do not coincide with the geographical
poles of the earth, but are some distance from
either ; one being situated north-west of
Hudson Bay, and the other in South Victoria
Land.

They are not points like the geographical
poles, but are areas of considerable extent.

The earth being a magnet has certain
lines of force (see Fig. 1) passing through
it, and if any iron or steel is placed in these
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AIR NAVIGATION FOR FLIGHT OFFICERS

In connection with the foregoing figures
it will be noticed that the magnets are
represented as red and blue: red for the
north-seeking end, and blue for the south-
seeking end.

This is the conventional way that magnets
are painted, and from now onwards the north-
seeking or red end of a magnet or compass

N = =
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F1G. 4.

needle will be called the north pole, and the
south-seeking or blue end the south pole.

Hence the northern part of the earth
must be coloured blue, and the southern
half red, to conform with the law given
before.

As the geographical and magnetic poles
do not coincide, the compass needle cannot,
except in certain positions, point to the true
north, but at an angle to it, according to the
needle’s position on the earth’s surface. This
angle, which may have any value up to 180°,
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MAGNETISM B

is the angle between the true and magnetic
meridians, and is known as the ‘ Variation.’

It is called easterly if the north end of
the needle is drawn to the right of the true
meridian, and westerly if drawn to the left.

At those places where the true and
magnetic meridians do coincide the variation
is nothing.

The value of the variation has been found
for practically all over the world, and if
required it can be taken from the Admiralty
Variation Chart or Compass Manual.

The continuous lines on the chart denote
that the variation is westerly; the pecked
lines, that the variation is easterly; and the
two side by side show the lines of no variation.

This variation undergoes an annual change,
probably due to the magnetic poles shifting.

This change is given on the variation
chart and also on Admiralty charts, but for
ordnance maps it must be taken from the
former if no Admiralty chart is available.

The magnetic poles are not points like
the geographical poles ; that is to say, they are
areas of considerable extent.

The following definitions will be found
useful, and should be committed to memory
and thoroughly understood.
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Line of Total Force.—Is the direction that
freely suspended magnetic needle will take up
when under the influence of the earth’s forces.

Magnetic Poles.—Are the two places on the
earth’s surface where the total force is vertical,
and to which the needle points in all adjoining
regions.

Magnetic Equator.—Is the line separating
the red and blue magnetism of the earth, and
along which the line of total force is horizontal.

It does not coincide with the geographical
equator, and only intersects it in two places.

Magnetic Meridian.—Is the vertical plane
passing through the longitudinal axis of a
freely suspended magnetic needle when resting
in a line of total force and free from local
attraction.

Variation.—Is the horizontal angle be-
tween the true and magnetic meridians.

Deviation.—Is the horizontal angle be-
tween the magnetic meridian and the vertical
plane passing through the longitudinal axis
of a magnetised needle when under the
influence of local attraction.
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MAGNETISM

Compass magnets, if properly stowed, i.e.
(unlike poles together) and well looked after
retain their magnetism without appreciable
loss for years.

Effect of Temperature on Magnets.—Ordin-
ary atmospheric changes of temperature have
practically no effect on a permanent magnet,
such as those used for compass adjustments.

If, however, it be placed in a very strong
magnetic field of opposite power, or if heated
toa dullred heat, i.e. between 1300° and 1500°
Fahrenheit, it becomes de-magnetised.

On the other hand, soft iron increases its
capacity for receiving magnetism on being
heated, this increases up to a temperature of
1427° Fahr., but after this there is a rapid
decrease, and at 1445° the iron becomes non-
magnetic.

Effect of Magnetism on Hard and Soft Iron.
—The iron or steel used in construction varies
in its magnetic character.

This necessitates a little explanation.

Iron or steel may be classed under two
headings: ‘Hard’ and ‘Soft.’

Hard iron, on account of its coercive force,
does not pick up or part with its magnetism
freely.

15
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It acquires magnetic properties during its
manufacture on account of the hammering
and violence it has been subjected to. After
manufacture it loses some of this magnetism,
but soon settles down, and the residue may be
regarded as permanent.

Soft iron has little or no coercive force,
and picks up and loses its magnetism freely,
so that for every direction of the machine’s
head a different amount of magnetism is
induced.

Soft iron is seldom absolutely pure, conse-
quently it nearly always retains a certain
amount of magnetism, not due to the lines of
force of the earth.

The deviations caused by hard iron are
called semicircular, because they only change
their sign once in the whole circle.

They are corrected by horizontal magnets
placed longitudinally and transversely.

Those caused by soft iron are termed
“ quadrantal,” because they change their sign
in each quadrant.

They are corrected by soft iron balls or
spheres placed on each side of the compass.

Sub-Permanent Magnetism, its Cause and
Effect.—This is caused by iron which does
16
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of soft iron, but only does so gradually, the
time taken depending on the length of time
on the course and the coercive force of the
metal. It cannot be corrected, and its amount
can only be ascertained by actual observation.

Its effect, if not allowed for, is always to
place the machine’s head towards the direction
of the old course, as shown in sketch (p. 17).

The variation, dip, horizontal and vertical
force are all given in Admiralty publications.

Reference to these will show that in the
south of England the dipis approximately 67°.

It will also be noticed that as the latitude
gets higher the dip increases, and therefore
the vertical force in big latitudes is greater
than the horizontal force. Hence it is neces-
sary that the compass should be kept the
greatest distance possible from vertical or
nearly vertical iron, especially the ends, in
these latitudes.

The effect of a magnet ‘ end on ’ to a single
pole of a compass is much greater than that
of a magnet ‘ broadside on.’

The proof is here given for anyone who
may be interested in it.

Proof.—AB is a magnet and N is an
isolated north pole of stiengths M and m
respectively.

18


















AIR NAVIGATION FOR FLIGHT OFFICERS

constructed will remain horizontal in any part
of the world.

As the card remains horizontal, the only
force we need consider as acting on the
compass card is the horizontal component of
the earth’s magnetism.

The general system of pivoting a compass
card is as follows.

The magnets and card are fixed together,
and are fitted with a cap in their centre which
is inverted and fitted with a ruby or other hard
stone to take the wear and also to reduce
friction to as little as possible. This is then
placed on to a metal spike which is given an
iridium point, the latter being an extremely
hard metal. (Sapphire or ruby points will
probably be used in future, owing to the
deterioration in quality of the iridium now
being mined.)

In all the later patterns of aero compasses
the above arrangement is reversed, the pivot
being fixed to the card.

Owing to a sticky deposit which is liable
to form in the cap this would at first sight
seem to be a disadvantage, but the fact that
it gives greater steadiness, coupled with the
greater angle of clearance between card and
covering glass, negatives this disadvantage.

24



THE MAGNETIC COMPASS

The card, cap and pivot are enclosed in a
non-magnetic bowl and covered with a glass
cover.

In the earlier pattern compasses the card
used to work in air, but owing to the great
vibration encountered in aeroplanes, this kind
of compass was found to be totally unsuitable,
so the liquid type had to be introduced instead.

Its advantages over the compass card
working in air are as follows:

The card is steadier, it takes less time to
settle down if disturbed, and a heavier card
may be used, as the total weight resting on
the pivot may be made to any amount re-
quired by varying the size of the float.

The size of the bowlissuch,that a clearance
of about one quarter of its diameter is allowed
for between its inner edge and the edge of the
card, otherwise when turning rapidly a rotary
motion is set up in the liquid which is com-
municated to the card. This makes it liable
to become unsteady or to lag behind.

The Liquid used in a Compass.—This is a
mixture of two parts of distilled water to
one part of pure alcohol, the object of the
alcohol being to prevent freezing.

This mixture is quite efficient up to —2°

25
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Fahrenheit. It has been found that a
slightly higher percentage of alcohol gives
better results in very low temperatures, and
all the later pattern compasses are now filled
with a mixture of three parts of distilled water
to two parts of alcohol.

Distilled water onlymust be used, otherwise
the impurities in ordinary water would clog
up the cap and render the compass sluggish.

To Remove a Bubble from a Compass.—The
fact of an air bubble having formed in a
compass can always be seen. It should never
be allowed to remain, as it makes steering
difficult and also tends to make the compass
sluggish.

The following procedure should be carried
out.

The bowl should be removed from its
outer containing case and laid on its side with
the filling screw uppermost. Remove the
screw plug and drop in distilled water with a
pipette or clean fountain-pen filler.

Rock the bowl gently from side to side
to make sure the bubble is underneath the
filling plug.

As soon as the water overflows replace the
screw plug and take care that the leather

26



THE MAGNETIC COMPASS

washer is in place. If on examination it is
found that all the air is not yet out the opera-
tion must be repeated.

The bowl should be as cool as possible so
as to enable the maximum amount of water
to be introduced.

Remarks on Placing a Compass.—The
placing of a compass in a good position is of
great importance, as should a bad position
be chosen, even the best of compasses will
be unsatisfactory in their behaviour. The
points to be attended to are as follows :

(1) It should be placed in a position where
the pilot has a clear view of it, and if possible
in the centre of the longitudinal axis of the
machine.  This tends to make the errors
more symmetrical and therefore more easily
adjusted.

The pilot should also be directly behind
the compass, to avoid errors in reading due
to parallax.

(2) The maximum distance possible from
magneto, engine, or anything magnetic liable
to occasional movement.

(3) If possible, all metal within at least
2 feet from the compass should be made of
some non-magnetic material.
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done in what is known as the ‘ New Style,’
le. the card is graduated from 0° to 360°,
running with the hands of a watch.

North is thus represented by 0° or 360°,
North-east by 45°, East by 9o°, South-east by
135°, South by 180°, South-west by 225°, West
by 270°, North-west by 315°.

North, South, East, and West are called the
‘Cardinal Points.” North-east, South-east,
South-west, and North-west are called the
¢ Quadrantal Points.” Small aeroplane com-
passes are only marked every 5° to prevent
overcrowding, owing to the small size of the
card. The number is given opposite every
tenth degree.

Airship compasses are graduated to every
degree, and large compasses for big aeroplanes
every two degrees.

Prisms and Reflectors.—These are intro-
duced to do away with eye strain as much as
possible, the card being so small.

Broken Pivots.—This causes the card to
work jerkily, and the compass should be taken
apart and the pivot examined to see whether
it is bent or damaged. Ifit cannot be repaired
the compass should be returned to store, and
a new one drawn in lieu.

30



THE MAGNETIC COMPASS

Magnet Block.—These are supplied for
holding the adjusting magnets. They should
be placed so that their centre is directly under
the centre of the compass, and care should be
taken that the magnet holes, of which there
are two sets at right angles to each other,
should be set so that they are in line respec-
tively with the longitudinal and transverse
axes of the machine. These blocks will not
be met with in Pattern 255 and later types.

Effect of Banking.—The effect after a
heavy bank is to make the compass unsteady
for a short time. It has been found by
experiment that if on a fast machine steering
anywhere within 20° of the north point, a
quick alteration of course will cause the north
pole of the compass to follow the machine’s
head round. On steadying the machine, the
north pole of the compass swings back to its
correct position.

For a description of the various types of
compasses used in aircraft, reference should be
made to the pamphlet entitled ¢ Compasses
for Use in Aircraft,” by Captain F. Creagh
Osborne, R.N.
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COEFFICIENTS

Itisextremelyrarein a well-placed compass.

An ‘apparent’ A may be caused by an
error in the magnetic bearing of an object
which is being used for swinging. In practice
it will be found that nearly every aeroplane
compass has an ‘A’

It cannot be corrected but can only be
allowed for. Itis called a ‘ constant’ devia-
tion, because it is the same in amount and sign
for all directions of the machine’s head.

It is found by taking the mean of the devia-
tions on a number of equidistant points,
calling all easterly deviations + and all
westerly deviations —. In practice, it is usual
to take the deviations on the cardinal and
quadrantal points.

Coefficient B.—Is caused by the hori-
zontal component of the permanent magnet-
ism of the machine acting longitudinally.

It is called + if the north end of the needle
is drawn towards the nose of the machine,
and - if drawn towards the tail.

It is maximum on east and west, diminish-
ing to zero on north and south.

It is found by taking the mean of the
deviations on east and west, changing the sign
on west.

. 33 D
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In connection with this, the last-mentioned
one is the only one possible for the later pat-
tern compasses, owing to their construction.

(@) By Sun or Star.—The requirements
for these are a watch whose error on Green-
wich mean time is known, a shade for use if
the sun is observed, notebook and tables for
giving the true bearing of the body at various
intervals of time.

The body observed should be fairly low in
altitude.

Place the machine’s head in the required
direction by compass, and observe bearing of
the body, noting the time of doing so by the
watch. Transfer this watch time into appar-
ent time at place (this will be explained in
the chapter on Astronomy), and look up the
body’s declination.

With these data, and knowing your
latitude, the true bearing can be looked out
from the tables.

Apply the variation to this to get the
magnetic bearing. The difference between
the true and magnetic bearings will be the
deviation for that particular direction in
which the machine is heading.

This operation should be repeated for all

44



METHODS OF SWINGING

required directions. In practice it is custom-
ary to work out a table of times and magnetic
bearings in advance, as it much facilitates
operations.

This method is always used at sea when out
of sight of land, but is not of much practical
value on a flying ground.

(b) By ¢ Reciprocal Bearings.’—For this
purpose a compass known as the ‘Landing
Compass,” or ‘ Shore Compass,” is set up in
some place on the flying ground where it will
be free from all local attraction in the shape
of sheds, adjacent machines, etc.

This ensures it being free from deviation.

The machine to be swung is wheeled out
and also placed in a position similar to the
other compass, and heading in any required
direction.

Simultaneous bearings are taken of the
shore compass by the machine’s compass,
and of the machine’s compass by the shore
compass.

Either of these bearings should now be
reversed and the difference between this
reversed bearing and the other one will be
the deviation for that particular direction of
the machine’s head.
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bearing of the distant object by the compass,
and repeat it on any other direction.

The difference between the compass bear-
ing of the distant object and the magnetic
bearing already found, will be the deviation for
that particular direction of the machine’s head.

Examples :
S iR ey Geaing,  Deviation.
0° 309° 314° G
45° 309° 311° 2°W.
9o° 309° 306° 3°E.

(@) By Two Objects in Line.—This is the
same as Case (c¢). But in place of one object
there are two in line, the magnetic bearing of
one, and therefore of both, being known.

This case is valuable for checking devia-
tion, as the magnetic bearing can be obtained
from the chart ; and when flying, as soon as the
objectscome into line, the bearing can be taken.
~ This will show at once whether or not the
deviation has altered.

(¢) By a Marked-out Flying Ground.—This
is the simplest method of all, requiring no
-instruments and no objects, and a machine’s
compass can be adjusted at any hour of the
day or night, and also in thick weather when
all distant objects and marks are obscured.
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The spot having been chosen, permanent
lines are marked out running north, south,
east, and west. The north-east, south-east,
south-west, and north-west lines may also
be drawn in if required. Permanent marks
should be placed at the ends of these lines and
also at the central spot.

All that has to be done is to place the
machine’s head along the desired line and
note the compass reading.

The difference between this and the lubber
point of the compass will be the deviation.

An explanation of the methods of marking
out a flying ground will now be given.

In the working of the following example,
the explanation of the various terms used will
be found in the chapter on Astronomy.

The marking out of a flying ground can
be done in two ways.

(@) By means of the shore compass, set up in
any convenient spot free from local attraction.

The lines can be got straight away by
direct observation, and marked in.

(b) An alternative method, which in-
volves a little more trouble, but once done
holds good as long as the first case. It con-
sists of finding the magnetic bearing of one
or more conspicuous objects visible from the
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MARKING OUT A FLYING GROUND

swinging ground, and from this bearing to
get the magnetic directions required. The
magnetic bearing of one of the objects is
obtained by simply taking a horizontal angle
between the sun’s limb and the object
required. The sun’s bearing can now be
worked out and this angle applied to it.

The result will be the true bearing of the
object, so, to get the magnetic bearing, the
variation must be applied. It is just as well
to have the bearings of two or three objects
in case one is done away with, so if angles
between the first object and one or two others
be taken, they can be applied to the bearing of
the first.

An example of this follows.

On April 14, 1916, at a certain flying
ground in Latitude 51° North, Longitude
3° West, it was desired to lay out magnetic
lines for compass adjustment.

The following observations were made.

Rough time about 5.45 A.M.

The watch, which was slow on Greenwich
mean time o0 hrs. 2 min. 15 sec., showed
5 hrs. 55 min. 33 sec. At the same time
the observed horizontal angle between an
object A to the right of the sun and the
sun’s near limb, was 97° 50".
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To get the sun’s true bearing from the
tables, we require to know three things:
the latitude, the sun’s declination, and the
sun’s hour angle.

The latitude we know already, the hour
angle will be the apparent time, since we keep
our time from the sun, and the declination
can be taken out of the Nautical Almanac for
that day at sight. The declination is given
for noon each day, but as its total change
for twenty-four hours is comparatively small,
this can be neglected, as it is near enough
for compass work.

The bearing given in the tables is that of
the sun’s centre, so to get the bearing of
the sun’s limb, the semidiameter must be
applied. Whether to add or subtract it can
easily be ascertained from a figure; the one
on p. 52 is the one for the example given.

NOA is the angle given in the tables, and
NOB is the angle required. As A is to the
right of the sun, the angle AOB is additive
to the angle NOA.

It should be remembered that the observer
is at O facing the sun.

Therefore, in this case, the semidiameter
must be added to the bearing from the
tables.
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peg into the ground, this will represent the
north point from the position of the compass.
Taking this north point as the starting point,
the remaining points of the compass can now
be pegged out in turn and the lines painted
in if required, the pegs being left standing or
replaced by small base plates flush with the
ground.

The advantage of having two or more
marks whose bearing is known, lies in the fact
that some of them may be destroyed in course
of time, in which case bearings to new marks
would have to be found.

If it is desired to lay out more than one
swinging ground, the bearing may be found
from one position and calculated for the
others from the chart or map on the largest
scale possible.

When taking the horizontal angle between
the sun and an object, always have the sun as
low in altitude as possible.

The Practical Correction of a Compass.—
By this is meant the actual placing of the
adjusting magnets to neutralise the effect of
the iron surrounding the compass.

If the machine is a new one, it should be
swung for its natural deviations on the eight
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PRACTICAL CORRECTION

principal points of the compass by one of the
methods already described.

By ‘natural’ deviations is meant the
deviations of the compass before any of the
correctors are applied.

These deviations having been ascertained,
the coefficients can be worked out and
the various correctors placed in position
roughly.

Coefficient D should always be corrected
first, if intended to correct it, its amount and
requisite size of spheres being obtained from
the published tables.

This can be done with the machine head-
ing in any direction, and when once done,
holds good for any place the machine may
be in.

Now place the nose of the machine north
or south, or east or west; and correct the
coefficients C and B by adjusting the trans-
verse and longitudinal magnets respectively
as necessary.

This is done, in the case of taking a distant
object, by so adjusting the magnets as to
make the compass bearing of the object agree
as nearly as possible with the magnetic
bearing previously found.

If, however, the machine is being swung on
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will at once become apparent, and after a
little practice it can be done without any
writing down.

In either figure the circle is supposed to
represent the compass card, and AB the line
joining the distant object to the centre of the
card.

This line AB should be considered as
absolutely fixed, and in Fig. 22 suppose it to
run in the direction of, say, 235° magnetic.

The compass card is free to revolve about
its centre, at B, and in this case the degree
230° is found by observation to be lying under
the line AB.

Therefore the 235th degree must have
moved in the direction shown by the black
arrow.

Now, if one part of the card moves, the
whole must move in the same direction ; hence,
if we follow the card round to the north
point, the latter must clearly move in the
direction shown by the pecked arrow.

As the direction of the pecked arrow is
eastward, the deviation must be easterly.

In Fig. 23, suppose the line AB torun, say,
132°. From observation we find the degree
138° to be under this line. The card’s motion
must have been in the direction of the black
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arrow, and following its motion round, we
see the north point of the card must move in
the direction of the pecked arrow. Hence the
deviation must be westerly. Therefore, for
any card graduated according to the new
style, i.e. from 0° to 360° the rule is as
follows :

If the compass bearing is less than the
magnetic bearving, the deviation s ecasterly ;
if greater tham the wmagnetic bearing, the de-
viation 1s westerly.

Notes on the True Bearings taken from the
Tables.—With reference to the bearings taken
from the tables, it must be remembered that
these tables were made out for the old pattern
graduation of the card, and therefore require
some manipulation before the bearing by the
new style of card can be written down.

The following rules should be well learnt:

(@) In north latitude.

If the time is A.M., the bearing may be taken
straight out of the tables and written down.

If the time is P.M., the bearing given in the
tables must be subtracted from 360°and the
result written down as the bearing to be used.

(6) In south latitude.

If the time is A.M., subtract the bearing
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NESC the angle required, so that 180° -+
SBC = NESC.

To Test a Compass.—This should be done
now and again to see if the cap and pivot are
in good working order, as they are liable to
damage from shocks in landing, etc.

This can be done in two different ways.

(1) By comparing it with another compass
which is known to be accurate.

The two compasses should be placed as
near to one another as possible without inter-
fering with each other’s field. Bearings of a
distant object as far away as possible should
be taken by both compasses on various direc-
tions of the aeroplane’s head.

The bearings taken by the machine’s
compass corrected for the known deviation
should be practically the same as the bearing
shown by the other compass.

Should they differ by any moderate
amount, the cap and pivot should be examined.

(2) By deflecting the card about a point
from its normal position of rest, and noting
if it returns to its old position.” If not, it is
probable that something is wrong.
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Isobar.—Is a line of equal barometric
height or pressure.

Isotherm.—Is a line of equal temperature.

The wind in a cyclonic disturbance does
not blow tangentially to the isobars, but spir-
ally inwards at an angle of about 10°-15° to
them, being more incurved in the rear part of
the storm.

In the Temperate Zones these depressions
almost invariably travel eastwards, but their
paths may be deflected by land or by an area
of high pressure.

The centre of a storm can always be
found by the following rule, known as Buys-
Ballot’s Law.

Rule.—Face the wind, and the centre will
be found to bear about 135° on the right hand
until the barometer has fallen three-tenths of
an inch, about 112° between three-tenths
and six-tenths, and about 9go° after six-
tenths.

N.B.—In the Southern Hemisphere it will
be as above, but on the observer’s left hand.

The sketch on p. 70 shows the relation of
the wind to the isobars, in a cyclonic depres-
sion, the egg-shaped lines representing lines of
equal pressure.
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that the isobars are spaced wide apart, only
a mild type of wind, rain, and cloud are
experienced, yet, on the other hand, when the
isobars are close together, the above men-
tioned are met with in a much greater and
stronger form.

As a general rule, the steeper the fall of the
barometer the stronger the wind and coming
weather.

Sometimes it will be noticed that a big
fall of the barometer is not attended by
any drastic change in the weather, but that,
after a time, the former recovers itself. This
is due to what is known as ‘ Surge.’

The best explanation of this is to consider a
general lowering of pressure over a large area,
which takes some time to fill up again, the
area being so large that it only fills up com-
paratively slowly.

The sketch on p. 72 shows the weather
sequence in a cyclonic depression.

The rate at which a storm, as a whole,
travels is very uncertain, depending on the
areas of high pressure round it and the
amount of land about.

Anti-cyclone.—This is a region of high
pressure associated with fine and mild weather,
71
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As this air rises, it expands owing to the
diminished pressure ; this causes a loss of heat,
which is further accentuated by the low
temperature in the upper regions. This loss
of heat results in the condensation of the
water vapour, which also mixes with the small
particles of dust and other matter floating in
the air.

The result of this is to cause the familiar
appearance which we know as cloud.

There are two theories that have been put
forward as to the formation of cloud.

(1) Is known as condensation by cooling.
This method has been described above.

(2) Is known as condensation by mixing.
This is supposed to take place when a mass
of damp air, on rising, meets another mass
of damp air at a different temperature.

There are ten different classes of clouds,
four of which are known as ‘ Fundamental
Clouds,” whilst the other six are made up
of mixtures of the other four.

The following tables give the names and
average heights of these clouds.

(@) ‘ Fundamental Clouds.’
(1) Stratus. . . . o to 3,500 feet.
(2) Nimbus, or Rain Cloud . 3,000 ,, 6,400
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are generally the advance guard of a spell of
bad weather.

The paths of storms passing over the
British Islands are rather erratic, owing to
their being deflected by the land. They may
also be deflected by coming up against a high-
pressure system.

Storms passing over the British Islands
almost always have their centres north of
the English Channel ; from this, reference to
Fig. 28 will show that the usual dangerous
wind will be south-easterly, with, of course,
the barometer falling.

Storm Signals.—These are hoisted by the
various storm signal stations according to
orders received from the Meteorological Office,
from the warnings given by their synoptic
charts. The new system is known as the
International Code, but its introduction has
been delayed by the war.

It consists of a display of either one or two
cones hoisted as follows :

_One Cone, point upwards.—Gale commencing with
wind in the north-west quadrant.
One Cone, point downwards.—Gale commencing
with wind in the south-west quadrant.
Two Cones, one above the other, both points
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increasing, the trace becomes convex, and if
the rate is decreasing, the trace is concave to
the top of the recording sheet.

If the rise of the barometer is at a uniform
rate, the trace is shown by an ascending
straight line; if the rate is increasing, the
trace is concave ; whilst if it is decreasing, the
trace is convex to the top of the recording
sheet.

Thus all we can tell from the movements
of the barograph is that, with a falling glass,
a convex trace means that the wind and
weather will get worse much more rapidly
than with a concave trace, and with a rising
glass, a concave trace will indicate that the
weather will improve more rapidly than with
a convex trace.

On the other hand, the quicker the rise or
fall, the steeper the isobars, and therefore the
stronger the wind.

The above is shown by the diagrams on
p- 88.

Bad weather, which takes a long time to
develop, is also long in showing improve-
ment, and vice versa.

This can easily be remembered by the old-
time jingle :

Long foretold, long last,
Short notice, soon past.
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In connection with the forecasting of the
coming weather, the rules given by the late
Admiral Fitzroy are well worth committing
to memory.

Taken in conjunction with other instru-
mental aids, they are of the greatest use in
foretelling weather.

These rules are given below.

Admiral Fitzroy’s Weather Rules. —
Whether clear or otherwise, a rosy sky at
sunset indicates fine weather ; a sickly green-
ish hue, wind and rain; tawny or coppery
clouds, wind ; a dark or Indian red, rain ;
a red sky in the morning, bad weather, or
much wind, perhaps also rain; a grey sky
in the morning, fine weather ; a high dawn,
wind ; a low dawn, fine weather.

The darker or angrier the colour of the
red in the morning, the worse the coming bad
weather will prove to be. Also an opal-tinted
sky in the morning is a sign of coming bad
weather.

A high dawn is when the first indications of
daylight are seen above a bank of clouds.

A low dawn is when the day breaks on or
near the horizon, the first streaks of light being
very low down.

89



AIR NAVIGATION FOR FLIGHT OFFICERS

Soft-looking or delicate clouds foretell
fine weather, with moderate or light winds;
hard-edged oily looking clouds show wind.
A dark, gloomy blue sky is windy ; but a light,
bright blue sky indicates fine weather.

Generally, the soffer clouds look, the less
wind but perhaps more rain may be expected ;
and the harder, more greasy, rolled, tufted
or ragged, the stronger the coming wind
will prove to be.

A bright yellow sky at sunset foretells
wind ; a pale yellow, rain ; orange or copper-
coloured, wind and rain; and thus, by the
prevalence of the various tints in the sky,
the coming weather may be foretold fairly
accurately, and, if aided with the usual
instruments, almost exactly. Light delicate
quiet tints or colours, with soft indefinite
forms of clouds, indicate and accompany fine
weather, but gaudy or unusual hues, with
hard definitely outlined clouds, foretell rain
and probably strong wind.

Small inky-looking clouds foretell rain ;
light scud clouds driving across heavy masses,
show wind and rain; but if alone, may
indicate wind only, the latter proportionate
to their motion.

High upper clouds crossing in a direction
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different from that of the lower clouds, or
from the surface wind felt below, foretell a
change toward their direction.

After fine clear weather, the first signs in
the sky of a coming change are usually light
streaks, curls, wisps, or mottled patches of
distant cloud, which increase and are followed
by a general overcasting of vapour that grows
into cloudiness.

This appearance, more or less oily or
watery, as rain or wind will predominate,
1s a certain sign.

Usually, the higher and more distant such
clouds seem to be, the more gradual but more
general the coming change of weather will
prove to be.

Misty clouds forming or hanging on heights
show wind and rain approaching; if they
remain, increase or descend. If they rise or
disperse, the weather will get better or become
fine.

Dew is an indication of fine weather, its
formation never begins under an overcast
sky or when there is much wind. Great
clearness of the air, especially near the
horizon, distant objects very well defined or
raised by refraction, also what is called a good
hearing day, are signs of rain or wind coming.
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TF1G. 58.—The Great Bear and the Stars it leads to.
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Fi1G. 59.—Orion and the Stars it leads to.
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Before entering into the problems con-
nected with the sun and moon, it would be
as well to give some explanation of the various
terms used.

The reader should make himself acquainted
with the following definitions in Nautical
Astronomy :

Definitions.— A4 Sphere.—A sphere is a
solid bounded by a surface, every point of
which is equally distant from a fixed point
called the centre.

A Great Circle—A great circle is a section
of the surface of a sphere, made by a plane
passing through the centre.

A Small Circle.—A small circle is a section
of the surface of a sphere, made by a plane not
passing through the centre.

Earth’s Axis.—The axis of the earth is
the diameter about which it revolves with a
uniform motion from west to east.

Earth’s Poles.—The poles of the earth are
the extremities of its axis.

Equator.—Is the great circle whose axis
and poles are the axis and poles of the
earth.

Meridians.—Are great circles whose planes
pass through the poles of the earth.
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Meridian of a Place.—Is that meridian
which passes through the place.

Prime Meridian.—Is that fixed meridian
by reference to which the longitudes of all
other places on the earth are measured.

Parallels of Latitude.—Are small circles
whose planes are parallel to the plane of the
equator.

Longitude of a Place.—Is the smaller arc of
the equator, intercepted between the prime
meridian and the meridian passing through
the place.

Latitude of a Place.—Is the arc of a
meridian intercepted behind the equator
and the place.

Difference of Latitude between two Places.—
Is the arc of a meridian intercepted between
their parallels.

Difference of Longitude between two Places.
—Is the smaller arc of the equator intercepted
between their meridians.

Celestial Concave.—Is the interior surface
of a globe bounded by the blue of space, and
on which all the heavenly bodies appear to be
situated.

Poles of the Heavens.—Are the points
where the earth’s axis produced, cuts the
celestial concave.
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Ecliptic—1Is the apparent path of the sun
during the year on the celestial concave.

Equinoctial or Celestial Equator.—Is the
great circle formed by the plane of the earth’s
equator produced, cutting the celestial
concave.

The Equinoctial Points.—Are the two
points on the celestial concave where the
ecliptic and the equinoctial cut one another.
One is known as the First Point of Aries
(the point on the ecliptic where the sun’s
declination changes from south to north),
the other as the First Point of Libra (the
point on the ecliptic where the sun’s declina-
tion changes from north to south).

Circles of Declination.—Are great circles
which pass through the poles of the heavens;
they correspond to terrestrial meridians.

Pavrallels of Declination.—Are small circles
whose planes are parallel to the plane of the
equinoctial.

Declination.—Is the arc of a circle of
declination intercepted between the equi-
noctial and the place of the body. It is
thus similar to latitude on the earth. It is
measured north and south of the equinoctial
from o at the equinoctial to go° at each
celestial pole.
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EFFECT OF LONGITUDE ON TIME

imaginary sun whose motion is uniform in velocity,
along the ecliptic, and to which our clocks are set.

The wvelocity of the apparent sun not
being uniform, it follows that it will be some-
times ahead of the mean sun and sometimes
behind it.

This difference is called the ‘ Equation of
Time,” and is given in the Nautical Almanac
for every two hours of the day throughout the
year. In problems connected with the sun’s
bearing, the times given in the true bearing
or azimuth tables are all apparent times,
so that it is necessary to change the time by
watch into apparent time.

The Effect of Longitude.—The way in
which the longitude of a place on the earth’s
surface affects the time of that place, should
be clearly understood, as it helps to give one
a firm grasp on the problems later on.

The earth revolves from west to east in
twenty-four hours, but it is more convenient
to imagine the earth as stationary, and the
celestial concave revolving from east to west
about its own axis.

This comes to the same thing.

Consequently, as we measure our noon by
the sun’s passage across the meridian of our
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place, it follows that the sun must have
already crossed the meridian of any place to
the eastward of our position, and not yet
crossed the meridian of those places to the
westward of us.

In all our charts, the meridian passing
through the transit instrument at Greenwich
Observatory is taken as the prime meridian,
from which all our measurements for the
longitude of other places are made ; hence the
mean time of all places to the eastward of
Greenwich is ahead of Greenwich mean time
(or G.M.T. as it is usually called), and the
mean time of all places to the westward of
Greenwich is behind G.M.T.

As the revolution of the earth from noon
to noon, at any place, occupies twenty-four
hours for an angular value of the circumfer-
ence of a circle, or, in other words, 360°, it
follows that longitude may also be expressed
in time.

Example :

Are. h. Ti:.ne.s.

360° . . . . . 24 00 00

180° . . . : . I2 00 00
go° 6 0o oo
15° . . . [ . I 00 00
TR . . . . 0 04 00
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As the meridian of every place is different,
local time must differ at any place from
any other place, and would cause endless
trouble as regards setting clocks.

Consequently, different countries adopt
what are known as ‘Standard Meridians,’
and all clocks in that country are set to
the time of that standard meridian.

In the United Kingdom, except Ireland,
the standard meridian is that of Greenwich
Observatory, as mentioned before, and all
clocks are kept set to it. N.B.—Ireland
now keeps G.M.T.

N.B.—Since writing this, summer time
has been introduced by Act of Parliament.
By this, clocks are put on one hour on May 1
at midnight, and are put back at midnight
on September 3o0.

An easy rule to remember how to apply
longitude in time is given in the old rhyme :

Longitude west, Greenwich time best,
Longitude east, Greenwich time least.

In connection with time, it is interesting
to understand what happens to the day and
date when crossing the 18oth meridian.

This is explained below.

On leaving the prime meridian, and

119



AIR NAVIGATION FOR FLIGHT OFFICERS

steering east, the ship’s local time gradually
gets ahead of Greenwich time, until in 180°
she is just twelve hours in front.

Continuing to the eastward, she imme-
diately enters a longitude which is twelve
hours behind Greenwich, so that she must
count that day and date over again.

For instance, supposing she crossed the
18oth meridian at g p.M. on August 14, going
east.

When she got to the 18oth meridian it
would only be g A.M. on August 14 at Green-
wich, and, continuing her course, she would
at once be twelve hours more behind Green-
wich, i.e. g P.M. on August 13.

Hence her next day and date must again
be reckoned as August 14.

On the other hand, suppose she sailed from
the meridian of Greenwich, going west about.

She would gradually get more and more.
behind Greenwich time, until at the 18oth
meridian she would be twelve hours late.
On crossing to the westward of this meridian,
she would at cnce get twelve hours ahead of
Greenwich time, therefore she must skip a
day altogether.

For instance, supposing she crossed the
18oth meridian, going west, at 9 P.M. August 14.
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When she was there, it would be g A.M.
August 15 at Greenwich, and, on going
farther west, she would be twelve hours ahead
of this latter date, so that it would be g P.M.
on August 15.

Hence she must skip the 15th altogether,
and call the next day the 16th.

Hour Angles.—By the term < Hour Angle,’
is meant the angular distance of a body from
the observer’s meridian expressed in time,
either before or after its meridian passage.

By * Meridian Passage " is meant the cross-
ing of the body over the meridian of the’
observer.

All heavenly bodies rise to the eastward
of the observer, and after a certain time attain
their greatest altitudeabove the horizon —this
occurs when the body is on the observer’s
meridian ; they then decline in altitude, and
finally set in the westward.

This meridian passage is known as the
‘ Upper Merician Passage.’

Their lower meridian passage takes place
twelve hours later in the case of the sun;
slightly under (3™ 56°) twelve hours in" the
case of a star; and an average of 12" 24™ in
the case of the moon.

121



AIR NAVIGATION FOR FLIGHT OFFICERS

When we talk of a body being so many
hours away from the meridian, this does not
mean any A.M. or P.M. time: it is simply a
measure of time from its meridian passage.
If we want to know the local time when a body
is, say, three hours from its meridian passage,
we must find out the sun time of the body
crossing the meridian and apply these three
hours to this latter time.

The reason for this is because the meridian
passage of a body is reckoned by mean sun
time, and so, to get the time of rising or setting

of any body other than the sun, we must first
" find the sun time of the body’s meridian
passage and then apply its hour angle from
the meridian when on the horizon.

This hour angle must, of course, be sub-
tracted from the time of meridian passage for
rising, because it must rise defore it comes to
the meridian, and be added to the time of
meridian passage for setting, as it sets affer
crossing the meridian.

With reference to the times shown in the
sun’s true bearing tables of sunrise and
sunset, it must be remembered that as we
count our civil day as beginning at midnight,
so the actual A.M. time of sunrise, as given
in the tables, is counted from the inferior
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meridian ; so that, to get the actual hour
angle of the sun from the superior meridian, we
must subtract the A.M. time from twelve hours.
This is, of course, not necessary in the
P.M. time, as our afternoon time is measured
from the superior meridian. The sun’s hour
angle, both from the inferior meridian to the
superior meridian (A.M. time), and from the
superior meridian to the inferior meridian
(p.M. time) is, of course, apparent time.

Explanation of the Various Tables.—(1I)
Nautical Almanac.—This is a work published,
giving all the data necessary for navigation
by the sun, moon, planets, and stars. These
data are given for every day in the year. Itis
published in two forms—an extended form,
and an abridged form for the use of seamen.

The latter should be used in all problems
of rising and setting, and is also sufficient for
all problems in navigation.

On the first two pages of every month are
given all the data for the sun and moon.

Each column indicates the contents of
that column, so that there should be no
difficulty in taking out what is wanted.

The only column that needs any explana-
tion is the one headed ‘Equation of Time.’
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Here it gives, at the top of the page,
instructions as to whether the equation of
time is to be added to, or subtracted from,
apparent time. In either case, if the equa-
tion of time is to be applied to mean time,
the instructions must be reversed —e.g., sup-
pose the instructions say the equation of time
is to be added to apparent time, then it
must be subtracted from mean time.

Again, it sometimes happens that there
1s a black line drawn both in the instructions
and in the column giving the values.

This simply means that all the values in the
column above the black line follow the instruc-
tions above the upper black line, and those
below follow the instructions below the upper
black line.

The next few pages give the data for the
sun for every day of the month at two-hour
intervals of Greenwich mean time (G.M.T.).

After that comes the same thing for the
moon, and these must be made use of when
getting moonrise or moonset. In the case of
finding sunrise or sunset, it will be near enough
to take the declination out for noon at Green-
wich, as it does not alter enough in twenty-
four hours to have any practical effect on the
accuracy of the problem ; but in the case of
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the moon, her declination changes so rapidly,
that a few hours may make an appreciable
difference in the result.

On p. 160 of the Abridged Nautical
Almanac will be found a table giving the
hour angle of a body from the meridian when
rising or setting.

Running right across the top of the two
pages are the degrees of declination from
0° to 30°.

Down the left hand side of each page, and
printed in thick type, are the degrees of lati-
tude from o° to 60°. In the body of the table
are the hour angles.

To look out an hour angle, all that has
to be done is to enter the table with the
latitude of the place and the declination of
the body. '

Under the latter, and opposite the former,
will be found the required hour angle.

The following rule is important and
should be well learnt:

If the latitude and declination are the
same names, 1.e. both north or both south,
the hour angle can be taken straight from the
tables ; but if they are different names, i.e. one
north and the other south, the hour angle
found in the tables must be subtracted
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from twelve hours, and the result used
instead.’

On p. 170 is a table of proportional parts
which must be applied to the hour angle asa
final correction. Across the top of the page
are certain numbers, in the case of the moon
these correspond with the daily difference as
given in the column after the upper meridian
passage. Running down the right hand side
of each page are times ranging to twelve hours.

The final correction is simply a rule-of-
three sum, which is given in this table.

“If the difference in twenty-four hours is
so much, what will it be for an hour angle of
so much?’ This hour angle being the one
just found.

This final correction is always additive
to the hour angle, as the moon crosses the
meridian of any place later every day.

(2) Inman’s Tables.—On p. 116 will be
found a table for the correction of the moon’s
meridian passage, depending on the longitude.
The rule for adding or subtracting it is given
on the top of the page.

Just below it, and running right across the
page, is a row of thick figures, which represent
the daily difference of the moon’s meridian
passage which is given in the Nautical
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Almanac in the column next to the moon’s
upper meridian passage.

Running down either side of the page is a
column showing the longitude of the place,
and in the body of the table is the correc-
tion to be applied. This correction is given
in minutes of time.

This table is merely a worked out rule-of-
three sum.

‘If the daily difference for 360° is that
given in the Nautical Almanac, what is it for
the longitude of the place?’ Instructions
whether to add or subtract it are given at
the top of the table.

Haversine Table.—This table is of great
use in giving the longitude in time any-
where. All that has to be done is to look
up the longitude and take out the correspond-
ing time shown at the top of the page and
also down the sides.

Sun’s True Beaving or Azimuth Tables
(Davis and Burdwocd).—These are printed
for a limit -of latitude of 60° north and south,
and a limit of declination of 23° north and
south, this latter being approximately the
farthest limits of the sun’s apparent motion
north or south.

The times shown are, as the sun itself
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is actually observed, apparent time: the
intervals as given in the tables are four
minute ones.

It should be noticed that the A.M. times
run #p the left hand side of each page, and the
P.M. times run down each page on the right
hand side.

With reference to the A.M. time of rising,
it should be remembered that the time given
for rising 1s counted from the inferior or mid-
night meridian, and therefore, to get the hour
angle from the noon or superior meridian, the
value given in the tables must be subtracted
from twelve hours. This is not necessary for
the p.M. hour angle, as p.M. is counted from
the time that the sun crosses the superior
meridian.

All the bearings given in the tables are
for the sun’s ceutre.

In both sun and star tables, the rules for
naming the bearing are the same in principle,
as the statement ‘ When apparent time is A.m.
means exactly the same thing as * When the
body is rising or east of the meridian,” and
similarly for p.M.

In the sun tables, each degree of latitude
appears over two separate headings, one
when latitude and declination are the same
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name, i.e. both north or both south, and the
other when they are opposite names, i.e. one
north and the other south. Care should be
taken not to confuse the two.

At the end of every degree of declination
is given the apparent time of rising and
setting, and the true bearing of the body.

The star tables (Davis’) are the same in
principle as the sun tables, except that instead
of the apparent time being given, the hour
angle of the star is shown.

We now come to the examples of sunrise
and sunset, and moonrise and moonset,
which are appended. In practice it is not
necessary to work rigorously, so the declina-
tion and equation of time may be taken out
at sight.! The elements, if taken out exactly,
only add to the time in working out without
any compensating advantages, and make no
practical difference to the answer.

Sunrise Problem
Example 1.—Find the Greenwich mean time of
sunrise and sunset and the true bearing at each
time, in Latitude 50° N., Longitude 8° E., on
May 7, 1916.
From Abridged Nautical Almanac, p. 50, on

1 Tn the case of the sun to the nearest noon, but with the
moon to the nearest hour.
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has been given as 27" 52 o00®. This simply means
that 24® has been added on to the original
3% 52™ 00°., as 4 16™ 00° has to be subtracted

from it.

By adding 24" to it, the date has, of

course, to be placed one day back.

Example 2.—Find the time of moonrise and
moonset and the true bearing at each time in
Latitude 50° S., Longitude 100° E., on October 12,

1916.

From Naut. Alm,,
Pp.III,moon’s mer.
passage at upper h. m. s.
transit on Oct. 12 13 04 00O

Correction in In-

man’s tables,p.116—o00 14 00

Corrected local
mean time of

passage, Oct.12 . 12 50 00
Longitude in time . — 6 40 oo
Rough G.M.T. of

passage, Oct.12 . 6 10 OO
Moon’s hour angle. 4 26 oo
Rough G.M.T of

rising, Oct. 12 I 44 00
Rough G.M.T. of

setting, Oct. 12 . 10 36 00O

Daily difference in

next column to

upper mer. pass 52™
Moon’s  declination

for G. M. T. of

6" 10™ 00° Oct. 12 18}° N-

Opposite name to latitude.

From p. 160, Naut. Alm,,
with Lat. 50° S., Dec. 184° N.
Hour angle is 7" 34™.

Subtract this
because lat.
opposite names.

from 12h,

and dec. are

Moon’s hour angle from
meridian is therefore 4" 24™ 00°®.

Re-working the problem as in Example 1,

we get as follows :
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It cannot be too often stated that if the
latitude and declination are of opposite names,
the hour angle found on pp. 160-1 of the
Abridged Nautical Almanac must be sub-
tracted from twelve hours, and the result
substituted.

The declination of the moon may go up as
high as 29° on either side of the equator, so
that after 23° the sun tables are not available ;
in this case the star tables may be used, using
vols. 1 or 2 according to the latitude.

The principle of looking out the bearings
is exactly the same as in the sun tables, or
the amplitude tables in Inman’s may be used.

In the left-hand column of the star tables
will be found the body’s hour angle—that
is, its angular distance from the meridian
ex ressed in time.

Opposite the hour angle and under the
declination of the body, will be found the
true bearing.

These bearings are, however, only given
for when the body is some degrees above the
horizon, consequently interpolation will be
necessary.

As the rate of change of the bearing of
a body varies with its altitude, declination,
and position of the observer, this interpola-
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absolutely exact, but are near enough for
compass work.

In connection with these bearings, there
is another method of looking out the true
bearings at rising and setting. This can be
done by means of the ‘ Amplitude Table’
given on pp. 138-41 of Inman’s tables.

Before explaining the tables, it may be
as well to state that an amplitude is merely
the bearing of the body when rising or setting,
reckoned from the east or west point according
as to whether the body is rising or setting.

It differs from an azimuth, inasmuch as
the latter is reckoned from the north point, and
the amplitude only applies to a body when on
the horizon.

Running across the top of the pages are
the degrees of declination, and down the sides
are the degrees of latitude from 1 to 64.

Under each degree of declination are two
columns, one headed ¢ Time Amp.” and the
other ‘ Bearing Amp.’

The time amplitude is merely an interval
of time to be added to or subtracted from
6" 00™ 00°, which will give the hour angle of
the body from the superior meridian expressed
in time.

Whether it should be added or subtracted
from 6" oo™ 00° depends on whether the
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latitude and declination are of the same or
opposite names.

If they are of the same name, the hour
angle of rising must be greater than 6" oo™ 00°;
and if they are of opposite names, the hour
angle of rising must be less than 6" oo™ 00"

Similarly in the case of setting.

Therefore, if the latitude and declination
are of the same name, the time amplitude
found in the tables must be added to 6® 00™ 00° ;
and if they are of different names, it must be
subtracted from 6" oo™ 00°.

With regard to the bearing amplitude, if
latitude and declination are of the same name,
the body must rise north of the east and west
line, and also set north of it. If they are of
opposite names, the body must rise south
of the east and west line and set south of
it. This will at once show which way the
bearing amplitude should be applied to the
east or west point.

This paragraph refers to north latitude;
for south latitude, if latitude and declination
are the same names, the body will rise
south of the east and west line and also
set south of it, whilst if latitude and declina-
tion are of opposite names, the body will
rise north of the east and west point and set
north of it.
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and 360°°0 — 49°2 = 310°'8. Thisagrees with
the bearing given in the first example.

The east and west points are reckoned as
being 6" 0o™ 00® in time, and go° in arc away
from the north and south points.

The following figures may be of assistance
for amplitude work.

z

©

~

s

Fic. 61.—North Lat. Lat.
and Dec. same name.

Body rises at X and
sets at. X/, XZE and
X’ZW are the ampli-
tudes from the tables,
and X and X’ must be
north of the east and
west line, so that the
hour angles SZX and
SZK’ are greater than
go° 1i.e. greater than
6h00™ 00s, SO that amps.
must be added.
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F1G. 62.—North Lat. Lat.
and Dec. opposite names.

Body rises at X and
sets at X’, XZE and
X’ZW are the ampli-
tudes from the tables,
and X and X’ must be
south of the east and
west line, so that the
hour angles SZX and
SZX’ are less than 90°,
i.e. less than 68 o00™ o0s,
so that amps. must be
subtracted.









AIR NAVIGATION FOR FLIGHT OFFICERS

The observer is supposed to be situated
at C, the centre of the earth, which is sup-
posed to be transparent so that he can see
the surface.

A is the central point of the part to be
surveyed, and from this point a tangent DAB
is drawn to the earth’s surface. This point
A is known as the ‘ Point of Tangency.’

The arc GAE of the earth’s surface is the
part to be surveyed, and lines CG, CA, CB
are drawn, produced if necessary, to cut the
tangent to the earth’s surface at D, A, and B
respectively.

Hence the arc GAE will be represented by
the straight line DAB.

Reference to the figure will show that CA
being at right angles to the line DAB, the
observer is looking directly at A, and at any
other point on this line he will be looking
more and more obliquely as D and B, the
extremities, are approached, the maximum
being at the points D and B.

Hence at A there will be no distortion, but
this will increase all round on leaving A,
reaching a maximum at the edges of the chart.

The amount of distortion of the arc GAE
will be represented approximately by the
amount DH-BF.
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marked with the meridians and parallels, so
that it is touching along every point round
EQ, the globe’s equator.

If the globe be now blown out until every
point on its surface touches the cylinder, and
the latter be then removed and laid out flat,
it will be found that all the meridians and
parallels are represented by straight lines at
right angles to one another.

Fig. 67 gives a section of the earth from
pole to equator.

It will be readily seen that along the line
EQ, or, in other words, along the equator, there
has been no distortion, as the cylinder was
already touching the globe.

As one goes towards either pole, it will be
seen from the figure that the parallel of lati-
tude DE has been expanded to the length
CF, and the parallel HK to the length GL.
As the parallel HK is less than DE, and as GL
and CF are equal to one another, it follows
that HK must have been expanded a greater
amount than DE.

Hence, as the poles are approached, the
expansion must get greater ard greater.

As AB, GL, CF, and EQ are all equal, the
degrees of longitude on a Mercator’s chart
must be represented by parallel straight
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lines, and therefore they must be all equal to
one another.

The degrees of longitude having been
expanded on an increasing scale as the poles
are approached, the proportion of the chart
must be preserved by expanding the degrees
of latitude in the same proportion as the
degrees of longitude have been.

And as this expansion becomes greater
as the latitude is increased, the degrees of
latitude will become larger and larger from
the equator to the north and south.

For this reason, when measuring distance
on a Mercator’s chart, the latitude scale
should always be used, and if the two places
are far apart in latitude, the mean of middle
latitude must be taken as the measuring
point.

Theoretically, a Mercator’s chart can be
constructed nearly up to the pole itself, but
the construction fails here, because the pole,
being a point, has, according to Euclid, no
parts and no magnitude, and would therefore
have to be expanded to infinity.

In practice, Mercator’s charts are not
constructed for a higher latitude than about
#0° north or south, as after that the distortion
increases very rapidly, and the degrees of
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latitude get so very long, that the chart would
become unwieldy owing to its size.

A Mercator’s chart is constructed accord-
ing to the following method, of which an
example is now given.

Supposing it is required to construct a
Mercator’s chart on a scale of ‘x’ inches to
a degree of longitude, between certain limits
of latitude and longitude.

The only table required is the one in
Inman’s tables, called ¢ Meridional Parts.’

This table merely gives the distance
represented on a Mercator’s projection, of any
distance from the equator, instead of the
true one.

For instance:

Latitude 50° 50° X 60" = 3000/, i.e. the
parallel of 50° is 3000 from the equator.
The table of meridional parts gives for latitude
50° 347447 miles ; this means that, according
to the Mercator’s projection, the parallel of
latitude 50° would be drawn in 347447 miles
from the equator.

Example.—Construct a Mercator’s chart
between the parallels of 50° and 54° north
latitude, and between the meridians of 3°
and 7° east longitude, on a scale of two
inches to one degree of longitude.
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INFORMATION GIVEN ON CHARTS

the general topography of the coast, the
nature of the coast line, whether rocky, cliffy,
sandy, etc.; the various lighthouses, towns,
harbours, hills, roads, villages, railways, etc.
The topography is, however, not given in such
detail for any distance inland as it is in an
ordnance map, as it is not so much required
by the seaman.

On one side of the chart is engraved
what is known as the ‘ Title of the Chart’;
the information contained in this is im-
portant, and should be carefully studied for
each chart.

The date of printing is given on the lower
margin of the chart.

When using an Admiralty chart, it must
be remembered that the nautical mile is used
as a unit, which is equivalent to 6ooo feet
in length, and this nautical mile is sub-
divided into ten ‘ cables ’ of 600 feet each.

In the Admiralty chart drawn on the
Mercator’s principle, the latitude scale will
be found running up and down the sides of
the chart, and the longitude scale along the
top and bottom.

This longitude scale must only be used
for measuring the difference of longitude
between two places, and never for distance.
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Lights whose Colour,
does not Change.

Occulting

Group Occult-
ing

Fixed and
Flashing
Fixed and

Group Flash-
ing

Revolving

FOR FLIGHT

Characteristic Phasc.

A steady light varied at vegu-
lar intervals by a sudden
and total eclipse, the period
of light being equal to or
greater than the period of
darkness

A steady light varied at regu-
lar intervals by a group of
two or more occultations

A steady light varied at regu-
lar intervals by a single flash
of relatively greater brilli-
ancy : this flash may or
may not be preceded by a
short eclipse

As above, but with a group of
two or more flashes

Light gradually increasing to
full, then decreasing to
eclipse

OFFICERS

Lights whose Colour
does Change.

Alternating
Occulting

Alternating
Group Oc-
culting

Alternating
Fixed and
Flashing

Alternating
Fixed and
Group
Flashing

Alternating
Revolving

The letter (U) against a light denotes that
it is unwatched, and too much rel:‘ance must
not, therefore, be placed on seeing it.

Certain details of the lights are given
opposite them on the charts ; should a fuller
description be required, all details will be
found in the Admiralty Light Lists, which
are published every year.

The height stated against a light is the
height of the centre of the lantern above
high water springs.
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AIR NAVIGATION FOR FLIGHT OFFICERS

where the enemy passed over has been tele-
phoned to the air station.

Case (a).—When the pilot is in sight of
the enemy.

Upon all these occasions endeavour to
steer a converging course whilst keeping the
compass bearing of the enemy constant. By
doing this, you are approaching him in the
quickest possible way.

If observation shows that the compass
bearing of the enemy is changing towards the
nose of your machine, it means that he will
pass ahead of you. If the compass bearing
changes towards the tail of your machine, it
means that he will pass behind you.

In thefirst case, the course should be altered
away from the enemy ; and in the second case,
the course should be altered fowards him.

This, of course, is only the principle of the
problem ; the two machines may be flying at
different altitudes, one may be faster than the
other, the enemy may alter course, etc., so
that much must be left to the pilot’s discre-
tion ; but if he acts on the above principle, he
will be doing all he can to close the enemy.

Example :

A pilot at A sights an enemy machine at B,
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At G he finds that the enemy is bearing 100°,
showing him that the latter is going ahead of him,

He then alters course to the direction GJ, and
on arrival at J, finds the bearing is now 95°.

He then steers the course JL, and finding that
the bearing remains constant at 95°, knows that
he is closing as fast as possible.

Case (b).—When they are out of sight of
one another, but in a wind of the same direc-
tion and strength.

This is quite a simple problem, as both
being affected by the same wind force, the
latter may be neglected, and the only thing
to do is to consider it as a case of closing
preserving the bearing.

In the figure, C is the position of the
enemy when reported, and A the aerodrome
you are stationed at, situated east 60 miles
from the former. He is reported as steering
north at 45 miles an hour, and the speed of
your machine is 85 miles an hour.

Firstly. — To find the course necessary
to steer, the following procedure should be
adopted.

Join AC.

From C lay off the enemy’s course CE,
and mark off along this line a part CB equal to
the enemy’s speed for one hour, i.e. 45 miles.
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Fixing by Station Pointer.—To understand
this method of fixing, it will be necessary to
go into the theory a little.

Fixing by station pointer does not call
for the use of a compass : all that is required
1s a sextant and an instrument known as a
station pointer.

The station pointer fix depends on a
certain theorem in Euclid (iv. 5), which states
that a circle can be drawn through any three
points.

If, therefore, three points on the chart be
chosen, and taking our position as the fourth
point, it is obvious that we can draw two
circles as follows :

One circle passing through the left-hand
object, the middle object, and our position.

The other circle passing through the right-
hand object, the middle object, and our
position.

From this we see that these two circles will
intersect at two common points, viz. at the
centre object and at our position, and as we
cannot be at the former, the second inter-
section must be our fix.

Another theorem that the station pointer
fix depends on is Euclid (iii. 21), which states
that the angles on the circumference of a
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APPENDIX

gas largely composed of nitrogen and oxygen in
the following proportions :

Nitrogen . c 5 . 77-11 per cent.
Oxygen . o o . 2065
Water Vapour . . . 140
Argon . . . . 079
Carbonic Acid . . . 004

Height of the Air.—From various observations,
the most important of which is that of meteors, it
is estimated that the major portion of the atmos-
phere extends about one hundred miles above the
earth’s surface, also that it exists from there to a
height of 400-500 miles, but of course in a very much
thinner form.

Density of the Air.—The atmosphere is densest
at the surface of the earth, and gets gradually
more and more attenuated until its confines are
reached. At a height of about seven miles it has
only one-quarter of the surface density; about
fourteen miles, one-sixteenth ; whilst at twenty-one
miles merely one-sixtieth.

The Meteorological Elements.—Under this head- -
ing come the following :

Pressure, Temperature, Humidity, Wind, and
Cloud. The last has already been dealt with in the
body of the book, and wind partly dealt with.

(1) Pressure.—By this is meant the capability
of the density of the air at sea level to support a
column of mercury enclosed in a glass tube.

This pressure is nearly always changing, hence
the reading of the barometer scale indicating the
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height of this column is scarcely ever the same from
hour to hour.

Pressure is measured by a barometer, which
is merely a glass tube filled with mercury, which
is then boiled to expel any particles of air or
water vapour, and then inverted into a cup
mercury.

The mercury will fall in the tube until the pres-
sure of the outside air balances its fall and prevents
any further drop in the tube. The space between
the top of the enclosed column of mercury and the
top of the tube is the nearest known approach to a
perfect vacuum, and is known as a ‘ Torricellian
Vacuum.’

If now the pressure of the air increases, it will
press more heavily on the mercury in the cup. This
will be communicated to the mercurial column,
causing it to rise in the tube. Conversely, if the
atmospheric pressure decreases, it will, by not press-
ing so heavily, cause the column to fall in the tube.
This is known as the rise or fall of the barometer,
and its amount is measured by a fixed and also a
movable scale at the side of the tube; the latter is
known as the Vernier.

Owing to friction at the sides of the glass tube,
the top of the mercury assumes a convex form, as
shown below.

When reading the barometer, the bottom of
the pointer of the vernier plate should be brought
down by the milled screw at the side so as to
touch the top of the mercury, as seen in the sketch.

Owing to what is known as the ‘ Vertical Pres-
sure Gradient,” barometer readings, when sending in
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ture, owing to the column of mercury in the tube
expanding or contracting according to the rise or
fall of the temperature.

(2) Temperature is the thermal condition of a
body which determines the exchange of heat be-
tween it and some other substance. Heat may be
imparted in three ways :

(1) Radiation. (2) Conduction. (3) Convection.

(3) Humidity. — Interspersed between the mole-
cules of nitrogen and oxygen, which are the chief
constituents of air, are also molecules of water
vapour invisible because of their transparency.

This water vapour is caused by the continued
evaporation which is always taking place from
water, ice, snow, or any moist surface. This quantity
of water vapour is constantly changing owing to
the evaporation from the earth’s surface becoming
faster or slower. As the temperature rises, the
capacity of dry air for holding moisture increases,
so that the warmer the air, the greater quantity of
water vapour it can sustain in an invisible state.
Now any given volume of dry air can only take up
a certain invisible quantity of water vapour, and
when this amount is exceeded the latter becomes
visible as cloud mist or fog. The humidity, or
in other words, the amount of moisture in the air,
can be gauged by means of the wet and dry bulb
thermometer.

Heating and Cooling of the Atmosphere.—The air
receives its heat from the sun, but being a bad
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conductor, only gets a very little of it by conduction.
The sun’s rays pass through the air and strike the
earth, the amount of heat the latter received de-
pending on the obliquity of the rays. The earth
radiates this heat received, which warms the layer
of air in immediate contact with it; this warm air
rises and cold air fills its place. This latter is known
as convection, so that the air is chiefly warmed
by radiation and convection and only slightly by
conduction.

Measurement of Temperature—Temperature is
measured by means of a thermometer, an instru-
ment consisting of a glass bulb and tube, the latter
partly filled with mercury or alcohol, the latter for
use in very cold climates. In graduating the ther-
mometer we know of two fixed points which are
always the same at sea level, viz. the boiling and
freezing points of distilled water.

The thermometer being placed in each, marks
are made showing the level which the mercury
attains, and the space between is divided into a
convenient number of divisions called degrees.

Two kinds of thermometers are in use:

The Fahrenheit thermometer.
The Centigrade thermometer.

(r) Fahvenheit Thermometer—The boiling and
freezing points having been marked, the space
between them is divided into 180 equal parts.

When this thermometer was first invented, it
was also put into a mixture of ice and salt, which
produced the lowest known cold in those days. The
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point to which the mercury descended was taken
as the zero of the scale, and was thirty-two divisions
below the freezing point of distilled water. Hence,
in a Fahrenheit thermometer, freezing point is
represented by 32° and boiling point by 212°.

(2) Centigrade Thermometer—In this thermo-
meter the space between the freezing and boiling
points of distilled water is divided into 100 parts; so
that freezing point is represented by 0° and boiling
point by 100°.

The Absolute Zero.—By this is meant the tempera-
ture at which gases would have no volume and exert
no pressure if they went on contracting with cooling
as at ordinary temperatures.

This temperature is about 459° below zero of
Fahrenheit.

Measurement of Pressure.—Pressure is measured
by the barometer or aneroid, whose scale is marked
in inches or millibars.

The latter is about the thousandth part of the
ordinary atmospheric pressure at sea level, and is
also known as a ‘ pressure limit.’

A table giving the equivalents of mercury inches,
millimetres, and millibars is given on p. g of the
‘ Handbook of Meteorology.” 29-92 mercury inches,
which 1s the normal pressure in the British Islands =
1013'2 millibars; 10 millibars = 003 mercury
inches.

The Vertical Pressure Gradient—This is the
decrease in the height of the mercury in the baro-
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meter owing to the rarefied air being unable to
support the same column that it could on the sea
level. This fall amounts to 1 inch of mercury in
about goo feet.

Deflection of Wind due to the Earth’s Rotation,—
The maximum velocity of the rotary motion of the
earth occurs at the equator and diminishes to zero
at either pole.

In consequence of this, a mass of air flowing from
a high to a lower latitude, i.e. towards the equator,
will be deflected to the westward, owing to the
increased velocity of the earth. On the other hand,
a mass of air flowing from a low to a higher latitude,
will be deflected to the eastward, owing to the earth’s
decreasing velocity.

For example, a southerly wind in the Northern
Hemisphere, i.e. a wind blowing from the equator
towards the pole, will be deflected to the right and
becomes south-westerly ; and a northerly wind, i.e.
setting from the pole towards the equator, is also
deflected to the right and becomes north-easterly.

The direction right or left is obtained by standing
with your back to the wind.

The reverse holds good in the Southern Hemi-
sphere, the northerly wind being deflected to the
left and becoming north-westerly, and the southerly
wind being deflected to the left and becoming
south-easterly.

From this we see that when an air current sets
towards an area of low pressure, from the surround-
ing high pressure, it is deflected to the right and left
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