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and no work whatever is done on the charts in the air other
than to turn the folds as necessary. Lindbergh carries the {folded
map.in his left hand and the control stick in his right hand.
Almost continually, his eye and attention are on the instrument
board, on the map, or on the landscape below. To him, it is
apparcntly no strain to keep his attention riveted to the
problems of flying and navigating his plane. He appears
interested every moment in cormparing the objects seen below
with those shown on the chart, or in some other details of flying.”

In 1928, after Lindbergh, came the soloists, the most famous
ol which are Bert Hinkler and Amy Johnson. Both tried to set
up the record for a solo flight 10 Australia, and both were pilots
by instinct; they never really leavnt navigation, but they took
great care of the instruments that were given them and worked
oul their courses and distances very carefully. Once in flight
they were so confident that they kept on, and each landing
made they were sure of the next. Bert Hinkler was a constant
joy to those who knew him, and his motor-bike could be heard
miles away when coming to talk navigation, but no one koew
much about his plans or how he did it. He had the strange skill
in navigation which can be called a sixth sense, for he was rarely
more than a few miles off hus course, and the story of his maps
is marvellous. He ook the sections he needed [rom The Times
Atlas, and used them as his only aid besides the compass, but he
always took the biggest and best—a .4 aperiodic compass.

Arniy Johnson had the same mnstinct and sense of direciion and
always made good her courses. Indeed, as time went on she
became almost perfect. Her staff work was very neat and, without
disrespect to her memory as a greal airwoman, it might be said
the way she ran the aeroplane was like a good flight engineer.
By her flight to Auslralia she set up the reputation of women in
engineering, hut she also proved that women could stand the
physical exposure and had the right quality to overcome the
hazards of flyiug. I knew Bert Hinkler and Amy Johnson from
their carly days to a short time before their deaths, and always
found the same keenness and simplicity ol purpose, to fly direct
on the course laid down with confidence in their compass,

JIn December 1929 a new slar arose in air navigation when
Irancis Chichester flew solo to Syduey in a Moth. Unlike Hinkler,
he paid particular attention to his maps, which are still his pct
hobby. In his book, Solo te Sydney, he says:
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“My maps were going ahead well, if slowly. From London
to Rangoon [ obtained excellent millionth scale maps, that is
ol 15-83 miles to the inch; but from Rangoon to Darwin, the
best I could get were 64 miles to the inch, and from Darwin
onwards, 45 miles to the inch. I think T had lorty-one maps
altogether. The frst thing to do was to mark in the position
of every landing-ground I knew of Where possible T checked
up its latitude and longitude. Then 1 studied the maps care-
fully to decide definitely which route to follow. Then came
meticulous perusal of the route, to decide where lay the easiest
terrain for the actual flight ; whether o fly on this or that side
of such and such mountain or chain of hills, whereabouts to
cross this strelch of water. I marked in ink the course I thought
it best to follow. The experience gained through the trip
round Europe made me very [ussy about this. As 1 knew I
should never have a chance of studying the day’s maps before
leaving the ground, 1 set about learning by heart as much as
possible of the route before leaving England. I joined all the
maps together and cut them into a strip nine inches wide,
centring ahout the projected course. This strip T divided into
five portions, small enough to fit on to the rollers of my map-
case. The total length of the five pleces was 714 feet. I went
over them all, first marking the magnetic variation every few
hundred miles, next working out the magnelic bearing of each
change in direction; again, marking in the final compass
course; again, mcasuring all distances. During this process, [
marked off every 4oth mile peg {(so to speak). I have found
this a valuable help in indicating approximalely what one’s
position should be every half-hour after taking off.”

The result of this preparation was most successful, and it
led to a morc eventful trip in 1931 from New Zecaland to
Australia, in which he made a remarkable landfall en Norfolk
Island by astro navigation, and is recorded iu his own words
with the actual plot that he made in the air.

The flight was made on April 1, 1931, between Norfolk [sland
(8,000 acres) and Lord Howe Island (3,200 acres), botly 1slands
i the Tasman Sea, which is part of the Pacific between New
Zealand and Australia.

The distance flown was only 575 statute miles—trivial for a
modern bomber pilot, of course; but the interest lay in the
duration ol the fight, 7 hours 40 miuutes, compared with the
g4 hours’ petrol which could be carrvied, in that the nearest
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land if the island was missed lay more than 400 miles further on,
and in that the navigation had to he Qo:n by the pilot in :3
open cockpit of a Gypsy I Moth.

The slow speed was partly due to the unbalanced airscrew
damaged by chopping wave crests while trying to take ofl [rom
the open Pacific round Norfolk Island; the resultant vibration
made 1t impossible to writc if touching any part
of the aircraft.

The navigation comprised an air plot started
alresh from the D.R. position at the end of cach
hour. The D.R. position was amended when
possible by sun position-lines, of which five were
obtained using a marine-type box sextant and
the sea horizon. The sun observations were relied
on completely, and post-flight checking showed
this was justified in that none could have been
more than g% miles in error.

The method of E&C:m a sun obscrvation was
to pre-compute the sun’s altitude aud azimuth —

datum position-line through the assumed posi-
tion. Of course the altitude could not be obscrved
at the exact instant of the pre-computation but
allowance for this was made according to the
known rate of change of altitude of the sun at
the time and in the area. The difference between
the (corrected) observed and  pre-computed
alutudes gave an actual position-line a corre-
sponding distance away [rom the datum one and
¥ parallel with it. The pre-computing was done by
means ol the cylindrical Bvgrave position-fine
slidde rule of which one cylinder has a scale
56 fect long. (This instrument still provides the
favourite means of reducing a sight for one R.AF. navigator,
namely, A V.M. L. C. T, Bennett, the pathfinder A.0O.C.)

One (o three sun-shots were taken at cach observation. Judging
the drill by eye, treble drift observations were made every half-
hour and the mean of the two WjVs found used 1o decide the
hourly D R, position. The drifts were plotied on the chart itsell
and this is almost the only respect in which the navigation
differed from fo-day’s Coastal Command navigation drill. As a
result of this method a succession of hourly W/V vectors were

BYGRAVE
SLIDE RULE

in one case G hours in advance—and plot a
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shown on the chart which enabled the pilot to forecast the next
hour’s W/V by eye. Marking the W/V vectors with g-stroke arrows.
shows an interesting conformance with the latest R.AF. practice.

The method of plottiug the wind was:

Plot the course-line YX from the last D.R. position ¥ and
mark off the next hour’s air distance = YX aloug it. From the
air position X at the end of this course-line draw an arc UY of
an alr-speed circle of radius equal to the hour’s air distance.
Plot course-lines UX, etc., from the circumlerence of the air-speed
circle to its centre, X, the air position, courses being thosc on
which the drift was measured, namely g0° to port and 30°
starboard. Plot drift-lines UT, YT, etc., one side or other of each
course-line according to the drift observed; the three drift lines
meet in a point, T, or form a cocked hat.

Sume points about the actual navigation:

Immediately alter taking ofl [rom A, the sun’s bearing a( the
objective O at a time 6 hours later, i.e. 14 hours before the
LA ar O, was computed and a positiou-line OP plotted on
the chart. P was now an earlier objective and selected so that
the required track to it was 10° to one side of the direct track
to the island.

The oo.oo G.M.T. air position was plotted, X (note that it
was labelled r2.00 G.M.T. by mistake). Course-lines 30° to star-
board (UX) and the other 30° to port were plotted, and the drift
lines on each course (UT, etc.) were ploltted. These gave a D.R.
position at co.00 G.M.T. at Z, using the first hall-hour’s W/V
found ; using the second hall~hour’s W/V found, the oo.co G.M.T.
D.R. position was T. W was accepted as the mean og.co G.M.T.
D.R. position and a fresh air-plot started from it

During the second hour a mistake was made of plotting both
of the drift lines for the centre course (o starboard instead of
port. It looks, however, as if the pilot reahzed the mistake at
the time even though he did not rub out the wrong lines, because
the D.R. position lie chose 15 at the intersection of the two
acenrate drift-lines of the second hall-hour’s observation. The
numbecring of the various drifl-lines suggests he thought that too
many lines were spoiling the plot. At any rate from then on he
gave up plotling six drift-lines per hour and only plotied the
mean of each pair; in fact, next hour he determined the D.R.
positien al B withoul plotling any drift-lines. Perhaps it was
unnecessary with the drilt uit on the flight course and ouly 3° on
the courses to port and starboard.
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The sun was now nearly on the beam and two observations
gave position-lines EF and CD. These werc nmportant because
the pilot relicd on them for checking deviation, there having
been no opportunity 1o swing the seaplanc on (his heading.
The pilot accepted G as the vz.oo DR, position nistrad of B,
21 mites Lo the north, and assumed this was due to a 57 compass
deviation. From then on he subtracted 5° from cach magnetic
course to ablain the correct compass course.

MN was the pre-computed datum position-line for the oz2.10
G.M.T. sun observation. Five hours alter the star(, sun olbiserva-
tions were again made; the frse of these, JK, ar o4.00 G.AT..
showing that the corresponding DR, position at H was 223 miles
In error.

An 05.00 sun ohservalion put the aeralt on QR 26 miles
short of the Yne OP through the island. This was accepied as
correct, disregarding the DR position, 5, ol (e ~ame e,
and the prlot continued the same course as before until he 1ockoned
to have reached OP, when he alicved course 557 (o port o fly
along TO.

At ar.2o.1s GALT. another sun observation confrmed that
the arreralt was on PO all right

The weather was now getting bad, the fast two sun sbservations
being taken through fucky gaps, one acwually while turning to
keep the sup in view.

Atarge rock, 12 iles south of the objective idand, was ssghted
ahead at 05 44 and mistaken for the islapd tedf which was not
seent Ul abeant 5 miles (o starboard at o625 GLALT. it had been
completely hidden in a heavy squatl, The seaplane wus alighted
on the island lagoon at ob.go atter a hght of 5 hours 40 minues.

The chart is photographed exactiy as made during the flight,
except that hines and letters are tked over (o show up in the
photograpl.

To understand the polar flights to the norih of 1923, 1926 and
tg2z7, one must sceadl the dramatic race to the Soutly Pole of
Amundsen aud Captain Scott. 1y which expeditions vnmense
human eflort and dramatic loss of hfe was experienced to mark
the position of the Souwli Pole. The exact navigadon made by
the Norwegian and British expeclivions have recently been set out
i the Royal Grographical AMazagine by Mr. Hinks, and the ex-
planation given is a most valuable contribution to the science of
navigation,

Amundsen was a man who never cxplored uny place where
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