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NEWSSTANDS ARE SELLING OUT
ALL COPIES OF FLYING CADET

Avoid Disappointment — Don't Miss o Single Issue
Subscribe Now and Receive Your Copies By Mail

Due to the paper limitation ardar invoked by the War Production
Board, it has hecome impossible for the publishars of Flying Cadet
to print enough copies to koep ol newsstands supplied with Flying
Cadet throughout the month. Within o week or ten days after each
issue first appears, it usually is sold out. Although we regret that
this situation exists and that there are many regular readers who
thus are disappointed, we hope you will understand that WPB
limitations and curtailments of all kinds aro for the purpose of
concentrating our national economic strength so that the hlows we
hammer against the Axis will result in 0 complete knockout.

In the future, afl subscriber copies of Flying Cadet will be
mailed first —whatover is loft over then will go to newsstonds.

The best way to mokae sure you will not miss a single issue of this
magozing is to send in your subscription now for the next twelve or
twenty-four issues. You will receive your magazine o day or 1wo
earlier — ond you will be sure of getting it.

Remember, Flying Codet is totally unlike any other aviation maga-
zine, it gives you a complete pro-flight course in avialtion with simple,
easily read text, interprefive drawings, diagrams, hlueprints and
photographs. Every arlicle is wrilien by a spociolisy in his field and
mode enterlaining, amusing and so instructive tha! Flying Cade itself
bezomes o complelo home-study course in oviotion—used in numerous
schools und by thousands of aviation cadeis ol only os a reference
autheority but as basic training toxi.

Moke sure that you will not iniss a single issue. Mail caupon below.

FLYING CADET
420 Lexiggton Avonue, New York 17, N. Y.

Please enter my subscription to start with the first issve after this
coupon is received.

{7) For One Ycar. Enclosed is One Dollar.
{J For Fwo Years. Enclosed is Two Dollars,

Neame

Please Print

Address

City, State
If you prefer not to ¢lip coupon — copy it on a piece of paper.
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cCu:rrInMv- arks A _dl-uo, 1944

Make _lour Own Postwar Plans Now
To Become a Leader In Aviation

twar planning is a subject of conversation and official
dizenssion everywhere.

Bnt hew about your pluns for ywar own career in Postwar
Aviation?

Making thesc plans is your job!

In making plana for yourself, bewr in nind that, as ulways, the
hest career apportanities. the pesitions of feadership will go 10
those with the best pecparution. Tt is for the mew who want the best
preparvation that Parks Air College has built itscoarscaoftraining.

“1t would he fortunatc if there were more of your graduates
availahle..." . wrote an aireraft munrfacturer who was asking for
wore Parks gradnaten. "*Major airline operators 1ell me. 100, he
ackded, “that the poputation of veur praduates is vutstunding .. .".°

" Linanediate adaptability of your graduatee. resulting from a

.

* Underscoring woirs

thorongh foundation in aircraft principlea and wrethids Ime
caused them o stand forth head aud showldors m’mrn others .
wrote another airceaflt munufuctirer.*

Fur nore than 10 years exeeudives. in /\vmlmn have heen
ealling for all Purks graduates us capidly us they wre available
andl anany of these graduates now hold xome of the mast responr-
sible pusitiany in the aviation industry.

You, too. can win aceeptanee in Aviation for voursell. Leader-
ship opportunitics will e open o you if you make und follow
throngh with yaur plunk 1o 1ake udv antuge of the preparation
that Parks Aie ¢ wllege offers you, The Purks Air College 64-
page eatalog includes (-mnplc'u' informution. It ix yours for the
asking. The coupon o postear] request will bring it 1o you.

PARKS AIR COLLEG
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CUB WING SPREAD
/S 36£1.2/v., TNE BFLL AIRA-
COBRA'S SPREAD 15
A. 29 FT. 8.
B. 39FT.8 V.
C. 49F¢1.8 N

THE UPORAFTS CAUSING

A EODIES
B. THERMALS
C. ISOTHERMS

THIS SIGN ON AN AIRWAY
MAFP MARKS
A. HIGH ALTITUDE

8. HIGH EXPLOSIVES
C. HIGHWAY AIR-MARKER

ELEVATION
Gl 7.2 00 FT.

il

GOING FROM SEA LEVEL TO
SANTA FE, A SHIP'S LANOING

SPELD wouLp
A. STAY THE SAME

B. INCREASE
C. DECREASE

, o t- A
o ALY G 8
S s %ﬁ“‘: i

THESE WEATHER MAP
/SOBARS ARE MEASURED
/I

A.INCHES OF MERCURY
8. WEIGHT PER SQ. FT.
“C. MILLIBARS OF FORCE

CUMULYS CLOUDS ARE CALLED §

THIS SAYS ITS A GOOD
OAY FOR
A. DUCKS

B ICE-SKATES
C. KITES

EXPERIMENTAL STATION

A RED L/GHT FROM THE
CONTROL TOWER MEANS
A.GO TO YOUR PORT
8. GO TO YOUR STARROARD
C. DON'T LAND

Answers to this Air Age Refresher Quiz will be found on Page 58.

THIS TRIANGLE ON A
WEATHER MAP SIGNIFIES
A. SHOWERS

B. FOG-PATCHES
C.ICE-BURGS

THE NAUT‘/CAZ MILE
EQUALS
A. .97 STATUTE MILE

B. SAMEASLAND MILE
C. LI5S STATUTE MILE
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REGINALD J, MITCHELL =
THE CREATGR OF THE SPITFIRE
FARTAET T e
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The Superlative Spitfire

HAT England owes to her

Airmen, few can even esti-

mate! But what those air-
men owe to the deadly, all-metal
Spitfire, the German Luftwaffe
can very well estimate-~much to
their sorrow. This deadly little
number, the fastest flying plane
in the world, has sadly decimated
the ranks of the Nazi Supermen’s
Air Armada.

Whocreated the Spitfire? Who,
indeed, but Reginald Mitchell,
whose far-sighted genius gave
England’'s R.AF. such flery and

deadly fighters in which to prove
their skill and daring.

Now Reginald Mitchell is dead.
He did not live to see his plane
prove its superlative worth. But
his plane lives on. It lives on in
a faster and more aggressive way
than ever: for today a super-
model of Reginald Mitchell’s basic
fighter design ranges the skies of
England and Europe, to strike
well-justified terror into the
hearts of enemy airmen.

At the end of this war the
Vickers Supermarine Spitfire will

be the oldest fighter plane type in
action: And it will have earned
the title of the most remarkable
all round single seater fighter in
the air. Who will deny its share
in battering the Luftwaffe during
the Battle of Britain?

An idea on a designer’s draw-
ing board in 1932, a partial fail-
ure in 1933, the first Spitfire flew
in 18368, with a fixed pitch air-
screw. It had a maximum speed
of 346 m.p.h,, at 17,500 feet. In
1638, modified to carry eight 303
Browning machine guns, and fit-



d with a three-blade, ,varlable—
pitch propeller, the second model
Spitfire became the standard
‘single seater ﬁghter of the RAAF.

cylinder Merlin, giving a maxi-
mum of 1,030 h.p. at 16,250 feet,
it was credited with a speed of
367 m.p.h. at 18,000 feet. ;
It was then the fastest and most
heavily armed fighter plane, with
a maneuverability that could not
be equalled by the German ME-
109. A stripped version of the
- ME-109 had raised the world’s
. land plane speed to 379 m.p.h.
- With its armament, the original
ME had a maximum speed of 354
-m.p.h. To better this, the Germans
clipped its wings; but the Spitfire
with its 36-foot span could even

then (and still can) turn inside

" THE FIRST
Maximum Speed 346 MPH at 17,500 Feet.

Powered by a Rolls-Royce 12- |

“*SPITRIRE" FLEW IN 1935

by KEITH AYLING
Former R.A.F. pilot and author of
'They Fly for Victory. “.

the best of the German fighter '

planes, including the F.W..190.

- Up to date, there have been no.

fewer than twenty-two types or

fire, ‘the latest to be mass-pro-
duced  being the Spitfire IX,
powered by a two-stage super-
charged Merlin 61.

The Spitfire has been flown by

* British, American, Russian, Pol-

ish, French, Cz(j:choslovakian,
Dutch and Norwegian pilots. It
has been used as a day-flying in-

.terceptor, as a bomber escort, as

a deck-landing fighter, as a pho-
tographic plane and as a sea-
rescue craft. It has been cata-
pulted from the decks of mer-

~ chant ships, and there is a special
version adapted for low flying

and troop strafing. If ever a good

seaplanes;

basic design produéed superlative

aircraft, the Spltﬁre is a shmmg

example
Reginald Mltchell 1ts creator,
who died before hlS plane went, -

-into action, started life as a de- .,

signer of railway engines. ‘He be+

lieved in steel construction and®
‘streamlining. He had the ambi-

tion to build thé fastest and:
strongest plane in the world.
While  designing huge- flying,:

' boats for the Supermarine Com-"
. pany “of Southampton, England,

this quiet, sandy haired young
man was dickering with racing
to compete in _the
Schneider Cup International
trophy.. His first attempt was. a
failure, because of wing flutter.
This cantilever float monoplane,
built without any external brac-
ing wires, raised the world’s speed
record. to 226 m.p.h. in 1925. Later
it crashed at Baltimore through

-~ -wing flutter, and the Italians won
the Schneider Cup.

~ Mitchell went back to England
determined to do bBetter. In 1927
his Supermarine 35 with a tubu-
lar steel center section and a one
piece wing won the trophy at 281
m.p.h. The same ship later raised
the world’s float plane unofficially
to 319.57 m.p.h. Mitchell was not
satisfied. He wanted a faster
stronger machine.’

For the 1929 Schneider Trophy
he built the machine that was
actitally the sire of the Spitfire.
This was the S6, an. all-metal,
low-wing monoplane with a 12-

~cylinder Rolls=Royce . engine. :

Among its novel features were
radiators built into the wings, an
oil tank in the fin, and oil'coolers,
along' the line of. the fuselage
The machine won the race at 328
m.p.h. Later it put up a World’
speed record,of 357 m.p.h.

A subsequent modification of
the S6 was fitted with a specially
boosted 2000 h.p. Rolls-Royceen- -
gine. This plane (called the S6B)

" flew.. over the: Schneider Cup

course at 340 m.p.h. Later, Flight

- Lieut. George Stainforth of the
modifications of the original Spit- .. -

R.AF. became the' first human
being to fly at more than 400
m.p.h. by raising the speed record
to 407.5 m.p.h.

When the British Government
wanted a single-seat fighter, they
sent for Reginald Mitchell and
gave him their specifications. The
restrictions of the specifications
were a considerable handicap.
The first machine Mitchell pro-
duced, the S7/30 with a 660 h.p.
engine, was a failure. His direc-

. tors knew he could do better and

gave him permission to design
his own fighter plane. Finally he
produced the first of the Spitfires,

CONTINUED ON NEXT PAGE



INSTRUMENT PANEL of a Spitfire. Like those of other modern planes
this panel convinces you that the pilot had better know his business.

which, with four-gun armament,
could achieve 346 m.p.h. at 17,500
feet!

Then came the touch of genius
of afar-thinking. man—the genius
that saved England from beihg
overwhélmed by the Gerinan
Luftwaffe. Sir Hugh Dowding,
Air Marshall, an ex-artillery offi-
cer, chief of Britain’s’ Fighter
Command sent for Mitchell. He
told him he wanted a fighter
plane that would carry eight
guns, instead of four. Mitchell
went back to Southampton,
worked ‘day and night, juggled
expertly with  his stresses and
‘wing-loadifng. The result was the
Spitfire with a wimpg-loading of
24 lbs. to the square foot, and a

span four feet greater than that’

of the ME-=109, but four feet less
“than that of its stable-mate, the
far-famed and highly maneuver-

able fabric and. metal Hurricane.
The Spitfire is a good example
of simplicity in fighter plane de-
sign that sacrifices nothing:' in
rigidity. Mitchell streamlined his
machine to give the minimum
drag. He learned to give the
smallest possible outline behind
the motor. He made it extraor-
dinarily light, its fully loaded
weight being under 6000 lbs. He
designed it so that it could be
built in parts in.dispersed fac-
tories and quickly assembled.

The secret of his success would

seem to be his experience in the
building of light, fast craft, and
his refusal to sacrifice maneuver-
ability for speed. Instead he
maintained speed by the all-
round elimination of drag:

From its very earliest tests, the ;
little fighter made good. It was

incredibly fast for its day, and it

. PLATFORM FOR GUN-SIGHT

. FLAF POSITION lNDICATOR

. FLAP LEVERS

. INSTRUMENT FLYING PANEL

AIR. SPEED INDICATOR

ALTIMETER

DIRECTION INDICATOR

ARTIFICIAL HORIZON

. RATE OF CLIMB INDICATOR %

. TURNING IND ICATOR

+ REYOLUTION CO

12 13 OIL AND FUEI. FRE SURE GAUGES

-14. ENGINE BOOST GAUG!

15-16. OIL AND RADIATOR TEMPERATURE
GAUGES

17-18. FUEL GAUGES

19. CHASSIS POSITION INDICATOR

20.. FI.\‘ING POSITION INDICATOR

21. LIGHTS SWITCH

22, CO A

23. CONTROL COLUMN

24, GUN BUTTON

25. FOOT STIRRUFS ON RUDDER BAR

26, REFLECTOR SIGHT LIGHT SWITCH

27. DIMMING SWITCH FOR REFLECTOR
SIGHT LAMP

28, ’[(‘E‘\;AI;OR DOWNWARD RECOGNITION

29. RA DIATOR FLAP CONTROL
30. PILOT'S

e .
-QO'OQ‘JGUIARN-I

o3t FLOODLIGHT SW!TCH

32. LEVER FOR I.OWERING AND RAISING
THE LANDING LIGHT
33. THROTTLE

34. PUMP FOR OPERATING UNDERCARRIAGE
35, SELECTOR LEVER FOR UNDERCARRIAGE
36, PNEUMATIC BRAKE LEVER

37. AIR_ PRESSURE CONTROL FOR PNEU-
3o ;AJ\ETIC SY?(TEM (GUNS AND BRAKE)

could be thrown about as easily

. as the old Gladiator biplane, the

R.AF’s biplane fighter, that
could be turned on the proverbial
dime. The Gladiator was the most
énaneuverable fighter plane of its
ay

‘Plans were made immediately
to manufacture the new Spitfire
in dispersed factories. Sub-con-
tractors were put to work in
various parts. of England, Scot-
land and Northern Ireland. Tail
units were made ‘in’'‘one piece,
under-carriage parts in-another,
and the main section of the fuse-
lage elsewhere. While the ma-
chinery of manufacture was being
arranged, improvements of design
were effected, the most notable
being: the ﬁttmg of a three-blade
variable-pitch propeller in place

* of the two-blader.

The Spitfire wings are fabri-



‘struction is the single spar wing

attached to the stressed skin fuse-~
lage. The spar is located far for-

ward and the boftomn engine
bearers are attached to the'cross
member, as well ‘as the under-
carriage unit struts.

Notice in the illustrations how
thée engine itself seems to be
., cradled by the bearers, with the
stress of the upper members of
the engine bearers being taken by
the upper longeron to the,fuse:
lage, which is strengthened by its
stressed skin.
center section, aft of the pilot, the
top longerons taper to an end,
while the bottom longerons, made
of. lighter material,. continue to
the end of the fuselage. The lead-
ing edge of the wing is covered
with heavy gauge light alloy
stressed over the spar web. To
the rear of the spar, the covering
is of thinner gau%s with -light
alloy girder ribs. ing tips are
detachable. There are split flaps
between the ailerons and the
fuselage. Control surfaces are
fabric covered.

READYING A SPITFIRE IX on a- ﬁeld in North Africa.

cated’ qf llght alloy. .They &re:
elllptmal and taper in,thickness. -
An interesting feature of the con~

On leaving the

The metal skin of the fuselage,
whicH. has eight traverse frames
or bays; is flush riveted, and the

bulkhead between the pllot and.
‘the engine is ﬁreproofed

‘The tail’ umt is detachable and
consists of a'cantilever metal tail
plane, with the fin built mto. the

tail-end of the fuselage member.
The elevator-and rudder are fab-

ric! covereg over light alloy

framework. The retractable un~ -

dercarriage is .operated by hy-
draulics with a manual device in
case of emerg

The Rolls-Royce engine fitted
ta the Spitfire has a story in itself.
Its creator, Charles Rolls, who
originally made bicycles, built his
first automobile in ‘1904 and de-
cided to continue to build the
world's best automobile regard-

- less of expense. By 1910, when he

was killed flying a French air-
plane, the reputation of the name
of Rolls was established, and his
partner, Henry Royce, decided to
preserve the name of his brilliant
associate.

In World War I, the British
Government cdlled on the Rolls-
Royce company to make engines
for “blimps." From these engines,

hurriedly converted from the
automobile power - unit, there
came the 375 Rolls Falcon which
had twelve cylindeérs arranged in
V ’shape. The Falcon was: the, .
father of the present Merlin. It
was .an astonishing engine,
powering the fabulous antol
Fighter and the Handley-Page
V/1500, Britain’s first heavy
bomber, one of which flew from
England to India. Brown and Al--
cock, who made the first ion-stop
Esdst to West. Atlantic crossing,
used these engines.

After the Falcon came the 700
h.p. Kestrel, and finally the Mer-
lin, which for its weight per
horsepower stood ahead of all
competition. The Merlin is built
in the same painstaking way as
the Rolls-Royce automobile en-
gines. Into it went years 'of ex-"
perience, and the best materials
available, with what seemed to
be a total disregard of man-hours,
The original Spitfire was fitted
with the Merlin 11-V liquid
cooled engine rated 990 h.p., giv~
ing a maximum output of 1,030
h.p. at 16,000 feet, and driving
a three-bladed DJe Havilland

CONTINUED ON NEXT PAGE

These nimble little fighters w.ith their highly

concentrated ﬁrepower may clmm [V} large shnre of the credit for Allied mctory in North Africa.
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SPITFIRE WARMING UP for take-off. The improved Spitfire now .in

gervice has four-bladed propellers and a radiator under eact: wing.

air-screw of variable = pitch.

Fitting such a big power unit
into the slim fuselage of the Spit-
fire called for an all-round dis-
play of ingenuity. Mitchell
achieved it by rigidly abolishing
bumps and ungainly contours. He
put the cooling radiator under the
starboard wing, with hinged flaps
for heat control. The oil tank was
cunningly fitted underneath the
engine to form part of the body
contour. The fuel tanks, each of
85 gallons capacity, were carried
between the pilot's instrument
board and bulkhead and the en-
gine, protected by the engine it-
self and armor.

Such was the redoubtable Spit-
fire flown by the R.A.F. pilots who
shattered the Luftwaffe, with in-
credibly low losses. With an un-
heard of rate of climb at some-
thing exceeding 2,300 feet a
minute in its initial stages, and a
service ceiling of 35,000 feet, the
little Spitfires streaked across the

skies and slaughtered the ‘Hein-

kels and Dorniers that Goering
dispatched . to shatter Britain’s
coastal defenses.

Able to outfly and out-maneu-
ver the ME-109 and the Heinkels,
the Spitfire pilots ignored the
German fighters and tore into the

"~ bomber ‘formations. ‘In order to

catch up with.the Spitfires, the
Germans took off the wingtips of

"their ME-109’s, but while this in-
" creased the ME's speed in straight

flight, it did not help its maneu-
verability because it increased its

: -I_\ wing loading. The Sﬁiﬁﬁre could

still turn inside the

While the Spitfires proved

themselves in the air, the de-

signers were busy on improve-
ments. They wanted more power,

heavier armor and armament.
The Spitfire was an old machine,
but its basicidesign was suffi-
ciently good to justify the Vick-
ers' management belief that
heavier loads and greater speed
and climb could be obtained
without major structural altera-
tions. Modifications were made
to both machine and engine. Some
of these passed almost unnoticed.
The use of high octane fuel
stepped up the power and an im-
proved radiator was fitted.

An indication of the improve-
ments brought about in the first
Merlin engine is that the Merlin
XX, predecessor of the new 61
produces 250 h.p. with the iden-
tical cylinder capacity of the
former type.

Sundry changes were con-
stantly made in the Spitfire’s
armament. Some models were
fitted with two 20 mm. cannon
and a complement of machine
guns, some had four 20 mm.
guns, others twelve machine guns.
Some were equipped for use in
the desert. Others were made
for. use in cold regions. One
model called the Seafire, fitted
with a tail hook and increased
width of undercarriage, was put
into service as a carrier-born
fighter. L s

It was not until the design had
reached the Spitfire V stage that
any marked difference could be
seen in' the exterior. The first
Spitfire V was fitted with a Rolls-
Royce Merlin 61 instead of the
45, or the 46 (a souped up version

.of the former). The fitting of

this engine with its two stage
super-charger involved the fitting
of a slightly longer nose and
larger spinner, the supercharger

intercooler being directly behind
the engine. A four bladed vari-
able pitch propeller was fitted
and armament was two 20 mm.
cannon and four machine guns
housed in the wings and firing
outside the propeller arc.

It was at the Spitfire V stage
that other modifications were
made. The Spitfire Vb made its
appearance early in 1943, as a
low-level fighter and ground at-
tack plane, probably for Britain’s

Army Co-operation Command.

This machine has clipped wing-
tips, giving ‘it a span of 32 feet

'2"inches. Like the other V’s, it

has a large radiator under the
statboard wing, with an oil cooler
under the port wing. The re-
moval of the wing-tips increases
the wing-loading. While giving
extra speed by eliminating drag,
it decreases maneuverability.

With its engine tuned to give
major power at minimum altitude
the Vb probably exceeded the V'’s
speed of 397 m.p.h. under 12,000
feet. Whether these machines
have been widely,6 used is not
known, but they will doubtless
figure largely in any invasion of
European coasts that may be
undertaken in the coming year.

With Germany threatening to
build bombers for high altitude
jumping over Britain’s aerial de-
fenses (such asthe Ju 86 pressure
cabin machine and the four en-
gined Heinkel 177) the British
turned their attention to pro-~
ducing a high altitude super Spit-
fire. This is the present Spitfire
IX, so secret that its actual di-
mensions are still on the secret
list.

EAGER TO START a day’s work,
pilot gets settled in his cockpit.



In  this model modifications
~ have been made to the cockpit,
new type flat radiators are car-
ried far back under each wing,
and an extra streamlned fuel
tank is carried under the belly.
The wings have been . slightly
modified, having-a leSs .curved
leading edge; the windscreen has
an augmented rake and the cock’
pit ‘cover is smaller; The wings
are constructed to carry two. or
four cannon-firing guns, and the
spinner seems unusually large.
The propeller is a four -bladed
constant speed all-metal Rotol.

The new' Rolls-Royce . 61 'is
slightly longer than the Merlin
XX because of the position of the
supercharger
weighs approximately 1600 Ibs.
as compared with the 1450 1bs. of
the previous model. The only out-
standing modification. in: design
is the use of the two-piece cylin-
der similar to that on the Mer-
lin XX produced in U. S. by the
Packard Company.

The Spitfire IX is intended for
high altitude work. Two of these
aircraft distinguished themselves
durlng the test period by shoot-
ing down three of @Germany’s
latest Ju 86 pressure cabin
reconnaissance bombers at a
height exceeding 45,000 feet—a
remarkable achievement in view
of the fact that the Spitfire cabins
were not pressurized! The Spit-
fire pilots, who suffered badly
from ‘bends” and nausea, re-
ported that the temperature in
their cockpits fell to 67 degrees
below zero. In each case the
British planes ran out of gas, but

. all the pilots succeeded in land-.--
-ing safely, having proved to the <

Germans they would have to fly,
' much higher if they wanted to
- jump on Britain’s aerial defenses.
. The Merlin 61 follows closely
~the main features of the original
~Merlin. It has twelve cylinders,
'set in V shape, each with a 5-4 in,
- bore, a stroke of 6 in. and a.ca-
“pacity of 1,649 cubic inches (or
27 liters). The compression ratlo
is 6 to 1.

The supercharger is of the
two-stage mechanically operated
variety, as opposed to the turbo-
supercharger used by U. S. radi-
als. A supercharger or. blower
feeds air and gasoline vapor to
an engine under boost pressure,
In considering supercharging
problems it must be remembered
that weight of fuel and air is
more important than volume be-
cause volume varieS with air
pr'celssure, which, varies. with alti-

The object of using a two-speed
drive for a supercharger is fo
speed up the rota2 ng impeller at

intercooler. It

high a.ltltude to insure a greater

‘volume of less dense . air so as to
.give the essential weight of fuel

charge to the cylinders.

In the two-stage supercharger ;

fitted to the Merlin 61, the mix-
ture of gasoline and air is com-
pressed in ‘the first stage, and
then forced into the contamer of
the seéond stage, where it is fur-
ther compressed before being de=
livered to the induction pipe.

The ccmpressmn of the guan-
tity of air necessary for the com-
bustion of the gasoline demands a

. great amount of power which in

its ‘turn heats the charge. The

generation of heat'in a super- -

charger is similar to compression
of the air in a bicycle pump,
which gets exceedingly hot when
pumped vigorously against high
pressure in the tire. In order to

obtain the greatest benefit of the -

THIS FIRING BUTTON sends
many a Nazi catapulting to doom.
L

fuel charge, this must be kept ‘&

cool. This is achieved by passing
the heated charge through 'a
series of pipes known as the inter-
cooler, before dehvery to the
cylinders.

The new Spitfire IX owes its
superlative quality to the fact that
the Vickers’ designers have been
able to concentrate on increased
power and propeller thrust, with-
out. departing materially from
Reggie Mitchell's original design.

In the first place he designed a
“clean’ airplane on sound prin-
ciples, without going into the
heavy class. The Spitﬁre, accord -
ing to some ‘experts is the only
fighter plane that could go into a
dogfight' with the Jap Zero and
outmaneuver it. That test is yet
to come. One thing is sure; when
the Spitfire does meet the Zero,
it will prove itself ten times as
tough as the mnimble Japanese
fighter, which lacks the ability to
stand up to punishment.

Spltﬁres have to take as well
as give. During the Battle of
Britain some of these machines
returned to their bases battered
by cannon shells and peppered
with machine. gun pellets, but
they came back, while a .less
sturdy machine would have

crashed! One pilot reported a col-

lision with a German bomber. He
regained his airport minus a
wing tip, which, as the report of
the happening stated “was de-
tachable anyhow.”

The early Spitfires lacked suffi-
cient all-round armor for the
pilots, and many fliers were
wounded in the feet and ankles,
This *was quickly corrected, and
the present type is generously
fitted with high quality armor
plate.

The success of the early Spit-

CONTINUED ON NEXT PAGE

SPITFIRE FIGHTER i¢ bomber

too. Note bomb racks in picture.

AWAITING ORDERS, V-C stands

at attention on a Tunisian field.



. SPITFIRE V with two 20 mm. can-

non, four mechine guns in wings.

fires was due to the eight machirie L)

guns which could discharge al-
most 10,000 rounds a minute. The
Germans had fitted their fighters

* with a mixture of 20 mm. cahnon

and machine guns, and were

- 'caught short, by the daring of the

R.AF. pilots who flew in close to
their targets and opened fire with
their eight guns at ranges vary-
ing from 500 to 100 yards. Often
a Spitfire pilot, getting on the tail
of a bomber, ‘would repert that he
had given his first burst at 400
yards, his second at 250, his final
at 100. “After that,” wrote one
pilot in his intelligence report, *‘I
was flying through the bits.”
The eight guns of the Spitfire I
were arranged to converge in a
¢one at 250 or 300 yards. At the
focus point of all guns the 220 lbs.
of bullets poured into the target
at a kinetic energy of 2,300 foot
.pounds a mmute. The effect was

similar to that of a buzz-saw cut-

‘ting through wood. The terrific
concentration of fire power
ripped large holes in the fuselages
and engine cowlings of the enemy

aircraft. A burst on the tail of an -

enemy fighter often neatly sep-
arated the empenndage from the
fuselage.

The Gerzﬁans Quickly modified

‘their planes, even puttmg tem-

porary armor plating in cockpits

and rtound engine conduits, but
© the multiple hammer blows of the
- stream of bullets continued  to
~triumph. .. Nothing could resist
81 ch a concentration of fire. One
. ME shot down over England had

‘a gaping hole inthe cockpit where
the pilot’s seat should have been.
On several occasions the concen-
“trated fire from the Spitfire guns

shot the engmes entirely out of .

. Dornier and Heinkel bombers.

CLIPPED WINGS_ chamctepze Spitfire V. These eltmmate drag, thus

-4 M .

*On the score of maneuverabxl-
ity the Spitfire started the air war
with a strike in its favor. Its
ability to tight-turn, the key:to
success in a dog-fight, enabled the,
pilots to get inside the ME-109’s
and shoot them down.

In attacking bomber forma:-
tions, the R.A.F. pilots evolved a
seemingly perilous maneuver
only possible with a machine of
such high speed and ‘naneuver-
ability. ‘When mterceptmg a
bomber formation escorted by
German fighters, the . Spitfires
made a feint head-on attack on

‘the fighters, ‘then broke off and

dived on the bomber formation.
In passing the flanking plane of
the leading element of bombers
the pilot delivéred a Burst of fire.
Once past this plane, he would
straighten out, and, climbing to
the rear of the bomber formation,
give a burst of fire at the belly of
the outside machine of the tail-
end element- of the formation,

- climbing at high speed under-

neath- the machine's tail. ‘Once
clear, the pilot yanked the Spitfire
over in a tight” half-loop, half
rolled at the top and came down

in a dive on the rear of the re-.

‘to have been eliminated in the

mcreasmg speedz Plane is less mneuvemble due to more wmg loading.

;

maining two planes in the rear
formation, giving each a ‘burst.
Using this maneuver, some pilots
knocked off four bombers, some

three with a burst for each plane,

and made good their escape be—

" fore the bombers or their fighter

escorts could fire a single burst.
Of ‘all fighter planes in the air,
the Spitfire is probably the pilot’s
pet, because it is capable of ex-
ecuting any maneuver taught in
flying schools for advanced aero-
batics. Unlike the FW-190 which
the Luftwaffe hoped would out-
class it, it. does not go heavy on
the controls at high altitudes, and
it has no marked ‘‘bad habits".
The position of the cockpit affords -
the pilot a fair degree of visi-
bility, and its landing speed is
low enough to enable it to func-  :
tion safely as a night fighter.
The principal disadvantage of
the early models was the short-
ness of range. -This would seem

Spitfire V and IX, because we read - -

that Spitfires flown by RAAF.and
‘accompanied.

US.A.A.F. pilots _
our Forts and Liberators on the

big raid on’ Lille in Northern
France in' Qctober 1942. Fighter




SPITFIRE 1X

SPITFIRE V-C

pilots of the U. S. 8th Air Force
stationed in Great Britain made
their debut against the L.uftwaffe
fiying Spitfires, and were simi-
larly mounted in North Africa.
All of them were enthusiastic
about the machines.

As a fighter-plane maid- of-all-
work the Spitfire fills in with a
variety of jobs. It is used as
photographic machine for both
high and low altitude work, and
is also employed by the R.AF.
sea rescue service. These ma-
chines are fitted with dinghy and

'SPITFIRE IX IS HIGH CLIMBING supef-sztﬁre with 4 cannon-firing
gum Plane can take as well as give. It is fitted with high quality armor.

CUT-AWAY PLAN OF SPITFIRE V showing internal construction. ThisV
has longer nose than previous models. Engine is a Rolls-Royce Merlin 61.

first aid containers carried in re-
lease chutes under the belly of
the fuselage. The chutes face to
the rear of the plane. On reach-
ing the ditched pilot the. rescue
flier presses a release and the
chutes are ejected by a. spring
device. :

For photographic work the
Spitfires fly stripped of all armor
and armament. No figures are
available as to performance of
these machines, but it can well be
imagined that they have. clocked
up some staggering figures for
speed and altitude. During the
preliminary stages of the North
African campaign photographic
Spitfires equipped with belly-
tanks to increase their range
undertook reconnaissances over
extremely longrange, penetrating
deep into Vichy-held territory.
Similarly many of the photo-
graphs of bomb damage over
Germany have been secured by
these machines flying at strato-
sphere altitudes.

In the latest Spitfire IX the
British have aimed at countering
any move the Germans may have
had in mind of making a concen-
trated high-flying attack on Eng-
land as a counter-~stroke to the
expected land invasion of the
European coast. The IX’s are said
to be faster at high-<altitude than

the FW-190 and the new ME-

109G or the H, which is a high
altitude version of the present G
model of what is Germany’s best
all-round fightér. The last stages
of the air war may be fought at
40,000 feet. However high the
battlefield selected by the Luft-
waffe for a final test of strength
between its fighter planes and
those of the allies, the Spitfire
will be there. And so the de-
scendant of the little seaplane
that broke the world’s records so
consistently , will be striking its
deadly blows at Hitler’s airmen,
until the end. No wonder the
British are proud of their super—
lative Spitfire! i
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“CLOSE BOMB BAY DOORS" is what Mechanic Rolcmd Wentzel wtth an - upsweep of the hands, is telling
the man in the plane. The men are ground-testing the engine of thzs Grumman Avenger tm‘pedo bomber.

N

o‘"“ﬁ
vt

CONVEYING MESSAGE that “C‘a?bwretor mizture is
too lean,” mechanic places two fingers on each cheek.

THUMBS UP means the same thmg in. any language,
so __zt's easy to understand this “OK to start flight!”

;.0

oo

ROUND-TESTING the

engines of Uncle Sam’'s

warplanes is such a noisy
business that mechanics at a
Grumman plant have devised an
ingenious and expressive sign-
language combining pantomlrne
and hand signaling and ranging
from  dramatic ‘seriousness to
what might ordinarily be hi-

larious comedy. By a swift motion

,and a facial contortion, a message

is relayed in a split second saving
the time and effort needed to cut
the engines, listen to a diagnosis
of the trouble and start the motor
up again.

These pictures show some of
the' signals ' commonly used by
the ‘“actor’-mechanics.

FLAPPING ARMS FORWARD, as mechanic is doing,
is part of signal which is completed in the next picture.

FLAPPING ARMS BACK finishes the story, telling the
man to “Fold wings.”

Darned clever, these mechanics.
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“CUT THE ENGINE” is q._ll' that’s meant by this gesture, ADDING THE HANDY SIGN of Ballantine fame to the
which the uninitiated might interpret quite differently. throat-cutting signal means “0Oil leak~-cut the engine!”

OK IO START the engine is . “ENGINE SMOKING” is- shown SUCH PANTOMIME speaks for
a typical “On Your Mark” signal. . by holding an invisible cigarette. . itself. It says “Mixture too tich.”

INCREASE RPM (Rewolutions per Minuté) is indicated MAKING LIKE A DUCK’S BILIL with his hands, this
by bending forearm and pushing it away from body. mechanic signals his co~worker to “Increase vacuum.”
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GIANT PROPELLER DESIGNED for bombers and troop transports which must brave the stratosphere. .
This picture shows the world's very largest propeller undergoing stringent tests in the testina chamber..

FTER the infamous bombing
A of Pearl Harbor, the United
States was left momentarily
reeling from shock and incredu-
lity. But bewilderment' quickly
became anger. Swiftly and furi-
ously she rallied, mustered her
forces and took stock of herself—
to face a sorry state of affairs,
indeed. For she was forced to
admit the unhappy fact to which
she had previously turned a deaf
ear—that her up-to-date fighting
aircraft and equipment was far
too inadequate to be of much use
in stemming:the onrushing tide
of "Axis conquest.

The enemy, fully aware of this,
felt confident it could knock the
United States out of the war be-
fore its Air Forces (then in the
embryo stage) could be built in-
to a formidable fighting unit.
: But Hitler and his satellites

were bum guessers. Daily com-
"muniques from today’s fighting
fronts contain conclusive proof

that United Nations’ pilots in
American-made -aircraft are
taking a one-sided toll of the
best fighting planes the Germans
and Japs have been able to put
into the air. -Qur bombers, al-
most uniinpeded, are blasting the
enemy into submission in every
sector,

Today, little more than a year
and a half after we entered the
war as an active participant, the
U. S. Air Forces are second to
none, ally and enemy alike, in
personnel and in equipment. Our
war plants are turning outrma-
terials ‘which surpass the:com-
bined output of the enemy. .

And Curtiss Electric Propel-
lers, the saber-like; hollow steel
blades which are propelling our
fighters and bombers (and those
of our Allies) through the skies
over every battle theater on the
globe, are playing a leading part
in the superb performance that
has given-American-made planes

AL B o
WINGED BEAUTIES in flight. All
three have Curtiss —propellers.




the ail superlonty they now en—"

Joy.

It:is a far cry from the old'

wooden, fixed pitch propeller to
the electncally controlled, con-
stant speed, metal pIOpeller de-
veloped by the Curtiss Propeller

Division for powerful, high altix *
tude, long range fighter, bomber’

and troop transport planes How-
ever, during aviation's forty year
span {the Wright brothers made
their first sustained flight in 1903)
the basic function of the propeller
has remained unchanged—to pro-
pel the plane’ through the air.

The propeller is as much a part
of the plane’s power plant as is
the engine, but this seldom is ap-
preciated by those outside the
fields of aviation engineering and
aerodynamics, because the whirl-
ing blades are virtually 1nv151ble
when doing their work best. In
the final analysis, the propeller,
which converts engine power into
the thrust needed to fly a plane,
is a primary factor in determining
‘the speed at which the aircraft
can cut through the air.

Its job can be compared to that
of the transmission and rear
wheels of an automobile-~to ab-
sorb engine power and to convert
this power into forward motion.

For instance, if the angles of
the blades of a Curtiss full feath-
ering propeller are likened to the
various gear settings of an auto-
mobile, we can draw a direct
comparison. Low gear on a car
is utilized to start off —low blade
angle is used when the plane is
taking off; medium blade angle
corresponds to second gear, and
the greatest blade angle to the
automobile’s high gear.

However, electrically controlled
propellers differ from a car’s
transmission in that it is not nec-
‘ggsary to shift pgears for the
wvarious conditions of flight. Such

shifting or blade angle changing,

““which enables the airplane engine
to maintain constant speed
whether climbing, cruising or
diving, is handled by a governor
which automatically operates the
blade pitch-changing mechanism.

Propellers used in World War I
were of the fixed pitch type, and
their only requirement was to
convert the power oft he engine
into pull, or thrust, while the
modern propeller plays a versa-
tile role in the operation of its
aircraft.

In addition to providing thrust,
it now maintains:constant speed
of the engines and to a certain
extent, regulates gasoline con-
sumptmn thereby prov:dmg
maximum efficiency with mini-
mum fuel consumption.

Like everything else about the

modern airplane, propellers must
be durable and’ light in weight.
Hollow steel blades are provimg
the answer. A three-blade pro-
peller, 11 feet in diameter, would
weigh . 315 pounds with hollow
steel blades; and 355 pounds with
aluminum = alloy. Additional
weight savings can be obtained
through the use of a propeller

" employing wooden blades which,

in the 11 foot diameter category,
weigh approximately 290 pounds.
But greater strength and dura-
bility make hollow steel blades
more desirable:

Curtiss Electric Propellers are
adjustable gver a wide range of
a ngles to meet all operatiing con-
ditions. 'The high pitch settings
provide for high speed at sub-
stratospheric altitudes and limit
engine speed during dives, a
highly essential requisite for dive
bombers and fighters. ‘The range
of these electrically operated pro-
pellers is unlimited and, there-
fore, control may be maintained
through any position from reverse
to feather, and easily adapted to
any operating requirement.

In addition to leading the tran-.

-

sition from wood to metal blade,
Curtiss also perfected a six-blade
dual rotation propeller, the first -

in the wrorldt o be built around

the principle of electric control of

the blades. It was especially de-
signed for powerful fighter
planes.

Durability of hollow steel

blades was proven in a dispatch
received from an American
Fighter Squadron captain who
said eleven inches had been sev-
ered from the tip of one of his
Warhawk’s Curtiss Electric pro-
peller blades when it whacked
the armored turret of a German
tank he was strafing. Despite the
damage, he said, the propeller
flew the plane safely hack to base,
a distance of 175 miles.

On a medium-size, three-blade
Curtiss Electric propeller, the
electric unit, which controls the
blade angles, weighs approxi-
mately 40 pounds but accom-
plishes the work of a locomotive.
For instance, the 50 ton centrifu-
gal force set in motion by the ro-
tation of- this propeller exerts a
tendency to flatten out the blade

CONTINUED ON NEXT PAGE

THIRTEEN FEET, SIX INCHES is the diameter of the constant speed,
selective pitch, four-way feathering electric propellers used on this plane.

FULL FEATHER POSITION of the propeller on a B-26. In this position
propeller blades of en inactive’ engjne are parallel to direction of flight.

3



PB2Y CORONADO, the giant flying boat of Consolidated Aircraft Co., is
: equipped with four 4-blade Curtiss Electric hollow steel propellers.

CUTAWAY VIEW showing revision mechanism of 4-way hollow steel or
aluminum alloy blade propellers. Curtiss principle permits turning blades
all the way around into reverse angle. Four-blade types are used on fast,
high altitude fighter, bomber and cargo Jnlanes, su 'h as Republic P-47

Thunderbolt, Martin B-26 Marauder, an

-—to twist it to a lower angle.
Under some flight conditions, this
force is as great as 5000 inch-
pounds on each blade. Yet the
three blades are turned to the
proper angle and held there by
this 40 pound unit.

There are three major parts of
this power unit. First is the speed
reducer, with its gear 1atio step-
down of approximately 9500-to-
1; the electric pitch changing mo-
tor, and a magnetic brake.

The electric power unit also
feathers the propellers when nec-
essary. Feathering, a Curtiss de-

“."velopment, can mean the differ-

ence between ‘“‘returned safely to
. ‘base” or *‘failed to return.” With
full feathering, the propeller
blades of an inactive engine on a
multi-engine plane are turned
- parallel to the direction of flight,
" - preventing “windmilling” of the

the Curtiss C-46 Commando.

propeller on the inactive engine
by holding the blades stationary,
thereby reducing drag and pre-
venting damage to the active
power plant.

The latest Curtiss contrlbutlon
to the aviation industry is a single
control unit which promises to
revolutionize the maneuverability
of multi-engine aircraft. Recently
developed and known as the
Automatic Engine Speed Syn-
chronizer, it already has ungder-
gone its baptism of fire on seyeral
fighting fronts.

This ingenious device," davel-
oped under the sponsorship of the
Army Air Forces, relieves the
pilot and flight engineer of flying
battleships of  periodic adjust-
ments to constant speed pro-
peller controls, thus enabling
them to devote their attention to
the great number of other details

,enemy.

connected with flying these huge
craft.

Without. this automatic syn-
chronizer, the pilot of a four-
engine plane had to manipulate
four separate levers, one by one,
in order to synchronize the speed
of the four engines, and had to
rely on physical and mental pre-,
cision to strike and maintain a
speed setting.

Curtiss also developed a 16%
foot hollow steel blade propeller,
the largest ever to go into actual
flight, and which exceeds in size
anything yet produced by the
It was primarily de-
signed for high altitude bomber
and troop transpert planes which
soar at altitudes where the air
has -only one third the density

-found at sea level.

Curtiss Electric Propellers are

" today flying such famous fighters

and bombers as Republic’'s P-47
Thunderbolt which has more than
proved a match for Germany's
best, the Focke-Wulf; and Lock-
heed P-38 'Lightnings, which pi-
lots say “climb like a homesick
Angel.” This twin-engine inter-
ceptor has chalked up an en-
viable record against the Japs in
the Southwest Pacific, in the
Aleutians and in North Africa.
Among the array of other Cur-

- tiss-propelled fighting aircraft

are. Martin B-26 Marauders;
Martin Mariner, Curtiss C-46
Commando, the largest troop
transport plane in the world;
Brewster SB2A Buccaneer; Aira-
cobras, Mustangs, Wildcats, Coro-
nados and the Curtiss Warhawks,
Kittyhawks and Tomahawks.

Such a list indeed speaks elo-
quently for itself.

The remarkable performance
record of these propellers in com-
bat, and how the Division pig-
neered in quantity production of
the high-precision, hollow steel
blade propellers was described
recently by Colonel Howard H:
Couch, Chief of the Propellex
Laboratory for the Army Air
Forces, following his return from
a tour of African and European
battiefronts. 3

Hepointed out that it was much
more difficult.to develop manu-
facturing processes for hollow
steel blades than it woiild have
been to continue the manufacture
of aluminum alloy blades from
forgings.

“There weren’t suﬁ‘iuent alu-

- minum alloy forgings available,

Soemeone had to tackle the job—
and Curtiss did. To date, no other
nation in the world has been able
to manufacture hollow steel
blades for combat airplanes in
quantity-—and plenty of them
have tried!”



ILL the fighter plane which
carries a recket-gun. suc-
ceed in beating the bomb=-

ér? Or will a new version of the

modern bomber, a veritable bat-
tleship of the air armed with
rocket guns, cannon :and heavy
calibre machine "guns, blast the
fighter-plane frem the air? Where
will the nations go from that
point, in the struggle for control
of the vertical flank which is the
key to victory?

War in the air has now reachcd
its most dramatic and devastating

stage. The battle between the F

heavy bomber and the interceptor
fighter. blazed to tfury over Eu-

repPe ‘when the Fertresses and -

daylight.

Liberators .of the U.S. 8$th Air

Force dared to challenge the Ger-
man FW-190’s and ME-109g’s in

other step forward.

The Luftwafie fighter plancs
were slaughtered mercilessly by
the deadly barrages of 50-calibre
machine gun fire of the U.S. fly-
ing porcupines. But they are rew
carryyhg a new weapon, a gun
firing. a recket-propelled projec-
tile, with an effective range of
2000 yards! Litlle is known about
this new weapen except that it
werks en the same principle as
our own U.S. Bazeoka, which iy
doing such geed work on Ger-
man tanks on the ground, and

It has meved still an-.

Jend her

By A SPECIAL CORRESPONDENT

which resembles Katusha, the
Russian' rocket gun.

The principle of the rocket aun
is simple. The prejectile is dis-
charged at low velocity by mpeans
of a spring or small charge, which
has a mimtmum recoil. As the pre-
jectile leaves the tube or barrel
ol the gun, the rocket charge. is
ignited electrically. As it ex-
plodes, the missile increases its
velocity. The use of several suc-
cessive ‘explosive charges gives
the projectite a terrific penetrat-
ing power.

The latest FW-:190 ¢ ighters,
which German¥v is using to de-
shattered industrial
CONTINUED ON. NEXT.PAGE
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centers carry four of these guns
under their wings. The pilots al-
tack bomber formations in ele-
ments of threce or four planes. in
order to concentrate their fire.
They discharge their missiles out-
side the range of the bomber’s
fifty calibre guns, and immedi-
ately take evasive action.

How accurate the new weapons
are remains to be proved. The
shells would seem to weigh abeut
12 lbs. Bombers hit by such a
missile traveling at high velocity
are not likely to survive, although
a case has heen reported of an
American gunner, who picked up
a rocket shell that penetrated the
fuselage of his bomber. and
hurled it through the bomb buy
before it detonated.

Other fliers hawve cepotled thaf
generally the aimi of the new
weapon leaves much to be de-
sired, but it is admitled flugg it
has increased the losses of Alliecl
bombers in  Germarn-defended
skigs. particularly among the
British heavies. A recently pub-
lished picture of one of our For-
tresses falling minug an enlire
wing might well be taken Lo indi-
cate the result of a hit by one of
these new Weapona.

The aiming of the rocket shell
calls for new and complicated
sighting mechanism. Its low
muzzie velocity tends to make
the rocket drop on leaving the
tube. The attacking pilot has to
pull up the nose of his machine,
at the moment of discharge. To
do this he bas a sight conlrived
an  what the British call the
“Christmas tree” principle.

To obtain a hit he needs fo
know the exact range and speed
of the target. With little chance
of being attacked by the bomber's
guns, he can choose his firing po-
sition with comparative ease.

The Germans take full advan-
tage of their immunity from
counter-~fire, and endeavor to get
Jult deflection shotsy the length
of the bombers affording them the
greatest target areqa. Four or mote
fighters councentigting in formpa-
tion and releasing Lheir projec-
tiles simultancously cah-create a
cene of (hre which would spell
destruction for the bomyber if the
pilots «im corvectly.

‘The story behind the produt-
tion of the rocket-gun is onc ef
the Luftwaile's sheeir despera-
tion in countering the¢ devastat-
ing Fortress raids. When the big

bombers with their fifly calibre
machine guns made their first ap-
pearance over Europe, they actu-
ally made 13 raids before losing
a single ship. In those raids they
destroyed or damaged some
eighty German (ighters. Then the
Germans began Lo use new tac-

tics and gradually the losses of

the Forts and Liberators “in=
creased, although the figures have
never exceeded five percent of thi
total planes employed.
At f(irst the German ﬁghtp
found that the big bombers flying
in formation represented a deadly
propositien. One notable exploit
of Fortresses and Liberators was
the Lille raid in October. 1942;
when some 102 German fighters
were knocked out of action, only
five of them béing attributed to

-escorting Spitfives. Four bombers

were lost.

Then new Getrman taclics be-
gan to tell. The Germans discov-
cred that the Fortress was weak
on front guns. They fitled heavy
armor 1o the bellies of their ME
109’s and FW 1980°s and made dive
attacks (rérm the front, Lhe pilot
turning* his machine on ils back
al the moment of firing and thus
giving the Foriresg:gunners only
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a ﬂeetmg target of his armored
b elly, To hit a fishter plane doing
400 to 500 mph “at close range is
some feat. -
“Another. device was to en-
.- deayor 1o cripple the bomber (ly-
ing in the rear element (tail-end
Charley) and make a concerted
- attack on this ship after separat-
~ing<it from the others, Similar
ttacks: would be made on the
bombers at the extreme odges of
ther flank, The ‘attacks were

‘of success. In June, 194 2, the
J.S. Army Air Forces lost 82
yombers over Europe, shooting
down 275 enemy fighters with 84
probables, and 178 severely dam-
aged.

U.S. armament cxperts were
quick to reply to the'new German
tactics. They. gave .the Iortress
an extra turret with two 50-cali-
bre guns in the .nose just below
the bombardier’s office, and it be-
came a veritable 1lying porcupine.
In addition they equipped spccial
“Forts” as flying flak-ships, car-
rying no bombs, but an extra

number of guns, and ammunition. -

These planes look just the same
as the normal bombers, but when
attacked they pour out a terrific
weight of lead.. By using 41em as

ostly, but they brought a meas-'"

“outriders™ on daylight raids, the
U.S. Army Air f‘mces inflicted
heavy damage on the enemy
fighters, Complained the German
rachio, “These four-~engined planes
look just like bambers, hut they
are ngthing but heavily Eunned
fighters, with guns firing at un-
expected angles,”

During the month of Qctober,
1943, U,S. Army Fortresses and
leclatms shot down 372 Ger-
man fighters on five missiong with
a loss of 80 bombers. On ane
of these missions 81- enemy planes
wWere: deﬁtmyed with the loss of
30 Fopts; -

Another German radio com-

"mentator almost wep! over the

radio as he explained to the Ger-
man people what was happening
in the ajr war. *'The pressure of
American homberg flying in for-
mation over Germany is a serious
problem ~for aur intergeptors,”
he .said.. “The massed fire-
power: of- the Fartyesses keeps
German - fighter  formations out
of range. Our-usual tactics were
to separatg ene bomber from the
formation, shoot it #own and

* concentrate “en -anether. This is

no longer pgssiblg Qur fighlers
have an ey.en more! diffieult task.

They are called upon {o attack’
A

a homber formatmn brlstling
with ‘weapons, suspénides in the
air like ‘an armored cloud’'”

The German cries ‘but ‘he does
something, andg o over Europe
in August the first: rocket. . at-
tacks were made on the Forts,
after ~ the {ighters’ attempt
to drop fragmentation bombs
proved a failure.

The first attacks by fighters
equipped with rocket guns were
hit-and.run affairs. The fighters
weaved in towards the For-
{resses, obtained a position above
the bombers and released their
projectiles. Such tactics “were
highly dangerous for the fighters,
as the German pilots well knew.

Then came. the perfected
rocket-gun which enabled the
German pilots to do long range
sniping,” ‘T’his particular rocket
projectile may only be ‘the be-
ginning of the aerial use of such
a device. F

Even liefere the war the Ger-
mans were experimenting - with
a rocket glider controlled by
radio from its parent plane. THis
device has wings which unfold
after its release from the firing
tube; which give it the necessary
1ift, while radio control similar
to that used by the British in
their “Queen Bee' aircraft di-
recis the flight of the projectile
to its objective. These weapons
may have been used against
ships, according to a report from
the Mediterranean, but they have
not made their appearance in
aerial warfare.

'The answer to the rgeket-gun-
foting fightev is in the bigfer and
more heavily armored bombel
and the use of more flying flak-
ships or ouipriders to keep the
lighter squadrons:out of range
ol the bombetvs. The U.S.A. has
all'cudy taken delivery of the
B-29, a supcr-bhomber said to
carry a greater bomp load than
any “existing type.” (The Lan-

“caster cafrios 8 tons, sp the B-29

load might well be ten or fifteen
tons.) Such a high load epeins
up the possibility of the conver-
sion of some of these super-
bombers into flying battleships,
equipped with heavy calibre as
well as 50-calibre guns and ca-
pable of carrying several tons of
ammunition.

This new bomber is a pattern
for the decisive battle in the air
which must come before Ger-
many and Japan crumple to de-
{eat. The new bomber is likely to
bé more heavily armored than
any previous model, and is cer- .
tain-to contain a number of power °
controlled turrets fitted with the

CONTINUED ON NEXT PAGE



new automatic computing sights
which enable the gunner to keep
the fighter constantly in range
by means of his sights alone.

Such = a ship designed for
bomber  formation  protection
would probably have a fire-
control system: similar to that
on the British Stirling, adapted
{from surface  battleship princi-
ples. A fire-control officer located
in a turret which gives him the
utmost degree of visihility di-
rects the fire of the heavier guns,
* thius being able to bring a concen-
tration ,of fire on the main at-
tack, while individual gunners
_attendto isolated attacks from
other juarters."



In Liberators and Fortreqsesiu
usually acts

the turret gunner

 as fire control omcer. Each men
ther of the crew is in telephonic
communication. When

report thus:

“Clerman pmsmt approaching
at 4 o’clock. Watch him, Ed. (Ed
is the starboard waist gunner.)

Ed: I'm watching. Can't sce
him.

Turret Gunner: He's coming in

now. He's weaving. Y qutl  see .

hml.
“Tail Gunner to P;lot‘ “Lieuten-
ant, will you skid the tail, 1 think

1 could get him. (Sklddmg ‘the
tail will ernable’ thestails gunner

enemy
planes are slghtcd the gunners: “angels

" fake him.

tto get qulck vxew of appr uachmg
fighter which is coming in on the

waist gunnér's blind spot.)

- Tuwrret. Gunner: There's an-

other ﬁ%hter at eight o’clock two
" (two thousund feet) pyll

“We're all of. us on our toes.’
gaid a gunner describing his ex-
periences. "If the-Heinie gets in
close,. he’s. very lucky. Some-
times he does, usually he deesn’t.”

The new battleships of the air
will improve ort thot sysltem with

_the five-control officer diecting

his guns, The gunners themselves,

_in heavily armored positions with

ammunition supphed on conveyor
belts, wwill ‘be..given. range and
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: %
direction and fight their: ship just
us does the crew of the surfage
vesgel. Suich gships will render
{He super-bomber formatioo al-
most impregnable except to ut-
tack from sirnilar batileships of
the atrr which the enemy is cer-
tain to prodiice, if he is to go
down figliting.

Picture a formation of super-
bombers going to attack a target
deep in tho heart of Germany.
The main formation, say a hun-
di'‘ed bombers cach carrying ten
tons of hombs plus fifleen 50 cali-
bre guns¥ flies in wedge or stag-
ger fowmmation, each machine at

‘a dliphtdss different altifude to

" “CONTINUED: ON NEXT PAGE
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its neighbor, to avoid anti-air-
craft fire—but each. machine is
near enough to the other to give
fire support if attacked.

The rear formation (the Pur-
ple Heart element, as our fliers
call it now, because it takes most
of the punishment) is, as usual,
an-integral part of the formation,
but the tail-end Charley is car-
rying nothing but guns and am-
munition and a specially trained
gun crew. It is protected by aug-
mented armor, its f{itting made
possible by the elimination of
bomb load. This “tail-end Char-
ley” has a formidable arrange-
ment of guns, with a 2000 yard
effective range.

If all goes according to plan,
however, it may not. be called
into action, for 1000, yards be-

A

FW-KURRIER

hind, ‘on either flank, and ahead
of the main formation are
the escorting ,aerial battleships,
equipped with heavy-calibre
shell firing guns, rocket guns as
protection against ships of its
own type, and power turrets of
fifty calibres. Before getting
within range of the main forma-
tion, the enemy will have to deal
with these convoy “cruisers,”
each capable of taking on a
squadron of fighter planes, and
each $9 placed in formation as to
be able to support its mates with
the full weight of its fire power.

Such formations will present
the Axis defenders with a formid-
able problem. They will enable
our Air Forces tp earry even
heavier weights of bombs over
enemy territory with fewer losses

of bombers. The Germans. are
probably preparing their answer
to the armored [leéets. These might
well be “battleship” versions of
the HE 177.

The Germans must have given
serious thought to the Qquestion
of using heavy bombers as inter-
ceptors. On several occasions they
have used salvaged Forts to at-
tack our bomber formations on
daylight raids. The Dornier 217E,
originally designed as a super-
bomber, is now the most popular
night flying interceptor in .the
skies over Berlin. More signifi-
cant still, they have armored and
armed the FW Xurrier, the four-
engined giant formerly used to
prey on shipping in the Atlantic.
Previeusly these big planes, orig-
inally designed as air liners, were




easy’ victims for Spitfires and,

Hurricane Catafighters, ‘and al-
ways avoided battle. From the
Aflantic front now comes news
that the Kurriers are heavily
armed, and ready to fight#
.'A U.S. Liberator on submarine
patrol was attacked by two Kur-
riers. After a battle lasting nearly.
half an hour, one of the German
four-engined . giants was shot
down in flames, the other crashed-
into the sea. The gallant Libera-
tor with most of its crew wounded
later made a forced landing. It
had - beaten its' two enemies by
superior gun fire and pilotage.

When the full story of: that
battle is told it will rank as an
epic. It is also a shadow of things
to come, the battles of big aerial
battleships slugging it out with
heavyweight punches. As a sign
of the times, it is significant; it
shows the Germans are impressed
by the fighting power of our
Forts, and are trying to emulate
it. Any day now they may draw
a surprise from their hat-—aerial
battleships with long range guns
to smash up our bomber forma-
tions.

The HE 177 with its four en-
gines in arrangement in two
pairs, operating a single air screw
in tandem is the only machine
with which Germany can answer
the Fortress. The HE 177 is a
mystery ship, originally designed
for the onslaught on Britain. It
does not seem to have been much
in evidence, but it is known to
have a total hp exceeding 4,500,
and to have a 7000 mile range
with a considerable bomb load.
It has cannon in the nose-and
tail and bristles with machine

. guns. Its speed should be'in the

+ neighborhood of 300 mph.

Such a ship with special modi-
fications might well be. used by
he  Luftwaffe to challenge the -
~formations:of Super bombers and

scorting *“1#1’ ‘ships thé Allies

~will send over.German skies in
~ 1943. An onslaught by these heav-
ily armored® and ' arrmed ships
could well penetrate the outflank-
ing 'squadrons and reach ‘the
main section of bombers, or could
engage the escorting machines to
enable the' tighters ta bring their
rocket projectiles within range of
the bombers.

A defending air force always
has the advantage of being able to
use heavily armed interccplors
with limited range, while the
attacking force is deprived of the
benefits of single-engined fighter
escort if the target is a consid-
erable distance from the attack-
ers’ home base.

CONTINUED ON NEXT PAGE
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SV pER-BOHSEg-S-': QRE A
ON THE WAY «——

Cominiunding
U.S. Army Air
I*orces, whose wise generaiship
has been an outstanding featurc
of American use of air power,
firmly belicves that the bomber

General Amold
General ol our

will end the war. He has fre-
quently referred to the: ULS.
super-bombers thut wili deal de-
cisive Dblows to Germany and
Japan.

The introduction of these mon-

7 sters indieates that acrial warfare

is toking on the same pattern ay
sea and land fAghting. The mog-
¢rn bomber is cquivalent to ‘the
battleship, which must rely en
light cruisers and destroyers. The
bomber has the advantage over
the batueship in that it has a far

greater range over land as well
as sea.

While Dbaltleship can destroy
battleship by gunfire. it can it-
sell be destroyed by lighter craft
using torpedars, so it employs its
awn screen of light craft to keep
these caemies at bay. The heavy
bomber has to employ simiiar
tactics. Give it adecquale’ protec-

tion and its ¢rew can con¢entrate’

on ‘the task of bomb dropping,
but.if disturbed it must be able
to flght to protect itselt, and if
necessary, like the balt]cship. it
mustl be able to destroy its own
kind by gunfire.

Tho first stage of the bomber-
fighter war is mearly over. The
single seater fighter will give way

to the heavy patrolling cruiser,
und clashes betwceen these heavaes
will become a regular feature of
the war.

In a xecent speech General Ay-
nold mentioned that the U.S. has
many new gadgets to use against
CGermany. What they are is a
secret, but there are indications
from all fronts that the policy of
military acronautics is to make
cverything that flies fight.

Just as the airplane thal can-
not take as much as it can 5,1ve
is demoded as a combat weapon,
so the weapons that cannot be
moved swiftly from place {o place
are demoded, People who know
arc now talking of a heavily au-
mored plane carrying heavy cali-
bre guns and ammunition. Its
function is to fly iow over enemy
fortifications, land behind the
lines, and act as a tank or pill-
box, being able to defend itself
until ‘support arrives.

Another’ possible “weapon is a
radio-controlled plane that will
fiy into the middle of bomber for-
mations and destroy them by col-
lision. This is not a pipe-smoker's
dream, either. The British for a
long time have used radio-con-
trolled light planes for gunnery
cxperiments—and  with  great
SUCCeSS.

1944 may sec the strangest
cvents in the air, such as H. G.
Wells outlined in his "SHAPE
OF THINGS TO COME.” Great
squadrons of acrial battleships
may mancuver for position and
bombard cach other with guns of
A cabibre undreamt of for aerial
warfare at the outbreak of the
war, In their wake will come the
bombers cach carrying 15 or 20
tons of bombs, and escorted by
patrolling flying “flak-ships.”
Aerial battles of several hours in
cluration may become common .
events, and strange “Rube Gold-
berg” devices of destruction will
be put into action.

One aspeet is in favor of the
U.S.A. America pioneered in
buwilding the “Flying Fortress,”
the first and best long range well
armored bomber, With seven
years’ start on the opposition, she
s not likely 1o be outclassed by
anything the enemy can produce.
Germany  has  littie  ¢xperience
with thesce heavies,

By sheer weight of metal, al-
tied with  valuable experience,
and an elustic aiveraft production
sowrce, we shall win these "Bat-

tles of the Bigeies” if only by

numerical  superiority. When
peace is won we should have
cevolved an acrvial batlleship

capable of maintnining law and
ovder in any part of the world.




'PLOTTING THE COURSE

Air Navigation for Beginners

By COMMANDER SCOTT G. LAMS

. Director of Training, Fourth
Navai District, U. S. Navy

HE navigator's problem is so

- simple that it is very compli-

cated. A1ll he has to do is lay
out a coursc; find the shortest
route between the starting point
and destination (or as the crow
flies); and provide a ready check
as to the accuracy with which he
is following the track.

Dircction and distance: thesc
are his two values. But direction
and distance in the air, where
there arc no beginnings nor end-
ings and where the only “land-
mark"” is a cloud that will be gone
in a minute!

So we may well ask ourselves:

Where would a navigator be
without his instruments? Where
would an airplanc be without its
instrument-panel?  Instruments
are the answer.

We ghall discuss them.

First: the drawving compusses
and dividers. The compasses arc
used to draw arcs and circles,
dividers to measurce distances and
to transfer them f{rom place to
place on a map or chart. But what
schoolboy whe liked or disliked
geometry could forget this?

Second: parallel rulers. This
device consists of tworulers con-
nected by metal strips pivoted on
each end so that one ruler may
be moved independently of but
parallel to the other. They. arc
used to draw lines parallel to
each other at any distance apart;
to. measurc a pre-determined
course by reference to the ncarest
compass rose, and to lay ofl
- courses and directions. (A com-
. pass rose Is a compass card
. printed on all navigational charts.

giving true and magnetic dircc-

tions.) .

Yhe protractor 4s an instrument
for laying off angular measurc on
a chart and for drawing courses
and directions as well as for
measuring them.7In its usual form
it consists of either a half circle,
or a full circle, of transpurent
material, graduated in degrees on
its circumference.

Once of the most useiul of all
instruments to the aircrait pilot
is the Weems Aircraft Plotter,
which combines the functions
of parallel rulers protractor, di-
viders and mcasuring scale. It is

simple to use, light itvwaight, and
replaces the other - instruments
mentioned. :

The magnctic compass is the
most important of all instrainents
to the navigator, because to get
from placc to place on the earth’s-
surface he must be able to stecr
in any tituc geographical direc-
tion, and to mecasurc angles in a
horizonizal ‘planc made by any
visible object with his meridian.
Tbe operation of-the magnetic
compass is deperident on two fac-
tors:

(1) That a magnetic ficld exists
in the space surrounding a mag-
net and

(2) That like magnetic poles
repel cach other and unliké poles

© attract.

‘The carth acts as a .magnet
having, as do il magnets. two
magnelic poles of opposite polar-
ity, and also a magnctic ficld,
whose strength can be measurcd.
surrounding the carth. The earth's
magnetic north pole is located ap-
proximately in latitude 717 N,
longitude 96° W, and its magnetic
south pole approximately in lati-
tude 73" S, lengitude 156° X

Duc to the fact that the mag-
netic poles do not coincide with
the gcographic poles and also
because the magnetic material of
the earth is not utiiform in dispo-
sition or location, the magnetic
Jines ol its {ield arce irregular and
cliffer at many places from the
direction of great circles passing
through the maguetic pole:s.

CONTINUED ON NEXT PAGE
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Fig, 1

If a bar or similar magnet be
suspended at its balance point
it will take up a general north
and south direction in the plane
of the lines of force of the earth’s
magnetic field, or, more siniply,
in the ‘plane of the magnetic
meridian. This, then, is the work-
ing principle of the mariner’s
magnetic compass. The north-
seeking end of the compass points
toward magnetic north, being
attracted toward the magnetic
north pole and the south-seeking
end points toward the magnetic
south pole.

The compass consists of a cir-
cular compass card carrying a
group of parallel needle magnets.
all with north-seeking ends
pointing the same way. The card
is mounted on.a pivot so that it
can rotate freely in a horizontal
plane about the pivot. The pivot
is- a rigid part of the compass
bowl, which in turn is rigidly at-
tached to the plane with the pivot

it the fore-aind-aft center line,
or in a line parallel to it. On the
inner surface of the bowl and
visible 10 the pilot. is a vertical
black line, called the ‘lubber’s
line,”” which is also mounted in
the center line forward of the
compass p,ivot. The lubber's line
is the point of reference for steer~
ing and i8 the mark for reading
courses which show directlon of
the ship’s head.

. The angle between the geo-
graphical meridian and the mag -
netic meridian is ‘termed varia-
tion and is measured in degrees.
Variation; then,
angular distance the north-seek-
ing end of the compass needle is
deflected from true north by the
earth's magnetic field, It is called
East or plus (+4) if the north end
of the compass {s deflected to the
I‘lght or E (clockwise); West or

measures the

minus (=) df deﬂected to the left
or W (counter clockwise),

Although there s ro known
way of shielding a compass card
from the influence of a magnetic
fleld in which it lies, it is con-
venient for purposes of illustra-
tion to assume that this can be
done, and In Figure 1 (a) this has
been donc.

In (a) N-S is the true meridian
and a compass at point 0 would,
we assume, take its position in
the meridian pointing true North,
or 0°,
In (b) the magnetic meridian
N'S’* makes an angle of 10° with
the true meridian and is to the
right of it. The compass now is
not shielded and variation of 10°
E or (+) exists, such that the 0°¢
to the right of its pasition in (a).
and the 350° mark of the compass
card is in NS, or is read opposite
the lubber’s line. Variations of

or (—) would have similar
effects but i the apposite (coun-
ter cloekwise) or W or (—) di~
rectfon. :

Another error is introduced
into the indication or direction
of the magnetic compass card by
factors within the compass itself
and by local magnetism of the
plahe’s iron and steel. These fac-
tors grouped together resuil in
an error called deviation. This
combined .error is also measured
in degrees and isnamed E or (+)
W or {—), as we saw for varia-
tion, dependent on the direction
in. which the-compass needle is
deflected away from the magnetic
meridian.

Deviation, however, varies in
amount, dependent on the ship's
head, due to the fact that the local
magnetic forces within the ship
differ as the ship changes direc-
*tion. ‘Itis to bé noted that devia-

tion, then, is different for. each °

course which is steered; whereas
the variation for any partlcular
locality affects all coursé€ steered
in the same amount.

In practice, to obtain devia-
tions, the'ship heads on every
15° mark by compass from 0° to
360° and deviation errors are
found and tabulated for future
use. This is called *“swinging
ship.”

Figure 1 can also be used to
lllustrate how deviation affects
the compass needle by substitut-
ing the word *“deviation” for
“variation” in the description of
that figure.

Variation and deviation are the
only two factors for which the
navigator corrects the compass.
They are combined to form Com-
pass Error. If both are of like
sign, E or W, they are added to-
gether and then applied; if un-
like, one E and one W, they are
combined algebraically (the
smaller ‘subtracted from the
jarger) and the result "is then
used for correction.

Figure 2 illustrates the appli-
cation of variation and deviation,
assuming a variation of 10° W
and a deviation of 15° E, the re-
lsault.ant Compass Error being 5°

Assume that the pilot wishes
to steer a true course of 315° (or

NW) from one city to another.

The chart shows his average vari-
ation for the locality to be 10° W.

Figure 2 shows what his com*-
pass would read, were there na
variation and deviation; in (b)
the variation is introduced, draw-
ing the compass needle 10° to
the West (left) so that the com-
pass reading opposite the lub-
ber’s line is now 325° in (c) a
deviation of 15° E is introduced,
as taken from the deviation table
for the magnetic heading of 325°;
this serves to draw the compaSS‘
necdle 15° E (right) so that th@‘
compass now reads 310°.

In figures we have taken otii
true course of 315° and allowed:
for the fact that the variation of
10° W draws the compass C&]dA

"SWINGING F\ PLAN €
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left to a reading of 325°; we have
then allowed for the fact that a
deviation of 15° E draws the
magnetic reading of the card to
the right to a reading of 310°.
Consequently, the pilot knows
thit ta steer a true course of 315°
he should steer a compass coursc
ol 310°.
" From the above we ¢ag draw a
general rulg for applying varia-
jon and deviation as follows
In gomg from -
Tue Magnetic g

3 \\. o Subtpart 3
Vor (7 )010% W0 300 o rev. (=)o TR YT
Refel ence to figure 2 will show:
hat we reverse the process in 8O-
gifrom:

CCatpas e

Lomipias

\Ium e i Prie
*lubllml W d

G 17 W

It is to be noled that in going
from; compass (psc or per stand-
ardt compass) to magnetie to true,
deviation is applied first and then
variation; in going from true to
magn tic to compass, varlatlon 18
applied first and then deviation.

A very convenient phrase to
use as & memory aid for correct-
ing. compass readlngs 15 as fol-
lows: -

Lnmpass i Mugnetie o | [
an, * Dendk Men 'Ii;il_ll‘ 'l‘\nu
ompass Dc\lnlllu Alggnetie - Yaglatlon Ty
'ourse. N hur @ flolcee . o
: 4 AUl AL w
‘i‘me {13 \!aulelll Lo Compass
A WY suhiract B

E: Var. .5°

284
(4) CL. 90%; CE 10° W. “Re~

In all’compass corrections, the
student must-remémber that ex-

cept for relatively slight deflec-.
“tions of the compass card; .the
card always points, in the same

direction; actually, the ship or
plane moves aroun® the compass

card.

“Als, in selving compass prob-
lems; if the student will consider
himself 10 be at the center of the
compass card “when
compass error, solutions will-be
more readily visualized.

Examples:

(1) Course ps.c. 47° Dev. 5°

| -E; Var. 10° W. Reequired true
" tourse. 47 -} 5——-]0w42°Ct s,

(2) Course p.s.c. 181°; Dev. 5"
E. Requir ed true
course, 181 + 5 + 5 = 191° £

(3) Ct. 284°; Var. e W;
Dev. 3° E. Requred course p.s.C.
7¥ — 3 = 268° ps.c

quirecl course p.s.c. 904-10=
p.s.c.

=100°

applying -

aecrQss the dial is 1657 o1

locked at any reading to corre-
spond: with the course being
stecred . per standard compass.

A pair of fixed vertical vanes is

located on a ring on top of the
pelorus  circle, outside the dis}
and rotatable about the dial.

To take a bearing, the dial is
focked at the heading correspond-
ing with the course being steered
and-the ebjeet is sighted through
the vanes.When lined up through
the vanes the desired bearing is
read directly from the pclorus
dial.

Figure 3§ illustrates the prin-

ciple and gives a typical problem.
Ii¥ the (1gure, the pelorus dial is .
thown enlarged, set at heading
of 90° with the ship’'s head, «and
the bearing taken of the external
object through the sighting vancs,
75° to
the right of the ship's head. In
practice; thd pelotus would be lo-
cated on the ship as nofed in the
previous paragraph.

A pelorus is an-instrument for
taking bearings (delermining the
direction) of an object external
to the plane lor purposes of lova-

tion. Usually the compass is un-
der cover and one cannot see over
it to get bearings. The pelorus is
readly a dumb compass mountecl
somewhere newr' the magnetic
compass  with  its fore-ancl-af'l
Hin¢ parallel to the plane’s center
fine on which the compass is lo-
cated and in such a position that
one can scc objects outside the
ship across the pelorus dial.
The pelorus dial itsel rotates
in a herizontal direction, as docs
Lhe compass cavd, and can be

From (he foregoing discussion
we see that there are three meth-
ods by which directions may be
roepresented. They are

(a) True. when they refer (o
dircetions (or angles) measured
from  the earth's  geographical
meridiang, which run true north
and south. )

{b) Magnetliv, when they lefu
1o directions (or angles) meas-
ured from the earth’s magnetic

meridians .- which  run  magnetie
north and secuth.
(¢) Compags (p.s.c.), when

they  rofer 10 directions (en
anglos) measured [rom the 0° or
N point of the compass card.
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N airplane without an en-
gine? A glider—someone
will say. Well, yes, of
course. But surely not a real air-

plane, the queen of the skies we.

hold so high in our thoughts—
not the diving, zooming craft so
swift and agile in its maneuvers
that it seems to be a living crea-
ture; not the powerful, heavily
armored fortress of the air which
serves today as a bulwark of our
freedom,

No, an airplane without an en-
gine is like a man without a
heart—a dead thing, of no power,
unable to work.

And so, it becomes vital indeed,
for us who seek to fly a plane, to

_know of engines—what ihey are
and how they give power and
“life” to the airframe.

The aircraft engine and the
-automobile- engine are brothers
under the hood. That is, they are
both internal combustion ¢ngines,
they are-both machines for turn-
ing heat energy, obtained from
burning fuel, into mechanical
work.

When gasoline (which has
more heat energy for its weight
than any other known substance)

mixes with air, the result is com- -

bustion. Combustion takes place,
of course, in the steam engine too.
But the steam engine requires an
external means, that is, ‘a ‘fur-
nace, for this process. In the air-
craft and automobile engine the
action takes place inside the
engine.

Gases, resulting from combus-
tion, expand and push against the

pistons. These in turn rotate the -

crankshaft by means of connect-
ing rods.

Almost all aircraft engines in
operation use gasoline as a fuel.
In order to understand more
clearly the operation of the air-
craft engine, it is necessary to
learn something about the (uel
which supplies the energy.

The heat energy given off by
burning ‘fuel is the measure of
the work that the fuel can per-
form., American and British en-
gineers use the British Thermal
Unit (B.T.U.). The B.T.U, is.the




ONE Honsepowsn EQUALS
550 LBS.X 1FT.X 1SEC. o
OR 550 FT-LBS, PER SECOND. |

1FT. PER SECOND | B

_ form caxSon dioxide (CO,). If

._'-;:"_.:-caxbon in the gasoline is not
s cumpletely burned and. the hlghly
' poisonous carbon

: proper

: hydrogen to form methdne (CH,)-

“ecarbon nor hydrogen is bemg-'
burned-as fuel.

there is not enough oxygen, the

‘thonoxide . is
formed. When burhing; th chy=
drogen combines with the oxygen
in the air to form waler vapor
(H.0). "This is’ found as steam
in ~the exhaust and is readlly,
noticed in cool: weather In im-
mixtures ‘the carboni
sometimes combines with the

which is.found in the exhaus
This is a waste singe’ nelther the

Burmng a gallon of gasolmc
requires about 1,200 cubic feet of
air which:' gives of’ﬁ one gallon-of
water in the form of steam in the
exhaust. (Fig. 1 shows the prod-
ucts of combustion with different
fuel and air mixtures in the mod-
ern aircraft engine.)

CONTINUED ON NEXT ?AGE

heat required to raise the tem-
perature of one pound of water
~1° Fahrenheit. The number of
British Thermal Units given off
by one pound of fuel is used as a
more convenient unit.
Modern high octane gasoline
can provide 20,000 Units per
pound. Twenty-one thousand
units are available in a pound of
diesel oil. Lower grades of gaso-
line drop to less than.19,000 units.
B Accordmg to the engineer,
work is done wher an object is
moved from one point to another.
“A weight of one pound lifted to a
-“height of one foot requires one
_foot-pound of energy. If it is
. lifted ten feet then ten foot-
pounds of energy arc required.
One British Thermal Unit of
energy equals 778 "foot-pounds.
Thus a pound of high-test avia-
tion gasoline can, if burned with
perfect cfficiency, do 778 x 20,000
or 15,560,000 foot-pounds of
work. The efticiency. of the air-
craft engine is only between 35
and 40 per cent. So actually only
a portion of the total B.T.U.’s arc
put to work driving the enginc.
_ All airceraft gasoline and diesel
_oils are compounds of hydrogen
and carbon and are therefore
called hydrocarbons. The sSim-
plest gasoline is C;H: (6 parts of
carbon and 14 parts of hydro-
gen). Thecarbon burns by com-
- bining with oxygen in the air lo

i (‘.OGLING SYSTEM- 4000 BT.U.
2. EXHAUST L0SSES~10.000 8T.L.
3.ERICTION- 000 B.TU,

4 USEFUL WORK(8.:M.FP) 50008 T,

INTAKE VALVE QPEN
2 O

BOTH V&LVES CLOSE D




Almost all aircraft engines
operate on the four-stroke cycle
principle.  Each- stroke ;is one
vertical movemenf up or
of the'piston. (See Flg: 2). Fach
¢ycle requires’ ope revglution or
two strokes :of the piston, gne up
and one down, so that two revolu-
tiong or two cycles require four
strokes. Some diesel engines and
modern 3irplane gas engines uti-
lize the two-stroke cyecle so ‘that
only two strokes or one revolu-
tion of the crankshaft are re-
quired for a- complete cycle of
operation. :

Figure 2 shows g cross~g8ection
view of a cylinder, inside which
the piston moves. The tap of the
cylinder {(called the g¢ylinder
head) is equipped with an .ex-
haust valve and an intake valve.
{Some engines have each ¢ylinder
equipped with two exhaust and
two intake valves))

The piston is fitted with a con-
necting rod which. can pivot on

the pistory pin. At the other end"
rod is fastened to

the connectin
the crankshdft. The up and
down movement of the piston and
the attached connecting rod is
converted into: rotation by the
action of - the. connecting rod
pushing against 'the . crankshaft.

One complete movement of the
piston from the top of the cylin-
der to the lowest level is a stroke,
When a piston is at its highest
position in the cylinder it is said
to be at top dead center (T.D.C.).
When it is In the lowest position
it is said to be at bottom dead
center (B.D.C:).

1. Intake stroke (See Fig. 3a).

The intake stroke begins with
the opening of the intake valve
before the end of the exhaust
stroke. Thus fuel and air are en-
tering‘the cylinder while exhaust
gases are still going out through
the exhaust valve, As the piston
descends during the Intalce stroke,
the fuel and air mixture is forced
into the cylinder by atmospheric
pressure, or by the supercharger.
The exhaust valve closes just
after the beginning of the down-
ward movement of the pistan at
the start of the intake stroke. The
intake valve closes after the pis-
ton has reached bottom .dead
-center (B.D.C). -

2. Compresslon
Fig. 3b).

The piston now . moves up,
from B.D.C. to the top, compuess-
ing the fuel and air mixture. Both
valves are closed. The piston ap-
proaches top dead center (T,D.C.)
but befora it reacl&gs it the spark
ignites the fuel, The fiel con-
tinues to burn as the piston con-
tinues to compress the mixture.

<st170keh (See

down:

INLET .
CLOSES OPENS
Fig4.

o EXHAUST

CLOSES 'vAwEJ bVERLAP

EXHAUST

3. Powaer Stroke (See Fig. 3c).

The fuel "has already been
ignited by the sparkplugs. (Two
plugs per cylinder are: standard
on all engines of over 100 H.P.
and common on most of the new
lower 8.P, engines.) Whean the
piston reaches top dead center
the expanding gases produced by
the burning fuel force the piston
down. The connecting rod trans-
fers the motion of the piston to
the crankshaft. During this pe-
riod both valves remain closed
wntil a few degrees before the
end of the power stroke when the
exhaust valve opens and the
burning gases begin to leave. The
piston continues to move down
to bottom dead center (B.D.C.).

4, Exhaust stroke (See Fig. 3d).

The piston now moves up,
forcing burned gases out of the
exhaust, Just before reaching
top dead center, near the end of

the exhaust stroke, the intake

valve opens as previously de-
scribed.

The opening of the intake or
exhaust valves before or after a
stroke begins is called w»alve
overlap. Valve overlap permits
greater efficiency and power since
more fuel and air are admitted
to the cylinder befgre the intake
stroke beging. Likkewise the open-
ing of the valve permits a mere
rapid removal of the exhaust
gases. The inertia of the gases
moving out helps the fuel .and
air mixture to move in past the
intake valve. g

In the Wright J6 engine the
¢éxHaust valve gpens 80° of rota-
tion before the end of the power
stroke and closes 10° after the

beginninf.of the ‘intake stroke, -
T i

Thus fue] is admitted during 250°

of rotation instead of the 180°

that would. be expected in one
intake stroke (Sée Fig. 4). Valye

overlap means the number of
degrees of crankshaft turn dur-
ing which both . valves are open
together. A complete revolution
of the crankshaft 1s 360°. One-
half a revolution, produced by
onc full stroke of the piston, is
therefore 180°. iy
The amount of air that is
moved by the piston in. going
from bottom dead center: to. top
dead center is the piston dis-
placement. In order to determine
this, the bore or diameter of the
cylinder' and the length of the
stroke must be known. The dis-
placement js the cylinder cross-
sectional area multiplied by the
stroke length, Piston displace-
ment equals TT bore diameter

x length of stroke. In engines of
more than one cylinder the'total

_ piston displacement is found by

multiplying the above formula
by the number of cylinders.

It is possible to have a velu«
metric cfficiency greater than
100% by forcing mere -fuel .an
air into the cylinder than it oa
hold underr normal conditions.

Valve overlap and the super
charger, by admitting and forcin
in greater quuntities of fuel ang
air, increuse volumetric efficiency




LREADY the history of the
airplane is legendary. The
. Wright brothers, and those
other ‘early heroically determined
experimenters—John Stringfel-

low, Samuel Pierpont Langley—

seem figures dim as Leonardo da

Vinci (who certainly experi-

mented with the theory of flight

in sketches and notes).

The history of the airplane
seems legendary because, in the
last three decades, it has made
such startling leaps from evolu-
tionary point to point. And when
you think that, dating from that
famous day at Kitty Hawk, the
airplane is only 41 years old, you
must admit that, for our new par-
ticipant in the world scene, time
has certainly been abridged. -

The first recorded flight by men,
not birds, goes back to the date

1783. But this flight, made by -

“two Frenchmen, utilized the

lighter-than-air theory, that is,
- they went up in a balloon. By
- 1794 the French had a Balloon
~Corps, and Napoleon even took
“two balloon companies with him
-on the Egyptian campaign. He
employed the corps for psycho-
“logical rather than military rea-
sons, ‘however, hoping to make
his opponents credit him with
truly magical: powers.

A balloon corps was also used
in our ow:nCivil War.

But balloons, though pretty,
and useful for some purposes
(especially for the collecting of
scientific data about the upper
regions of the air—witness, Au-
guste Picard’s highly important
flights into the rarefied higher
strata-—53,000 feet), were too un-
wieldy- and too subject to the
caprices of atmosphetic disturb-
ances to satisfy inquisitive and
perfectionist experimenters for
long. 3

In 1804 Sir George Cayley was
discovering a good deal about the
glider principle and certainly

.~ proved to his own satisfaction

that a simple wing attached to
a stick, fitted with a rudimentary
tail, would glide for quite some
‘distance before coming to earth.

. But the problem of getting some

means of power within the struc-
ture that would enable it to keep
on going was insoluble for him.

It was not until 1848 that
John Stringfellow, an English-

- man, built a monoplane with an

engine in it. With a wing sprcad
of ten feet, driven by a small
steam engine, the plane must
have looked like the proverbial

bat out of hell. But it did move-

fiy a distance ‘of 40 yards! An
accomplishment indeed, for af-
ter that, for fifty-five years, no
other plane managed to get off
the ground and stay off for a
conirolled period. Experiments
were ten to the dozen and im-
portant work was done with glid-
ers {(taking off from hills, roofs,
etc.), but the problem of getting

CHANUTE CONTROLLED Hi

LED HiS GLIDER
BY MOVING 'HIS RODY

an engine inside the plane that
wasn’t so heavy it would cata-
pult the plane to carth or rip out
the floor of the plane; the prob-
lem of devising an engine light,
yet powerful—was  enough to
cripple the ingenuity of the most
devout air-enthusiast.

But there was an American!
e was Samuel Pierpont Langley,
of the

span of experimenting with mos-
quito-~like little machines pow-
ered with rubber bands; after
filling notebooks with data on the
lift and drag of birds and of vari-
ous. wing forms (as Da Vinci
did); after ‘trying stecam-pow-
ered models which he called
“aerodromes,” he too achieved
what had been deemed the im-
possible. His “aerodrome” with a
14-fool span and a weight of 26
pounds flew over half a mile
when shot into the air from the
roo{ of a small houseboat in the
Potomac River. There was, how-
ever, no one.in .the machine!

CONTINUED ON NEXT PAGE °

Smithsonian Institution. ==
And by 1896, after a ten-year -
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Through the influence of Theo-
dore Roosevelt, then Secretary
of-the Navy, a sum of $25,000
was set aside for the construction
of a plane that would manage to
hold both an engine and a man.

The crux of the whole problem
was still the engine. Langley
wanted an engine that would
weigh less than 10 pounds for
every horsepower. Everyone said
the usual thing: it couldn’'t be
done. But I.angley's assistant,
Charles M. Manley, proved that
it could be done. He built a 5
cylinder radial engine with a
horsepower of over 50. The to-
tal weight was well under 150
pounds.

The engine was ready. So were
the men. But men and engine to-
gether? Can you imagine teach-
ing yourself to iy the minute you
are in the air? Langley’s machine
was not successful. Twice it was
launched and twice it crashed.
Congress, which had once ap-
proved the subsidizing of Lang-
ley’s experiment, now heapcd the
courageous pioneer inventor with
abuse. |

But in the same year that Lang-
ley tried to fly and failed. the
Wright brothers flew and suc-
ceeded. y

They started with kites. Then
they graduated to gliders, spend-
ing two summers at Kitty Hawk,
North Carolina, where winds
- were calm and reliable. Otto Lili-
. enthal, the German, was the first

to make a thoroughly scientific
approach to the problems of glid-
ing. When he was killed in 1896,
the Wrights decided that control
in flight could never be dependent
on shifting of the pilot’'s weight,
as - Lilienthal had thought. They
dectded that lateral control was
a matter of the wing warping or
twisting.

The Wrights also had ‘“engine
trouble” and finally, like Lang-
ley, had to commission a machin-
ist to build an engine for them.
No automobile .manufacturer
would stoop to the job! Their
machinist, Charley Taylor, turned
out an engine weighing just un-
der 200 pounds. Temporary
horsepower was 12 with a mo-
mentary horsepower al 16.

In December, 1903, their air-
plarte worked. It flew. And the
long experience which the broth-
ers had had with gliders enabled
them to know the feel of flight,
to know, in some measure, what
to expect, an advantage Langley
and his co-assistant Manley did
not have.

After that first brilliant test
flight it was not all smooth sail-
ing for the Wright brothers but
by 1904 and 1905 they were fly-
ing in circles and making figure
eights when experimenters in
other countries were still bare-
ly managing to make straight
line attempts.

The French were far more in-
terested in the Wrights' success

than the U.S. War Departmen :
but after 1907," when Wilbur
Wright took his pIane to Europe
and attained the admiration: of
all for his machine and his flying
skill, the War Department made
its first advertisement for—a fly-
ing machine that would go 36
miles an hour, stay in the air for
one hour minimum with two
people and carry enough fuel for
a flight of 125 miles. The Wright
Flyer was only one out of twenty
to be presented for Government
test. For landing it had a pair of
sled-like runners and was de-
signed to be launched from a
small dolly running along a
single-rail track. The Flyer did
well in its preliminary tests but
dove one morning into the
ground, injuring Orville Wright
badly and Kkilling Lieutenant
Thomas Selfridge. who was with
him as an observer. The next
year the Wrights managed to sell
the Government on a new model
and our United States became the
first world power to own a mili-
tary airplane!

But skepticism about man’'s
new way for soaring into experi-

ence, skepticism remained domi-

nant in the minds of Congress
and the Army. Little commercial
or military value was seen in the
big but frail air-bug.

By 1913 the United States was
spending about $125,000 a year
for its step-child, aviation. For
the period from 1909 to 1913 Eng-
land spent three million dollars,
Italy nine million, Russia twelve

‘millien, France about twenty five

mitlion and Germany thirty-two
million. The United States spent
about half a million.

But it must be remembered

that the career of aviation in 1913
was a hazardous one. Misan-
thropes were apt to call it a sure-
death one. Training airplanes-at
the few flying schools around th
country were ‘“old hat” model
some of them little death trap
Flying technique had not beé
formalized; methods were still-h
and: guess. Pilols really had to fly
by the seat of their pants. But no
wonder! They simply sat out in
the open on seats fastened to the
leading edge of the lower wing!
In 1913 the various flying schools
were consolidated at a single
training base on North Island ofl
San Diego, but this did not help
matters. By the midsummer of
1914, eight of the Army’s four.-
teen hcensed pllots had been
ikilled.
- No doubt the  Government
thought. 1tself justified in keep-
ing its aeronautical expenditures
at starvation rates.
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Q CLIMB into the sky! This
{ has been the drcam of men
~ since history began; and since
the airplane is the rcalization of
this drcam, it ‘is no wond¢r that
the climb is one of the most basic
maneuvers a pilot must learn.
The climb, s you know, is the
maneuver by which your plane
gains altitude. There are several
kinds of climb. The most im-
portant are the normal climb, the
maximum climb and the steepest
climb. Now what are these, you
will ask, and which is tHe best?
The normal climb is onc at
cruising air spced and with an
engine speed specilicd by the in-
structor or the engine manufac-
turer. The maximum climb, and

 ONWARD anp U

tho steepest climb arc very mucit
nlike. You would think at first
that the steepest climb would ho
the onc in which you would gain
tho most altitude in a given time,
But, as you lknow from cxperi-
ence in automobiles, & steep ¢limb
is a slow one. By dropping tho
nose just a little from the altitude
for steepest climb we do not re-
duce the angle of climb appreci-
ubly, but we gain some speed. So,
although the “difference is slight,
tho maximum climb, that which
gains the most altitude in a given
time, is not identical with the
stecpest.

In practice, the sfeepest climh
is ravely uscd. It is not used, ax
you might think it would be, for

PWARD

clearing obstacles‘as you leave an
airport because at low altitudes
the low speed of the steepest
climb is not safe forr meeting gusts
of wind, downdrafts over trees,
ete. If your engine failed, it would
take quick work to get the nose
down from the steepest climb be-
fore the plane stalled.

The maximum climb is better
than the steepest, but not always
the best. The pilot must be sure
to maintain sufficient air f{low
through the cowling and around
the cylinders to give adequate
cooling.

Too steep 2 climb reduces the
flow so that the ¢ylinders become
ovcrhcated. This weakens the

' CONTINUED ON' NEXT PAle



LINED INTO TURN

RUDDER ALMOST STREAM--

(T v

N

“Ss EXCESS RUDDER
INTO TURN

ATTEMPTS YO FORCE A

DECREASE IN RADIUS OF
TURN

X SKIDING RESULTS
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; TURN

 SLIPPING RESULTS

Thetal considerably. Detonation,
or explosion of fuel results, seri-
ously overstressing cylinders and
<rankshaft. This leads ultimately
to structural failure of the en-
gine. You should, therefore,
avoid running at full throttle for
longer than necessary, to insure
-;against this.
* To put your ship in a normal
«climb from cruising speed, apply
slight backward pressure on the
stick until the nose rises above
the horizon to the necessary ex-
tent. At the same time, ease the
throttle open to produce the de-
sired revolutions per minute. In-
creased pressure must be applied
to the right rudder pedal, the
- amount depending upon the
steepness of the climb. Maximum
climb is made at full throttle and
at the angle,and speed which re-
sult in the greatest gain' of alti-
tude in feet per minute.

You recover from a climb by
merely easing the stick back to
neutral .and closing the throttle
until the tachometer shows cruis-
ing revolutions per minute.

You should avoid, in climbs,
applying back pressure too
quickly. This puts the ship into
too steep a climb. Do not release
pressure too quickly, for this
causes an unpleasant sensation
of being raised from the seat.
Try to use the rudder pedals
properly. Inexperienced pilots of-
ten apply too little pressure on

¢+ «one pedal, which causes the ship
$0:yaw, or swirg 1o one side,

Climbing twrns are normal
turns made while the ship is
gaining altitude, To make them,
first ease the ship into a gentle
climb, well below the maximum.

»After the climb . is definitely es-
tablished, make a normal turn
with a bank of 30° or less, main-
taining the clhmbing position of
the nose on the horizon. You
should make the turn through a
definite pumber of degrees, pref-
erably 180°. When you are a
more experienced pilot you will
make steeper banks. The various
combinations of steeper or shal-
lower turns with steeper or shal-
lower banks are mastered as one
becomes an experienced pilot.

The usual rules for turns are
in force. As to ailerons, use just
enough sidewise pressure on

‘- the stick to control the bank as
desired. Regarding the rudder,
do not skid or slip; *ride with
the ship” and use just enough
rudder pressure so that you al-
ways feel vertical. As to the ele-
vators, use just enough back
pressure on the stick to keep the
nose the proper distance above
the horizon. :

Recover as from a normal turn,
but maintain a continuous back
pressure on the stick to keep the
ship climbing. After the wings are
leveled, the stick may be eased
forward to neutral, and straight
and level flight resumed,

Skids, dangerous in any maneu-
ver, are most so in this. They may
Fesult, in @ SPitla.
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£ TP ~\F COURSE, we wan! tocome

down to rock-bottom f1acts.

We are interested in aero-
dynamics because it helps us un-
derstand how a plane can fly.
We have become acquainted with
this thing called lift—but what
we want to know is how it op-
erates, how it- helps the plane
to fly.
° What happens to Lhe plane
in the air because of lift? What
happens to ‘the lift force as we
fly the plane at different speeds
and in different directions? What
can we do, in flying the plane,
in order to cooperate with the
lift force and counteract drag?
To find out about' all this, we'll
have to investigalg\ the factors
which affect lift: <

Injactual flig « Yift may ?be
affected by many conditions that
the wing might not meet in a
wind tunnel. -+

In level flight, if the lift be-
comes. even slightly greater than
the —aat, the airplane will
rise ilarly, in level #ight,
if the uft becomes stightly less
than the weight, the plane will
descend. In either case, the
flight will not be level.

For level flight, it is assumecd
that weight equals lift. There-
fore, the lift formula can be
written as a weight formula:

‘Lift = Cy. 2 Sv#

becomes
RN — G, 18V
<ensity of air
$ _.xing area

C = lift coefficient
V == velocity (airspeed)

For a given airplane, the wing
area. S does not change. If we
assume standard sea-level con-
dition, then d does not change.
The equation tells us that half
the product of these two con-
stants, multiplied by the lift co-
efiicient. and by the vclocily
squared, equals the weight. If
the lift coefficient is small, the
velocity squared must be large in

‘-zorder that the product will equal

the weight. If the lift coefficient
is large, and the lift is to remain
equal to the weight, the- velocity
must he .small.

W == CL X : ¥ x N0

(const.) {small) (const.) (large)
w ¢ BYR

= C X2

(const.) (large) (const.) (snﬁall)'.

Now we have seen in previous
articles that at a low angle of
attack C;, is smail; hence the
airspeed (V) must be large at
low angles of attack. At high
angles of attack, Cj is large:
hence the airspeed must be low
at high angles of attack. In fact,
since the proditict CLV‘ must be
censtant, for each value of Cj,
(l.e. for each angle), there can
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be only one value for the air-
speed V,; and for each value of
V there can be only one value
of Ci, (i.e. only one angle of
attack).

Actually, the characteristic
graph curve for lift cocflicients
(C1.) against the angle of attack
slopes upward and to the right
from the point where the co-
efficient of lift Ci, = 0 up to 15°
or 16° anglfe of attack.

Starting from smatil angles of
attack, the lift coefticient in-
creases as the angle of attack
increases. As the angle of attack
increases, an angle is reached iat
which the lift coefficient has its
greatest value. Passing this angle
of attack brings us to the stalling
point.

This angle of maximum lift co-
efficient is called also the “stall-
g angle.” At angles greater
than the angle of maximum lift
coefficient, the lift coefficient de-

creases rapidly.

For each angle of attack. there
is a corresponding airspeed, tor
a given weight and wing area.
As the angle of attack increases,
the airspeed decreases. The least
airspeed is only possible when
flying at the angle of maximum
lift coeflicient. Another- hame
for this angle of maximum lift
efficient is, therefore, the angle of
mintmum speed.

When weight is added to an
airplane. the wing loading (ratio
of weight of airplane to the wing
area) is increased (¥ig. 25). In
order that the airplane may con-
tinue to fly at the same angle of
attack as. before, the airspeed
must be increased. This is true
for all angles of attack up lo the
maximum; hence. the greater the
load. the greater the landing
speed.

*Clipping the wings” is some-

CONTINUED ON NEXT PAGE
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times done to increase the speed
of airplanes for racing or other
purposes. This decrease in wing
area means an increased wing
loading and a higher lancling
spced. A higher velority is then
recuired for any onc angle of
atiack. compated with the wing
arca before it was reduced. In
warfare, bullet holes in the wing
will similatly recduce the effec-
tive aren and Increase the wing
loading.

In steep dives, the wing is
near ot at the angle of zero lift
and the air is flowing smoothly
over the surface of the wing. If
the stick is brought back sharply,
the inertia of the plane carries
it along its steep-dive path for a
brief instant until the reaction
of the tail surfaces begins to pull
the airplane on to a new path.
For a tiny fraction of a second.
while the wing is at this large
angle of attack, the airflow fol-
fows the surface of the wing. At
this moment, the value of Ci.
is very high. Almost immedi-
ately, however. the flow breaks
away. As the new flight path is
taken, the angle of attack Le-
comes more nearly normal.

With the wing loading un-
changed, for the same angle of
atiack, a decreased aii- density
means that an increased airspeed
is necessary to maintain the same
lift. If you are al sca levcl, where
the air is densest, a ccrtain ve-
locity corresponds to a given
angle of attack. If you arc al a
higher altitude, where the air
density is léss, the plane must
be¢ MHown faste¥ to maintain the
same lift, (Fig. 26b).

The landing speed also in-
creases with altitude. because
of the reduced air density. Con-
sequently, when an airplane is
landing on plateaus or on lakes

-in mountain ranges, it must land

faster to maintain 1lift. (See
Fig. 268). On warm days, air den-
sity ,is less than on cold days.
On damp days, air density is less
than on  dry days, since water
vapor is lighter than air. On a
warm day, with high humidity,
the take-~off speed and the land-
ing speed must be higher than
usual. |

Now we want to know a little
more about drag— that force
which retards the forward mo-
tion of the .wing. The total drag

{or resistance of an dirplane to o

the airflow) is usualty consid-
errcdd as composed of two main
puarts called "wing drag™ ana -
“parasite drag.”

The wing drag is that pornon
of the total drag which is con-
tributed by the llftlng surfaces
(or -airfoil) and is itself com-
posed of several parts.

The parasite drag (see Fig. 27)
refers to the resistance of those

. parts of the plane which do not

contribute to lift, such as the
fuselage, landing gear, struts,
vertical and horizontal tail sur-
faces. This parasite drag is due
to two forces: a) the positive
pressure acting to retard the
movement of the surfaces and
b) the {riction of the. air as ‘it
passes over the surfaces of these
parts. The latter is, known as
skin friction. (Figs. 28 and 29).-
In airliners, the skin is waxed
reduce this skin

frequently to
friction.

Both parasxte drag and wing
drag vary approximately as the
square of the velocity. It is the
function of the propeller to fur-
nish a forward-acting force or
thrust to balance the backward-
acting force of drag.

if an unbalanced force (that
is, one not counteracted by an
equal force in the opposite direc-
tion) acts upon a body, it pro-
duces an acceleration {(change in

GREATER DENSITY AT
LOWER ALTITUDE.

Fig, :26. RELATION OF DENSITY
TO VELOCITY




RROWS INDICATE PARASITE -
DRAG ON PARTS OF THE AIRPLANE ~

speed or change in <irection or
both) and ‘this acceleration over
an interval of tinlc meuns 2
change in velocity.

If a body is observed to be
moving with constant velocity,
that is a positive indication that
there are no unbalanced forces
acting on it. Now. if an airplane
is in motion at a certain speed
(see Fig. 30) and the forward-
acting force of thrust is just equal
to the backward-acting force of
the total drag, (wing drag plus
parasite drag). then there wiil be
no acceleration and the velocity,
will remain constant.
¢ Jf the thrust is increased, as
in Fig. 30 (2), so that it is
greater than -the drag, there will
be an unbalanced forward lorce.
- The drag will balance or coun-

teract only part of the thrust,
and the excess thrust will cause
% a forward acceleration and hence
-s-increase in velocity. As velocity
.. increases, . the drag ' increases.

since drag varies as. the squarc
of the velocily. As soon as. the
drag has intreased till its force
is equal to the thrust, there will
be 2 balance, and with balanced

forces, there can be no acceler-

ation. b

If the thrust is decreased so
that the drag is greater than the
thrust, there will be an unbal-
anced backward force as in Fig.
30 (3). This will slow down the
airplane. decreasing the velocity
and causing a decrease in the
drag. When the drag force has
decreased until it is equal to the
lesser thrust force; once more
there is & balance of forces; so

the airplane conlinues to move
forward at the reduced speed.

If we consider the wing alone,
the drag varies not only with
velocity squared, but with the
angte of attack. In all flight the
proper airspeed is connected with
the angle of attack, since with

small angles the velocily must,

be high and with large angles
the velocity is .Jow. For level
flight. the lift (L) is equal to
the weight (W), so that from
a curve of drag over lift D/L
values may be read and, as is
shown in the esuation below,
multiplicd by the constant value
of the weight, giving us the drag.

)] - _EAW
="l NN =oD,
FeW =i
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Let us supposc that a plane’is
flying at a certain angle of attack
at scu. level. The pilot takes the
planre up several thousand feet
and flies along at the new alti-
tude, maintaining the same angle
of attack as before. How does
this: affect the drag?

Since the air density is lower
at the higher altitude, it becomes
necessary to fly the plane faster
in order to maintain the same
lift as befoie. Now, we have
seen that the total drag is given
by the formula:

RPl=Cy+# 5SSV _

The wing area S, of course, re-
mains fixed.© Furthermore, the
value of Cp is the same, both at
sea level and at the higher alti-
tude, for we are maintaining the
same angle of attack in both situ-
atlions. . Hence ihe drag now de-
pends only on‘the product of the
density and the velocity squared.

But in the equation W=Cy, § SV*
the weight W and the wing
area S are fixed and the value of
C,. is also constant, because the
sume angle of attack is being
maintained. Hence, the product
dV® must remain constant. In
other words, the decrease in the
value of d is exactly neutralized
by the increase in V°. Now we
have shown that drag D depends
only on the product dV* and we
have also shown that dV*® remains
constant. Hence, drag, whose
value depends on dV°, must also
remain constant in this situation.

Thus. {or a given airplane, the
drag in level flight does not vary
with altitude. but depends only
on the angle of attack. If the
drag is known at one aititude, it
will be exactly the same at any
other altitude, providing the

angle of attack is unchanged.

—t
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Fig30. RELATIONSHMIP OF THRUST AND DRAG




TACHOMETER s, in a
A sense, the timepiece of the

of the engine; that is, it
indicates the number of revolu-
tions per minute of the engine
crankshaft and, like a good clock,
must be kept with care.

But more, the tachometer keeps
the pilot informed abeut the
“health” ol the uaircraft engine.
As soon as anything in that mi-
nutely adjusted mechanism goes
wreng, it reports the fact on its
calibrated black fice. i

For example, if reduced R.P.M,
occurs (without. of course, a
change 'in throttle setting), the
tachometer signals such loss of
power, @rif the engine, just be-
fore take-off, fails to teach its
rated R.P.M. (when the throttle
1s wide open and Lhe bralces are
[ocled), the tiichometer will also
advise of that trouble just as a
rood cloek will report the correet
time, when aone is late, no matier
how desperately one wants the
clock 1o be wrong! :

Moreover. the tachameter is of
indispcnsable aid to: the pilot
‘whose concern it is to keep his
engine in apple-pie order ‘and to
gpcerate it as economicslly. ‘and
efficiently as he can. It indicates
at what R.P.M. figure fuel con-
< sumption is lowest and thus the
pi lot iy able ta ad;ust the throttle
setting so that engine speed may
. be held at it& most economijcal
level. .

How is the tachometer able to

TACHOMETERS

record so directly the power out-
put of the engine? There are
three types of tachometer: (1)

Centrifugal (mechanical) (2)
Magnetic (3) Electric.
In the centrifugal tachom-

cter, a flexible cable transmits
rotations of the engine shaft to
the drive shaft of the tachometenr.
The instrument, in a highly intri-
cate way, converts rotation of its
drive shaft into a pointer reading
of R.P.M. Different tachometers
have different ranges of R.P.M.
indications. A common range is
from 500 to 2500 R.P.M.

For a light airplane with fixed-
pitch propellers, the tachometer
gives a direct reading of R.P.M.
It the aircraft engine is eguipped
with a supercharger and operates
cither controlluble-pitch or con-
«{ant-speed.  propellers, the ta-
chometer- indication: is‘combined
with manifold: pressure and pro-
peller pitch “to arrive -at the
proper reading, A careful fellow,
the tachometer!

What does the tachoimeter look

like benind its face? How do its

parts meve?  How many units
are there; working together so
neatly and intricately?

Read, and youshall see.

The centrifugal
consists essentially of a governor
assembly and a linkage system;
the latter: converts the measur-=
ing-motions of the gevernor to a
pointer indication. AN ‘the-units

are contained in the instrument.

tachometer

case, as is also the graduated dial

—around = which the pointer
sweeps, giving the desired R.P.M.
indications.

The linkage system comprises
such essential parts as the gover-
nor spring, a spindle, the plunger,
a ball, a jewel and the pushrod.
Other elements in this mechanism
are the pusher-arm, a rocking-
shaft, the sector, a pinion, ancl
the tapered handstaff to which
is attached the pointer.

The governor is a whirling
weight assembly ecornprised prin-
cipally of three weights connected
by links to a fixed top-collar and
to a sliding bottom-collar. There
are three sets of such links, one
s6t for each weight. Each link is

pivoted at both ends, allowing it -

to change its angular relation to
both weight and coliar, A gov~ .
ernor spring winds around the
spindle all the way from the top
to the hottom-collar. . o

- A flexible shaft from the engine.

CENTRIFUGAL TACHOMETER



ey '
i connects to the tachometer dr:ve
shaft, . As thé engine turns over,

this Aexikle shaft spins the drive -
shaft, thus rotating the gear: This

gear meshes with the spindle-
pinion, turning the latter at a
higher rate of speed.

'The entite whirling weight as-

round with the
Centrifugal force

sembly spins
spindle shaft.

is thus exerted upon the weights *

and this, naturally, causes them
to ly away from thée center of
‘rotation. The faster the shafts
rotate, the greater be¢comes the
centrifugal force. So the weights
fly farther and farther.

When the weights fly out. the
wottom-collar slides upwards and
this action squeezes the goverhor
spring together. The distance
which the spring moves, us it
compresses, is a measure ol en-
ginc speed.

But how is the motion of the
spring converted into .R.P.M.
indication? Explanation must
procced!

Inside the tachometer spindle
is a plunger. It is rigidly con-
nected to the bettom-collar by a
pin, Whenever the collar slides

along the spindle, the plunger at

the same time is pushed a corrve-
spending distance. Tiic ball is
forced against the jewel which is
set in the top of the pushrod.- The
pushrod is thus moved in the
same direction as the plunger,
pushing-the arms and,so rotating
the rocker shaft. An arm on the
rocker shaft engages the lever
attached to the sector.

As the sector moves, the pinion,

which is meshed with the sector,
rotates, turning the tapered hand-
staff. (The handstaff, remember,
is an integral part of the pinion. )
As the pinion and handstaff ro-
tate, the pointer which is attached
to the handstaf! deflects in a
clockwise direction giving the
increased R.P.M. reading.
A hairspring takes up play be-
tween the sector teeth and the
pinion teeth and so contributes
to. smooth operation of the
pointer.”

As engine speed decreascs, re-
duction_ in centrifugal forcc les-
seng ipressure. on the governor
spring, and. the laiter forces the
bottom-collar back toward the
bottom of thic spingle. The collar
carries thc plunxcl with it, estab-
lishing a veversal of ‘the troin ol
motiohs ‘previ usly listed. This,
naturatly, -resulfs in a 'lowermi

R.P.M. indication. .
And this ends the story of lho
ceritrifugal tachometer's work-

ings. But=—therc are tachometers

and tachomeétcrs, and we are not

{inished with the subject yet.
The - second’ principal type of

1. WEIGHTS

2. WEIOHT LINK

3. HAIRSPRING
4.'TOP COLLAR

5. BoTTOM COLLAR
6. COVERNOR SPRING

the engince rotates a small perima-
ncnt magnet. The poles of this
magnet pass close to a metal dis«
or dx um. Tlvis drum is free to turn
against a spring.  As the magnel
rotates, it excrts. magnetic force
on the drum. This force increases
with 1he speed of the maghet and
cauges the drum 1o take up a
position which c¢orvesponds to the
speecd of the magnet and thusis a
measure ol the speed of the en-
gine. The motion of the drum is
tfansmitted to the indicator hand
which moves 0\'(’1 a dial showing
R.P.IV.

The  third zmd most
type of :tachometer iz the elec-
tric tachdnieter. In the eleciric
tachometéer the output of the gen-

officient

~ erator (wlhiich is mounted on the

engine): is ;measuted by a volt-
reter calibrated to read in revo-
lutions per minute. ‘fhis tachom-

7.SPINDLE

8 PLUNGER

9. BALL

10.JEWEL

{l. PUSH ROD 15. PINION

12, PUSHER-ARM 16, TAPERED HANDSTAFF

13, ROCKING-SHAFT ST .POINTER i

14.SECTOR lB.ﬁ‘.}n
tachomecter is the magnetic ta- eter is better adapted than the
-chometer. In the magnetic ta- other two to the needs of a more
chometer, the flexible shaft from complicated and highly developed

airplane. Its grcat advantage is
that there is no long revolving
shaft so it may be practically
used when the cngine is located
at some.distance from the coclepit.

On a four-engine bomber, one
tachometer is not cnough. Each
cngine must have its own indi-
cator. In fact. more than four
tachomecters are required for four
engines, For not only do the pilot
and co-pilot ¢consull the diai; the
flight engineor must refer too to
its readings. Therefore, the flight
engineer’s station must have four
t:achometer dials and so must the
instrument panel at the pilot's
station.

Now in thec case of so many
tachomecters working so hard and
fast the problem of spacc usage
comes to the fore. Obviously,
c]ectt ical wires take up less xoom

CONYINUED ON NEXT PAGE
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3. ROTOR
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5, SYNCHRONOUS MOTOR
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9. RETURN PATH )
. 10.DRAG CUP
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I2.POINTER

. ALTERNATOR 7
] Courtesy of Bendix Aviation Corp.
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S.SYNCHRONOUS MOTOR

than shafis. Obviously, too, it is
simpler to achieve connections
and inter-connections by means
of electrical wiring.

Furthermore, the heavy flexible
shaft found in the centrifugal and
magnetic tachometer, due to its
length, tends to whip and make
the hand of the instrument oscil-
late, thus making accurate read-
ing difficult. In the case ol the
electrical tachometer, the only
connection between the engine
and the instrument consists of
two small wires.

Hence the reason for electric
tachometers on multli-engined
-planes.

The electric tachometer is com-
prised. basically, of two distinctly
separate units. One unit, an alter-
nator, is mounted on the in-
strument panel. The panel unit
incorporates a synchronous motor
which receives its power and
speed-controlling {requency—via
electric wire connections—{i'om
the alternator. The.synchronous
motor, driven byt the alternator.
in turn motivates the tachometer
indicating mechanism.

But let us get a mechanic's cye
view of the eleciric tachometer.

First in importance is the aiter-
nator. It is comprised of stator
and rotor. The unit is connected
to the tachometer drive shaft of
the airplane engine. As the engine
turns over, the alternator drive
shaft spins and with it spins the
rotor. The latter rotates inside
the stator c¢oil, generating an

ELECTRIC TACHOMETER

alternating current, ‘the ‘frex
quency of which varies directly
with the R.P.M., of the aircraft
engine. [Electric wires conduct
the current so produced to the
synchronous motor, mounted at
the instrument panel. Conse-
quently, this motqr, which oper-
ates the,R.P.M. indicator, dupli-
cates precisely the specd of .the
distant alternator.

The sc']f-staltmg synchl onous
motor also consists of:a stator coil
and a rotor. A small permanent
magnet and.its return path rotate
at the same speed’ a¢ the rotor.

» The solc function of -this whole
qsystem;is to-spin-the magnet.as-
sembly-at a-speed identical with
that of the engine tachometer
drive. The work. of the remainder
of ‘the mechahism .is to convert
the motion of the ‘magnet to a
pointer indication of engine
RP.M BA '

Among the units of the indi-
cator mechanism is the drag cup.
It is mounted on the staff. The
pointer is'attached to the other
end of this staff. Between the
pointer and the drag cup is a
hairspring. Note that the drag
cap wall is interposed between
the magnet and the return path.
There are no mechanical connec-
tions between the drag cup and
the.other two units.

Lines.of force. comprising the
flux or field of the magnet, loop
from the magnet to return path,
and back to the magnet—leaying
the magnet at its north pole and
re-entering at its south pole, thus
completing a magnetic circuit. As
the magnet spins, these lines of
{orce rotate with the magnet. In
so doing, they sweep through the
metal wallsof thedrag cup. When
a magnetic field moves through
metal, eddy currents are induced
in the metal. The eddy currents
thus induced in the drag cup
produce a torque, er rotative
force, causing the drag cup to
follow the magnet around.

The purpose of the hairspring
is to resist, to a certain degreé,
the rotation of the drag -cup,
These two opposing forces are
balanced in such a way as to pro-
vide a pointer deflection corre-
sponding to the R.P.M. of the
engine. The faster the "aivcraft
engine operates, the faster the
magnet spins. The intensity of
the eddy currents set up in the
drag cup becomes greatei’; and
the drag cup turns with increas-
ing force against. the halrsprmg..
This causes thé hairspring to
compress in a tighter spiral, thus
permitting the pointer on the dial
to deflect io -a higher R.P:M..
indication., »



THIS IS THE AIR FORCES PROVING GROUND

By BRIGADIER—GENERAL G ANDISON GARDNER

~Commanding General, A Proving Ground Command

-5

N the ground and in the
skies over Eglin Field, set
down :in the heart of the
Choctawatchee Nafional Forest in
northwestern Florida, the Prov-
ing 'Ground Command .of fthe:
Army Air Forces carries on its
" ceaseless mission, twerity - four
hours each day.

Here thé combat-worthiness of
aircraft, accessories, equipment,
and supplies is tested and evalu-
ated. Here, the performance
characteristics and the capabili-
ties of the combat tools of the
Army Air Forces are subjected
to gruelling- tests with-the single
purpose of proving their use for
tactical purposes, and of demon-
strating how they may be em-
ployed with maximum effective-
ness.

That the purpose and .the ob-
pectives behind the organization
of the Proving Ground are being
realized is already amply demon-
strated in a number of vital con-
tributions to the success ¢f the air
warfare waged by the Army Air
Forces in various theatres of ac-
tion. The very existence of the
Proving Ground is an assurance
and a concrete evidence of the de-,
termination of the Army Air
Forces to equip its combat units
with fighting tools that have been
tested and proved worthy, and
that represent the finest products
of American ingenuity and manu-

acturing skill.

The evolution of the Proving
Ground provides an interesting

istory in itself. The need for

¢h an organization became

lamly apparent as the nation
‘shook off its peace-time lethargy
and girded itself for defense. New
designs and developments in
combat- aircraft began to come
thick and fast. Developments in
‘armament, in the number and
type of turrets, in fire-control
systems. and items, in aircraft
ordnance, in all manner of ac-
cessories “and supplies, began to
pile up. -

Testing for research and ex-
perimental purposes was one
matter; facilities were available
and growing at the Materiel Cen-
ter and in the aircraft plant iab-
oratories. But the problem of "
determmmg objectively whether
these developments met realistic WHAT IS THE FIREPOWER of a 3-7 mm. cannon" AAF Provmg Ground

CONTINUED ON NEXT PAGE tests must determine this. Cannon is mounted on truck for testing purposes.
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METHODS OF GROUND STRAFING are practiced by an A~20 Douglas
light bomber at Army Air Forces School of Applied Taetics at Orlando.

EMERGENCIES ARE EVERYDAY OCCURRENCES for these AAF boys
who must test life-saving equipment. Crew of a B~17 takes to rubber boats.

GAS TESTS are highly essential. In this picture, boy takes sample of
gas from his friend’s oxygen mask. Another is using the Scholander tester.

combat conditions and met them
with maximum effectiveness was
quite another and equally vital
matter. Facilities for conducting
such tests were scattered, unor-
ganized, and meagre at best.

In the autumn of 1941, the Air
Corps Board, an advisory body
of the Chief of the Air Corps,
moved to Eglin Field, Florida.
The Board had as its function the
making of recommendations in-
tended to improve the Air Corps:
its directive required that such
recommendations be based upon:
the results of actual research and
tests. Eglin Field, with an ex-
tensive reservation and numerous
gunnery ranges, was regarded as
a desirable site because it pro-
vided unusual facilities for op-
erational tests and proving. On
May 19, 1841, Eglin Field was
designated as the Air Corps Prov-
ing Ground.

In July, 194}, a group, made up
of fighters and bombers, was as-
signed to Eglin Field and acti-
vated as the Proving Ground De-
tachment to implement the prov-
ing missions and conduct the
tests planned and coordinated by
the Air Corps Board. The even-
tual structure of the Proving
Ground then began to grow ap-
parent.

On August 19, 1941, the Com-
manding General of the Army
Air Forces, who had evinced the
strongest personal interest in the
creation of an effective Proving
Ground, addressed a letter to the
newly created Air Corps Proving
Ground in which he stated clearly
that the equipment and personnel
of the Proving Ground De-
tachment *will be used to test
air planes, equipment and new
gadgets and approve their use as
tactical weapons’’ The Proving
Ground became a reality. In its
initial stages, the Air Corps Board’
directed the planning and .co
ordinating activities.of the Proof
Department. The Proving De-.
tachment became the medium for
the actual conduct of test opera-
tions. )

But there were still other tran-
sitions to come, to fit the growing
needs of the -expanding Air
Forces, to meet the great need for
proving and testing the combat
capabilities of the fiood of new
equipment coming from labora-
tory and factory.

In March, 1942, personnel of
the Air Corps Board were ab-
sorbed in a series of organiza-
tional changes which resulted on
April 1, 1942, in the activation of
the Air Forces Proving Ground
Command, which was made re-
sponsible directly to the Com-
manding General of the Army




TESTING A NEW TYPE PLANE for evacugmon. of the
wounded. Such tmprovements are always worth a trial.

Air Forces. The Proof Depart-
ment was evolved into approxi-
mately its present form. The
Proving Ground Detachment be-
came the Proving Ground Group.
The reservation grew and now
incorporates the entire Chocta~
watchee National Forest, ap-
proximately six hundred square
miles in area and includes ten
separate flying fields and sixty-
seven distinct land and water
firing ranges. ~

A permanent and workable
organization was finally estab-
lished - which, save for minor
changes, represents the current

. .structure of the Air Forces Prov-

ing Ground. The Proof Depart-
ment plans and sets up the test
and proving programs, records
he results and delivers the re-

; LIERS ARE TESTED for carbon monoxide in blood
because it causes fetigue, illness at Righ altitudes.

Group is the operational organi-
zation'that actually executes .the
test: projects. (Proving. Ground
Detachments function also at the
proving groumds'located at Ab-
erdeen, Maryland; - Edgewood,
Maryland Hope, Arkansas; Mad-
ison, Indiana; Toocele, Utah and
Huntsville, Alabama.)’

The manner in which the Prov-
ing Ground functions may best be

demonstrated. by- examining the’

procedure to which a hypotheti-~

jected. Requests: for test proj-
ects emanate primarily from the
Commanding - General  of ‘the
Army Air Forces, and from the
Materiel Center, Wright Field.
A'typical request is made in the
form of a letter outlining the test
desired. The Tletter is accom-
panied by inclosures describing

. Section;
cal test or proving project is sub~

: OFFICERS STUDY MICROFILM to obtain wvaluable
information on living conditions in all combat zones

the equipment to be tested, out-
lining the purpose of the test, and
itemizing ‘the concltisions desired.
The” Chief of the Proof Depart-
ment and his assistant review the
request and evaluate it. It is then
assigned to the approprlate Proof
Department section. These are
five in number: (1) Bombing
Section; (2) Machine Gun wand
Cannon Section; (3) Tactical
Suitability Section; {(4) Radio
(5) Mlscellal‘leous Sec-
tion.

Once the request is in the hands
of:the appropriate section, a rough
draft. of the test program is for-
mulated. This program is then
examined - in - conference and
amended or. modified as appears
desirablet When the final pro-
gram is determined, it goes bHack’

CONTINUED ON NEXT PAGE

OLDEST METAL OXYGEN CHAMBER used just after
World WarI. What progress has been made in this field!



TESTING THE TRI-METROGON CAMERA which photographs 8000 sq.
miles of terrain per hour. Photography plays a great part in this war.

\
SR - J )

THIS WAS A TRUCK before it hit a land mine! AAFSAT 4-_day
orientation course demonstrates the use of. ‘wedapons and explosives.

to the appropriate section Wwhere
itvis assigned to a project officer.
A program schedule is drawn up
and the project officer of the Proof
Department turns ' the actual
testing assignment over to the
commanding officer of the Prov-
ing Ground Group in the form of
a directive.

The assignment is then turned
over to a project officer (flying
officer) of the Proving Ground
Group who does the actual test
work himself (fires the gun, flies
the plane, etc.) or who super-
vises the work personally. In-
stallations required for the con-
duct of the test are provided by
the Proof Department Planning
and Facilities Sections. Progress
reports on the project are kept.

The results of the completed
test are reported in a rough .
draft form prepared by the re=
sponsible project officers of both
the Proving Ground Group and
the Proof Department. If an an-
alytical study of the results of the
test is required, involving the aid
of mathematicians; physicists, or
statisticians, the Analysis Branch
of the Proof Department is called
upon for consultation and for in-
terpretation of the findings.

Once there is general concur-
rence on the results, the report is
submitted to the Proving Ground
Committee which consists of the
Commanding General of the
Proving Ground Command, the
Chief of the Proof Department,
the Commanding Officer of the
Proving Ground Group, and
Proving Ground Ordnance Of-
ficer. Here it is finally evalu-
ated, revised and approved. .

The completed version of the
report is then formulated and
disseminated to the organization
which originated. the request, as:
well as to other units to whom
such information may prove per-
tinent.

These testing and proving ac-
tivities have borne rich fruit. The
results grow more apparent each
day in the far-flung. theatres of
this global war.

American squadrons are wag-
ing successful war in the air not
only because they have the finest
training in the world and an un-
conquerable will to win, but also
because their fighting. tools have
been proved as the finest-and the
most combat-worthy equipment
this country can produceé, and be-
cause they have been shown how
to use those tools most tellingly.
The Proving Ground will con-
tinue to insure the combat-wor-
thiness of the weapons.of the
A A F by thorough testing,
thoughtful evaluation and pur-
poseful demonstrationof their use.



THE HIGHS AND LOWS
OF WEATHER

- N WINTERTIME, over a cold
continental surface like Can-
ada, weather observers would

be likely to find a great mass of
cold air.
This is a fact of great interest
- 'to us, if we are really going to
. delve into the mysteries of
- weather. Why is this so? How
-~ can we account for it? Here is
.~ the story.
. We know that a difference in
heating is the fundamental cause
of pressure differences.
 Research has discovered that
- certain portions of the earth act
like radiators, or heaters, for the
atmosphere,” and certain parts,
such as Canada, act like coolers.
Observers have noted that
masses -of cold air found over
Canada move frequently, spread-
ing down over the United States
and out eastward toward fthe
Atlantic Ocean; flowing like a
fluid and wunder-running - other
air because they are colder and
heavier. Such great cold air
» masses are called highs, because
they are, in effect, high pressure
zones where the air is heavier
and denser than the air sur-
rounding it.

As these high pressure zones
pass over reporting stations, pres-
sures are seen to increase until a
maximum pressure is reached
near their center. Then pressures
decrease until the station may
again be in a region of warmer
and lighter air.

Moreover, the forward edge of
these moving cold air masses is
marked (as we have seen in a
previous article) by weather:
that is, wind, clouds, and fre-
guently, precipitation. Observers
have correlated the magnitude of
this type of pressure change with
the intensity of the weather dis-
turbance that accompanies it. In
general, the greater the dynamic
change in pressure which is oc-
casioned by the movement of one
of these cold air masses, the more
severe is the weather disturbance
associated with it.

You can see now the:im-
portance of being able to extract
the 'dynamic change in pressure
from the other changes. For ex-
ample, certain portions of the
United States act like a battle-
ground for enormous masses of
air. . Some move down from the
north and others up from the

south. Sometimes the cold air
under-runs the warm and shoves
it back in a southerly and easterly
direction. Sometimes the warm
air over-runs the-'cold and drags
the forward edge of the advanc-
ing cold air backward in a north-
erly direction,

Suppose you had two pitchers
——one filled with heavy oil and
the other with molasses. You
stand before a large flat-top table
and hold the pitchers out at arms-
length at some distance from one
another and proceed to pour them
on the table. (We're not par-
ticularly interested at this mo-
ment in the fact that you’d be
making a pretty sticky mess of
the table.) The fluids would
spread out in all directions, their
inner edges eventually meeting
before your eyes in the center
of the table. The heavier mo-
lasses would, at a point of junc-
tion, stay underneath and the
lighter fluid, oil, would over-run
on the top.

You could also see very graph-
ically that, in terms of the
weights of the fluids, pressure
would be higher near the center

CONTINUED ON NEXT PAGE



THIS-PRESSURE & HIGHER
BECAUSE-ATMOSPHERE
IS'‘PILED-DENSERL
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of each fluid where the pouring
was taking place, and then they
would meet near the center of the
table in a valley-like depression,
where pressures would be at a
minimum.

Something very similar to this
actually occurs in the atmosphere.
Certain regions, north and south
of what we call the mid-latitudes,
act as regions in which air is
accumulated. That is, air piles
up, just as the fluids on the table
would pile up as a resuit of be-
ing fed in from aloft. )

When a sufficient quantity of
air accumulates in one of these
regions, it starts to fiow out, fre-
quently meeting another and dif-
ferent type of air in its journey.
The strange thing (to the lay-
man'’s mind) about these air
masses, is that they do not mix
readily as we might expect air
would do. Rather, they behave
just as do certain liquid fluids
of different densities. The denser
(colder) fluid remains on the sur-
face and the lighter (warmer)
fluid over-runs it.

In the atmosphere, these de-
pressions or valleys that we find
near the outer edges of moving
high pressure air masses may also
be zones of bad weather. It then
becomes extremely importa t to

GH

I0|7r
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locate them accurately, to deter-
mine their rate of movement and,
in effect, to decide or forecast
what kind of weather they will
produce when they pass over a
given point.

Tt should be apparent by this
time that the dynamlc, or
weather, change in pressure is
hidden, as a result of bei g part
of a total pressure change in
which the seasonal, the diurnai,
and the altitude changes play
a part.

How, then, do we arrive at
the amount or magnitude of the
dynamic cliange?

By taking all pressure reports
at approximately the same time
of day (and, of course, of season)
the diurnal and seasonal changes
are simply and effectively elimi-
nated from the problem. (This is
what we call the synoptic fashion
of making weather reports.)

It is more difficult to deal with
the altitude change. The fact that
Denver, Colorado, reports lower
pressures than St. Louls, Missouri,
certainly cannot be interpreted as
meaning that Denver is in a de-
pression ‘and St. Louis is in the
center of a high, The simplé fact
is that the elevation of the Denver
station is some 5000 feet above
sea level and year-round pres-

level.”

sures there will run lower than
thev do in St. Louis.

This difficulty has been some-
what obviated by a process calied
“correcting pressure to sea
It is assumed that all
stations reporting pressure dare at
a common level (called sea level)
and upland stations are corrected
to this level by adding an auto-
matic correction factor.

The present method of making

this correction is rather involved:
and not entirely satisfactory.. It:
will not be touched on here, and
it will suffice to say that in gen--:
eral it makes all station pressures
appear as though the station were
actually at sea level.

Having accounted for the three
individual types of changes, the
only pressure change that could
now make. itself evident would
be thé dynamic change. There-
fore, the allocation 'of ‘4 trough
or valley in the atmosphere, as
distinguished from the high pres-
sure hills surrounding it, is simply
a matter of plotting the reported
pressures for any given hour on
a map of the United States. A
line rnay then be drawn through
stations reporting pressiires
which are at a minimum.

We go further with this map
and draw upon it what are known



as isobars.

pressure are very similar tothe -
contour, lines of- constant ele-
vation on'a geography map. That
is, the isobar is a device for illus--
trating. the topography of the
atmosphere. .

Observers at weather reporting
statlons report their pressures
in terms ofa‘pressure unit known
as a millibar.. In effect, thé num-
ber of mllllbars‘ expressed is-sim-
ply a means of iadicating the
weight, and therefore the height
of the atmosphere over a given
station. A more detailed discu s-.
sion ‘of the unit is not essential
here. It should be obvious that
a pressure ofa thousand millibars
is higher than one of nine hun-
dred-millibars,

In the drawing ‘the hlgh pres-
sure air mass lying over -the
Canadian border has a. central
closed isobar labelled 1017 milli-
bars—which means simply that
all pressures within this isobar
are 1017 millibars or more. Cut-
side that is another closed isobar
labelled 1014 millibars, which
means that all station pressures
between this isobar and the inner
isobar range between 1014 and
1017 millibars. This is very simi-
lar to a statement regardmg
elevation on an ordinary: geo-
graphical map, whereby we night
say that the central 1017 isobar
marked the top of a hill and
~within it all terrain was a thou-

-sand feet in elevation or higher.
- "The next isobar might be likened
.to-a lower elevation contour line
~and so on. If weather maps were
 colored in gradient tints, as our
. aviation strip-maps are, to show
- elevations, a “high” would be
~brown {hke a mountain peak)
»and a “low’ would be green (like
“-:a valley). Although we cannot
~gee it, the topography of the
'atrnosphere is a maze of surging
mountains and seething sink holes
- passing above us.

- 80, in short, whenever you
~wish to know the average pres-

. sure of any portion of the at-
- mospheric terrain, it

is only
necessary to look at. the isobars
that bound it—for its pressure
must range somewhere between
these two values.

A cross-sectional view of a
weather map, as in Figure 2,
shows the presence of isobars in
a vertlcal plane. Air which, like
water, is a fiuid and is affected
by grav1ty, flows around. these
atmospheric = mountains, falling
away from the “highs”'and emp-
tying into the “low” valleys. Note
then that pressures decrease, not
only as we mowve out from the

Isobars are lines of
equal-pressure. - In drawing, you
can see how these lines of equal =

5, soams (uuss oF E@um. 9I2ESSLIQE)
werem' in MILLI BARS :

center of a high, but also as we
move up from the center.

Take a pencil and draw a line
out from the center of the high
pressure cell illustrated. You will
find that you are crossing lines of
lower and lower ‘pressure. Then
take your pencil and draw a line
up from the'center, and again you
will see that you are crossing tines
of lower and lower pressure.

This is exactly what does oceur
in the atmosphere within one of
these high pressure centers—and
this change in pressure is referred
to as a gradient. We may speak
of a horizontal pressure gradient
and a vertical pressure gradient,
meaning the rate of decrease in
pressure along a horizontal sur-
face or the rate of decrease in
pressure as we ascend along a
vertical line.

The spacing ‘of the isobars. is

also important, for it tells the
approximate difference in pres-
sure between two points. If the
isobars are close together, then
pressure is changing rapidly and
the push creating wind will be
large. If they are far apart the
pressure ‘force causing winds will
be small.

In terms of what we have called
pressure gradiemnt, the gradient
in the first case will be steep and
in the second shallow. Practically
speaking, this all means that in
any pressure field where the iso-
bars are close together, winds
will be strong, and in any pres~
sure field where they are far
apart, they will be weak. In gen-
eral, since the spacing of isobars
in lows is usually niuch closer
than in highs, the wind velocities

‘in' lows will be greater than in

highs,



CAP

CADET
SCHOOL

New CAP Project is a Splendid Community Experiment
Offering Free Courses in Fundomenfal Aeronautics

HE ONCE large and proud

Civil Air Patrol Squadron at

Orlando, Florida, was almost
decimated.

For months the Squadron, offi-
cially known as 414-1, had been
recognjzed as one.of the largest
and finest in the South. Air-
minded citizens of the progressive
city of 52,000 had formerly wvied
with one another to becofie

members of the elite organization.

The war had made its demands
upon fhe - personnel “of the
Squadron. Between the squeeze
of the draft, voluntary enlistment
in the armed services,. and the
need for:CAP members on anti-
submarine patrol, there seemed
little hope for continuing the
Squadron. It is no wonder the
remaining members sat around

glumly one night last. December:
in the municipal airport office.

Iﬂdeas were suggested, only to fall
at.

Perhaps a pinch of necessity
seasoned with some downright
hard thinking is required to pro-
duce a really good idea. No one
knew exactly who originated this
one. But before the meeting had
ended, members were excitedly
discussing the prospects of form-
ing a Civil "Air Patrol Cadet
School at Orlando. |

“Fellows, it’s the ohly way we
can continue to.justify. our exis-
tence as a patrol. We've got to
teach 14-17 year-old boys and

girls the fundamentals. of avia-. -

tion. ' Regardless of whether they
go into civil or military aviation,
or whetlier they becoine CAP
members, a school teaching such

=



ENGINE PERFORMANCE of Lusco’mb’e 8-A explained
to two Cadets by CAP Training and Operations Officer.

fundamentals will enable them to

help themselves in the world of

aviation when the war is over,”

Commander J. B. Dyer told his

Squadron members.

The entire CAP membership
endorsed the idea that night.

Lt. Don Stremmel, operations
and training officer, and 1local
manager of National Airlines at
Orlando, together with several
other members, were ¢&harged
‘Wlth working out a detailed pro-
gram. The curriculum of the
proposed school not only had to
be appealing to the Cadets, but
had to be carried on with little
or no expense. . The Squadron’s
funds amounted to less than
$100.

The committee headed by
Stremmel first developed a theo-
retical program on paper for a
group of 50 high school girls and
boys in the 14-17 age group. It
was the concensus of the patrol
that the Cadet School! would be
iucky if they obtained 50 Cadets
who would follow a program to
k mpletion.

A: six - months period of in-
struction was worked out. About
20 regular CAP subjects already
familiar to CAP members were to
be studied at the start of the pro-
gram. They included military
courtesy and discipline, civilian
defense regulations, first aid, in-
terior guard duty,” defense
against gas, airplane and engine
mechanics, and organization of
the Army, Navy, and Army Air
Forces.

Later, when the students had

. advanced far enotigh, it was
planned to offer air navigation,
Morse Code, metedrology, para-
chutes, care and use of firearms,
jiu thsu theory of flight, and civil
air regulations.

Members were hopeful that if
instructors and facilities could be

made availahle, students would
also receive primary and basic
flight training, Link trainer in-
struction, and possibly advanced
flight training.

The Cadet School was divided
into four semesters of six weeks
each; two nights weekly and two
hours each night. Thus each
semester provided 24 hours of in-
tensive instruction.

When the plans rwere com-
pleted they were outlined to high
school principals, members of the

board of ‘public instruction, and °

school trustees. All groups
pledged full cooperation. = The
trustees readily assented to the
use of two classrooms in a down-
town junior high school, each
Tuesday and Thursday evening.

At first, CAP members agreed
to do ail he instructing. It soon
became apparent that men with
more advanced technical knowl-
edge would be needed. Officials
of Orlando. Air Base and Army
Air: Forces School of Applied
Tactics agreed to permit some of
their technical officers to donate
spare time if. they wished. Sev-
eral navigation and meteorolog-
ical officers, agreed to donate
two evenings each week,

The setup looked perfect. Now
it became necessary to interest
the 50 boys and girls to take the
courses. The local high school
principal was pessimistic.

“The boys
enthusiastic about every new
thing that comes along, and want
to join it. You'll probably get a

* good crowd tlie first night, After

that they’ll drop out quickly,”
he remarked.

“All right, ‘then,” Dyer dé-
clared.. ““Let’s go before the boys
and: girls at one of the high schooi
assemblies. Let’s put the prop-
osition _squarely before them.
At the start let them understand

and girls are

.tors. A

PRACTICAL INSTRUCTIN is offered to serious
boys and girls in CAP airplane mechanics classes.

we’re not fooling, we mean busi-
ness, Let’s tell them honestly
tliat we don’t want them to. take
the courses unless they are
serious, and that if they don’t
keep up to passing marks they’ll
be dropped as Cadets,”* he as-
serted.

When the CAP committee ap-
peared before 1,400 high school
students one morning, they
minced no words. They brought
mimeographed questionnaires
which interested boys and girls
were asked to fill out, only if they
were serious about the matter.
Those  filing applications were
given prepaid postal cards which
parents’ or guardians were re-

-qulred to fill out granting per-

mission for their son or daughter
to attend the school. Parents and
guardians were urged to attend-
along with their boys and girls.

How carefully the program had
been designed, and how well it
appealed to the youths became
apparent in the initial enroll-

- ment, Instead of 50 youths en-

rolling, 198 appeared the ' first
night of classes. Two classrooms
overflowed; and the halls of the
school were jammed with pros-
pective Cadets.

CAP members felt disinclined

-to turn the boys and girls away.

They quickly revamped the pro-
gram. School board trustees
offered four more classrooms, a
gymnasium and auditorium in
the same junior high school
building.

During the first semester vari-
ous CAP members, including a
woman member, acted as instuc-
local police official,
graduate of a Red Cross first aid
school, taught first aid.

When the first semester ended,
average grades for he Cadets
were 84 percent, higher than the

CONTINUED ON NEXT PAGE |



HANDLING OF FIREARMS is taught in CAP school.
Class work is supplemented by heavy range practice.

CAP OBSERVER

CONTROL STICK OPERATION is the lesson for this Cadet Commgnder.
Actual experience augments theoretical knowledge at the Orlando School.

¥

average at the local high school.’

Six honor students in each class
were awarded airplane trips. as

- anti ncentive to other students

to work: harder during the next
semester. Of the 198 who en-
rolled at the beginning, 156 com-

pleted the first semester, about '

79 percent. CAP members had
counted on a 60 percent dropout
instead of 21 percent. ;

When the second semester
- opened, the enti e 156 Cadets
who had completed the  first
period were back in classes, plus

26 new Cadets selected from a -

long waiting list,
~ Army officials had ' become
greatly interested in the school

Several young Air Corps officers
began teaching the more tech-
nical subjects in the second
semester. Lt. Col. William H.
Fillmore, comniandant of the
Orlando Air Base, paid an official
visit to the school.

“May I commend you and your
staff for your patrxotlc tireless

-and successful mannex in which
' you are doing more than:- your

bit to win the war on the home
front. Your teamwork coefficient
is an actuality,” he declared.

-~ Shortly after Col. Fillmore’s
visit, A my Air, Co ps sound
movies were made available to
the Cadets. They d amatized
many of the subjects whlch were

AIR NAVIGATION classes are of major importance
in the curriculum of these CAP pre-flight students.

in the curriculum. -
The first half .of the program .
cost only $27.72, all of which had

been paid from the Squadron

treasury. All instruction had
been donated, and school author-
ities asked no rental for use of
the classrooms, gymnasium, au-
ditorium and other facilities.
CAP members are not yet sure

‘whether flight training and other

advanced subjects can be offered
the Cadets.

“Of this we are sure,” Dyer
declares. “We are providing
fundamental instruction in avia-
tion to these boys and girls, and
they're soaking it up like
sponges. What tliey learn in this
Cadet School will be a solid foun-
dation from which to carry on in
civil or military aviation, in the
air or on the ground.”

CAP members sound a sahent
warning, however. 1t is this: i

“The entire success of similar
schools will ‘depend largely on a
positive. program. Boys and
girls will not stand for a wishy~
washy program of ' instruction.

. "And they will demand a teaching

staff both adequate and capable:
of offering the hlghest quahty of:
instruetion.”

Orlando’s Cadet School may

usher in an entirely hew conc pt

in the training of air personnel ;i

for the armed services or civil
aviation. The Cadets have proved
they want such'training, and they
have shown they can ‘absorb it.
The project is certainly worth-

while and bears watching. It is
hoped that similar enterprises.
will be inaugurated in other parts

‘of the country.’ ‘The youths have

shown themselves serious, and

- fully capable of mastermg the

subjects being’ faught It may be

“the answer to the woﬂd of flight

to come




* kk

FYOU like'to know what makes

pla es tick—the whys and

hows of all that’s mewest in
automatic devices, " life saving
contraptions, deadly weapons,
and plane parts-—you'll be really
keen on the AAF Power Show
which is currently featured at
the New York Museum of Science
and Industry and slated to stay
until March.

This exhibit is keyed for ci-
vilians and shows the tremendous
technical strides made by avi-
ation under the stimulus of dire
war-time necessity.

Equipment for the major ex-
hibits has been supplied by the
Air Service Command of the
Army Air Forces, which directs
the supply and maintenance of
all AAF planes throughout the
world and handles over 500,000
different kinds of items.

Several battle~-scarred fighters
bring the tumult of war to our
ears right in the heart of Rocke-
feller Center. A stubby-nosed
P-47 Thunderbolt holds court in
the main retunda. Its wing sec-
tion is cut away so the .50 calibre
machine guns may be seen.

High above, a P-39 Airacobra

; ~with spinning propeller looks

down its narrow aristocratic noge

- at the milling spectators below.

‘This plane is suspended from the

I ceiling with the famous 37 mm.

~cannon plainly visible in its nose.
.~ The electrical system of a P-40
fighter presents a bewildering

£ array of gadgets, levers, connect-

. Ing mechanisms and vari-colored
“lights. Even the most uninitiated,
‘upon beholding this labyrinth of

- controls, will find his fingers itch-
=~ ing to try them out and see ‘what
~ happens. But he’d better learn
- what's what before he tries to

assuage the itch in some real
cockpit. This is a pretty serious
business. The lights supply con-
stant information to the pilot
about his ship’s performance. In
addition to- his instrument. panel,
the pilot has running, formation,
a d landing lights. Through his
lighted gunsight he peers at
enemy targets. The touch of a
button on his control stick sends
electric power through solenoids
to fire his guns. Instrument panel
.switches give him: the choice of

CONTINUED ON NEXT PAGE

AAF POWER SHOW features Republic Thunderbolt in main rotunda.
Overhead is a Bell Airacobra. Technical exhibits line walls and staircases.

P-40 NOSE AND COCKPIT bearing insignia of Flying Tigers. You can
bet the Japs don’t feel so happy when they see these 2éro-eaters coming.



AIR FORCE SHOW GETS ONCE-OVER from the Navy. This sailor ap-
pears deeply interested in the complicated electrical system of ¢ P-40.

guns he can fire.
ing cools guns between bursts.)

Many mechanical revelations
are in,store for the wisitor. He
may examine the hydraulic sys-
tem of a B-25, which controls
landing gear, wheels and flaps,
and bomb bay doors. He will be-
come - acquainted with the far-
famed, almost humanly sensitive
“George,” the automatic pilot
which is now an incredible re-
ality. He will study the Turbo-
supercharger (which means su-
periority in aerial combat, for
the plane with the highest ceiling
has the advantage in any fray)
and the latest oxygen system
(so constructed that it is free
from the dangers of explosion and:
fragmentation, in case it'is struck’
by bullets). Aireraft engines of
many types are there too, for all
to see. :

(Alternate fir~"

In full view is a Power Turret
with its two .50 calibre machine
guns which spit death from the
sleek ple‘u-glass domes.

There is an extensive display
of life saving and emergency
equipment for various climates
and conditions. Here is the “flo-
tation suit” quilted with chicken
feathers to give it buoyancy.
Methods of parachuting supplies
to marooned personnel are . also
illustrated..

Exciting in its implications is

the cockpit section of a Curtiss
P-40 fresh from the battle front
and bearing the insignia of the
noted Flying Tigers of: China.
Those vicious~looking teeth

painted on the nose actua_lly re-.

mind one more of & man-eating
shark than of a Tiger—and 'you

can bet this plane is a Zero<eating
shark when it’s’in action!

CLOSE ACQUAINTANCE with
P-47propellerawakensreal respect.

Ah—and here is & Douglas
A.20—a light bomber holding it:
own among all the lusty little
fighters. Authentic bombs occupy
theracks. Forward is the “green=
house” (Bombardier’s compart
ment) with it§ panel of switches
by which the bormbardier selects:
the bombs. to be released. i

Some  splendid . examples of
aerial photography
literally gaping in amazement at
the progress which has left. our
previot s modest eonceptlons far
behind.

Such are the hl"hllghts of this
Power Show :. ~and " there’s
plenty more to see, as well: For
those who will be in New York
some time soon, this may be only
an appetizer.. For all who will -
not—we hope you’ve enjoyed this
short wvisit,” It's been fun having
you with us, ; ot

leave, us .



"OKAY-TAKE 'ER UP ALONE"

You've shot two or three landings and
now you fiddle with the stick and stretch
your legs and look to your instructor.

- And then he climbs out and says the
: words you've been waiting to hear all
your life,

**Okay, take "er up alone!”
There’s just you and your plane now.

~You gun the engine . . . you thunder
“~down the runway. You swallow once or
twice and then. .. you're off the ground.
Up—up—gaining altitude every second.
Your left wing-tip dips just a hair. And,
as plainly asif he were stillthere in front
of you, comes the order, "Get thac left
wing up.” And you pick it up without a
second’s hesitation.

You.circle around. And all at once you
wish Mom and Dad were there in the
stagehouse watching. Somehow it’s like
the time you made your first touchdown
—and they'were in the stands. And you
felc great hecause you knew you had to

FLY AND FIGHT WITH THE

make good—and you did.

Now, bring her down, Your instructor’s
watching . . . It’s got to be good. Easy
now. Mustn’t hounce ’er around. Okay—
here you go. The earth slides up smooth
and easy . . . the wheels touch ... and
she’s down . . . she stops rolling! Per-
fect! You taxi back to the stagehouse and
step out of the cockpit.

And as you walk away from your plane,
prouder than you’ve ever been in your
life . . . and your instructor shakes your
hand . .. you kénow . . . you're going to be
a pilot! A pilot in the A.A.F.!

U. S. ARMY RECRUITING SERVICE
For mware fntormation 3ee locat Aviation Cedet Examiniag Bosrd

ARMY AIR FORCES

T0 MEN OF 17...%

Go t0 your nearest Aviation Cadet Examining
Board today . . . take your preliminary examinas-
tions to see if you can qualify for the Air Corps
Enlisced Reserve. If you qualify, you will receive
your Enlisted Reserve insignia but will not be
called for trainlng until you are 18 or over.

When called, you'll be giveo 5 monchs' tnmmg
{aftec n brief conditioning period} in one of
America's finest colleges ., ; you'll gee dusl.conrrol
ilying idstruction . , . then go on to eight months
of full Aight treining and graduate as ¢« Bombac-
dier, Navigator or Pilot. And when the war is
over, you'll be qualihed (or leadership in the
world's greatesc new induseey=—Aviation!

Mesnwhile see your loca! Civil Air Patrol officers
sbout mking C.A.P. Cadet Training=—slso your
Hikh School principal or adviser about recom-
mended courses in the Air Secvice division of the
H1gh School Victory Corps. Both will sford you
valuable pre-aviation usining.

{Easentlel workers §o War ledusiry or Agrkcultura—do net spply)

For information reparding Naval Aviation Codwt Tvaint n, aosty
ol any Naval Amlbn Cadel Selection Boord or axp Nmt

(Hng " or.if you are (m JAa Navw, Marime
Esmmeam==m  OO%st Guard. -upl- throwgh povr -.-—-ﬂm
e A" ofeww . . TR has th
-nm:e(m Av-! Nni Pereanoel W

GREATEST TEAM IN THE WORLD
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START EARNING YOUR PAIR

OF ““SILVER WINGS” NOW!"

Help yourself get the COMMISSION
You 'Want in the Air Corps! Prepare.
for o Belter Rank ond Higher. Poy!

PRACTICE TES s

...is the onec and only

book of its kind] And it's the

book YOU NEED if you wish to qualify for
an OFFICER inany oncof the fotlowing fields:

¢ PILOT, NAVIGATOR * ME EOROLOGIST

» BOMEBARDIER * ENGINEER
s GLIDER PILOT * MECHANIC
* ARMAMEMTS ¢ COMMUNICATION
¢ PHOTOGRAPHER OFFICER

“Air Corps Practice Tests™ contains a complete and com-
prehensive series of Questions: und Answers on every
one aof the ten important fields of aviation. 1t helps pre-
pare you for the tests chat will be given to you when you
enter the Air Corps. If youare alreadyin theArmed Forces
andw.-mlmxwu(rhovcrto[h:mr( orps, this book shows

ou how: provides informatiop you ne If you want to
E fnme an Aviation Cadet, this book will be an Jinvalu-

© asser.

“Alr Corps Practice Tests” shows you how to pick your
branch, what are the qualifications and specifications,
-trmnim: details, opportunities, schools, my. etc. Thou-
sands of men...in the Services and OuE..,ate prepac-
D IE‘JO'E'COHATTI'”")“IS 1 ORDI.!{‘R COPY now!

any longer! your now
ath big printing . . . 75,000 copies sold already. Only $1.50

Generol Aviation is Sopply Heodquarters for
Avictorsi Student Aviators! Future Aviotors!

‘Wo {€oiureavery oook now hetag publishod an the subject of
-aviolion. Alsq oviolion mnvvmcnl: waorlnpapporel and gomes.
Whea In New York, don't fail 10 visit our Made: Plane Shop,

‘Order by mail! Use this coupon!

OINERAL AVIATION SUPPLY €O,
12 East 46th S tree!, Naw York 17, N. Y.

Pleasa tend me ... copies of AIR CORPS PRACTICE"
VESTS. | will poy potimon $1.50, plus faw cents portoge

ADDRESS .

vy, STAYL ~
NOIE, wo porpo.vana ifYou remil w.u. ed.y

T T T T

nwn----------—m-*------
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. feel too, you'd better get around

GLENN CURTISS —
AldenHatch

This book is the biography of
Glenn Curtiss and the story of
those epic first days of the air-
plane.

Curtiss’ revolutlonary contri-
butions to the staying success of
the airplane—the aileron, the
tricycle landing gear and the V8
water-cooled motor are fully dls-
cussed lere., So are his feats in
air and on water (lie was the first,
man to ly from and land on
water),

You are taken back to the
Aerial Experiment Association,
founded by Alexander Graham
Bell, Glenn Curtiss {then a mo-
torcycle manufacturer) andLieu-
tenant' Thomas Selfridge, one of
the first officers in.the Army to
foresee the military' significance

“of aviation. This.society was an

invaluab} e sponsor of aerial study
and investigation.
In Wérld War I Glenti Curtiss’

- Jenny—JN-4, blazed its way in

uropean skies, to military suc-
cess. . In World War II it’s .the
Curtiss P-40 and the Curtiss dive
bomber that have helped to make
our air fleet formidable.

This book 'gives an excellently
detailed background of aviation

‘at the same time that it describes

the life and achievements of one
of our foremost leaders in avia-
tion—a man who helped to make
the airplane what it is. Julian
Messner, Inc, 8 West 40th St
New York City. $2.50.

MILLION-MILER—

John R. Tunis

This is the story of Captam H.
J. Zimmerman, chief pilot of the

« Atlantic Division of Transconti-

nental and Western Air, Inc., who
has flown two million miles and
spent 15,000 hours in the air!

Captam Zimmerman (who"is
now a Major—in the Air Force
Ferrying Command) has. a lot of
“first’s” to his credit. He piloted
the first scheduled flight into La
Guardia Field, New York, when
it was_opened to traffic in 1939.
Back in 1934 he took up the first
DC I He was at the controls of
the giant Boeing .Stratoliner
which set & transcontinental rec-
ord for 'a scheduled transport
flight on 1ts blrthday trlp m J u]y
1940.

It's a story of another Amen—
can boy who just had to be & pilot
—or else. If that’s- the: way you

to this book quick. Julian Mess-~
ner, Inc.,, 8 West 40th St, New
York City. $2.50.

A PILOT'S METEOROLOGY—
Charles Graham Halpine :

The basic principles of meteor-
ology——~without mathematical
formulae, advanced physics or
differential equations—are pre-
sented here not for the meteor-
ologist but for the pilot who has
to cope with those weather con-

ditions which the meteorologist -
An ex- |

predicts and describes. :
ceedingly valuable “primer” for
~the pilot who wants to know the
fundamentals about air currents
and winds, 2ir masses and clouds,
who wants; in fact, to understand
that: upper part of the world
where he spends so much of his
time. D. Van Nostrand Co., Inc.,
130 Church Street, New quk,
N. Y. .$2.%6.

'SEMPER FIDELIS—
- Keith Ayling

How is a Marine “built"”? What
makes him about the toughest
fighter in the world, with'leather
lungs and steel ribs, a'lion's heart,
and a spirit that never says die?
Would you really like to know?
This book will tell you!

You’ll read about their pro-
gram of training—which includes,
incidentally, about everything
that a soldier needs to know in
this highly technical war-age in
defensive and aggressive action
—from tending barrage balloons

and fiying gliders to fighting as
Rangers or Paratroopers. You'll: :

also get a dose—in print---of what
it's like to walk through a. jungle:
where Japs are tied in palm trees,:
so camouflaged you can't tell the:
difference between a Jap and the

foliage, what the aerial combats
over Midway were like -and—
y es—Wake Island! No history of
the Marines is complete without
a-story of that rugged and glori~
ous defense, <Houghton Mifflin: -
Company, 2 Park Square, Boston,

Mass. $2, {IG e '.
THEORETICAL HYDRODY-
NAMICS— . i :
L. M. lene-Thmnpson
This book presents a clear and
methodical 1ntroductury ‘exposi-
tion of the mathematical theory
of fluid motion, which will be

useful ' in applications to both

hydrodynamics ‘and aerodynam-

. icsi The author: is professor of

mathematics in'

e Royal Naval




Coil_é_ge, G:_':"é.enwi'ch, England. .

The book has grown out of his
lectures to junior members of the
Royal Corps of Naval Construc-
tors on:the theory of fluid motion.
‘MacMillan Company, 60 Fifth
.Avenue, New York- City. $8.75.

NAVAL AVIATION 1943—
~ This text has been prepared by
.the Training Division of the
Bureau of Aeronautics, Navy De-
partment. It discusses the desig-
nation of naval aircraft; pilot
procirement; flight training;
marine corps aviation; coast
guard aviation; -aircraft arma-
ment and communications, and
other fields of technical informa-
tion. A “must” for cadets and
those whoplan to fly and a worth-
while reference book for every-
one. United States Naval Insti-
tute, Annapolis, Maryland. $2.00.

A MANUAL OF AIRCRAFT

DRAFTING—

Carl Lars Svensen

Procedures which have become
standardized in aircraft drafting
rooms but have not been made
‘generally available for reference
use are discussed in this book,
which is one of the first to effi-
ciently cover the subject.

The drafting practices which
have developed in aviation to
meet the requirements of design
layouts, specn‘icatlons, etc. are ex-
plained.

What's more, if you haven’t had

a course in mechanical drawing it
doesn't matter. You will still be
able to understand ‘this book be-
cause the first' chapters give the
necessary instruction for the use
of the graphic language. D. Van
Nostrand Co., Inc:, 130 Church
St,, New York City. $2. 00.

PRINCIPLES OF AIRCRAFT

ENGINES—

Bert A, Shields

A pilot has to know his engine.
Any boy who hankers after flying
will gain a, fine 'preliminary
knowledge of aircraft engine-
ology from this book which is,
incidentally, one of a series
concerned with introductory avi-
ation, The material is clearly and
cleverly ‘handled. McGraw Hill
Book Co., 330 West 42nd St., New
York City. $1.88.

The AIR NAVIGATION article,
PLOTTING THE COURSE which
appears on Page 27 of this issue,
is the third of a series of eleven
articles written by Commander
Scott G, Lamb, U. S. N., which
will appear
FLYING CADET. All eleven
parts are published in book form
by the Norman W. Henley Pub-
lishing Company. Copies of AIR
NAVIGATION FOR BEGINNERS
by Commander Lamb may be
purchased at bookstores or from
the Norman W. Henley Publish-
ing Company, 17 West 45th Street,
New York City, $1.50 postpaid.

"‘Hur_ﬁéq:_zé‘ nehing, it’s d' slow leak we have to fix.”

consecutively in.

SENT ON APPROVAL!..

~PREFLIGHT

TRAINING

HOME STUDY TEXTS

Getinto Aviation with the help
of these 41 easily understood,
profusely illustrated study texts
{from our 6-vol. Aviation set),
separately bound for convenient’
reading, reference and carrying in
pocket. Wide range of vitally hu-
' portant subjcct¥s, including The-
ory -of Flight, Aerial Navigation,
Aurplanc Constiuction. Engincs,
Repairing, Parachutes. AesialPho-
togroplly and socores of others
wlich you should have. All texte written by ex-
perta. Quizquestionsand answerson all subjects.

Sent Promptly for Examination

Mall the coupon today. Send no money. All 41
texis will be shipped at once for examination.
A full year'sconsulting service by our engnecrs
given without extra charge: Take zdvantage of
this opportunity NOW,
AMERICAN TECHNICAL SOCIETY, Dept. F118
Vecational Publishars since 1888
Draxel at 38th Bt., Chaggo 37, Cilomiy

Senblos 10 8ays trint NEW {1 PRESFLIGHT TRAIN-
ING TEXTS. [ will pay the delivery charges oaly, If §
wish T mayretum textatn. 10days asd owe you vothing,
But f Ihce P ehem § will ecnet you $Z.00 after teo dAy?, then
oaly $3.00 0 moath until $14.80, tonal price, Is Daid.

e v sy U S .

AQIEES. o s vvevambur mubssmmrn e d e ————

Please nttuch lotter stating ags, occunmn -mpl ar'a numa and
wddrean snd that of st least ene business man n refersnce, Men in
nervice, also plrase give homs address.

GLIDER BLUEPRINTS

Available for Immediaie Use
1. UTILITY TRAINER—-2 PLACE
side byside. Dual controls. Has
N registered number.

2, HIGH PERFORMANCE SOARING
GLIDER corrles CAA, NR license. Side
by side, trophy winner sailpiane.

3. PRIMARY GLIDER, simple design and
sonstruclion, ' Can soar. Open ocockpit,
4. PRE.FLIGHT TRAINER, rygged, safe,

fool-proof, PDesigned for beginners.
Collfarnlo Aazo Glider Co. Inc.
WRITE: Doet, FC-J.1529 W. 62nd Stroo!
Lot Angelas 44, Callfornlo

\ 801y POEMS wanited o

AVIATION & PATRIOTIC POEMS[ 4
TO BE BET TO MUSIO
Eend your Poemg for cur pew ofter sod FREE
“Bhyming Dictionary" today
Phonograph Records Made
VANDERBILT M'USIC STUDIOS
% 11

CONEY ISLAND, N. Y.

CHANGE OF ADDRESS

If you are moving from one acd-
dress to another, please notify us
as promptly as possible in order
to avoid delays or any copies of
the magazine going astray. Notice
of a change of address shouvld be
received by the publishers at least
30 days in advance. Always be sure
to include in your notice both
your old address and your new
address, Flying Cadet, 420 Lexing-
ton Avenue, New York 17, N. Y:
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FLYING CADET BY-LINES

RIC SLOANE
familiar to all who are inter-
ested in aviation. Mr. Sloane,
whose illustrations, guizzes and
articles have been appearing in

is a name

FLYING CADET, is both artist
and author. He is a pioneer in
the cloudscape as a new field
of art and almost every well-
known flier owns a Sloane

painting.

As author, he is known for
his CLOUDS, AIR AND WIND
which is an accepted textbook
in Army, Navy and technical
schools, and for CAMOUFLAGE
SIMPLIFIED. He also did BODY
IN FLIGHT, a Technical Order

for the. Army Air Forces which -

describes the effects of flying on
the human body. Other books are
soon to appear.

He has
WINGS; LET’S FLY, and many
other aviation books, and has
done murals and .advertising art
work for the aviation industry.

Mr. Sloane studied at Yale and
at the'New York School of Fine
and Applied Arts. He took up
flying in 1930 and became inter-
ested in meteorology as a means
of attaining authenticity in his
cloud murals and paintings. He

‘'spent ten.years studying clouds

and cloudscapes at Taos, N. M
Mrs. Sloane; who has to her credit
many hours in the air, has done
much: photographic research for
her husbkand’s cloudscapes,

illustrated © YOUR

QUIZ ANSWERS

Questions on Page 4 7

1, The wingspread of the Bell
Airzcobra is 29 ft. 8 inches. 2,
Increase of all speeds would be
necessary to maintain flight in
the thinner air encountered at
high altitudes. ‘3, Millibars are
used on aero weather maps. 4,
Thermals are 'rising warm air
columns. 5, Kites would be in .
order in this gale of 47 to 57 mph
wind. 6, Showers are indicated
by these inverted triangles. 7,
High explosives—Keep Away! 8,
Don’t Land! 9, 1.15 statute land
miles equals a nautical mile.

Notice to Servicemen

Unless you are certain that your
address will remain the same for
an appreciable length of time, why
not have FLYING CADET sent to
your home address? In this way,
you may be sure of receiving each
issue. régularly.

Frequent changes of address
make it difficult to insure prompi
and regular delivery of the maga-
zine and may cause your copy to go
astray.

Solve Flight Reckoning Pro

Simplified Flight Calculator

as used by many cadets in

U. S. ARMY PRE-FLIGHT, PRIMARY, BASIC AND ADVANCED TRAINING

This calculolor, because of its utter simplicity, bat also bean
“adopted nationally by high schools and callages tha} cre
giving pre.fighs' navigation courses. The SIMPLIFIED FUUGHT

CALCULATOR

1) Qroctes vector Mnnglu by itsown wnlnq; when it I8 setto any

given problem

2) Glves carrection for wind

3) Gives carrection for drif!

4) Corrects for drlé by Mlangulation

8) Gives corrections for drif] In cegeoes

6) Shows radius of aclion

7} Cotrects frve course lo compass ¢ourse

8) Corrects compo3ss courie lo PuL course

9) Converts indicated air speed to true air spaed
10) E-!lmo'u time of arrlval
11) Converis stetute to navtical miles
12} Givas distance [n time and speed y
13) Totals gallons In time ond gallons per hour
14} Indicates time, distance and speed
15) Shows lima given In fotol gallons per hour
16} Givos speed In dislance and time

17) Solves pr blems involving distance, epeod} galions per hour,

i Mushr
Model .

- ONLY
Fabricaied ob eay

gauge plastic.
line and lifetime use.

GENERAL AVIATION. SUPPI.Y CO.

“"The Aviation Cmter" Dept. Fi :
112 E. 46¢th St, N. Y, RI

e | Gentlemen: Plense rush
“Caleulator(s). .1 will pa‘j’ posrman $3.75 each’ p%u
flight | & few cents pOsmge.

N;amn

S:mphﬁed Fligh

A 4=,

ond time With full instructions in-
18) Carre ctefor glider problems o cluding sample problems.
19)Canbe used as a plate 360 degree profisct e x 5 i
20)1¢16 d for I map readi - ORDER NOW! *

21} Has maetric ¢cale for drawing Vaclor Trianglies

: ﬂmrp s

- Usa this coupon! 7
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Raring to go - “ets, as they crouch on the aircraft carrier deck, alert and waiting.
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"'BOY...THEY:
CAN'T BEAT .

“it“everywhere—the Navy cooperating with the
Army—Air Force pilots softening enemy defenses
_for the Infantry-—civilians in all kinds of ‘work
pulling together on the home front.
The " Piper Cub ‘“Grasshopper” plane, too, is
teaming-up with many branches of the Service.
For example, it works with the Artillery—acting

as an acrial observation post. \When necessary, the
observer sends firing corrections to'the battery
by radio and the guns drep shells directly on. the
target. It’s this kind of teamwerk Lhat is bringing
Victory nearer every day.

And when Victory comes; Piper wiﬁ,agam serve
peacetime America. Then, you can 6wn a smart _
new Piper Cub plane—a team-mnate that will
carry you on your business and
vacation trips with ease, pleasure,
safety and economy. ‘

: O FLY. Send today for your copy

you also want the full-color Pipcr
or coin fer po tage-handli g.

épt. FCl14, Lock Haveo, Penoa.

e Conslmcl.lon ofa Light Airplane.”™

FREE BOOKLET ON'|
of “You, Tou, Can
catalog, enclose. 10¢;
Piper Aiccruft C

16mm. SOUND FI

Fondlstn‘buuon points. write: Supervisor, Audio-V'sual Aids,

E osion Scrvices, Penna. Suxte Coltege, State College, Penna.

PIPFE™ /)

Points 1+ 4

‘mencans





