
BERNARDS (Publishers), LTD.
THE GRAMPIANS, W ESTERN GATE I
N° 32 LONDON, W.6. COPYRIGHT

LY.CAP! D. M.K.MARENDAZ
“ EVERY MAN

PILOT/*
HIS OW N



THIS BOOK IS DEDICATED TO THE PIONEERS 
OF FLIGHT IN ALL COUNTRIES OF THE WORLD 
WHO CAVE SO MUCH THAT YOU MIGHT FLY.

Published by BERNARDS (PUBLISHERS), LTD. 
Copyright 1944



YOU CAN FLY

By

CAPTAIN D. M„ K. MARENDAZ
A  P I L O T  O F  T H E  R O Y A L  F L Y I N G  C O R P S  IN  T H E  G R E A T  W A R ,

1914-1918.

D I R E C T O R  O F  G R E A T  B R I T A I N ’S F I R S T  P O S T -W A R  
P R O V I N C I A L  F L Y I N G  S C H O O L .

O N E  O F  G R E A T  B R I T A I N ’S F I R S T  P R I V A T E  O W N E R S  
O F  A I R C R A F T .

F O U N D E R ,  D I R E C T O R  A N D  G E N E R A L  M A N A G E R  O F  T H E  
B E D F O R D  S C H O O L  O F  F L Y I N G .

D E S I G N E R  A N D  C O N S T R U C T O R  O F  M A R E N D A Z  T R A I N E R  
A N D  O T H E R  A I R C R A F T .

D E S I G N E R  A N D  P A T E N T E E  O F  M A R E N D A Z  F L A P S .

T h e  I l lu s t r a t i o n s  in  t h i s  B ook  a r e  d r a w n  

f ro m  t h e  Id e a s  a n d  S k e tc h e s  of t h e  A u th o r .

Published by 

BERNARDS (PUBLISHERS) Lim ited.



2

CONTENTS
C hap ter

1. B R IE F  H IS T O R Y  O F FL Y IN G
Page

3
2. T H E  A E R O P L A N E : HO W  AND W H Y  IT  F L IE S 7
3. HO W  F L Y IN G  IN STR U C TIO N  IS  G IV E N ... 11
4. ST R A IG H T  AND L E V E L  FL Y IN G ... 14
5. ST A L L IN G , C LIM BIN G  AND G L ID IN G ... 20
6. T U R N IN G  ........................................ ... 23
7. TA K IN G  O F F  ............................ ... 27
8. A PPR O A C H ES AND LA N D IN G S ............................ ... 29
9. TA X I-IN G  ..................................................... ... 33

GLOSSARY ......................................... ... 34

ILLUSTRATIONS

M arendaz T ra in er M onoplane C ircling an Old W indm ill. Cover
D iagram

1. A S tan d ard  B iplane T rain er 
M aurice F a rm an  Biplane
W ing, F ly in g  ...............

,, S ta lled  ...............
C ontro ls ............................
Y aw ing P lane  ...............
A ilerons and  B an k in g  ...
R o lling  P lane  ...............
P itch in g  P lane  ...............
A lign ing  th e  W ings
S ta llin g  ............................
Across W ind  ...............
L an d in g . T he Two C hecks 

,, L as t S tage ...
,, How no t to

2.
3.
4.
5.
6.
7.
8.
9.

10. 
11. 

12.
13.
14.
15.
16.
17.
18.
19.
20. 
21. 
22.

Ballooning 
Im m elm ann  Turn 
R ig g in g  ..............

M • • •
Side S lipp ing  
Zoom ing

page

Page
4
5 
9 
9

13
14
15
16 
16 
17

. 20 
29 

. 30
31
32 

. 32 

. 36
41 
44 
44 

. 46 
49



3

CHAPTER ONE
BRIEF HISTORY OF FLYING.

T o you w ho are  in te res ted  in becom ing P ilo ts or a t least acq u a in ted  
w ith  th e  m an n er in w hich  a irc ra ft a re  flown, it is as well to  p o nder 
upon  th e  fac t th a t, u n til recen tly , no t one of th e  in stru c tio n s, 
no r any  of th e  know ledge now im p arted  to  you in  th is  book, was 
available to  m ank ind .

A longside th is  ignorance  of th e  a r t  of fly ing  w ent an  a lm ost 
com plete absence of know ledge of aero dynam ics; th a t  is, of the  
fu n c tio n s an d  way in  w hich  various p a rts  of an  a irc ra ft behaved 
in th is  en tire ly  new  e lem en t—air. Indeed , it was no t know n how 
o r why an  aerop lane  could fly.

In  add ition  to these  tw o g re a t difficulties, th e re  w as an o th er equally  
as g re a t, nam ely , th e  d e s ig n in g  an d  co n stru ctio n  of ’th e  early  
m achines. In  th e  first p lace th ere  were no such  th in g s  as aero  
eng ines, th e re  was no t even  a re liab le  in te rn a l com bustion  eng ine. 
W hereas to-day it is com m on for eng ines to  develop 1 h .p . for every 
p ound  in  w eigh t, o r even less, such  in te rn a l com bustion  en g in es as 
d id  ex is t w eighed as m uch as 40 lbs. pe r horse-pow er. The effect of 
th ese  han d icap s can  h a rd ly  be ap p rec ia ted .

So far as th e  s tru c tu re  of the  aerop lane itse lf is concerned, the 
m ate ria ls  used  were of necessity  th e  lig h te s t possible co n sisten t w ith 
s tre n g th . On th is p o in t th e re  w ere no available d a ta  from  any of 
th e  physical labo ra to ries of th e  w orld, such  as ex is ts  to-day, or any 
k in d red  in d u stry  th a t was of m uch assistance.

G enera lly  sp eak ing , th e  basis of th e  very early  m ach ines was 
bam boo a n d  clo th , b raced  an d  su p p o rted  by piano w ire. I t  was said  
of one no tab le  m achine th a t  the  p iano  w ire an d  b racin g  s tru ts  were 
so num erous th a t  if one pu t a  can ary  in to  it, it could never find its 
way o u t! O th er a tte m p ts  u tilised  ash  and  spruce and , d esp ite  all 
th e  w orld ’s resea rch  an d  vast know ledge of a irc ra ft m ate ria ls , it is 
a no tab le  fact th a t,  s tre n g th  for w eigh t, sp ruce s till rem ain s superio r 
to  any  m ate ria l know n  to us.

In  th e  m id s t of these  som ew hat p rim itiv e  constructive  efforts there  
cam e like a bom bshell a n  a ll-steel m achine equ ipped  w ith  a  rad ia l 
eng ine, conceived, designed  an d  b u ilt by R o bert B sn a u lt P e lte rie , a 
F ren ch m an , of whom  little  of th e  c red it due to h im  is h ea rd  and  
who u n fo rtu n a te ly  lost h is life th ro u g h  h is  im perfec t know ledge of 
th e  a r t  of flying.

M any and v aried  were th e  m ethods em ployed by w hich th e  P ilo t 
could  con tro l th e  m achine. F irs t  of a ll, la te ra l con tro l (in the  
ro llin g  p lane) was ob tained  by th e  w arp in g  of the  w ings. T h a t is 
to say , th e  re a r portion  of th e  o u ter p a r t  of th e  w ing was b en t 
dow nw ards. T his, of course, b ro u g h t m ajo r prob lem s o f , co n stru c ­
tion  and  design , for in ad d itio n  to  th e  w ing b e in g  s tro n g  enough 
to su p p o rt th e  m achine, i t  h ad  also to  be flexible! In  som e cases 
th e  P ilo t o p era ted  th is  w arp in g  by a h a lf  hoop to  w hich h is back 
was secured  w hen  in th e  P ilo t’s sea t. By m oving  h is bodv to  the 
r ig h t, the  r ig h t w ing d ipped  an d  th e  left one rose. All th is  is now
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rep laced  by sm all h in g ed  surfaces, know n as a ilerons, a llow ing the  
m ain  p a r t of th e  w ings to be co n stru c ted  rig id ly , an d  they  are 
op erated  by m ovem ent of a  “ s t ic k ” in th e  cen tre  of th e  cockpit, to 
th e  r ig h t h an d  side o r to  th e  left.

T he m ovem ent of the  m achine from  a s tra ig h t p a th  to  the  r ig h t or 
left was som etim es o p erated  by two levers, one on the  r ig h t han d  
side of the  P ilo t and  one on th e  left. P u llin g  e ith e r lever tow ards 
h im  .resulted  in m oving th e  ru d d e r in one d irection  or an o th er, and 
therefo re  dev ia tin g  th e  m achine from  a s tra ig h t course e ith e r to  the  
r ig h t  o r to th e  left. I t  was no t alw ays th a t these  ru d d e rs  were p laced 
a t the  ta il a s  is un iversal to -d a y ; som e m achines had  ru d d e rs  s itu a ted  
a t  th e  o u ter ex trem itie s  of th e  m ain p lan es or w ings.

To move th e  a irc raft upw ards o r dow nw ards an  e levator was 
em ployed. T h is was carried  fo rw ard  of th e  m ainp lanes by out-

Diagram 2.—M aurice Farman Longhorn.

r ig g ers . (See illu stra tio n  of M aurice F a rm an  L onghorn  above.) P u t­
t in g  th e  e levator in  th is  fo rw ard  position  was th o u g h t to 
be essen tia l to  keep  th e  m achine on an  even kee l. W hen  a 
m achine was b u ilt w ith  th e  e levator a t th e  rear, inco rpora ted  in the  
ta il, it was called  head less, an d  en g in eers  a t th a t  tim e fo reto ld  th a t  
th e  on ly  re su lt would be inab ility  of the  m achine to  fly a t all, or, if 
i t  d id , an  in s tan t nose d ive  to  th e  g ro u n d ! T he m eans w hereby the 
P ilo t con tro lled  th e  e levator w ere num erous.

In h e re n t stab ility , w hich we tak e  fo r g ran ted  in  our m achines, 
was unknow n. E v en  in 1916, w hen th e  au th o r lea rn t to fly, £ur 
e lem en tary  tra in e rs  w ere so un stab le  and  u n airw orthy  th a t  we h ad  to 
fly iii th e  early  m o rn in g  betw een 4 and  7 o ’clock, and late  in  th e  
even ing  betw een  6 and  10 o ’clock. B etw een these  tim es, w hen th e  
sun  was h o tte s t and  produced  w hat we call “ b u m p s,”  our tra in e rs  
w ere to  all in te n ts  and pu rposes uncontro llab le. T h ere  w ere 110  
side surfaces to p rev en t side-slipp ing  in to  the  g round  if one w ing 
w ent down, th e re  was no  d ih ed ra l ang le  au tom atica lly  to  a ss is t it 
level again , and  th e re  were no p a ra c h u te s ! S tudy  th e  illu stra tio n  of 
th e  M aurice F a rm an  L onghorn  closely an d  com pare w ith  th e  illu stra ­
tion  of your tra in er.

G radually , by a seem ingly  slow and cum brous process, invo lv ing  the  
loss of m any valuable lives, we have a rriv ed  a t a  u n iversally  adopted  
m eans for co n tro llin g  an  aerop lane  so fa r as th e  necessary  com ponents
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are  concerned, nam ely , elevator, ru d d e r and  a ilerons. T h ere  is 110  
d iversity  a s  to  the position  in w hich th ey  are  s itu a ted  on th e  m achine. 
So m uch experience  h as  been ga in ed  th a t  we can calculate the  exact 
a reas req u ired  and  know  precisely  how m uch  m ovem ent is needed.

A longside th e  co n stru ctio n al s tan d ard isa tio n  has been adop ted  a 
s tan d ard  m eans by w hich th e  P ilo t m ay operate  th e  contro l su rfaces. 
T he stick , by m ovem ent to  and  from  th e  P ilo t, w orks th e  e levator. 
T he sam e stick , w hen m oved from  side to  side, con tro ls th e  a ilerons. 
T he ru d d e r is con tro lled  by a  ru d d e r bar p ivo ted  a t its c en tre , and  
upon each o u ter ex tre m ity  th e  P ilo t places h is r ig h t an d  left foot 
respec tive ly . If  he  m oves h is r ig h t foot fo rw ard , th e  ru d d e r ba r is 
m oved ro u n d  th e  p ivot, b rin g in g  th e  ru d d e r to  th e  r ig h t an d  vice versa.

Im p ro v em en ts in  e n g in eerin g  in th e  lapse o f years have resu lted  
in  th e  to ta l w eigh t of th e  a irc raft be ing  so reduced  by th e  g rea t 
pow er available for a sm all w eiglit, th a t  it no longer involves specu la­
tion  on th e  p a r t  of th e  P ilo t as to w h e th er, b rin g in g  th e  th ro ttle  from  
th e  full open position  back  to a position  g iv in g  th ree -q u arte rs  pow er, 
w ill cause th e  m achine to lose fly ing speed. No longer has he to 
w onder w he th er th e  m otor will keep go ing  for him  to m ake even a 
com plete c ircu it of th e  aerodrom e. W e au tom atica lly  accept to-day 
th e  fact th a t th e re  is a  wide m arg in  betw een th e  m axim um  speed  and  
the  s ta llin g  speed, an d  we know  th a t for th e  eng in e  to fail in the  a ir, 
for m echanical reasons, is a  m illion to  one chance.

I t  is because of th is  s ta te  of affairs, b ro u g h t about from  th e  s tru g g les  
of the  early  P ioneers , th a t  th e  a r t of lea rn in g  to fly has trave lled  from  
an  unknow n an d  hazardous ex p erim en t to  a precise  technique  w hereby 
it is safe to  say th a t any  m an  or w om an of average  ab ility  can learn  
to  fly and  becom e a P ilo t.

T he proficiency of th e  P ilo t and  h is  d ex te rity , i t  is tru e , m u st alw ays 
rem ain  a m a tte r  of tem p eram en t an d  ch arac te r. Som e people m ust 
for ever rem ain  m ore m ethodical, m ore carefu l, m ore th o u g h tfu l th an  
o thers , b u t one and  all can be tau g h t to fly, a lbe it th a t  they  m ig h t 
even tually  becom e good P ilo ts , ind ifferen t P ilo ts  or even bad Piiotp, 
an d  it is th e  fool-proofness an d  safety  of th e  p re sen t day m achines 
th a t  m ake it  possib le fo r th e  last even to  fly a t all.

I t  is n o t th e  p u rpose  of th is  book to  dwell upon the  r ig h ts  and 
w rongs of th e  use to  w hich th e  efforts and  know ledge so h a rd ly  ga in ed  
by these  P io neers has been  p u t by m an k in d  in w arfare. I t  is w orthy  
of note, how ever, th a t  a lth o u g h  we m ay date  th e  first fligh t in an 
aerop lane ever m ade by m an  as 1903, a t th e  ou tb reak  of th e  world 
war, 1914-1918, so l ittle  a tten tio n  or th o u g h t h ad  been g iven  to  th e  
use of fly ing  m achines for figh ting  in the  a ir , for bom bing or k in d red  
uses, th a t th e  m ilita ry  com m anders, desirous of p re ss in g  av ia tion  in to  
th e  conduct of th e  w ar, h ad  to equ ip  th e  observer w ith an  o rd in ary  
sp o rtin g  sh o t g u n !

T he P ioneers of F ly in g  v isualised , a lbeit in  a lim ited  m an n er, the  
g re a t ad v an tag es to th e  hu m an  race th a t would arise  from  a m eans 
of locom otion th a t d id  n o t depend upon th e  expensive  co n stru c tio n  or 
th e  len g th  of tim e involved in the  m ak in g  and lay ing  of m acadam  
roads, ra ilw ays, h a rbours and  dry  docks and  all the  a tte n d an t necessi­
ties th a t w ent w ith th e  o lder form s of locom otion.
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T he follow ing W o rld ’s R ecords as a t June , 1910, and  June , 1939, 

s tr ik in g ly  illu s tra te  and  reflect th e  p ro g ress  in F ly ing . As a  P ilo t you 
will realise  th a t  no t only do m ach ines go  h ig h er and  fa s te r  b u t th ey  
have been m ade go th a t you can contro l th em  a t these  enhanced  
h e ig h ts  an d  colossal speeds—achievem en ts of p a ralle l g rea tn ess  in  a  
sh o rt space of less th an  30 years.

W ORLD’S RECORDS, 23rd JUNE, 1910.
P ilot. M achine. Nationality. Record.

P au lh an  F a rm an  Biplane F ren ch  4,124 feet.
Category.

H ig h est 
A ltitude.
L o n g est F lig h t. H e n ri F a rm an  
F a s te s t Speed. C hristiaens 
L o n g est T im e H e n ri F a rm an  
in Air

„  „  „  145 m iles.
„  „  „  47 m .p .h .
i> >> »  4 hours

17 m inu tes 
53-1/5 seconds.

B ritish  H e ig h t H . A. D rexel B lerio t M onoplane. A m erican 1,100 feet. 
R ecord.

W ORLD’S RECORDS, 23rd JUNE, 1939.
Category.

H ig h est A ltitude 
L on g est F lig h t

F a s te s t  Speed 
L on g est T im e in 

A ir (w ithout 
re fue lling )

Pilot.
Adam  

K e lle tt and 
o thers 

W endel 
Tondi 

and 
o th ers

M achine. Nationality. Record.
B risto l B ritish  57,937 feet. 
V ickers B ritish  7,162 m iles.

M essersclim itt G erm an  469 m .p .h .

I ta lia n  I ta ly  72 h ours.

CHAPTER TWO
T H E AEROPLANE: HOW AND W H Y IT FLIES.

P re se n t day m ach ines fall in to  tw o broad  categories, th e  m onoplane 
an d  th e  b ip lane. T he m onoplane is th e  only type used  for com m ercial 
a n d  w ar purposes. I t  is read ily  d is tin g u ish ed  from  th e  b ip lane in th a t 
i t  h a s  one p a ir .o f  w ings or p la n e s ; th a t  is to  say , i t  h as one w ing on 
each  side of th e  m ain  body (fuselage) of th e  a irc raft.

T he b ip lane  is a  m achine th a t  h a s  tw o p a irs  of w ings s itu a ted  one 
above th e  o th er, th e  upper w ing being  ap prox im ate ly  five fee t h ig h er 
in  a  tra in e r  m achine th an  th e  lower w ing.

F o r  e lem en tary  tra in in g , th e  B ritish  E m p ire  an d  m any  coun tries 
still em ploy th e  b ip lane.

All aero p lan es a re  heav ier th a n  a ir an d  in view  of th is  it w ill be 
he lp fu l to  us in  our flying lesssons to  u n d e rs tan d  how and  w hy 
th ey  fly.

N ew ton discovered  for us th a t  th e  e a r th ’s g rav ity  a ttrac ted  th e  apple 
to  it, an d  g rav ity  tr ie s  to  pu ll th e  aerop lane down to e a rth  a ll th e
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tim e it is flying. B ut th is  is llot th e  only influence we have to over­
come. T he a ir a round  us, a lth o u g h  we canno t see it, lias density  and 
w eigh t, th ereb y  se ttin g  up a  resistance  to  all ob jects or bodies th a t 
we m ay try  to  m ove th ro u g h  it. By v irtu e  of th e  fact th a t  it 
is no t as dense as w ater, we have to pay a tte n tio n  w hen desig n in g  an 
a irc ra ft to  its  to ta l w e igh t in re la tio n  to th e  su p p o rtin g  surfaces, 
w hich are th e  w ings. Ag the  m achine m oves th ro u g h  the  a ir the  
resistan ce  caused  h as to  be overcom e, so th a t  m uch  of th e  pow er of 
th e  eng ine is ex pended  in  co u n te rac tin g  th is , w hich is technically  
re fe rred  to as d rag . T he g rea te r the  area , obviously th e  g re a te r  th is 
resis tan ce , w hich acts as a  b rake. H ence its  nam e “  d ra g .”

T he h ig h er th e  speed  a t w hich we force a n  o b jec t th ro u g h  th e  a ir, 
th e  g reater, too, is th e  am oun t of d rag , and  th is  is the  reason  for 
every  m achine, no  m a tte r  how large its  horse-pow er, nor how sm all 
its  w ing area , h av in g  a  m axim um  speed.

So before we can  tak e  a  m achine off th e  g ro u n d  in to  th e  a ir, the  
eng ine h as to  develop sufficient power to overcom e th e  d rag  and  all 
the  tim e th e  m achine is in th e  air a larg e  p roportion  of the  eng ine  
pow er still has to  be ex pended  for th is  purpose, an d  som e to com bat 
the. e a r th ’s g rav ity .

In  o rder to cu t down th e  d rag  to  a  m in im um , th e  shape or section 
of th e  w'ings is m ade in  a  s tream line  form —w hich really  m eans th a t 
th e  shape is such th a t  it causes th e  least re sistan ce  possible w hilst 
trav e llin g  th ro u g h  th e  air.

I t  w ill be a p p aren t th a t  if we w ant to  move th ro u g h  th e  a ir a piece 
of wood 12-in. square  by 2-in. th ick , less resistan ce  will be caused  if 
we tow or push  it flatw ise on. T he area  p re sen ted  th u s , to the  
d ensity  of th e  a ir is 12-in. long  by 2-in. deep, to ta llin g  24 square  
inches. If, in stead , we try  to  im pel the  sam e piece of wood th ro u g h  
th e  a ir  flatw ise, th en , 12-in. by 12-in., to ta llin g  144 square  inches, will 
be the  a rea  m ee tin g  th e  a ir, head on. So we see the  very g re a t 
im portance of m in im is in g  w hat is called  head  resistance.

H ow ever, m ere ly  red u cin g  head  resistan ce  to a m in im um  an d  over­
com ing th e  d ra g  is n o t sufficient to enable us to  fly. In  add ition  the 
m achine m u st be lifted  in to  the  air.

This is w here o u r s tream lin e  form  com es in  to  h e lp  us in a  second 
way. I ts  shape  is such th a t, as th e  w ing p loughs th ro u g h  the  a ir, the  
lead in g  portion  th row s the  a ir upw ards. Of course, the  w eigh t of 
th e  a ir above it  im m edia te ly  tries to fla tten  it ou t and  it does actually  
do so. I t  bends it back again , bu t before it bends it back sufficiently 
to  touch the  up p er p o rtion  of the  w ing, th e  w ing h as trave lled  onw ards, 
and for th is  d istance th ere  has been no a ir in con tact w ith the  top 
of it. I h is absence of air we all know  is te rm ed  a vacuum , and  we 
know  th a t  a vacuum  causes a  suction  or pu ll. I f  we ,stand near the  
edge of a p latfo rm  w hen an express tra in  is go ing  th ro u g h , we can 
see and  feel our c lo th in g  b e in g  draw n in tow ards the  tra in , and when 
th e  end of the  tra in  has passed  us we are  defin itely  tended  to be draw n 
in th e  d irec tion  it was trav e llin g , lh e  a ir draw n by the tra in , ru sh in g  
p a s t us, c rea ted  a p a rtia l vac*uum.
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I t  i,s th is  vacuum  th a t  gives us lift an d  so it is th e  up p er su rface  of 
th e  w ing w hich su p p o rts  th e  m achine. (See D iag ram s 3 and  4 on 
page 9.) iiR B E to R E :;

w i n g  m e e t s  i T ; : : ; ; ;

PATH OF THt. W IN G  ANO 
W E IG H T  OP A IR  A B O V E  
FO R C E b  t h e  A in  INTO
S fC T it»> N  Or WING

■((DIRECTION OP PLIGHT

Diagram 3.—The W ing Flying.
At the nose of the wing marked by an arrow (B) the air is 
divided by the action of the nose being pushed through the  

air by engine and propeller.
T he shape of the nose is such that the layer of air forced 
upwards shoots right off the top surface of the w ing and 
between dotted lines (A) no air stream surrounds the w ing. 
By the tim e the wing has travelled the distance A the air has 
been able to m ake contact with the top surface. This em pty 
space is a vacuum which supports the aircraft; for so long as 
the m achine flies this action is continuous, although A may 

som etim es shorten and som etim es lengthen slightly .
DOTS, L IN ES .ETC .
DENOTE SAME AS 
PREVIOUS

DIAGRAM

Diagram 4.—The W ing Stalled.
H ere is the sam e wing. But now the stick has been pulled  
back and the elevator has gone down, forcing the front of the 
m achine up. The w ing section has left its normal horizontal 
axis for level flying and the angle it has gone through (techni­
cally term ed angle of attack) is, say, 40 degrees. At this angle  
we will assum e our trainer w ill stall. Different types of 
m achines stall at different a n g le s; again the angle w ill vary as 
to the amount of throttle opening, or if we are glid ing, as a 
little  thought w ill prove; but we m ust understand first, for 
sim plicity, what occurs here in a m achine at stalling speed.

The diagram shows the airflow around a stalled wing. 
T he angle of the wing is so great that the air that shoots 
upwards at the nose can no longer be pressed on to the wing  
two-thirds backwards from the leading edge. Instead of the 
closed cavity which formed a vacuum we now see a series of 
swirls. All “  lift ” has gone and the m achine ceases to fly.
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A com m on e rro r is in s tilled  in  th e  m inds of m any people w ith  reg ard  
to  th is . T hey  believe th a t  th e  den sity  of th e  a ir  on  th e  u nderside  of 
th e  w ing su p p o rts  th e  m achine.

Before th e  vacuum  is c rea ted  a t a ll, th e  w ing  has to  be m oved 
th ro u g h  th e  a ir  a t a  c e rta in  speed. A t low speeds th e  lead in g  edge 
of th e  w ing  d isp laces th e  a ir  so g en tly  an d  slowly th a t  th e  a ir  is no t 
th row n  upw ards, b u t in stead , follow s th e  contour of th e  s tream line  
form .

Now in  add ition  to  d ra g  caused  by th e  h ead  resis tan ce  of the  
m ach ine, every  square  inch  of surface  of the  w ings an d  fuselage, 
u n d erca rriag e  and  tail Causes a  d rag , because th e  a ir  is s ta tio n a ry  and 
p re ss in g  ag a in s t th e  m achine, w hich is a m oving body th a t w an ts to 
g e t on. So th en , a  m achine rises  in to  th e  a ir  w hen  th e  eng in e  has 
tu rn e d  th e  p ropeller sufficiently  fa s t to  draw  th e  m achine a t  a  speed 
w here  th e  lift ex erts  a  g re a te r  force th a n  th e  to ta l d rag .

If  th e  m ach ine  is in  th e  a ir an d  th e  speed  falls below th is  po int, 
th en  d ra g  tak e s  contro l, th e  m achine ceases to  fly an d  com m ences to  
fa ll. T h is condition  is know n  as sta llin g .

H av in g  go t to  th e  s tage  w here  th e  m achine is  p rep ared  to  rise  
from  th e  g round , we w an t to  be ab le  to  m ake it  go  w here we w is h ; 
in  o th er w ords, we w an t to  be able to  contro l it.

All m odern  m achines are  con tro lled  by m eans of h in g ed  surfaces. 
T here  a re  th ree  of th em . T he ru d d e r, th e  e levato r a n d  th e  a ilerons.

T he ru d d e r an d  th e  e levator d isplace  or m ove th e  w hole m achine 
from  th e  d irec tion  o r a ltitu d e  in  w hich  it  was fly ing  w hen  we m oved 
th em . T he a ile ro n s ac tu a te  th e  w ings an d  th e ir  purpose  is to  ra ise  
one w ing above th e  o th er. If  tlie m achine is fly ing  on a horizon tal 
keel an d  we b rin g  th e  a ile rons in to  operation , one w ing  will rise  above 
th e  o th e r so th a t  th e  m achine no  lo n g er flies on a  ho rizon tal keel bu t 
p o in ts  a t an  ang le  to  the  earth .

Both th e  ru d d e r and  th e  e levato r have  b ig  th in g s  to  do in  re la tio n  
to  th e ir  sm all size. A ru d d e r  h av in g  an  a rea  of only tw o or th ree  
tim es th e  size of a pocket h a n d k erch ie f has to  force th e  m achine from  
th e  d irec tion  in  w hich it  was flying, to  p o in t in a n o th e r d irection  
w hen  it  is m oved. T he sam e app lies to  th e  e levato r excep t th a t, 
in s tead  of m oving  th e  m ach ine  in  a new  horizon tal d irec tion , i t  m oves 
it in a  new  d irec tion , up  a n d  down. As it  is desirab le  to  hav e  such 
sm all a reas to  m ove such  a  larg e  m ass pf m achine, we p lace th em  
backw ards as fa r as is p rac tica lly  perm issib le  from  th e  m ain  m ass, 
w hich is, of course, eng ine , m ainp lanes, etc. P u ttin g  th em  so fa r 
aw ay from  th e  w ork  th ey  have to do is sim ilar to ap p ly in g  a crow bar 
or lever to  m ove a  large  slone.

W hen  we look sidew ays a t an  aerop lane we see a long  body, an d  if 
i t  is our tra in e r  b ip lane th a t  we look a t, th e  fro n t of th e  body w hich 
accom m odates th e  eng ine  is about tw o feet deep. T ow ards th e  m iddle 
it  becom es m uch deeper an d  th en  narrow s down a t th e  tail. On the  
to p  of th e  body or fuselage we observe a  fin, w hich is an  a rea  ris in g  
above th e  fuselage b u t w ith  its  long  surface p resen ted  tow ards up. 
T he w hole of th e  side of th is  body an d  fin th a t  we can  see is know n 
as side su rface  or side area.
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A g lance a t  D iag ram  2 on page 5 of a  M aurice F a rm an  b ip lane 
used  for e lem en tary  tra in in g  up to 1917, w ill ind ica te  th a t,  in  com m on 
w ith  a ll o th er early  a irc raft, it possessed  p rac tica lly  no  side surface. 
W e also  know  from  w h a t h as  been w ritten  above th a t  all su rfaces 
cause d rag . C learly  th ere fo re  th e  enclosing  of p re sen t day fuselages 
so as to  crea te  side a rea  m u st have a  very  s tro n g  reaso n  fo r its 
inev itab le  p resence in  m odern  m achines. Now im agine you are  in  the  
a ir and , by m oving th e  a ile rons, th e  r ig h t w ing  h as  r ise n  above th e  
left, th e  le ft w ing is p o in tin g  tow ards th e  g ro u n d , th e n  th e  side a rea  
of the  fuselage an d  fin se ts up  a resis tan ce  to  th e  m achine fa lling  
sidew ays (side-slipping) qu ick ly  to  th e  g round .

In  our fly ing  lessons we sh a ll see th a t  by  p u ttin g  on th e  correct 
am o u n t of ru d d e r a n d  m ak in g  th e  b an k ed  position  in to  a  tu rn , we can 
in  an y  case p rev en t in v o lu n ta ry  side-slipp ing , b u t th e  p resence  of 
th e  la rg e  side a rea  m akes up  for s lig h t inaccuracies in  th e  am oun t of 
b a n k  or ru d d e r. In  th e  early  m achines lik e  th e  F a rm an  it  was the  
absence of side surfaces th a t  o ften  caused th em  to side-slip  in to  th e  
g ro u n d  so qu ick ly  an d  easily  th a t  th e  P ilo t h a d  no  chancce to  p rev en t it.

Now if we exam ine  th e  co n stru ctio n  of a  b ip lane , we find  th a t  there  
is app ro x im ate ly  double th e  w in g  a rea  as com pared  w ith  a  m onoplane. 
In  add ition , th e  s tru ts  or p rops th a t  have to be fitted  to keep  th e  two 
p lanes one above th e  o th er, as w ell as th e  w ires n ecessary  to  brace 
an d  k eep  in place th e  w hole construction , m u st cause m ore d rag  th an  
a  s ing le  p a ir  of w ings w ithou t such  im p ed im en ta , an d  h e re in  lies 
th e  reason  for th e  m onoplane su p ersed in g  it.

CHAPTER THREE
HOW FLYING  INSTRUCTION IS G IVEN.

T h ere  have been a u th e n tic a te d  in stances of people in  re ce n t years 
tak in g  m achines in to  th e  a ir w ithou t any fly ing in s tru c tio n  o th er th an  
w ha t th ey  have g lean ed  of th e  th eo ry  of flying, ju s t  as th e re  a re  m any  
people who have ta u g h t them selves to drive a m otor car.

D esp ite  th is  fac t i t  is w ise to  tak e  adv an tag e  of th e  experience  of 
o th ers , an d  w hen it is a  case of app ly ing  theo ry , as lea rn in g  to  fly, 
th e  fu lle st adv an tag e  of th e  trem en d o u s accu m u la ted  p ractica l ex p eri­
ence canno t be o b tained  w ithou t the  p resence  of an  In s tru c to r  to 
advise an d  correct.

In s tru c to rs  th ro u g h o u t th e  w orld are  m en  an d  w om en who are 
au tho rised  by th e  G overnm en ts of th e  cou n try  in  w hich th ey  live as 
b e ing  proficient in th e  a r t  of fly ing  and  able to  im p art th a t  know ledge.

In  add itio n  to b e in g  capable P ilo ts these  people have to pass a  
specia lised  In s tru c to r ’s C ourse, w hich tak es tim e a n d  costs m oney. In  
th e  first place, th e  In struc to r-to -be  passes m any  ho u rs in  th e  a ir  w ith 
In s tru c to rs  of long  experience  w ho correct th e ir  fau lts  in  flying, u n til 
th e  would-be In s tru c to r  h a s  reach ed  th e  proficiency in w hich he can 
carry  ou t all evo lu tions and  recover the  m achine from  all possible 
s itu a tio n s w ith  th e  u tm o s t sk ill an d  proficiency. T he In s tru c to r  h as
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to  te ll h is p u p ils w h ilst in th e  a ir w h a t he  is go in g  to  do and  how the 
pup il shou ld  do it. T h is app lies to  all th e  sequences of flying instruc- 
tion , th e  e lem en tary  ones be ing  covered in  C h ap te rs  4 to 9.

I t  is h ig h ly  desirab le  th a t  each and  every  in s tru c tio n  sha ll be s ta n ­
d ard ised  so th a t  th e  h ig h es t s tan d ard  of flying is available to every 
would-be P ilo t. T h is in stru c tio n  an d  advice g iven  in  th e  air is know n 
as “ P a t te r” an d  w h ilst i t  em bodies all th e  in fo rm atio n  th a t  long  years 
of experience have found  to  be necessary , i t  a lso  excludes m uch  w hich 
a t  first g lance  m ig h t be considered  beneficial. N ev erth e less it is 
excluded  because experience  h as show n th a t  it is confusing  to  som e 
people. F rom  tim e to  tim e th is  p a tte r  is rev ised  an d  b ro u g h t up 
to date.

To achieve this- s tan d ard isa tio n  i t  is necessary  th a t  th e re  shall be 
one o v errid ing  au th o rity , a n d  to  th a t  end  a ll p a tte r  u tilised  th ro u g h o u t 
th e  B ritish  E m p ire  is issued  and  au th o rised  by th e  C entra l F ly in g  
School of th e  R oyal A ir Force . I t  app lies to  civil schools w hen th ey  
are  o p era tin g  in  peace tim e, as well as to m ilita ry  e lem en tary  tra in in g .

One of the  first th in g s  th a t  will im p ress you w hen you h e a r  a 
m achine s ta r te d  up  is how  it is possible to  say  an y th in g  th a t  w ill be 
h e a rd  by anyone else in  such  a noise. You will w ear a  h e lm et and  to 
th e  earpadji of th is  h e lm et is fitted  th e  rece iv in g  en d  of a telephone. 
T ubes h an g  dow n from  each  ear for a  len g th  of 18-in., en d in g  in  th e ir  
ju n c tio n  in to  a  sm all m eta l p ipe. W hen you g e t in to  the  cockpit you 
p lu g  th is  in to  a  co rresp o n d in g  pipe. In  fro n t of you is a  perm an en t 
fixed m outhpiece. T he sam e eq u ip m en t is fitted  in  th e  In s tru c to r’s 
cockpit an d  so you are able to  ta lk  to  one a n o th e r w ith  reasonable 
facility .

Som e C on tinen ta l co u n tries ho ld  th a t  it is confusing  to  th e  pupil, if 
he  know s h is  th eo ry ,-to  have  to  execute th e  evolution  an d  a t  th e  sam e 
tim e lis ten  to  th e  In s tru c to r. So in  place of th e  telephone  th ey  re ly  
e n tire ly , firstly  on th e  p up il know ing  ju s t  w hat he  is go ing  to  do, and 
secondly  on sig n s m ade by th e  In s tru c to r w ith  h is h an d s, easily  seen 
an d  recognised . If, fo r in stan ce , th e  pupil is fly ing  w ith  h is r ig h t 
w ing low, th e  In s tru c to r  w ould ho ld  h is r ig h t  h a n d  pa lm  upw ards and 
give it an upw ard  m ovem ent. C ountries u sin g  th is  p rocedure  include 
G erm any  an d  H o lland . I f  th e re  is so m eth in g  in  th is  th eo ry  it w ill be 
all th e  m ore a p p a re n t th a t you should  be perfec tly  co n v ersan t w ith  the  
know ledge to be ga in ed  in  th is  book, so re n d e rin g  unnecessary  re p e ti­
tio n  an d  continuous in s tru c tio n  from  th e  In s tru c to r.

In  th e  early  s tag es of a  p u p il’s tu itio n  th e  In s tru c to r  tak es off and  
flies th e  m achine to a safe h e ig h t—say 600 to  1,000 feet. D u rin g -th is  
tim e th e  pupil shou ld  tak e  an  in te llig en t in te re s t in  w h a t is h ap p en ­
in g  an d  m ay g en tly  h o ld  th e  stick  an d  keep  h is  feet loosely on th e  
ru d d e r bar. In  th is  way you lea rn  th e  am o u n t of m ovem ent necessary  
a n d  th e  action  req u ired  for tak in g  off. A t th e  d esired  h e ig h t th e  pup il 
is to ld  to  tak e  over and  proceed w ith  e ith e r of th e  lessons deta iled  in 
C hap ters 4 to 6 A t th e  end  of th a t  p a rticu la r  lesson th e  In s tru c to r  
ag a in  tak es over an d  lands.

E ach  lesson la s ts  about h a lf an  hour. T h is sounds a very sh o rt 
tim e bu t th e  concen tra tion  needed  is fa tig u in g  and  a lth o u g h  so long
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as you rem a in  in th e  a ir  you do n o t feel tired , once th e  pupil is ou t 
of th e  m ach ine, th is  becom es a p p a re n t. G rad u ally  th is  tired n ess a fte r 
a  sh o rt fligh t d isap p ears . You becom e used  to  th e  fresh  a ir as au to ­
m atic  action  tak e s  th e  p lace of co ncen tra tion .

Be su re  you have h e a rd  d is tin c tly  w h a t your In s tru c to r  says in the  
a jr. I f  you have no t, te ll h im  so. M aybe your h e lm et does n o t fit 
you well. In s tru c to rs  do th e ir  job all day long, all th e  w eek long, 
and  th ey  som etim es g e t cros^ w hen  th ey  ask  th a t  you shou ld  do 
so m eth in g  an d  you proceed to tak e  no  notice o r do so m eth in g  con tra ry .

Diagram 5.—Controls.

T hese two sketches w ill give you a good idea of the controls 
and their disposition in your trainer.

A represents position of pilot’s knees.
B is the knob of the lever w hich controls the tail trimmer. 

It m oves fore and aft only as the arrows indicate.
C is the throttle which you operate with your left hand.
D is the stick. Looking at the right-hand sketch, when it is 

moved either side of the central or neutral position in 
which it is shown, it controls the ailerons. The arrows 
indicate this m ovem ent. To the right, the right wing  
goes down; to the left, the left w ing goes down.

Looking at the left-hand sketch, the dotted lines indicate 
the fore and aft motion of the stick. M ovem ent forward, 
nose down—bringing it to the rear (aft) and the nose  
goes up.

E and F represent the position of your feet on the rudder bar. 
T he bar is pivoted at G. The dotted lines show its 
m ovem ent.
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At tim es you will n o t be sa tisfied  w itli your p ro g re s s ; your friends 

who com m enced a t th e  sam e tim e are  g e ttin g  a long  qu icker. Do no t 
becom e d esponden t, a n d  do no t w orry, it w ill only m ake m atte rs  w orse.

In  th e  T ra in in g  Schools for w hich th e  A uthor h a s  been responsib le  
th e  average tim e ta k e n  from  first lesson to  solo was 8 hours an d  40 
m inu tes. T he p u p ils ’ ages ra n g ed  from  18 to  50 a n d  th e ir  occupations 
from  ty p is ts  an d  fa rm  w orkers to  po litic ians a n d  b a rris te rs .

T he least a p t took  over 17 hours to g e t off solo. H e was an  in su r­
ance a g en t som e 30 y ears  of age, was encouraged  th ro u g h  a ll s tages 
of despondency to  co n tinue  and  persevere , w ith  th e  u ltim ate  re su lt 
th a t  he  becam e a first class P ilo t an d  ev en tually  an  In s tru c to r.

F in a lly , allow  th e  A u th o r to  im press upon  you th a t  In s tru c to rs  do 
n o t m uch care for people who “ know  it a ll .”

In  th is  book th e  fly ing  lessons are  sh o rn  of a ll su rp lu s m a tte r  so 
th a t  you m ay th e  b e tte r  com prehend  w h a t is im p o rtan t.

W hen  you com e across a te rm  w ith  w hich  you are  un fam ilia r, im m e­
d iate ly  re fe r  to  th e  G lossary—it is an  essen tia l p a r t  of th e  book, as 
also  is re ite ra tio n  of v ita l and  essen tia l po in ts , in  th e  hope th a t  th ey  
m ay  becom e firm ly im p lan ted  in your m ind.

CHAPTER FOUR
STRAIGHT AND LEVEL.

W e will im agine th a t  we have clim bed to  a  safe h e ig h t and  have 
p len ty  of room  b en ea th  us to  recover from  an y  false move.

The aeroplane is con tro lled  in  th e  a ir  by  th ree  contro l su r fa c e s : 
(1) T he R ud d er, (2) T he A ilerons, (3) T he E levato r.

T ake the  ru d d e r first. You have only to  p u t one foot very  s lig h tly

Diagram 6.—The Yawing Plane.

Im agine you are in a balloon, at 5,000 feet above the aerodrome. 
You watch a m achine com e into view  3,000 feet below you 
(F ig. A ). You are looking vertically down on the machine. 
Suddenly it changes its course. From flying due w est, it turns 
towards the north, then to the south. It has made two m ove­

m ents of the Yaw ing Plane,
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forw ard  for th e  nose to  s ta r t  s lew ing  ro u n d  th e  horizon. All m ove- 
m erlts of con tro ls in  th e  a ir  a re  s lig h t, ex cep t in a e ro b a tic s ; an d  even 
th en  th ey  a re  sm ooth  and  g en tle , bu t firm  an d  ^u re . E ase  your r ig h t 
foot fo rw ard  s lig h tly —now cen tra lise  th e  ru d d e r again . W h at h a p ­
pened  ? So long  as your foot w as fo rw ard  th e  nose slew ed ro u n d  to 
th e  r ig h t slowly, a n d  stopped , p o in tin g  in  th e  new d irec tion , as soon, 
as you “ took off th e  ru d d e r” (cen tra lised  th e  ru d d e r b a r). T h is is 
a m ovem ent in  th e  Y aw ing  P lane. (R efer to  d iag ram  No. 6.) 
Now do it  ag a in  a n d  ho ld  it. F i r s t  th e  nose  s ta r ts  slew ing  ro u n d  to 
th e  r ig h t  a long  th e  h o riz o n ; th en  you no tice  a  w ind b low ing on your 
left cheek , because th e  m achine is sk id d in g  ouw ards like  a  car go ing  
ro und  an  u n b an k ed  tu rn  a t  speed, th e n  th e  m achine beg ins to  b a n k  to 
th e  r ig h t, a n d  finally  th e  nose beg ins to  d rop  below th e  horizon. 
W hen it  b an k s, th e  top  w ing trav e ls  rou n d , th e  t ip  of th e  bottom  w ing 
ac tin g  as a  pivot.

T he m achine beg in s to  b an k  because th e  ou tside  w ing on th e  tu rn  
(the le ft w ing  in  th is  ca,se) is trav e llin g  fa s te r  th a n  th e  inside w ing , 
an d  th ere fo re  g a in s  m ore l if t ;  th e  nose b eg in s to  drop  because onee 
th e  aerop lane  is ban k ed , it is on  a  d ifferent p lane  from  th e  horizon, 
an d  th e  ru d d e r s till  a c tin g  in  th e  sam e d irec tion  re la tive  to  th e  aero­
p lane , fo rces th e  nose down below  th e  horizon. W hen  ru d d e r is 
app lied  th e  nose w ill alw ays tu rn  tow ards th e  w ing tip  on th a t  side, 
irrespec tive  of th e  ang le  of th e  w ings to  th e  horizon.

Now th e  a ile rons. W e are  fly ing  level again , an d  you ease th e  stick  
s lig h tly  over to  th e  r ig h t. W h at h ap p en s  ? T he r ig h t a ile ron  rises 
an d  th e  left a ile ron  goes down. A t th e  sam e tim e as th e  aeroplane 
b an k s to  the  r ig h t (left w ing above the  r ig h t w in g ), th e  nose a t first 
slew s s lig h tly  ro u n d  to  th e  left an d  up , th e  aerop lane side-slips to  
th e  r ig h t  because you have no t used  any  ru d d e r to  give it a  tu rn in g  
m ovem ent, an d  th en  th e  nose fa lls because th e  lift beh in d  th e  cen tre  of 
g rav ity  is g re a te r  th a n  in  fro n t of it. T he cen tre  o f g rav ity  is ju s t  
about in th e  fro n t cockpit. W hen th e  aerop lane  side-slips it ac ts  like

O lREC T iO N  
OP PLIGH T

Diagram 7.—Ailerons
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Diagram 8.—The Rolling Plane.
You are in a balloon 2,000 feet h igh, watching an aeroplane 
2,000 feet high, flying towards you head on. It performs the 
evolutions indicated by the dotted circles as it flies. These  

are the m ovem ents of the Rolling Plane.

a w eathercock, w ith  th e  cen tre  of g rav ity  as p ivo t, an d  th e  la rg e r area 
from  th e  cen tre  of g ra v ity  to  th e  ta il m eets g re a te r  re sistan ce  from  
th e  a ir. T h is was a  m ovem en t in th e  ro llin g  p lane. (See d iag ram  8.)

Now th e  e levator. T h is  is very  sim ple . E ase  th e  s tick  s lig h tly  back 
so th e  nose rises  above th e  h o riz o n ; ease th e  s tick  s lig h tly  fo rw ard  and 
th e  nose s in k s below th e  horizon. I f  you k eep  th e  s tick  back  too long 
th e  aerop lane will reach  a  sta lled  a ttitu d e  w ith  its  nose h ig h  in  the 
a ir  and  h av in g  lo st m ost of its  speed, ju s t  like a c a r ; i t  will only clim b 
a  lim ited  g ra d ie n t an d  th e n  stop . I f  you ho ld  th e  s tick  forw ard , the 
aerop lane  w ill dive s teep e r an d  steep er an d  fa s te r  and  fa s te r  un til 
you s ta r t  eas in g  back  on th e  stick  again  an d  b rin g in g  th e  nose u p  on

You are looking at the side of an aeroplane flying. On the  
right it is ascending. On the left, descending. T hese are the  

m ovem ents in the P itching Plane.
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to th e  horizon, w hen once again  i t  w ill se ttle  dow n to level flight. 
T hese are m ovem ents in the  P itch in g  P lane  illu s tra te d  in  d iag ram  9.

G enerally , the  position  of th e  th ro ttle  for norm al c ru ising  
is a b o u t‘th ree -q u arte rs  of the  way forw ard . T h e  n o rm al c ru is in g  speed  
varies for d ifferent types of m achines. You will be to ld  th e  correc t 
speed  for each m achine. You clim b off th e  aerodrom e a t fu ll th ro ttle , 
and  th en , w hen you are well c lear of any  possib le obstruc tion , you ease 
back the  th ro ttle  a  q u a rte r  of th e  way. W hen you w ish to  lose h e ig h t, 
you ease it back  s till fu rth e r, so th a t  th e  en g in e  does no t race  an d  the  
speed of th e  a irc ra f t  is k e p t dow n to  reasonab le  p roportions. An 
aerop lane losing  h e ig h t has som e of th e  p ecu liarities of a  car go ing  
dow nhill.

Here is a sketch of what the pilot sees as he is  f ly in g .
B is the nose of the m achine and he has a s c e r ta in e d  th a t  to 
fly level fore and aft or longitudinally, it should b e  ju s t  a 
little  below the horizon. If it gets above the horizon h e  is 

clim bing. If the nose falls to C then he is going d ow n . 
Now for flying level laterally. On the biplane trainer, if the 
centre section strut cuts the horizon at right angles, you know  
both w ings are level. You may, too, find a spot on the strut 
to guide you instead of the nose for the fore and aft level. 
If the centre section strut no longer cuts the horizon at right 
angles, but assum es the position as dotted, then you are no 
longer level, but flying right w ing low. If the trainer is a 
m onoplane then, to be sure you are not flying one w ing low, 
keep a close watch for the wing m aking angle D or E with  
the horizon, in this case the dotted lines being th e  le a d in g  
edge new positions, according to right w ing low or left 

wing low.
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Before try in g  to  fly s tra ig h t and  level tak e  a look a round  
you. N otice th a t  your view  i,s d iv ided  in to  tw o halves. T h a t w hich  is 
above th e  horizon an d  th a t w hich  is below. T he horizon s tre tch es  
r ig h t ro u n d  you. In  fac t i t  is a  circle  of w hich you are  th e  cen tre . 
F o r th is  reason  any p o in t on it  can  be used as a  gu ide to  fly s tra ig h t. 
W hatev er your h e ig h t above th e  ea rth , a  line jo in in g  you to  the  
horizon is ro ugh ly  a tan g e n t to  th e  curve of th e  earth . T he horizon 
can th ere fo re  be used  as a  guide to  fly level, fore and  aft. S im ilarly , 
by a lig n in g  th e  w ings to  th e  horizon, you can  k eep  th e  p lan e  flying 
level la te ra lly .

You have rea lised  by  now th a t  th e re  are  tw o p lanes in w hich  to  fly 
level—th e  la te ra l p lane  an d  th e  long itu d in a l p lane . To fly level 
la te ra lly  you see th a t  one w ing is no t low er th an  th e  o th er. If  it -is, 
pull i t  u p  by m oving  th e  stick  aw ay from  it. To fly level long i­
tu d in a lly  you keep  som e p o in t of the  nose “ on th e  horizon ”  by easing  
th e  s tick  fo rw ard  or backw ard , as th e  case m ay  be. R em em ber alw ays 
to ho ld  th e  s tick  lig h tly  in  th e  r ig h t  han d . Do no t g rip  it.

Now study  d iag ram  No. 10.

A certa in  am oun t of practice  is req u ired  before you can  fly level 
lo n g itud inally , because th e  m ark  on  th e  aerop lane  w hich you align  
w ith som e po in t on th e  horizon w ill rise  if  you clim b even  slig h tly , 
and  fa ll if you dive.

L e t us assum e th a t  you are  fly ing  a long  level a t  a  c ru is in g  
speed—about 75-80 m .p .h .—th a t  is, w ith  th e  th ro ttle  th ree -q u arte rs  of 
the  way forw ard , th e  correc t R .P .M . fo r c ru is ing . T ake a  look a t 
the  a ltim e te r  an d  no te  your h e ig h t. T h en  fly th e  m achine a t w hat 
you th in k  is level. I f  th e  nose is too low, th e  m achine will gain  
speed an d  lose h e ig h t. T he la tte r  you d e te rm in e  by th e  a ltim e ter. 
I f  you have se ttled  th e  nose too h ig h , th en  th e  m achine will lose speed 
and  ga in  h e ig h t. By k eep in g  th e  th ro ttle  in  th e  sam e position , th e re ­
fore, an d  by g lan c in g  occasionally  a t th e  a ir-speed  in d ica to r an d  th e  
a ltim e ter, you will be able to  find th e  p ro p er a ttitu d e  of th e  m achine 
for fly ing level.

V ery soon you w ill be able to de te rm in e  th is  position  w ith o u t even 
g lan c in g  a t  th e  in s tru m en ts . An experien ced  P ilo t can  fly a  new  
p lane foj the first tim e and  have no  difficulty in finding th e  level 
position . H e can  te ll by th e  change of en g in e  no te  if he  is g a in in g  
or losing  speed, an d  from  th e  g en era l feel of th e  aerop lane if  he  is 
fly ing level. You m u st do so, by ta k in g  th e  horizon  as your guide, 
as well as by “  fe e l.”

You w an t to  lea rn  to  place as l ittle  re liance  as possible on your 
in s tru m en ts . S om etim es they  go  w rong , an d  probably  in  a  m om ent 
of em ergency  you will have no tim e to look a t th em . So lea rn  to  fly 
your aerop lane  by feel.

You know  by now  th a t  th e  fa s te r  your speed  th e  h a rd e r  i t  
is to move th e  con tro ls a n d  th e  less m ovem ent is necessary  to  g e t the  
req u ired  re su lt. T h ere  is therefore  a  d irec t re la tio n sh ip  betw een the  
feel of th e  con tro ls and  th e  speed  of th e  aerop lane. T h is re la tio n sh ip  
is there  w ithou t qualification  for th e  a ilerons, bu t th e  e levator and  
ru d d e r, be ing  beh in d  th e  p ropellor, and  th ere fo re  in  its  slip  stream ,
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are  affected n o t on ly  by th e  speed  of th e  aerop lane , bu t also  by w h e th er 
th e  eng in e  is on  or off, or rev v in g  fa st or slow. F or th is  reason  it is 
on th e  a ile ron  con tro l th a t  th e  p ilo t depends for h is "  fe e l,”  in  the  
m ain .

W hen  th e  aerop lane  is fly ing  n ea r its  s ta llin g  speed, you will find 
th a t  th e  a ile ron  con tro l is very  “ slo p p y .”  You can lite ra lly  m ove th e  
s tick  from  side to  side of th e  cockp it w ith  very  little  effect on th e  trim  
of th e  m achine. W hen  th e  aerop lane  is fly ing  fast, th e  a ile ron  con tro l 
has stiffened up , an d  you can only m ove th e  s tick  a l ittle  way before 
i t  tak es effect. I t  feels qu ite  firm . H ere , th en , is a  p e rfec tly  accu rate  
w ay for th e  p ilo t to de te rm in e  a t an y  tim e w ithou t re ference  to  any 
of th e  in s tru m e n ts  how n ear he is fly ing  to  th e  s ta llin g  p o in t (the 
p o in t a t  w hich  th e  w ings lose th e ir  lift an d  th e  aerop lane, as a  re su lt, 
d rops ou t of co n tro l).

In  o rd er to  m ake full use of th is  ready-to -hand  ^safety m easure , ge t 
in to  the  h a b it of feeling  your a ile ron  con tro l un d er all conditions of 
fligh t. T h ise  is done by m oving  th e  s tick  from  side to  side so s lig h tly  
as no t to  cause any  m ovem ent sufficient to  a lte r  the  tr im  of the  
m achine.

USUAL FAULTS ON STRAIGHT AND LEVEL.

H old in g  th e  s tick  too tig h tly .
C lam ping  feet on  ru d d e r too tig h tly .
S ittin g  too ten se ly  or rig id ly . S ittin g  too h ig h  or too low.
F a ilin g  to se lec t a  p o in t on  th e  a irc ra ft to  keep  on a p o in t on the  

horizon.
F ly in g  one w ing low.
N ot fly ing  level—clim bing  one second, an d  th en  overco rrecting , 

re su ltin g  in  d iv in g  th e  n e x t second.

H IN TS AND TIPS ON STRAIGHT AND LEVEL .

C entre  section  s tru ts  to  cu t horizon a t r ig h t ang les. If  1 10  horizon, 
som e p o in t on a cloud or false horizon.

Do n o t lean  over th e  side of th e  cockpit. T h is is u sually  th e  cause 
of fly ing  one w ing low.

S it u p rig h t, tu rn  your h ea rd  an d  not your body, as m ay be necessary  
for observation  purposes.

A fter every m ovem ent of stick  an d  of ru d d e r do n o t fo rget to 
cen tra lise .

Above all, before s ta rtin g , a rran g e  th e  cush ions so th a t  you are 
com fortable  and  th a t  you are n e ith e r  too h ig h  n o r too low. You m ust 
“  feel a t  hom e ”  a n d  reach  all con tro ls w ithou t any m ovem ent of your 
body o th er th a n  your lim bs. Y ou m u st be able to  see ou t w ithout 
a lte rin g  your postu re , w hich m ay m ean  th e  a lte ra tio n  of your p ressu re  
on th e  ru d d e r ba r as well as p e rh ap s unconsciously  ta k in g  th e  stick  
to  one side, as you lean  over to  see, causing  you to fly one w ing low,
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CHAPTER FIVE
STALLING, CLIMBING AND GLIDING.

T he m ost im p o rtan t speed of an  aerop lane, from  th e  P ilo t’s p o in t of 
view, is its  s ta llin g  speed. T h is is because it is the  speed a t  w hich 
th e  m ach ine  ceases to  becom e air-borne an d  is therefo re  ou t of contro l. 
An aerop lane th a t  h as sta lled  alwav;s loses h e ig h t (perhaps 200 or 
300 feet) before sufficient speed h as  been reg a in ed  for it to  becom e 
con tro llab le  again . T h is h e ig h t is lo st very  qu ick ly  indeed.

As th e  s ta llin g  speed is so v ita l, it is m ost necessary  for a  P ilo t to  
be fam ilia r w ith  th e  sym ptom s th a t  precede a s ta ll so th a t  he m ay 
avoid it.

Diagram 11.—Stalling.

At the point A is a machine in level flight. The pilot decides 
to climb as at B ; he tries to climb at too steep an angle (C) 
and the m achine stalls. For very little  or no  forward m ove­
m ent the nose drops out of control and assum es the attitude D.
The pilot, im m ediately the stall has occurred, centralises all 
controls except the stick fore and aft. Put this forward. The  
m achine autom atically dives to E, by which tim e it has 
gathered flying speed. Here the pilot again takes control by 
gently bringing the stick central fore and aft and the m achine 

flies level again at F.
Much height is lost in this evolution, so do not forget the 
altitude you have been told to climb to before attem pting it. 
Beware of accidental stalls, more especially at low altitude. If 

the ground were at D or E it would go  badly with you.

T he way to  do th is  is sim ple. W hen you have  ga in ed  a t least 2,000 
feet of h e ig h t, and  are  fly ing  s tra ig h t and  level, ease back  th e  th ro ttle  
as fa r a s  it will go, so th a t the  eng ine  is ju s t  tick in g  over, a t th e  sam e 
tim e ease back th e  stick  so th a t the  nose is above th e  horizon. 
T he m achine w ill qu ick ly  lose s p e e d ; as it does so, feel your a ilerons 
in th e  m an n er described  in the  p revious c h ap te r  and notice how they  
becom e m ore and m ore sloppy. At th e  actual p o in t of s ta ll you are 
able to  w aggle th e  s tick  from  side to  side in  th e  cockpit an d  it  will 
have no effect. A nother th in g  th a t hap p en s as the  speed d rops is 
th a t the  nose will ap p ear to  be becom ing m ore and more heavy , so

i
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th a t, in o rder to  keep  it above the  horizon, you will have to  increase  
tn e  p ressu re  on th e  stick  to  keep  it back . T his you do a t  the  sam e 
tim e as w agg ing  it  from  side to side. A t th e  p o in t of th e  s ta ll the  
m achine ap p ears  to  h an g  su spended  an d  s till . A fter w h a t seem s to 
be a  com plete pause  in  m ovem ent, th e  nose suddenly  d rops, in  sp ite  
of th e  fact th a t  your stick  is as fa r back  as i t  can be. T h is  is because 
the  p o in t of s ta ll has  been reach ed  an d  your con tro ls a re  useless. To 
re g a in  con tro l, a ll you do is to  ease th e  s tick  forw ard, and  th e  m achine 
will g a th e r  speed  ag a in  and , w ith  th e  increase  in speed, your contro l 
wiJ'l be reg a in ed . I f  you do no t ease th e  s tick  forw ard , the  n a tu ra l 
action  of th e  s ta lled  m achine d ro p p in g  its nose will re su lt in sufficient 
speed  b e in g  re g a in ed  for your e levator to  tak e  effect again , so th a t  
a lm o st im m edia te ly  th is  will re su lt in  a  second sta ll.

P rac tice  s ta llin g  sufficiently  to g e t used  to  th e  feel of the 
con tro ls before th e  p o in t of s ta ll is reach ed , so th a t  you can 
avoid  s ta llin g  invo lun tarily . T he pecu liar feeling  of in an im ate  su sp en ­
sion  w hich you g e t a t th e  p o in t of a de libera te  s ta ll will give you 
confidence once you becom e used  to  it. T he d istance  of th e  nose above 
th e  horizon w hen  th e  aerop lane  s ta lls  varies accord ing  to : (1) Speed 
a t w hich  you m ove the  stick  b a c k ; (2) th e  am o u n t of th ro ttle  open ing . 
D o n o t assum e th ere fo re  th a t th e  aerop lane  alw ays s ta lls  w ith  th e  nose 
a c e rta in  d istan ce  above the  horizon.

Be su re  to  keep  th e  ru d d e r ba r cen tra l.
So m uch  for sta llin g . T he n e x t th in g  to  learn  is how to clim b. 

If  we clim b too steep ly  we sta ll, so th is  m u st be avoided.
E v ery  k in d  of aerop lane h as  d ifferent c lim b ing  ch arac te ris tics . But 

w hatever your aerop lane , th e  b est c lim b ing  speed is th a t  w hich ra ises 
th e  aerop lane  th e  g re a te s t h e ig h t in th e  sh o rte s t d istance. E v en  two 
aerop lanes of th e  sam e type can  have d ifferen t c lim bing  speeds, due to 
th e ir  b e in g  rig g ed  d ifferently . To de te rm in e  th e  b est c lim b ing  
speed , fly s tra ig h t  an d  level, an d  th e n  g en tly  ease back th e  stick , a t 
th e  sam e tim e o pen ing  th e  th ro ttle , because you w ant m ore pow er 
from  th e  eng ine  fo r clim bing. W hen th e  nose h as risen  a little  way 
above th e  horizon, keep  it th e re  by co rrec t ad ju s tm en t of th e  stick . 
You will notice th a t  th e  m achine loses speed. You will see th is  by 
th e  A .S .I. an d  you will also  h e a r th e  eng in e  losing  revs. As th is  
hap p en s , slig h tly  move your stick  from  side to  side, so as to g e t the  
feel of th e  a ile ron  contro l. I f  th e  a ilerons beg in  to  feel sloppy, th en  
you a re  try in g  to clim b a t too s teep  an  ang le  for m axim um  efficiency, 
so ease th e  s tick  fo rw ard  a trifle  an d  continue to clim b w ith th e  nose 
no t qu ite  so h ig h  above th e  horizon. T he a ttitu d e  of th e  m achine a t 
w hich you ju s t  feel a nice firm  aile ron  con tro l is th e  best c lim bing 
angle . W hen  you have de te rm in ed  th is , you can read  off the  speed 
from  th e  A .S .I. and no te  the  position  of th e  nose above th e  horizon. 
Do no t be m isled  by th e  fact th a t  you can fly w ith  the  nose h ig h er, 
w ithou t th e  m ach ine  sta llin g . You can  certa in ly  do th is , b u t the  
m achine is w allow ing its  way th ro u g h  th e  a ir, and  is n o t clim b­
in g  n early  so fa s t as w hen  th e  nose is a little  lower. T he 
best c lim b ing  speed  of your m achine w hich cruise? a t 80 m .p .h . is 
som ew here in  th e  reg io n  of 60 m .p .h . You will learn  la te r  on, th is  is 
p a rticu la rly  im p o rtan t w hen you are  tak in g  off, as you w ant to g e t as 
h ig h  as you can as qu ick ly  as possible. (T his gives m ore chance to
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choose an  a rea  of g ro u n d  in w hich to  lan d  in th e  ev en t of sudden  
eng ine  fa ilu re.) W hen  you have reach ed  a th o u san d  fe e t or so, and  
you still w ant to  go  on c lim bing , th en  ease back  th e  th ro ttle  
a  little , a t  th e  sam e tim e m oving  the  s tick  slig h tly  fo rw ard  to avoid 
sta llin g , an d  so co n tin u in g  th e  clim b a t s lig h tly  reduced  pow er. 
A lthough  th e  b est c lim bing  ang le  differs accord ing  to  th ro ttle  open ing , 
the  best c lim bing  speed, for a ll p ractica l purposes, rem ains th e  sam e.

T h e  n e x t th in g  to lea rn  is how to  g lide . G lid in g  is o ften  
erroneously  described  as fly ing  w ith eng ine  off. I t  is in  fact th ro ttled  
r ig h t down, so th a t it is id lin g  a t  m in im um  revs. T he eng ine w ould 
on ly  be “ O ff”  is you sw itch  off; bu t th is  you do no t touch . T he 
reason  it  is w rongly  described  is no  doub t due to th e  co n tra s t of th e  
ro a r of th e  eng in e  w hen a t c ru is in g  revs, an d  its  silence w hen  it  is 
ju s t  tic k in g  over on the  g lide . I f  th e  eng ine  fails, th en , of course, 
g lid in g  is fly ing  w ith  eng ine off, b u t th is  is an  in v o lu n ta ry  procedure .

You have lea rn t th a t w hen clim bing  you are seek in g  to  g a in  as 
m uch  h e ig h t as possible for horizon tal d istance covered. W hen  
g lid in g  you seek  to lose as little  h e ig h t as possible for horizon tal 
d istance  covered. T his genera lisa tio n , like every  o th er one, is liable 
to  m odification, b u t in the  m ain it is tru e . A p ilo t th ro ttle s  back  h is 
eng ine  an d  g lides in o rder to  lose h e ig h t, b u t he  m u st be carefu l no t 
to ga in  u n n ecessary  speed an d  no t to  le t it fall to s ta llin g  speed , so 
as to  have  th e  m achine un d er fu ll contol all the  tim e.

In  som e re sp ec ts  g lid in g  is s im ila r to c lim bing. T he g lid in g  ang le  
is  th e  ang le  betw een  th e  ho rizon tal ax is of th e  a irc ra ft an d  th e  horizon­
ta l level of th e  earth . T he P ilo t m ain ta in s h is  g lid in g  ang le  by 
k eep in g  th e  nose in  a se t position  in  re la tio n  to th e  horizon, bu t 
in stead  of th e  nose of th e  m achine be ing  above th e  horizon a s  in 
c lim bing , i t  is below it. T he b es t g lid in g  speed of an  a irc ra ft is 
d e te rm in ed  in  a  s im ilar way to  th e  best c lim bing  speed.

In  o rd er to  s ta r t  a g lide , th ro ttle  back  as fa r as th e  th ro ttle  lever 
w ill go, a n d  ease th e  nose down a  s im ilar d istance  below th e  horizon 
as it was above it  for c lim bing. T he speed  of the  a irc ra ft w ill soon 
decrease  and , if  you have  se t th e  m ach ine  a t  th e  correc t ang le , i t  w ill 
se ttle  dow n to  a  stead y  speed  ro u n d  abou t 60 m .p .h . I f  th e  nose is 
too h ig h , th e  speed  w ill drop  fu r th e r  an d  you will feel your a ile ron  
con tro l becom ing  “ slo p p y .”  So soon as th is  h ap p en s ease th e  stick  
fo rw a rd ; th e  nose will drop  an d  sp eed  w ill be reg ain ed . I f  you 
p u t th e  nose too fa r below th e  horizon, th e  speed w ill rise  unduly . 
You will soon be able, by th e  noise or hum  of your m achine, to 
ap p rec ia te  an  increase  or decrease of speed. T he h ig h er th e  speed  the  
g re a te r  an d  m ore in ten se  th e  hum .

You can  also d e tec t in creas in g  speed  by th e  stiffen ing  of th e  
con tro ls as w ell as by  a g lance a t th e  A .S .I. A steep  g lide  is te rm ed  
a  dive, an d  is an  inefficient w ay of losing  h e ig h t, in  th a t  th e  m achine 
will trav erse  a  com paratively  sh o rt ho rizon tal d istance for h e ig h t lost.

Be carefu l in  g lid in g  th a t  you do no t g lide  too slowly. 
You w an t to  have  a good m arg in  of speed  above th e  s ta llin g  
speed to  have fu ll contro l. On w indy days you m ust g lide  a little  
fa s te r th a n  usual (65 m .p .h .) in o rd e r to be certa in  of h av in g  
contro l u n d e r su d d en  changes of a ir conditions. W e n eed  h a rd ly  say
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th a t  an  aerop lane  will s ta ll w ith  en g in e  off in  ju s t th e  sam e w ay as it 
does w ith  eng in e  on, if its  P ilo t allows it to  lose fly ing  speed  by  n o t 
keep in g  its  nose fa r enough  below th e  horizon.

H INTS AND TIPS.

T he sen sitiveness of con tro ls w hen  g lid in g  is n o t so  g re a t as w hen  
fly ing  level w ith  eng ine  on.

F o r  th e  sam e am o u n t of m ovem ent of th e  con tro ls th e  effect is less 
w hen  g lid in g  th an  w hen fly ing  w ith  eng ine  on.

G et u sed  to  th e  noise of th e  m achine w hen g lid in g  (w ith eng ine  off) 
a t  60 m .p .h . and  be able to  d e tect th e  ris in g  note as th e  speed of the  
g lide  increases an d  vice versa.

R ely  a s  soon as possible for check ing  up  your g lid in g  speed , on  the  
h u m  of th e  m achine and  th e  “  feel ”  of th e  contro ls. R em em ber th a t 
th e  A .S.I. h a s  a  lag , up  an d  down, before you ob ta in  an  accurate  
read in g , so th e  best ind ica tion  of speed is your sense  of h e a r in g  and  
touch.

USUAL FAULTS,

Once th e  m achine has s ta lled  fo rg e ttin g  to  b rin g  stick  to  cen tra l 
position  (cen tralise  i t ) .

F a ilin g  to  keep  ru d d er ba r c en tra l by ex e rtin g  m ore p re ssu re  w ith  
one foot th a n  an o th er, re su ltin g  in  th e  m achine s ta llin g  w ith  ru d d er 
on, th ereb y  cau sin g  th e  aerop lane to  go in to  a  sp in .

W hen c lim bing , a ten d en cy  to  keep  th e  nose too h igh .
In s te ad  of k eep ing  th e  m achine in  a  steady  clim b, a lte rn a tiv e ly  

clim b ing  too steep ly  or n o t s teep ly  enough .
W hen g lid in g  m ost people a t first ten d  to  keep th e  nose of th e  

m ach ine  too low, re su ltin g  in  g lid in g  too fast, a  very  dangerous 
procedure  n ea r th e  g round  w hen about to  land. On th e  o th er hand , 
over-correction  re su lts  in g lid in g  too slow ly, p rovok ing  a  sta ll.

CHAPTER SIX
TURNING.

In  o rder to  apprec ia te  th e  prob lem s involved in th e  m atte r  of tu rn in g  
a n  aerop lane, th in k  for a  m om ent of a  m otor car. I f  you tak e  a  tu rn  
on a flat level road  too fast, th e re  is a tendency  for th e  car to  sk id  
ou tw ards an d  overtu rn . R ace track s  like  B rooklands overcom e th is  
ten d en cy  by h av in g  “  banked  ”  tu rn s . Some race track s resem ble  the  
inside of a  large  saucer. N ear th e  cen tre  th ere  is little  or no  s lo p e ; 
g rad u ally  th e  rim  becom es steeper. T h is is w hat is know n as the  
b an k in g . T he m ore acu te  th e  tu rn , th e  h ig h er up  on  to  th e  s teeper 
p a r t  of th e  b a n k in g  one h as  to  drive. S upposing  you drive too h ig h  
up  th e  b an k in g  for th e  acu ten ess of tu rn , th en  th ere  will be a tendency  
fo r the  car to  slip  inw ards o r down th e  slope. If  you place th e  car 
too low on th e  b a n k in g  for th e  sam e am oun t of tu rn , th en  th e  car of 
its  own accord will try  to go h ig h er u p —sk id d in g  outw ards.

J
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T he sam e th in g  h ap p en s  w ith  an  aerop lane, bu t in s tead  of 
a  P ilo t fly ing  a long  a track  w hich is ban k ed , he , by m eans of 
h is  a ile ron  con tro l, ban k s h is  aerop lane  accord ing  to  th e  acu teness of 
th e  tu rn  h e  w ishes to m ake.

T he effects of th e  con tro ls on a b an k ed  aerop lane  is a  little  con­
fu sin g  a t first. T he go lden  ru le  is to  rem em b er th a t,  re la tiv e  to  the  
aerop lane , th ey  alw ays produce th e  sam e cffcct. W hen  you ease the  
stick  back, w hatever th e  position  of th e  aerop lane  re la tiv e  to  the  
horizon, th e  nose alw ays m akes an  endeavour to  catch  its  ta il ; 
w hen  you p u t on left ru d d e r (left foot forw ard) th e  nose will alw ays 
tu rn  tow ards th e  le ft w ing tip , w hen  you p u t on  r ig h t ru d d e r i t  will 
alw ays try  to  tu rn  tow ards th e  r ig h t  w ing tip . I f  you bear th a t  in  
m ind , you will have no difficulty in  u n d e rs tan d in g  th e  contro l m ove­
m en ts for go in g  into, ho ld in g , an d  com ing out of tu rn s.

Before try in g  a  tu rn , th in k  p u re ly  th eo re tically  o f th e  fu n c tio n  of 
th e  e levato r a n d  th e  ru d d e r u n d e r th e  tw o ex trem es of b an k —full b an k  
(w ings a t 90 degrees to th e  ho rizon), a n d  no  ban k  (w ings p a ralle l to  
th e  horizon). You know  w h a t h ap p en s in th e  la tte r  case—ease the  
s tick  back  an d  up goes th e  nose, p u t on ru d d e r an d  th e  nose slew s 
ro u n d  the  horizon tow ards th e  inside w ing tip . Now, le t us assum e 
th a t  th e  aerop lane  is th eo re tically  su spended  in  th e  sky , fly ing a long  
w ith  fu ll ban k  on—th a t  is, w ith  its  w ings a t 90 deg rees to  th e  horizon. 
W h at hap p en s w hen you ease th e  s tick  b ack ?  T he nose still trie s  to  
reach  over your h ead  and  catch  its  t a i l ; b u t because th e  w ings a re  a t 
r ig h t ang les to  th e  horizon th e  nose slew s ro u n d  th e  horizon. In  o th er 
words, in a vertica l or 90 degrees ban k , th e  e levator has th e  sam e 
effect on th e  nose, re la tiv e  to  th e  horizon, as th e  ru d d e r has w hen the  
aerop lane  is fly ing  level.

W hen  you p u t ru d d e r on  in th is  fu lly  b an k ed  position , th e  nose still 
tr ie s  to  tu rn  tow ards th e  w ing  tip , b u t because th e  w ing is a t  r ig h t 
an g les  to  th e  horizon th e  nose actually  m oves d irec tly  above or below 
th e  horizon, accord ing  to  w h e th er you p u t on top  ru d d e r (r ig h t foot 
fo rw ard  in  a  le ft ban k , left foot fo rw ard  in  a  r ig h t b a n k ), o r bottom  
ru d d e r (r ig h t foot fo rw ard  in  a  r ig h t  b an k  an d  left foot fo rw ard  in  a 
le ft b an k ). In te rm ed ia te  ang les of b a n k  w ith in  these  two lim its  call 
for com prom ise betw een elevator and  rudder.

B earing  th is  m  m ind , le t us try  a  g en tle  tu rn  to  th e  left. E ase  th e  
stick  over to  th e  left a  little  way. T h is im m edia te ly  p u ts  on  
left ban k . A t th e  sam e tim e p u t on left ru d d e r to  s ta r t  th e  
tu rn  to  th e  left. T he left ru d d e r will ten d  to drop  th e  nose a  l ittle  
below th e  horizon, as well as slew  it  rou n d , because th e  m achine is on 
a t ilte d  p lane . You therefo re  co u n te rac t th is  by eas in g  back  the  
stick  a little , w hich has th e  effect of liftin g  th e  nose up  on to  th e  
horizon a g a in ; i t  has  also  th e  effect of h e lp in g  to  tu rn  the  m ach ine. 
As th e  ban k  increases so th e  ru d d e r loses its  tu rn in g  effect an d  
assum es th e  ro le of e levator, and  so th e  e levator loses its “ e le v a tin g ”' 
effect and  assum es th e  ro le of ru d d e r. On th is  first tu rn  we do 
n o t w ish to  do a steep  ban k . W hen  you have  go t 20 d eg rees 
of b an k  on, a d ju s t th e  s tick  so th a t  th e  b a n k  does no t g e t any steep er. 
W e say “  a d ju s t th e  s tick  ”  adv ised ly , because you m ig h t th in k  th a t 
th is  is ach ieved  by c en tra lis in g  th e  s tick . In  actual fact you w ill have 
to keep  th e  s tick  a  little  over to th e  r ig h t, in o rder to  p rev en t th e

VI
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ban k  increasing . T h is  is because th e  r ig h t w ing, th e  ou tside  w ing of 
the  tu rn , is trav e llin g  fa s te r  th an  th e  inside  w ing. C onsequently , if 
you w ere to cen tra lise  th e  s tick  in  a  tu rn , th e  b an k  w ould g e t s teeper 
a n d  steeper. You th ere fo re  alw ays have to  m ove it a  little  over th e  
c en tra l position  in o rd er to  “  ho ld  off ”  th e  b an k  increasing .

You m u st keep  th e  nose ju s t  on the  horizon in  th e  sam e way as 
fly ing  level. If  you le t  i t  d rop  too low, th e  m achine w ill g a in  speed 
a n d  lose h e ig h t. You pu ll i t  up  again  by ad ju s tm e n t of th e  elevator 
a n d  ru d d e r in  th e  m an n e r described  above. I f  it g e ts  too h ig h  the  
m achine w ill lose speed , an d  you m u st b rin g  it dow n ag ain  to the  
co rrec t position  on th e  horizon, ju s t  as you lea rn ed  to  do in  your 
lesson on s tra ig h t an d  level flying.

I f  you are tu rn in g  too slowly for the  am o u n t of b an k  you have p u t 
on, you will feel th e  m ach ine  s lip p in g  inw ards a n d  a d ra u g h t on  your 
inside cheek , so p u t on a little  m ore rudder. If  you have  p u t on too 
m uch ru d d e r for th e  am o u n t of b a n k  you have  p u t on, you will feel 
th e  m ach ine  sk id d in g  ou tw ard s an d  a d rau g h t on  your ou tside  cheek. 
I t  is b e tte r  to have too m uch  b an k  th an  too little , bu t you will soon 
be able to judge  th e  co rrec t am ount.

W hen  you w ant to  com e ou t of th e  tu rn , app ly  opposite  b ank  and 
ru d d e r tog e th e r. Yoti w ill find th a t  m ore p ressu re  is req u ired  on th e  
con tro ls com ing ou t th a n  w hen go in g  in to  a tu rn . As you tak e  off the  
b an k , so you m u st a d ju s t  your ru d d e r in  o rder to  be p ro p erly  balanced 
a ll th e  w hile, o therw ise  th e  m ach ine  will sk id  o r s lip  com ing ou t of 
th e  tu rn , in ju s t  th e  sam e way as it w ill w hen in  th e  tu rn , an d  the 
ru d d e r is n o t co rrec tly  a d ju s te d  to  th e  bank . C are m u st be tak e n  to 
k eep  th e  nose on th e  sam e p osition  on th e  horizon as before. T o do 
th is  you w ill find you have to  m ove the  stick  fo rw ard  slig h tly .

Now try  a  s teep e r tu rn . By steep er we m ean  an y th in g  up to 
45 degrees of ban k . U n til you are  used  to  i t  you w ill im agine th a t 
you are  do ing  a  90 degrees ban k ed  tu rn , w hen in  rea lity  you are 
do ing  one m uch less steep , because th e  u n usual a ttitu d e  of the  
m achine on  its  side is m is lead in g  to  you.

Now it  is easie r to  u n d e rs tan d . Once again  assum e th a t  you are 
do ing  a tu rn  w ith  90 degrees of bank . In  actu al fact you w ould not 
a tte m p t th is  u n til you w ere w ell p rac tised  in less steep  tu rn s . But 
w hen  your m achine h as  90 degrees of ban k  on, you can  follow th a t 
th e  ru d d e r becom es th e  e levator com pletely  an d  th e  e levator becom es 
th e  ru d d e r. In  o th er w ords, th e  only way to a d ju s t th e  position  of 
th e  nose on  th e  horizon is by a lte rin g  th e  ru d d e r, an d  th e  only way 
to  a d ju s t your ban k  is by m eans of th e  e levator. W hen  in  this, 
position  you can  easily  u n d e rs tan d  th e  m ean ing  of th e  term s “  top. 
and  bo ttom  ”  ru d d e r, w hich are  used  w hen re fe rrin g  to  rud d er 
m ovem ents d u rin g  tu rn s ..

Because th e  effective w ing area , and  therefore  th e  am o u n t of lift, is. 
less w hen th e  m achine is ban k ed  it is m ost im p o rtan t to  rem em ber 
th a t  th e  sta llin g  speed of an  aerop lane increases w ith th e  am oun t o f  
ban k  used  in  a tu rn . T he s ta llin g  speed of an  aerop lane fly ing level 
m ay be 50 m .p .h ., bu t w hen  it  is in  a  60 degrees ban k ed  tu rn  it is  
probably about 75 m .p .h . F o r th is  reason  w hen you do a  steep er 
tu rn , alw ays use m ore th ro ttle .
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W hen p rac tis in g  tu rn s , do n o t g e t in to  th e  h a b it of alw ays tu rn in g  
in th e  sam e d irection . You m ay find, if you are  rig h t-h a n d ed  it is 
eas ie r to do tu rn s  to  th e  left, an d  to  do th em  to  th e  r ig h t  req u ires  
m uch  m ore co ncen tra tion . If  you are gong  to  favour one tu rn  above 
th e  o th er, favour th e  r ig h t-h a n d  tu rn . I f  you g e t proficien t in  th a t 
you will au tom atica lly  be proficien t in th e  o th er.

A nother im p o rtan t th in g  to  rem em ber is, never assum e you have 
th e  sky  to  yourself. Before }rou m ake a  tu rn , alw ays look in  the  
d irec tion  you are  go ing  to  tu rn  in to  to  see th a t  th e re  a re  no  o th e r a ir­
c ra ft n ea r. One is very  m uch  inclined  to  th in k  th a t  th e  sky  is so large 
th a t th e  r isk  of collision is in fin itesim al, b u t collisions do happen , 
and  are  very  m uch  w orth  g u a rd in g  ag a in st.

G lid in g  tu rn s  a re  a lm o st th e  sam e as level-fligh t tu rn s , th e , only 
difference be ing  in th e  position  of th e  nose of th e  m achine re la tive  
to  th e  horizon. B ut because th e  s ta llin g  speed  in  a  tu rn  is h ig h er 
th a n  w hen a m achine h as  no  b a n k  on, g re a t care m u st be ta k e n  th a t  
you are  g lid in g  w ith  am ple  speed. B ette r by  fa r to  have  too m uch 
speed th a n  too little . You know  th a t  w hen th e  eng in e  is th ro ttled  
back  in  a  g lide th e  e levato r a n d  ru d d e r w ill n o t be so sen sitive , so 
th a t g re a te r  m ovem ents w ill be req u ired  to  g e t th e  desired  re su lt. 
T h is need  not bo th er you. Ju s t  m ove th e  con tro ls g en tly  b u t firm ly 
alw ays, so fa r as to  g e t th e  desired  re su lt. Before go ing  in to  a 
g lid in g  tu rn  lower th e  nose s lig h tly  to ge t th e  little  e x tra  d esired  
speed  fo r a  safe tu rn , th en  ease i t  u p  ag a in  w hen  you have com ­
p le ted  th e  tu rn . Always feel your a ilerons by  w ag g in g  g en tly  from  
side to side in  a ll th ese  m anoeuvres so th a t  you can  be au tom atica lly  
sure  th a t you are  n o t d an gerously  n e a r th e  s ta llin g  speed.

H IN TS AND TIPS. 

N E V E R  TUR N TOO NEAR T H E  GROUND. 

N E V E R  TURN TOO NEAR TH E GROUND. 

N E V E R  TURN TOO NEAR TH E GROUND. 

USUAL FAULTS IN TUR NIN G .

Y ou will find th a t  it is n o t n ecessary  to  ho ld  off b an k  in  a g lid in g  
tu rn . A lthough  th e  o u ter w in g  s till  ob tains m ore lift ow ing to  the  
g re a te r  speed, th e  in n er w ing  is ap p ro ach in g  th e  g ro u n d  a t a g rea ter 
ang le  w hich co un terac ts th e  o u ter w ing.

F a ilin g  to  look ro u n d  before tu rn in g .
U sing  too m uch ru d d er.
H o ld in g  off too m uch  b an k  in  tu rn s  w ith eng in e  on.
F a ilu re  to  keep  nose of a irc ra ft on horizon in  tu rn s  w ith  eng ine  on.
C om ing ou t of tu rng  w ith  insufficient bank  or ru d d er.
F a ilu re  to  come ou t s tra ig h t and  level.
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CHAPTER SEVEN
TAKING OFF.

T he purpose  of ta k in g  off is to ge t in to  the  a ir  as qu ick ly  and  as 
safely  as possible. I t  is therefo re  n ecessary  to  tak e  off into w ind 
because th e  speed  a t w hich th e  aerop lane is a irb o rn e  is dep en d en t 
on  a ir  speed. Suppose, for exam ple, th e  take-off speed (th a t is, th e  
speed  a t  w hich  the  aerop lane  is a irborne) is 45 m .p .h . and  there  is a 
20 m .p .h . w ind  blow ing. By ta k in g  off into w ind th e  g round  speed 
( th a t is, th e  speed  of th e  a irc ra ft re la tiv e  to  th e  g round) a t the 

m o m en t of tak e  off, w ould be only 25 m .p .h ., w hereas by tak in g  off 
down wind th e  g ro u n d  speed  w ould be a t lea s t 65 m .p .h . T h ere  are 
o th e r reasons fo r ta k in g  off in to  w ind w hich  need  n o t be exp la ined  
h e re , b u t w hich re la te  to  th e  question  of safety.

If  you are  tak in g  off from  an aerodrom e th ere  will be indicators, 
such  a,s a  w ind  sock  or a sm oke tra il, w hich  will te ll you th e  d irec ­
tio n  of th e  w ind. If  th e re  is no  such prov ision  you m u st de te rm ine  
th e  d irection  of th e  w ind  before you g e t in to  th e  aero p lan e . H av in g  
done th is , ta x i to  th a t  p osition  on th e  aerodrom e w hich will give 
you th e  lon g est ru n  in to  w ind. I t  is a  v ery  good ru le  alw ays to tak e  
off in to  th e  m axim um  d istan ce  possible, clear ahead  of you. F o r 
in stan ce , do n o t s ta r t  your tak e  off from  th e  m iddle  of th e  aero­
drom e, a lth o u g h  th e re  m ay be p len ty  of room  for you to  g e t off. Go 
to th e  fa r b o u ndary  an d  use th e  whole of th e  aerodrom e. By doing 
th is  you will have  th e  m ax im um  chance of m ak in g  a  successful 
fo rced  lan d in g  in  th e  ev en t of sudden  eng in e  fa ilu re . I f  you use the  
w hole aerodrom e you w ill be tw ice as h ig h  above th e  fa r boundary  
th a n  if you h ad  used  only ha lf. Avoid ta k in g  off tow ards bu ild ings 
or trees w herever possib le, b u t you m u st tak e  off dead  in to  wind.

H av in g  “ tax ied  ”  to  th e  co rrec t position  on th e  aerodrom e, tak e  
a good look ah ead  to  see th a t  your p lane  is c lear o f o th e r a irc raft. 
Look beh in d  to  see th a t  no  aerop lane is com ing  in  to  land . I f  th e re  
is, w ait for i t  to  lan d  before .starting  to  tak e  off. See th a t  your 
m achine is p o in tin g  d irec tly  in to  w ind.

F o r tak in g  off, th e  ta il tr im m er is p u t fo rw ard  to  a  p o in t about 
th ree -q u arte rs  a long  th e  q u ad ran t. T h is assis ts  in g e ttin g  th e  ta il 
u p  as you g a th e r  speed.

N ow  all is ready . P u sh  your stick  as fa r  fo rw ard  as i t  w ill go, 
ta k in g  care to  k eep  it  c en tra l. Open th e  th ro ttle  sm o o th ly  to  its  
fu lle st e x te n t and  rem em b er to  keep  your h a n d  on the  th ro ttle  the  
whole tim e. I t  is v ita lly  n ecessary  to  ensu re  th a t  d u rin g  th e  ru n  
a lo n g  th e  g ro u n d  th e  a irc ra ft keeps a  dead  s tra ig h t course. You 
th ere fo re  p ick  ou t som e ob ject on th e  b o undary  th a t  is s tra ig h t 
ah ead  of you an d  keep  it  in  view  a t  le a s t u n til th e  aerop lane is 
a irborne . If th e re  are c louds you m ay find  it easie r to  choose som e 
d is ta n t c lo u d ; th is  is som etim es easie r because you can see it 
w ithou t lean in g  your h ead  ou tside  th e  cockp it in  o rd e r to  look ahead. 
T he m ain  th in g  is to  an tic ip a te  th e  nose tu rn in g  to  r ig h t or left, 
r a th e r  th a n  w ait u n til it h a s  done so an d  th en  p u ttin g  on a lot of 
ru d d e r to  correc t it, w hich will p robably  m ean  s ta r tin g  a sw ing  in 
th e  opposite  d irec tion . If  th is  does occur close th e  th ro ttle  qu ickly , 
tak e  th e  m achine to  th e  o rig in a l s ta r tin g  p o in t and  try  again .
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M oving th e  s tick  fo rw ard  enable? th e  m ach ine  to ge t in to  flying 
position  as soon as possib le and s tay in g  th e re . T he fly ing position  
is when th e  ta il is in  such  a  position  th a t  th e  m achine w ill au to ­
m atically  becom e a irb o rn e  w hen th e  n ecessary  speed  is reached .

P rio r to  ta k in g  off, th e  ta il is close to  th e  g ro u n d  an d  th e  nose of 
th e  m achine rises  in  fro n t of you. As th e  a irc ra ft g a th e rs  speed 
th e  tail is lifted  off th e  g ro u n d  an d  th e  nose g rad u ally  assum es the  
position  you are  accustom ed to  see ing  it  in  d u rin g  s tra ig h t an d  level 
flying. A t th is  p o in t you ease th e  s tick  g e n tly  back  so a s  to  keep  
th e  a irc raft level. You w ill find  as th e  speed  increases th a t you 
will have to  co n tinue  b r in g in g  back th e  s tick  so as to  k eep  th e  a ir­
c ra ft level u n til fly ing  speed  is reached , th e n  th e  a irc ra ft is 
a irborne an d  you find  th e  s tick  in  th e  c en tra l p osition  you a re  by 
now so used  to. Y ou are  in  th e  a ir, a n d  rea lise  th is  by the  
com plete cessation  of th e  b u m p in g  of th e  m ach ine  over th e  g ro u n d  
and  the  noise of th e  w heels tru n d lin g  over th e  aerodrom e. T h is is 
o ften  described  as one of th e  m ost p lea san t sen sa tio n s connected  w ith 
flying.

A fter th e  a irc ra ft has left th e  g round , keep  it fly ing  level a  few feet 
above th e  g ro u n d  so th a t  it g a ins p len ty  of speed  before you s ta r t  to 
clim b. F or your tra in in g  m achine th is  w ill be about 60 m .p .h .

W hen  you are  c lim b ing  off th e  aerodrom e continue  to  keep  the  
m achine fly ing  s tra ig h t. You m u st no t th in k  of t ry in g  to tu rn  un til 
you are  a t least 600 feet h ig h .

I f  th e  eng ine  shou ld  fa il soon a fte r ta k in g  off, th e  go lden  ru le  is 
to p u t th e  s tick  well fo rw ard  and  drop  th e  nose , so as to  m ain ta in  
fly ing speed an d  G L ID E  s tra ig h t on. Do no t succum b to  th e  tem p ta ­
tion  of tu rn in g  back  in to  th e  aerodrom e. T he m ach ine  will be a lm ost 
su re  to  sta ll. You m ay tu rn  slig h tly  to  avoid o b struc tions bu t you 
m u st try  a n d  land  in to  w ind as fa r  as possible. Do n o t tu rn  
sufficiently to  be across w ind.

USUAL FAULTS.

F ailin g  to s tee r  a  s tra ig h t  course.
A llow ing ta il to  becom e too h ig h  before eas in g  stick  back. T his 

resu lts , a t th e  least, in ru n n in g  th e  p ropello r in to  th e  g ro u n d  and 
m ay easily  cause th e  aerop lane  to  tu rn  over on  to  its  back.

P u llin g  the  stick  back  too soon an d  before th e  aerop lane is in 
flying position , re su ltin g  in  a  tak e  off very  n e a r to  s ta llin g  p o in t and 
the  m achine n o t as com plete ly  un d er your con tro l as it shou ld  be.

C om m encing to  clim b before m ak in g  certa in  th a t th e  aerop lane  is 
fly ing  s tra ig h t and  level u n d e r p roper contro l an d  h as  reach ed  a speed 
of a t least 60 m .p .h .

H IN TS AND TIPS.

Be sure to  k eep  th e  p o in t on th e  boundary  or cloud alw ays in 
your sigh t.

Should  th e  ta il have r ise n  too h ig h  do n o t over-correct. T h is would 
s ta r t  you clim b ing  steep ly , possibly before you have sufficient speed,
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and  could  re su lt in a  s ta ll too n ea r th e  g ro u n d  to  recover.
If any of th e  fau lts  have developed before you are  in  th e  a ir, 

th ro ttle  back  im m ediately , s till k eep in g  a  s tra ig h t course. W hen 
you have come to re s t  look to see th a t your p a th  is c lear, th en  go 
back to  your s ta r tin g  p o in t an d  try  again .

CHAPTER EIGHT
APPROACHES AND LANDINGS.

We are now c lim bing  stead ily , co n tin u in g  to  do so u n til a rriv in g  a t 
a h e ig h t of 600 feet. H av in g  reach ed  th is  h e ig h t th e  aim  is to  position  
yourself on th e  side of th e  aerodrom e opposite  to  th a t from  w hich the  
wind is b low ing, so th a t  you can  m ake  a lan d in g  on th e  aerodrom e, 
in to  w ind.

All n a tio n s th ro u g h o u t the  w orld have decreed  th a t  you m ust fly 
th is  c ircu it u s in g  only left-hand  tu rn s , u n less  o therw ise  in stru c ted . 
So im agine you are  go ing  to  fly an oblong course ro u n d  th e  aerodrom e 
a fte r you have com pleted  your clim b. T he first side of th e  oblong 
b e in g  across w ind, th e  second side down w ind, th e  th ird  side across 
w ind, an d  th e  fo u rth  side be ing  th e  final g lide  in to  w ind on to  th e
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Diagram 12.—Across W ind.

The wind, as you will observe from the w ind sock and the 
Landing Tee, is blowing from the W est. H aving taxied to A 
we follow the line in the direction of arrow, for take off. There 
is a gate at H you use for guide in keeping a straight course. 
At B the m achine is airborne; clim bs onwards to C, left-hand  
turn, and we are across wind, so be careful not to get blown too 
far to the W est; along to D and another left-hand turn. Now  
we are going down wind and attain h ighest speed of the 
circuilt in relation to the ground. Turn again left hand at E 
and once again we are cross wind. At X there is a pine tree; 
we are at 6‘J9 feet and close the throttle. Putting the nose 
down we glide steadily at 60 m .p.h . (A .S .I.). Now we use 
rudder to keep on a straight course and at F we observe a 
sm all pond. W e note the indicator says 300 feet. W e m ake the 
last turn and glide again, into wind now, to our final touch 

down at G.
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aerodrom e. D u rin g  th is  c ircu it th e  p o rt w ing tip  of the  aerop lane 
sh o u ld  ap p ear to  be ru n n in g  ap p ro x im ate ly  a long  th e  b o undary  of th e  
aero d ro m es T h is will p rev en t you w an d erin g  too fa r away. H av in g  
reach ed  th e  dow n-w ind side, you tu rn  across w ind and  a fte r  m ak in g  
th is  tu rn  (the th ird  tu rn ) , carefu lly  su rvey  th e  aerodrom e in re la tio n  
to  your position . T he n e x t tw o or th ree  m ovem ents a re  governed  
e n tire ly  by your own ju d g m en t, bu t on sub seq u en t a tte m p ts  over the  
sam e c ircu it, you can  be a ssis ted  by carefu lly  fix ing  in  your m in d  th e  
various lan d m a rk s  in  re la tio n  to  your own position  an d  h e ig h t.

You have m ade your th ird  tu rn  an d  you are  still a t 600 feet. Now 
close your th ro ttle  and  g lide . A t th e  p o in t of c losing  your th ro ttle  
p ick  ou t som e object im m edia te ly  below you on  th e  g round  
a n d  g lance  a t  your a ltim e ter.

G lide across w ind  to  a  h e ig h t of ap p ro x im ate ly  300 fe e t an d  
th en  again  g lance  a t your a ltim e te r  an d  no te  som e ob jec t on the 
g round , im m edia te ly  tu rn  in to  w ind by m eans of a g lid in g  tu rn  and  
g lide  s tra ig h t ahead . If  your ju d g m e n t has been  good you w ill very  
soon rea lise  th a t  a  lan d in g  on  th e  aerodrom e is posssib le.

If you th in k  th a t  you will no t be able to  touch  dow n or lan d  close 
to  th e  aerodrom e boundary  n e a re s t to  you, open your th ro ttle , clim b 
up ag a in  to 600 fee t an d  do th e  c ircu it again , th is  tim e m ak in g  such  
va ria tio n s in th e  po in ts a t w hich  you do your th ird  a n d  fo u rth  tu rn s  
as your ju d g m e n t d ic ta tes m ay  be necessa ry  to  lan d  on th e  d esired  
spot.

Suppose, on th e  o th e r han d , you find  d u rin g  your g lide  a fte r  your 
fou rth  tu rn , th a t  you will no t even reach  th e  aerodrom e boundary , 
in th is  case also, open your th ro ttle  an d  follow th e  procedure  se t 
o u t in the  p rev ious p a rag rap h .

T hese  e rro rs  of ju d g m en t a re  called  resp ec tive ly  “ over-shooting  ”  
and  “ un d er-sh o o tin g .”

Diagram 13.—Landing: T he Two Checks.

Here is the com mencem ent of an actual landing. The m achine 
is seen glid ing in on the right-hand side, from the wind sock 
observe head into wind. You have ascertained that the height 
of the ridge of the hangars (A) is 20 feet. Make the slight 
decrease in gliding angle at that point. You hold the new  
angle until point B is reached one to three feet above the 
ground. Here you again perceptibly decrease the angle,
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Now for th e  lan d in g  itself. A t a h e ig h t of 20 feet check  your g lide 
by eas in g  th e  stick  very slig h tly  back. T h is check  is n o t to b ring  
th e  aerop lane  to  s tra ig h t an d  level position  b u t to  reduce  th e  angle 
of g lide  to  a few  degrees. R ig h t up  to  th is p o in t your g lid in g  speed 
has been a t a steady  60 m .p .h . A final g lance a t th e  In d ica to r should  
nev er be m ade un d er 100 feet. Below th a t h e ig h t your d istan ce  from  
th e  g ro u n d  should  be gau g ed  en tire ly  by your ow n ju d g m en t.

Ju s t  before you do your ch eck  a t  20 feet, com m ence to  look about 
50 yardp ah ead  of (th e  aerop lane  a t an  ang le  of 45 degrees, look ing  
in  th is  d irec tion  u n til th e  m ach ine  is safely  on th e  g round . C ontinue to  
glide  a fte r  th is  check  u n til th e  w heels of th e  aerop lane  are abou t one to 
th ree  fee t off th e  g round . T he o b jec t now is to  h o ld  th e  aerop lane  a t 
th is  h e ig h t u n til it finally  s ta lls  a n d  drops on to  th e  g round . To do

*------« 1 ^ = 2

Diagram 14.—Landing: Last Stage.

As the speed drops you gradually bring the stick back. The  
nose slow ly comes up and the tail down. This results in all 
flying speed (lift) being lost, and finally the ground is touched  
with landing wheels and tail skid sim ultaneously. As you 
look out, to the right and ahead of you be prepared to see the  
ground com ing towards you and travelling underneath you;

for this is what appears to be happening.
Landing usually takes the longest tim e of all sequences to 
master. It is a question of your eyes acclim atising them selves 
to accurate vision in an unaccustom ed vertical plane. Do not 
get disheartened. Som e of our very best pilots to-day made 
worse efforts than yours 1 W hen your eyes have become so 
accustom ed then som e of the concentration on this part is 
relieved, so that you can pay more attention to co-ordinating 
your stick  m ovem ents to what your eyes see and so you 

acquire the knack of landing.

th is  th e  s tick  m u st be eased  g en tly  b ack  u n til i t  h as reach ed  th e  lim it 
of its  trave l. I f  you do th is  sm ooth ly  an d  correctly  it w ill b rin g  the  
ta il  down an d  by do ing so b rin g  th e  m achine to  th e  a ttitu d e  in  w hich  
you see i t  a t re s t  on th e  g round , b u t a  foot above th e  g round . As 
i t  h a s  s ta lled  in  th is  position  it  w ill drop  g en tly  on to  th e  aerodrom e. 
Now keep th e  m achine s tra ig h t on th e  g ro u n d  by m eans of th e  ru d d e r 
u n til i t  h a s  com e to  re s t. H ave a  good look ro u n d  before a tte m p tin g  
to  tu rn  o r tax i.

H IN T S AND TIPS.

T ry  and  gauge your h e ig h t for th e  first check  from  som e ob ject on 
th e  g ro u n d  of w hich  you know  th e  ap p ro x im ate  h e ig h t (a tree , fence, 
th e  h a n g ars  or th e  c lubhouse). P rac tice  w ill m ake th is  au tom atic.
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F or th e  second check  you m u st accustom  your eyes to the  appearance 
of g rass a t  a  h e ig h t of from  one foot to  th ree  feet a t a  speed  of 
50 m .p .h . Both first and  second checks are  definite  m ovem ents of 
th e  stick . T he firs t check  is a question  of b r in g in g  th e  s tick  back 
and  k eep in g  it in th is  new  position , re su ltin g  in  a fla tter g lid in g  angle .

T he second check  is a  con tinuous one, s ta r tin g  very g en tly  and 
co n tin u in g  to  b rin g  back  th e  stick  u n til th e  m achine has a rriv ed  in 
th e  position  in w hich it norm ally  s its  on th e  g round , nose up , tail 
down. To com m ence w ith , a  s lig h t backw ard  m ovem ent of th e  stick  
is req u ired . A t th is  p o in t th e  m ach ine  is fly ing s tra ig h t an d  level 
a t one to  th ree  feet over th e  aerodrom e. As th e  speed  of the  m achine 
becom es slow er th e  s tick  is b ro u g h t fu r th e r  back , so th a t th e  nose 
rises slig h tly . I f  th e  stick  is b ro u g h t back  too soon,, th a t  is, before 
th e  m achine h as  lo st sufficient speed, o r if b ro u g h t back  too m uch, 
th e  re su lt w ill be “ b a llo o n in g .”  As th e  speed  becom es less and  
less the  stick  is b ro u g h t fu rth e r back  in o rder to keep  th e  m achine 
airborne, so th a t  w hen it has  lost fly ing  speed it s in k s to 
th e  g round , w heels an d  ta il to u ch in g  sim ultaneously , and  th e  stick  
shou ld  th en  have been  b ro u g h t as fa r back  as it can go. As soon as 
th e  m achine has touched  th e  g round , g lance s tra ig h t ahead , s ig h tin g  
the  nose of th e  m ach ine  on to  som e ob ject on th e  d is tan t boundary .

/ V
FLA T T E N S  O u r /  

1ST CH ECK ' '

Diagram 16.—How Not to Land.

I f  you continue to  do  th is  un til you have  come to  re s t, you w ill have 
no  difficulty in  k eep in g  a  s tra ig h t course by  m eans of your ru d d er. 
M any m achines have a  tendency  to  pu ll one way w hen ru n n in g  along 
th e  g ro u n d  a t  s p e e d ; be ready  to  co u n te rac t th is  a t  once.

Do n o t t ry  to  go th ro u g h  th e  sequences of lan d in g  u n less you have 
go t th e  approach  r ig h t. You can n o t m ake a  good lan d in g , w hich
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needs co n cen tra tio n , if you a re  w o rry in g  w h e th er you w ill g e t in to  
th e  aerodrom e or not.

I f  th e  w ind  is a t  a ll s tro n g  th en , w hen  trav e llin g  across w ind, i t  
w ill be fo u n d  n ecessary  to  tu rn  th e  aerop lane  s ig h tly  to  th e  le ft 
(w hich m eans th e  nose of th e  m achine w ill be p o in tin g  s lig h tly  in to  
w ind) to  overcom e th e  d rif t w hich  w ould blow you too fa r from  th e  
aerodrom e, causing  you to  undershoo t.

USUAL FAULTS.

“  U nder-shoo ting  ”  and  “  o v er-shoo ting .”
G lid in g  too qu ickly .
F o rg e ttin g  to  m ake th e  first check  an d  to gauge its  h e ig h t by 

ch eck in g  up w ith  th e  h e ig h t of a  know n o b jec t on th e  g round , such  
as th e  h a n g a rs , e tc . G en era lly  sp eak in g , th e re  is very  l ittle  ten d en cy  
to  n o t m ake th e  second - check , for th is  w ould en ta il fly ing  s tra ig h t 
in to  th e  g ro u n d —probably  on account of th e  fear of th e  re su lt of 
such  a p ro c e e d in g ; a  m ost usual fau lt is to  m ake th is  check, in stead  
of one to  th ree  feet from  th e  g round , a t  any h e ig h t up  to  10 feet, 
w ith , as a re su lt, a t  least a d am aged  und erca rriag e .

CHAPTER NINE
TAX I-IN G .

A ny m ovem en t of th e  m achine on th e  g ro u n d  by m eans of its  own 
pow er, th a t  is, w ith  th e  eng ine  an d  p ro p e lle r tu rn in g  rou n d , is know n 
as tax i-ing .

Y ou never ta x i w ith  th e  s tick  in any o th er position  th a n  r ig h t back.
You n ev er tax i w ithou t first of a ll look ing  up  to  see you are  no t 

go in g  to  g e t in  th e  way of, or cu t across, any  o th er m achine th a t  m ay 
be com ing  in to  lan d  or ju s t  abou t to  tak e  off.

You never tax i u n til, in ad d itio n  to  m ak in g  sure of th is , you look to 
th e  r ig h t  an d  to  th e  le ft a n d  fo rw ard  on  bo th  sides of you to  see th a t 
you $re no t go ing  to  tax i in to  any  o th e r m achine o r any obstruc tion  
on th e  aerodrom e.

N ever, u n d e r any  c ircum stances, do you tax i in  a h u rry .
T h e  th ro ttle  is opened  only sufficient to  allow the  m achine to  move 

a t  a  speed  of 7 to  8 m .p .h . If  it occurs th a t  you have tax ied  to  about 
th e  sp o t you w ish  to  be in  for, say , com m encing  to  tak e  off, an d  you 
have m oved your ru d d e r ba r in  th e  d irec tion  you w ish to  tu rn  bu t 
th e re  is little  o r no  response , th e n  i t  is perm issib le  to  open your 
th ro ttle  u n til th e  slip  s tream  h as  in creased  to  an  e x te n t th a t  will 
allow th e  m achine to answ er to  th e  con tro l. T h is is in a ll c ircum ­
stan ces m ere ly  a  m om entary  o pen ing—sh u ttin g  im m edia te ly  you have 
tu rn e d  rou n d . As you tax i, con tinually  look ou t first r ig h t and  th en  
left as ■ well as above, to  s till  m ake su re  th a t  n o th in g  has come 
in  your w ay since you com m enced to m ove.

W hen tax i-ing , th e  m achine will no t be so responsive  to the  ru d d e r 
a s w hen  flying, a n d  therefo re  you will have  to  m ake th e  m axim um
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possible m ovem ent on th e  ru d d e r ba r w hen you w ish to tu rn . As 
we are  n o t d ealin g  w ith  advanced  fly ing , a n d  you are un lik e ly  to be 
allow ed to fly in a s tro n g  w ind or in  g u sty  w eather, to avoid confusion 
1 10  m en tion  is be ing  m ade here  of any va ria tio n  or add ition  necessary  
fo r th e  con tro l of th e  m achine in  such  w eather.

GLOSSARY OF TERM S AND AIRCRAFT COMPONENTS.
Across W ind.—In  th e  ch ap ter on  L an d in g s re fe ren ce  has been m ade, 

in  d escrib ing  fly ing  a c ircu it ro u n d  th e  aerodrom e, to  th e  fact th a t 
a fte r  th e  firs t tu rn  a n d  a fte r th e  th ird  tu rn  th e  m achine is fly ing  
across w ind. I t  m eans th a t  th e  w ind  is try in g  to  blow th e  m achine 
sidew ays. In  th e  lesson on L an d in g s and  T ak in g  Off it has been  show n 
th a t  th e  im p ortance  of see ing  th a t  th e  m ach ine  is in  bo th  cases dead 
in to  w ind is v ita l. W hen  a  m achine is across w ind  it  is n a tu ra lly  be ing  
blown ou t of o r off th e  p a th  th a t  you w ish to follow. W hen  th is  occurs 
du rin g  a tak e  off or lan d in g  it follow s th a t  th e re  is a  very  severe 
s tra in  p laced  on th e  m achine in  a  sidew ays d irection . I f  th e  s tra in  
becom es so h ig h , th ro u g h  be ing  very  m uch  ou t of your tru e  dead 
in to  w ind p a th , o r if th e  w ind is h ig h , th e re  is a  g re a t possib ility  cf 
th e  u n d e rca rriag e  collapsing.

In  o rd er to k eep  on a s tra ig h t line  w hen fly ing  across w ind, the  
im ag in ary  line  d raw n th ro u g h  th e  cen tre  of th e  fuselage w ill no t 
coincide w ith  th e  line a long  th e  p a th  th a t  you are  trav e llin g . T he 
nose of th e  m achine w ill be on one side of it and  th e  ta il on the  
o th er. T he am oun t of th is  ang le  across th e  line  of fligh t w ill, of 
course, depend  0 11 th e  s tre n g th  of th e  w ind.
•' R ead  ag ain , so th a t  i t  im presses itse lf on your m em o ry : “ N ever 
try  to  tak e  off o r lan d  across w in d .”  (See d iag ram  12, page 29.)

Aerobatics.—W e can th e  b e tte r  u n d e rs tan d  th is  te rm  by th e  word 
fo rm erly  used  fo r such  evolutions. T h is w as “ acro b a tic s .”  In  ju s t  
th e  sam e w ay as people n o rm ally  w alk, ru n , s it  an d  carry  on  th e  
n a tu ra l m ovem ents in  daily  life, we re fe r to  a  person  w ho on the  
m usical h a ll o r circus carries ou t som e m ovem en t rem oved  from  the  
n o rm al ones as an  “  ac ro b a t.”  I t  m ay  be th a t  he  tu rn s  h ead  over 
h eels in  th e  a ir. W hen  an  aerop lane  does th is  it is called  looping 
th e  loop.

I f  we are  look ing  a t  th e  f ro n t of a  m ach ine  a n d  it  ro lls over side­
ways u n til th e  p assen g ers  are upside dow n, th e  a irc ra ft h as described 
a  H a lf R oll. If  th e  m ovem ent is con tin u ed  u n til th e  p assen g ers  are 
once ag a in  fly ing  a lo n g  in  n o rm al level fligh t, a  com plete R oll has 
been executed .

I f  we im agine a m ach ine  a t a h e ig h t of several th o u san d  fee t d iv ert­
in g  from  its  n o rm al p a th  of fligh t, so th a t  its  nose  p o in ts tow ards the  
ea rth , w h ils t a t th e  sam e tim e th e  m ach ine  revolves a ro u n d  an  
im ag in ary  ax is  from  th e  e a rth  th ro u g h  th e  fuselage, th en  th is  evolu­
tion  is know n as a  Spin .

Ailerons.—A ilerons are s itu a ted  a t  th e  re a r  of the  m ainp lanes an d  
a t  th e  o u ter e x trem itie s  of th e  la tte r  in  a  position  w hich , a t a  casual 
g lance in  th e ir  no rm al fly ing  position , m akes th em  ap p ear to be ju s t  
a  p a r t  of th e  p lane or w ing. A closer ex am in atio n  will revea l th a t  
th is  part" is h in g ed  so th a t  i t  can  m ove upw ards o r dow nw ards re la tiv e
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to  th e  m ainp lane  itse lf. T hey  are con tro lled  by  th e  s tick  w hen  it  is 
m oved from  side to side across th e  cockpit. T h eir purpose  is to  ra ise  
one w ing  above th e  o th er, a  m ovem en t necessary  w hen  tu rn in g . 
T h eir con tro ls a re  in ter-connected , so th a t  as one goes dow n th e  othe.r 
side goes up. (See d iag ram  7, page 15.)

Airborne.—T h is te rm  is used  to  denote  th e  tran s itio n  w hen tak in g  
off, from  a m ach ine  ru n n in g  a long  th e  g ro u n d  on its w heels to  th a t 
w hen  it  is ac tually  tak e n  off th e  g ro u n d  a n d  is su p p o rtin g  its own 
w eigh t in  th e  a ir. In  a bad  tak e  off a pupil lea rn in g  to fly m ig h t 
m ove th e  s tick  backw ards too soon. T he m achine will th en  som e­
tim es ac tually  rise  a  foot o r tw o in  th e  a ir, an d  th en  d rop  to the  
g ro u n d . In  th ese  c ircum stances th e  pupil w ill have tr ie d  to  g e t th e  
m achine off th e  g ro u n d  before it w as read y  to be a irborne, in o th er 
w ords, before i t  h a d  sufficient sp eed  to  lift itself.

S om etim es w hen tak in g  off from  a  bum py aerodrom e, or in very 
treach ero u s conditions, th e  w heels m ay s tr ik e  a  deflection on the  
g ro u n d  th a t  w ill m om entarily  jo lt it in to  th e  a ir. T h is does no t 
m ean  it is a irb o rn e  an d  it  w ill fa ll back  on to  th e  g ro u n d  ju s t  the  
sam e as w hen a tte m p tin g  to  “  pu ll it off ”  too quickly .

Aligning the W ings.—In  le a rn in g  to fly we try  to  keep  the  m achine 
fly ing  w ith  th e  w ings p a relle l to  th e  ea rth . In  o rder to do go we 
s ig h t th em  along  th e  horizon. W hen  we fa il to  do so th e  m achine is 
fly ing  one w ing  low, i.e ., one w ing low er th an  th e  o th er.

(See d iag ram  10, page 17.)
Altim eter.—T his is an  in s tru m e n t w hich records the  h e ig h t of the  

m achine above sea  level. I t  w ill be ap p rec ia ted  th a t  th e re  are aero ­
drom es a t  sea  level an d  m any  m ore a t  v a ry in g  h e ig h ts  above and  below 
sea  level. I t  is necessary  th ere fo re  to  have  one com m on basis on w hich 
to  d e te rm in e  how  h ig h  above th a t  basis an  a irc ra ft m ay be. I f  we look 
a t  a  m ap  g iv in g  th e  physical fea tu res  of th e  e a rth  we find th e  h ills  
and  m o u n ta in s m ark ed  “ so m any  fe e t,”  w hich, of course, is the  
h e ig h t th ey  are above sea level. T herefo re , w hen an  aerodrom e is 
constru c ted , its  h e ig h t above sea  level is d e te rm ined . All a ltim e ters  
a re  p rov ided  w ith  an  ad ju s tm e n t so th a t  th e  need le  m ay be se t a t 
sea level, or w hatever the  h e ig h t of the  aerodrom e.

T h is  ad ju s tm e n t is also necessa ry  because th e  a ltim e te r  is o p erated  
by th e  sam e k in d  of m echan ism  as a baro m ete r an d  is therefore  
su b jec t to  m ovem ent d ep en d en t upon w eath er conditions, irrespec tive  
of its  a ltitu d e  above the  earth . T hese , how ever, for p ractica l purposes 
m ay be ignored  once the  in s tru m e n t is se t for the  flight.

W hen  lea rn in g  to fly we are no t p roposing  to  leave th e  p recin cts 
of th e  aerodrom e, so th en  it is n o rm al practice  to se t the  a lti­
m ete r to  zero, because we are  no t go ing  to  traverse  across m oun ta in  
ran g es th a t  necessita te  in creas in g  our h e ig h t to  cross th em , an d  it 
re lieves th e  p up il of the  m en ta l calcu la tions necessary  to  su b s trac t 
the  h e ig h t of the aerodrom e above sea level from  th e  basic zero to 
w hich th e  a ltim e te r is set.

A ngle of G lide.—T h is is the  p a th  follow ed by a m achine when 
g lid in g  to  earth . I t  is th en  re fe rred  to  as th e  ang le  of g lide because 
if an  im ag in ary  line  is d raw n  th ro u g h  th e  cen tre  of th e  fuselage an d  
con tinued  to th e  p o in t w here i t  w ould s tr ik e  th e  e a r th  an  ang le  is 
form ed. T h ro u g h o u t h is  lessons th e  pupil will have been im pressed
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w ith  th e  necessity  fo r e n su rin g  th a t  th is  an g le  is n e ith e r  too steep  
no r too flat. I t  is d e te rm in ed  by th e  n ecessity  for k eep in g  th e  speed  
of th e  m achine w hen g lid in g  a t  a  sufficiently  h ig h  m arg in  above th e  
s ta llin g  speed.

A .S.I.—T his is sh o rt fo r A ir Speed In d ica to r. A t firs t th o u g h t, 
especially  to  people used  to  d ealin g  w ith  speeds on  te rra  firm a, th is  
in s tru m e n t is o ften  re g ard e d  as a speedom eter. T h is is en tirely  
w rong  as the-A .S .I. does n o t record  th e  speed  of th e  m achine re la tive  
to the  earth . I f  a  condition  of dead calm  ever p revailed  and the 
den sity  of the  a ir  alw ays rem ain ed  the  sam e, it w ould be co rrec t to  
re g a rd  th e  A .S .I. as a  speedom eter, b u t in  p o in t of fac t these  two 
conditions are  never fu lfilled . T herefore  we m u st tak e  tim e and  be 
carefu l over w h a t our A .S .I. is really  te llin g  us. Now we are  flying 
a long  a /straigh t an(j  ievei p a th  ag a in s t a  h ead  w ind  of 20 m .p .h . 
W e glance a t th e  A .S .I. an d  we see it is reco rd in g  80 m .p .h . T h a t is 
to  say , th e  m achine is do ing  80 m .p .h . bu t is be ing  blow n backw ards 
by th e  20 m .p .h . w ind  a t th e  ra te  of 20 m .p .h . I ts  re la tiv e  speed  to 
th e  e a rth  therefo re  is only 60 m .p .h .

Now if we im agine th a t  a  20 m .p .h . w ind is com ing  across the  
m achine, d iagonally  to th e  p a th  we are  follow ing, th e n  th e  w ind will 
n o t blow us b ack  a t 20 m .p .h . b u t som ew here be tw een  12 and  15, so 
th a t  we m ay be do ing  re la tiv e ly  to  th e  e a rth  65 to  68 m .p .h .

I t  is, of course, possib le w hen  in th e  a ir  to  com pute  p recise ly  th e  
ac tu a l fo rw ard  speed  of th e  m ach ine  re la tiv e  to th e  g ro u n d  u n d e r all 
and  every  condition . To do so, how ever, it is n ecessary  to have 
in s tru m e n ts  an d  to be able to  m ake com plicated  calcu la tions th a t  are  
th e  function  of a n av ig a to r and outside  th e  scope of th is  book.

The result of pulling the stick back too far or too fast when  
landing, before the m achine has lost flying speed. The final 

glide preparatory to landing was also too fast.
Ballooning.—W hen a  m achine is about to lan d  you have been told 

to  m ake a  first an d  th en  second  check. I f  you overdo e ith e r th en  the 
m achine, in stead  of com m encing  a  fla tte r ang le  of g lide  w ill assum e 
an  a ttitu d e  of c lim bing . T h is  is a  h ig h ly  dangerous p rocedure  and 
m u st be checkcd  im m edia te ly  by p u sh in g  th e  stick  forw ard , a t the 
sam e tim e m ak in g  qu ite  certa in  th a t  th e  operation  is no t overdone 
in  th e  opposite  d irec tion  an d  you fly in to  th e  g round . W hen the  
“  ch eck in g  ”  is overdone on th e  second check , th en  you balloon.

(See d iag ram  17, page 36.)
Bank---- To b a n k  a m ach ine  is to  place it, by  m oving  th e  stick

e ith e r to  one side o r th e  o th er, in to  a  position  w here th e  w ings are 
no longer p a ralle l w ith the  g ro u n d  bu t a t an  ang le  to it. “  B ank ”  is
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a noun  w hen  u sed  in  the  p h rase  “  Now p u t on  b a n k ,”  w hich  is one 
th a t  your in s tru c to r in  th e  early  s tag es of le a rn in g  to  fly w ill fre ­
quen tly  use, o r h e  m ay say  “  M ore ban k  ”  o r “  L ess b a n k .” If, 
how ever, he shou ld  say “  You are  b a n k in g  too m uch  ”  i t  is in  th a t 
case b e in g  used  as a verb.

You have  been ta u g h t in  the  c h ap te r  on T u rn in g  how , once you 
have o b tained  th e  co rrec t deg ree  of ban k  for th e  acu teness of the  
tu rn , you m u st th en  tak e  step s to  “  ho ld  it off.”  In  o th e r w ords, 
if you m ove your s tick  to  the  r ig h t,  for a  r ig h t-h a n d  ban k , say  2-in., 
a  certa in  deg ree  of b an k  will have been  ob ta ined . I f  you k eep  th e  
s tick  in  th is  position  w hile it is tu rn in g , th e  b a n k  will au tom atica lly  
becom e steeper. T h erefo re , as 2-in. gave you th e  correct am o u n t of 
ban k , it w ill be n ecessary  to b rin g  th e  stick  back  to n o rm al fly ing 
position  2-in. o r th ereab o u ts  to keep  th a t  p a rticu la r  steep n ess of bank . 
Of course, w hen  you w ish to com e ou t of th e  tu rn , th a t  is, w hen  you 
have com pleted  it, you th e n  have to  b rin g  th e  s tick  over to  th e  o th er 
side of th e  cockp it s lig h tly .' W hen  th e  w ings have  once again  
resum ed  a line p a ra lle l to  th e  g ro u n d , you b rin g  th e  s tick  g en tly  bu t 
firm ly back  to  its  c en tra l position . (See d iag ram  7, A ilerons, page  15.)

Centre of Gravity.—T his is a p o in t abou t w hich , if a  m achine were 
su spended  on  a  cord to, fo r in stan ce , th e  ceiling  of a  larg e  bu ild ing , 
it w ould au tom atica lly  balance itse lf. F irs t  of a ll, im agine th e  m achine 
re s tin g  on th e  g ro u n d  on its  w heels. If  we a tta ch  a  s tr in g  on  the  
cen tre  line  of th e  m ach ine  d raw n from  nose to  ta il, we w ill find th a t  
lo n g itu d in ally  th e  p osition  w here th e  m ach ine  w ould balance w ould 
be in the  fro n t cockpit. If  we tu rn  th e  m ach ine  over on its  side 
we w ould again  find th a t  th e  s tr in g  w ould have to  be lo n g itu d in a lly  a t 
the  sam e po in t. T h is  is because a ll tra in in g  m achines a re  designed  
to  have th e ir  cen tre  o f g rav ity  in  th e  f ro n t cockpit. T h is is so as it 
is th e  cockp it alw ays u sed  by th e  In s tru c to r.

W hen  you come to  m ake your firs t solo flig h t th is  will re su lt  in 
the  m achine n o t “ feeling  ”  e ith e r nose heavy  o r ta il heavy  th ro u g h  
h is w e igh t no  longer be ing  th ere , a n d  rem oves one care from  th e  
first so lo is t’s m ind . P e rh ap s i t  can  be ap p rec ia ted  b e tte r  if we 
consider a  tra in in g  m achine w here th e  In s tru c to r  sa t on  th e  tail, 
th en  th e  m ach ine  w ould be “  rig g ed  ”  so th a t  w ith  the  s tick  in  its 
n o rm al position  th e  m achine w ould fly a  level p a th . I f  we were 
suddenly  to  tak e  th e  In s tru c to r  aw ay th e  m ach ine  w ould be w an tin g  
to fly ta il h ig h  an d  th e  p up il w ould be p u t to  th e  trouble  of co u n te r­
acting  th is  by k eep in g  th e  s tick , n o t in  th e  position  he  h as  grow n 
to accept as n o rm al, b u t m uch fa rth e r  back.

Centre Section Struts.—T he n orm al s ta n d a rd  b ip lane tra in e r  has 
w ings or p lanes th a t will fold b ackw ards so as to  conserve sto rage  
space in th e  h an g ars . W hen  th ey  are  fo lded back  th ere  rem a in s in 
the  cen tre  of th e  m achine, b u t above th e  fuse lage , a  fixed cen tra l 
portion . A lthough  th is  is p a r t of th e  w ing  a rea  i t  is also th e  petro l 
tan k  and  it  is su p p o rted  by four u p rig h t s tru ts  w hich are know n as 
cen tre  section  _struts.

I f  you are  le a rn in g  to  fly on a m onoplane w hich  is no t a  s ta n d a rd  
tra in e r of th e  B ritish  E m p ire , th en , of course, you will have no cen tre  
section  s tru ts  to gu ide you in  k eep in g  th e  m ach ine  level in the  
ro llin g  p lane . You will therefo re  " s ig h t  ”  th e  side of the  fro n t eng ine 
cowl o r p e rh ap s a v e rtica l su p p o rt of th e  w indscreen .
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Centralise.—T his ph rase  is used in connection  w ith  th e  c en tra lis in g  
of your con tro ls, a f te r  a  tu rn . See “  B a n k .”

Check.—In  th e  lesson  on L an d in g s tw o checks are  re fe rred  to . 
D ealing  w ith  th e  first one, w hich  you m u st carry  ou t a t a  h e ig h t o f 
ap p ro x im ate ly  20 feet, by b riiig ing  th e  s tick  s lig h tly  back , the  
effect of th is  is to  lessen  th e  acu teness of th e  g lid in g  ang le  an d  to  
reduce  th e  speed of th e  m achine as you come n e are r to th e  g round .

T he second  check  you m ust execu te  a t a  h e ig h t of one to th ree  feet 
from  th e  g round , again  by m oving th e  s tick  fa rth e r  back still, being  
carefu l n o t to  cause  ballooning. T h is check  is rea lly  th e  first p o rtion  
of th e  slow stead y  b rin g in g  back  of th e  s tick  u n til th e  m ach ine  h as 
actually  m ade co n tac t w ith the  g round . A fter th e  in itia l p o rtion  of 
th e  second check, cau sin g  the  m achine to  fly p a ra lle l w ith  th e  g round , 
the  con tin u ed  b r in g in g  back  of the  stick  as th e  m achine loses speed, 
b rin g s up  slowly th e  nose and  dow n slow ly th e  ta il, so th a t  w hen  
you actually  “  touch  down ”  you do so sim u ltan eo u sly  w ith  th e  lan d in g  
w heels an d  th e  ta il sk id . I t  w ill be a p p a re n t th a t  from  your sea t you 
will now  see th a t  th e  nose of th e  m ach ine  in  re la tio n  to  yourself an d  
the  horizon is ex ac tly  th a t  in w hich you have  becom e accustom ed to  
seeing  it a t all tim es w hen th e  m achine is on  th e  ground .

(See d iag ram s 13, 14, 15 and  16, pages 30, 31 and  32.)
Climbing Speed.—T he b est c lim b ing  speed  is th a t  a t  w hich th e  

g rea tes t h e ig h t is g a in ed  in a  m in im um  of tim e. You will on your 
T ra in er p robably  be to ld  th a t  th is  is 65 or 70 m .p .h . T h ere  is 
an o th e r way in  w hich th e  c lim b ing  capacity  o f an  aerop lane  is o ften  
re fe rred  to  an d  th a t  is th e  “  ra te  of c lim b .”  As a m a tte r  of in te re s t 
your T ra in e r  sh o u ld  clim b 5,000 fee t in  9 m in u tes . In  com parison, 
m odern  fig h te rs approach  5,000 fee t in  a  m inu te . (In  1917 the  
m achine flown by th e  au th o r over th e  lines in  F ran ce, loaded w ith  
only 2 cw t. o f bom bs, took 45 m in u te s  to  clim b 5,000 fee t!)

T he d en sity  of th e  a ir  has a  good deal to  do w ith  th e  n u m b er of 
feet clim bed  pe r m inu te . F o r every  foot above sea  level th e  d en sity  
bcom es less. T h is h as a two-fold draw back . In  th e  firs t place, 
un less th e  eng ine  is h ig h ly  su p erch arg ed , w hich , of course, absorbs 
pow er, th e  c u rre n t of a ir go ing  in to  th e  eng in e  becom es less and  
less, an d  th erefo re , w h e th er su p erch arg ed  or no t, th e  pow er th a t  is 
available to  p ropel th e  m achine becom es less, a lth o u g h  th e re  is an  
ad v an tag e  w hen we do sup erch arg e  as ag a in s t w hen  we do not.

T he second draw back  is th a t because th e  a ir  becom es th in n e r, 
w hich is th e  sam e thing, as less dense, th e  lift of th e  aerop lane  also 
becom es less, so th a t  i t  is w an tin g  to fall back  in stead  of su p p o rtin g  
itself. On th e  o th er h an d , if we knew  how  to  tak e  fu ll ad v an tag e  
of it, th e  lessened  d en sity  of th e  a ir  cau s in g  less d rag  on th e  surfaces 
of the  m achine, w ould m ore th a n  co u n terac t both.

Cockpit.—T his is th e  space a llo tted  for P ilo t an d  p assen g er to  sit 
in . I t  m ig h t be th o u g h t of as a  co m p artm en t. In  our s ta n d a rd  
tra in in g  m ach ines th ere  are  tw o cockpits, re fe rre d  to  as fro n t cockpit 
and  re a r  o r back  cockpit. W hen  th e  p up il is un d er in s tru c tio n  the  
fro n t cockpit is occupied  by th e  In s tru c to r, b u t if the  m ach ine  is 
be ing  used  for a p a ssen g er fligh t i t  is occupied  by th e  passen g er. 
The P ilo t s its  in  th e  rear.

Controls.—T he con tro ls are a ll th e  m echan ism  by w hich th e  neces­
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sary  evolutions in th e  a ir a re  b ro u g h t about, and  a lth o u g h  from  a 
P ilo t’s  p o in t of view  they  are  confined, w hen  he sp eak s of th em , to  
th e  s tic k  an d  th e  ru d d e r bar, th e  en g in eers  an d  m echan ics visualise  
all th e  a p p ara tu s  go ing  from  th ese  to  th e  actual con tro l surfaces.

Control Surfaces.—T hese con tro l su rfaces of an  a irc ra ft are those 
p a rts , such  as th e  a ileron , e lev a to r an d  ru d d e r surfaces, w hich can 
m ove in d ep en d en tly  of th e  com ponen t to  w hich th ey  are  a ttach ed . 
W e have seen  how  th e  a ile rons m ove in d ep en d en tly  of th e  w ings or 
m ainp lanes. T he ru d d e r lies b eh in d  th e  fin post. W hereas th e  fin 
is fixed th e  ru d d e r m ay be m oved a  c e rta in  nu m b er of degrees 
to e ith e r side of th e  fin. T h e  e levato r is th e  o th e r m ain  contro l 
surface and  th is  is a tta ch ed  to th e  ta il p lane, bu t w hereas we can 
re g ard  th e  ta ilp lan e  for a ll p rac tica l purposes as fixed, th e  e levator 
is h in g ed , so th a t  it m ay m ove a  n u m b er of degrees up  and  down 
re la tiv e  to  th e  ta ilp lane.

You w ill reca ll th a t  a carefu l P ilo t, before th e  eng in e  h as been 
s ta r te d  up, an d  as soon as he  is sea ted  com fortably , m oves all h is  
co n tro ls, w a tch in g  th e  respec tive  con tro l su rfaces w hile he  does so 
to  see th a t th ey  are w ork ing . T he first fo reru n n er of th e  F ly in g  
F o rtre s s  was w recked  and  a ll crew  lo st because th e  P ilo t neg lec ted  to 
do  th is . T he con tro ls w ere locked.

Cruising Speed.—T h at is th e  speed  a tta in e d  by an  a irc ra ft as 
in d ica ted  by th e  A .S .I. w hen  th e  eng ine  is tu rn in g  over a t its  norm al 
rev o lu tio n s pe r m inu te . I t  is th e  sp e e d  a t w hich one g en era lly  flies, 
because to  fly a ll th e  tim e a t  m ax im um  speed  no t only p u ts  th e  
g re a te s t load  and  consequently  w ear an d  tea r  on th e  en g in e , bu t uses 
up  th e  g re a te s t am o u n t of p e tro l and  oil in  th e  sh o rte s t possible tim e.

(See also A .S .I. a n d  Speed.)
Down W ind.—Y ou are  fly ing  down w ind  w hen th e  w ind  is im m e­

d iate ly  beh in d  you. You w ill rem em b er th a t  you m u st n ev er try  to  
tak e  off or to land  down w ind.

I t  is as well to  bear in m in d  th a t  w hen you are fly ing down w ind 
a t,  say , a  c ru is in g  speed  show n on th e  A .S .I. of 80 m .p .h ., you are 
trav e llin g  a t a  g re a te r  speed th a n  th is  re la tiv e  to  th e  ea rth . I f  vour 
A .S .I. is re g is te r in g  80 m .p .h . an d  you have a  40 m .p .h . w ind beh ind  
you, for all p rac tica l purposes you are  do ing 120 m iles pe r h o u r over 
th e  g round .

Drift. D rift is sa id  to  occur w hen a m achine is d riftin g , and  th is  
tak e s  p lace w hen  you are fly ing  across a  w ind an d  you do no t take 
th e  n ecessary  m easu res to  en su re  th a t th e  m achine is he ld  on th a t 
p a th  th a t  you w ish it to  trave l upon.

(See a lso  A cross W ind.)
E ngine Off---- T h is is a ph rase  w hich , s tric tly  sp eak in g , does no t

m ean  w h a t it w ould appear to. W hen you are g lid in g  you do so w ith  
“  eng in e  off.”  In  fact, your eng in e  is still go ing  ro u n d , b u t you have 
m oved your th ro ttle  lever back an d  so you are no t re ly in g  on eng ine  
pow er to  su p p o rt you in  the  air.

E ngine On.—W hen  you open up  your th ro ttle  i t  is som etim es 
re fe rre d  to  as p u ttin g  “  eng ine  o n .”

Elevator___T his is a con tro l surface and  its  function  is to contro l
th e  m achine in  ascend ing  or descending , o therw ise  know n as the
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“  p itch in g  p lan e .”  T echn ica lly , an  e levator, as a lso  o th er contro l 
surfaces, is som etim es re fe rred  to  as aerofoil. (See d iag ram  1, page  4.)

Flaps.—F lap s  are fitted  to  som e m onoplane tra in e rs ;  a ll com m ercial 
an d  w ar p lanes have them . L ike  th e  a ilerons th ey  are  h in g ed  surfaces 
in  th e ir  s im p le s t form s. Because th is  type is h in g ed  to th e  re a r  
edge of th e  w ings, up  to  th e  a ile rons, th ey  are called  “  sp lit tra ilin g  
edge flap s .”  T h ey  are  h in g ed  on  th e  u nderside  of th e  w ingp an d  are 
12 in . to 18 in . deep. W hen  b ro u g h t in to  operation  th ey  come down 
a t an  ang le  to  th e  w ing an d  a c t as an  a ir b rak e  used  for land in g . 
T hey  reduce  th e  speed an d  increase  th e  ang le  of g lide  so th a t  
m ach ines fitted  w ith  th em  can  lan d  in  a  sm alle r area.

Som e flaps, such  as th e  G erm an  Ju n k e rs  a n d  A m erican  F ow ler and 
M arendaz a re  of use for tak in g  off as well as lan d in g  as they  increase  
th e  effective w ing area . T he M arendaz is th e  only flap th a t  can 
be used  for th e  fu ll span  of th e  w ings (so g iv in g  g re a te s t  possible 
increase  of a rea ). T hey  do no t sh ro u d  the  a ile ron  bu t, by  fo rm in g  
a  gap  betw een them selves an d  th e  m ainp lanes, increase  th e  velocity 
of a ir  in th e  v ic in ity  of th e  a ile rons, thereby  in creas in g  th e ir  effec­
tiveness a t  low fly ing speeds—a very  desirab le  featu re .

Forced Landing.—A forced lan d in g  is one w hich is in v o lu n ta ry  as 
fa r as th e  P ilo t is concerned. I t  m ay be th a t  the  eng ine  has failed. 
I t  is th ere fo re  im perative  to  m ake a lan d in g . I f  w eath e r conditions 
w h ilst in  th e  a ir  have becom e such, e ith e r th ro u g h  w ind or snow , or 
p e rh ap s  a th u n d ers to rm , as well as v isib ility  be ing  so bad th a t  it is 
ex p ed ien t to  land , w ifhout w a itin g  to arrive  a t an  aerodrom e or at 
your d estin a tio n , you will be m ak in g  w hat is know n  as a  forced 
land in g . M ore often  th a n  n o t th is  will be on lan d  th a t  h a s  n o t been 
p rep ared  as an  aerodrom e.

So soon as you are  able to  becom e a  little  less p reoccupied  w ith  
th e  actual co n tro llin g  of th e  m ach ine, before you go solo, it is a  good 
p lan  to  consider from  tim e to tim e w hen  in  th e  a ir, w hat spo t you 
w ould choo,se to  m ake a  forced lan d in g  on  if  your eng ine  should  
h ap p en  to  fa il a t any  p a rticu la r m om ent.

Fuselage.—T h is is th e  body or backbone or hu ll of an  a irc raft. On 
e ith e r side and tow ards th e  fro n t a re  fixed th e  w ings o r p lanes. In  
th e  fo rw ard  position  of th e  nose som e designs have th e  eng ine . In  
o th er types th e  P ilo ts s it  in  th e  nose an d  the  eng in es a re  s itu a ted  
in  th e  w ings. In  th e  fuselage a re  th e  cockpits for p ilo t an d  p as­
sengers . To th e  rea r end  of th e  fuselage is a tta ch ed  th e  ta il p lane 
co n sistin g  of fin, ru d d e r, th e  ta ilp lan e  itse lf and  th e  e levator.

Horizon.—In  lea rn in g  to fly th e  horizon is of g re a t im portance 
because in  good fly ing  w eather it is easily  seen a n d  an  im m ovable 
object, re la tiv e  to  w hich you can  g auge  th e  a ttitu d e  of th e  a irc raft 
an d  its line of flight.

N o t on ly  is i t  im m ovable a n d  read ily  seen  bu t, no  m a tte r  w hat 
p o in t of th e  com pass you m ay be trav e llin g  tow ards, th e re  is alw ays 
in  fro n t of you th e  horizon.

I t  is, re la tiv e ly  to  th e  sh o rt d istan ces th a t  we trav e l on earth , 
alw ays to  a ll in te n ts  an d  pu rposes in th e  sam e position  w ith 
re g ard  to  your m achine. Y ou w ill undoub ted ly  a t som e tim e have 
clim bed a  h ig h  h ill or a m o un ta in . T he ex trem e lim it of your view 
is th e  horizon. W h eth er you look to  th e  fro n t, th e  side or th e  rear, 
th e re  is alw ays th e  horizon.
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Horizontal A xis.—T he horizon tal ax is of th e  m achine is a line draw n 
horizontally  th ro u g h  the  cen tre  of the  fuselage leng thw ise .

__________ ^ ______________________^ _____N EW  D IR E C T IO N

~ ~ ------------ -------------------------- >*— - - < ----------O R IG IN A L  D IR E C T IO N  OF FLIGH T
Diagram 18.—An “ Immelmann ” Turn.

Im m elm ann Turn.—T h is is an  evolution  so nam ed th ro u g h  it first 
be ing  perform ed by a G erm an  p ilo t of th a t nam e in the W orld W ar 
1914-1918. If  we consider th a t we have carried  out a Zoom but, instead  
of a t th e  top of th e  clim b, s tra ig h te n in g  out and fly ing  s tra ig h t on, 
we tu rn  suddenly  e ith e r r ig h t or left and  in do ing  so lose the  sam e 
am oun t of h e ig h t as we did in ex ecu tin g  th e  Zoom, th en  we have 
described an  Im m elm an n  tu rn . T he speed of p re sen t day F ig h te rs  
is so h ig h  th a t  the  re la tive ly  increased  speed of such a tu rn  would 
be too g re a t for a p ilo t to execu te  w ithou t “ b lack ing  o u t ,”  or becom ­
in g  unconscious.

Into W ind.—T his is th e  reverse  of down w ind. I t  is w hen you 
are fly ing d irec tly  in to  the  d irec tion  from  w hich th e  w ind is com ing ; 
and  it is th'e d irection  th a t  you alw ays tak e  off in to  an d  land  into. 
If  you are  fly ing  in to  a  w ind of 40 m .p .h . an d  your A .S .I. is re g is te r­
in g  80 m .p .h ., your speed re la tiv e  to  the  e a r th  will only be 40 m .p .h .

Inverted F light.—T h is  is a lm o st se lf ex p lan ato ry  and  m eans th a t  a 
m achine is fly ing  a long  on its  back. I f  we do a ha lf ro ll and  th en  
con tinue to  fly in level fligh t, th is  p a rticu la r aerobatic  is be ing  carried  
out.

Lag.—T his is a techn ica l te rm  re fe rrin g  to the  lapse of tim e in the 
correct reg is te rin g  by an  in s tru m e n t caused th ro u g h , in  th e  case of 
th e  A .S .I., th e  d istance  the  a ir h as to  trave l from  the  p o in t of en try  
in to  th e  P ito t tube u n til it reaches th e  reco rd ing  p a r t of th e  m echanism .

In  th e  case of the  A ltim eter, we have re fe rred  to its  p rincip le  of 
operation  be ing  th a t  of th e  b arom eter, and  we know  th a t, in o rder 
to m ake a barom eter re g is te r  th e  s ta te  of the  w eather a t any  p a rticu la r 
tim e, we have to  tap  it. W e can n o t spend  th e  tim e to tap  an A lti­
m ete r an d  even if we could, as conditions change from  one sp lit 
second to an o th er, it w ould no t be m uch use. W e therefo re  have to 
m ake allow ances for th e  fact th a t, if we are g lid in g  an d  our A ltim eter 
show s 500 feet, we have probably  descended a t least an o th e r 100 feet 
w hich th e  in s tru m e n t has no t yet been able to a d ju s t itse lf to, so 
it is re g is te rin g  100 feet on th e  h ig h  side. One of th e  reasons why th is 
is s tre ssed  is th a t you shou ld  lea rn  to  fly by touch, h e a rin g  and  sig h t, 
and  no t in stru m en ts .

Landing Speed.—T h is is th e  slow est speed a t  w hich it is safe to 
glide  an  aerop lane w ithou t fear of s ta llin g  and  w ith  th e  P ilo t re ta in ­
ing  pow er over each and  every  contro l. The lan d in g  speed of your 
T ra in e r w ill be 55 to 60 m .p .h .

I t  w ill be a p p aren t th a t  th e re  is a wide m arg in  betw een th e  lan d in g  
and  th e  sta llin g  speed. V aria tions in the  note of the  m achine as it 
g lides you will soon be able to  detect.
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Both lan d in g  a n d  s ta llin g  speeds g iven  above are  those  reg is te red  
on your A .S .I., and  if th ere  is a  h ead  w ind  of 20 m .p .h . th a t  you are 
lan d in g  in to , th en  th e  aeroplane speed re la tiv e  to th e  g ro u n d  wfll be 
reduced  by th a t  am ount.

Landing T ee___On every aerodrom e th e re  is a  L an d in g  Tee p laced
in a  p ro m in en t position , u sually  n e a r th e  ad m in istra tiv e  offices or 
th e  h a n g a rs . l t  is so larg e  th a t  i t  is c learly  v isible from  a  h e ig h t of 
1,000 feet. I t  is p a in ted  w hite. I ts  purpose  is to show th e  P ilo t th e  
d irec tion  in w hich he  is to land . I t  is th e  d u ty  of a  responsib le  
official to see, if it it no t an  au to m atic  Tee, th a t  it is alw ays p o in tin g  
in to  w ind. In to  w ind m eans th a t  th e  sm all ba r w hich form s th e  top  
of th e  Tee is p o in tin g  tow ards th e  w ind. T he P ilo t know s, there fo re , 
th a t  he is to land  paralle l w ith  the  long  stro k e  of th e  Tee and  in to  
th e  sh o rt .one.

On som e days th e  w ind is so calm  th a t  it is insufficient even to 
ex ten d  th e  w ind sock. O th er days it is so g u sty  an d  bo isterous 
th a t  th e  w ind sock  veers ro u n d  continuously . I t  is on th ese  occasions 
th a t  th e  P ilo t is gu id ed  in w hich  d irec tion  he shou ld  lan d  by th e

L an d in g  Tee. (See d iag ram  12, A cross W ind , page  29.)
M aximum Speeds.—T his is d e term ined  w hen fly ing level a t sea 

level. T he design  of th e  p ropello r h as m uch  to do w ith  th e  charac ­
te ris tic s  of th e  m achine, especially  so w hen  th e  b lades are  fixed as 
on your T ra in er. F o r m ax im um  speed, th e  coarser th e  p itch  u p  to  
a po in t, th e  g re a te r  th e  speed, bu t a  coarse p itch  operates ag a in s t a 
fa st c lim b ing  speed . As a consequence, a ll m ach ines w ith  fixed 
props have one w hich is a  com prom ise fo r g en era l purpose  use. T he 
variable p itch  propello r, s tan d ard  on m ost m ilita ry  m ach ines and  
passen g er liners, to  som e e x te n t overcom es th is  d isadvan tage . I t  
would be e n te r in g  too deeply  in to  a irc ra ft design  to  ex p la in  w hy it 
does n o t com plete ly  overcom e th is .

M onoplane.—A m onoplane h as two w ings, one on each side of the  
fuselage. A B iplane has four w ings, two on each side of th e  fuselage, 
s itu a te d  one above th e  o ther.

A H ig h  W ing  M onoplane lias th e  w ings a ttach ed  to  th e  top  of 
th e  fuselage.

A M id W ing  M onoplane h as th e  w ings a tta ch ed  to th e  m iddle of 
th e  fuselage o r th ereabou ts.

A Low W ing  M onoplane h as th e  w ings a ttach ed  to  th e  bo ttom  of 
th e  fuselage.

P itching Plane.—T he w ord “ P la n e ”  in  th is  te rm  does no t re fe r 
to  th e  w ings no r to  th e  m achine itself. W e know  th a t, as d is tin c t 
from  ea rth b o u n d  locom otion, w h e th er on lan d  or sea, w hich can only 
move to  th e  r ig h t  o r left and  n o t up  an d  dow n, th e  aerop lane  can 
m ove in  all d irec tions w hen in  th e  air. I t  is desirable, there fo re , to 
define by som e d is tin c t te rm  these  m ovem ents . W hen  an  aerop lane 
rises and  falls, m ovem ent is ta k in g  p lace in th e  p itch in g  p lane. (See 
a lso R o lling  P lane  an d  Y aw ing P lane.)

All m ovem ents th a t  it is possible for an  aerop lane  to  m ake fall e ith e r 
in th e  category  of one of these  th ree , or else in a com bination  of 
tw o or m ore. (See d iag ram  9, page  16.)

Pitot Tube.—T his is the  com ponent th ro u g h  w hich a ir is allow ed to  
pass dow n an open tube to the  A .S .I. dial' on  th e  dash  of th e  cockpit.
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T he a ir trav e ls  down w ith in creas in g  velocity and  p re ssu re  as the 
speed  of th e  m achine increases. T he increased  p ressu re  ro ta te s  the  
needle on th e  dial fa rth e r. As th e  speed of the m achine decreases 
so th e  p ressu re  becom es less an d  th e  needle falls back.

T he h ead  of th e  P ito t tube will be found  situ a ted  u n d e r th e  r ig h t-  
h a » d  bo ttom  w ing a t a  d istance  of about two th ird s  th e  sp an  of th e  
w ing. T he position  of th e  P ito t tube, w hich is th e  in le t fo r th e  air, 
is m ost im p o rtan t. I t  m u st be p laced  outside  th e  s lip s tream  of th e  
p ropeller, o therw ise  th e  trem en d o u s p ressu re  of a ir  th ro w n  back by 
th e  p ropeller, w ould operate  th e  A .S .I. and  ren d er i t  u se less from  a 
P ilo t’s p o in t of view.

Port W ing___W hen a  P ilo t is s i t tin g  in h is cockpit, th e  p o rt w ing
is th e  one on  h is  left-hand  side an d  th e  s ta rb o ard  is th e  w in g  on h is 
r ig h t. T h is n o m enclatu re , a s  d is tin c t from  r ig h t an d  left, is, like 
th e  p ropeller, borrow ed from  th e  sea.

Propeller.—T h is w ord is derived  from  th e  verb  to p ropel. You 
will never h e a r the  w ord “ p ro p e lle r ”  m en tioned  w hen  you are  
lea rn in g  to  fly, n o r in th e  h a n g a rs  an d  w orkshops. I t  is alw ays 
re fe rred  to  as a  Prop.

I ts  function  is to draw  th e  m ach ine  th ro u g h  th e  a ir  a n d  w hen it 
does so a t a  sufficiently g re a t speed  th e  a ir o p e ra tin g  on th e  w ings 
causes the  m ach ine  to  lift. An aerop lane  p ropeller is a k in  to  the  
p ropeller of a sh ip , w ith th e  excep tion  th a t  all aero p lan es to-day 
have th e  p ropeller in  f ro n t an d  are therefo re  tech n ica lly  kno w n  as 
trac to r p ropellers , w hereas a sh ip ’s p ropeller is b eh in d  th e  m ass of 
the  boat an d  is no t of the  trac to r or p u llin g  type, bu t p ro p e ls  or 
pushes. A eroplane and  sh ip ’s p ropellers are som etim es re fe rre d  to 
as “  screw s ”  an d  th is  is because th ey  a re  so shaped  th a t th ey  screw  
them selves th ro u g h  th e  a ir  or w ater.

In  th e  early  type m achines i t  was ju s t  as com m on to  have  p ropel­
lers beh ind  th e  m ainp lanes as it is now to have th em  in  fro n t.

T he co n stru ctio n al difficulties of p lac in g  th em  in th is  p osition  in 
th e  n e x t phage of a irc raft co n stru ctio n  ren d ered  th e  p lac in g  of the  
p ropeller in fro n t necessary , an d  th ere  it h as stay ed  ev er since, 
la rg e ly  on accoun t of fashion.

M achines of th e  p re sen t day, m u ti-eng ined  m onoplanes w hich  we 
a re  so fam ilia r w ith , m ig h t conceivably be im proved in perfo rm ance  
by p lac in g  th e  p ropello r b eh in d  th e  w ings.

I t  can n o t be em phasised  too g re a tly  th a t th e  g re a te s t possib le care 
shou ld  be tak e n  to  ensu re  th a t  you do no t g e t too close to a  p ro p e lle r 
w hilst i t  is ro ta tin g . I f  you are  w earing  a  coat or a scarf, its  action  
is to  draw  these  g a rm en ts  tow ards itse lf w ith , of course, on ly  fa ta l 
re su lt. I t  is recom m ended  th a t  you never w alk closer th an  ten  yards 
from  th e  fro n t of a  revo lv ing  p ro p e lle r un less i t  is abso lu te ly  
n ecessary .

If  you are s ta n d in g  beh in d  a m achine th a t  is about to  be s ta r te d  
up, do no t be c au g h t unaw ares b u t be p rep ared  for th e  trem en d o u s 
d rau g h t th a t m ig h t easily  th row  you backw ards.

Quadrant.—On th e  side o f th e  p u p il’s cockpit is a  lev e r w hich 
w orks in a q u ad ran t. T he ob ject of th is  lever is to  a lte r  the  am oun t 
of lift th a t  th e  aeroplane receives from  its  tail. By m oving  th is  
forw ard  before tak in g  off it he lp s th e  m achine to  rise . O nce you 
have a tta in ed  the  h e ig h t desired , an d  to  re lieve th e  P ilo t o f th e
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necessity  of alw ays k eep in g  th e  stick  fo rw ard  d u rin g  level fligh t (to 
p rev en t th e  trac h in e  from  co n tin u in g  to  clim b) th e  lever is b rough t 
b ackw ards in to  th e  q u a d ran t u n til th e  m achine flies of its own accord, 
w ith your h an d s off th e  stick , in level flight.

T he position  th a t  it is m oved back to for level fligh t w ill depend 
on the  speed  you w ish to fly at.

You w ill be told, an d  w ill soon becom e accustom ed to, th e  p roper 
position  for tak in g  off and th e  correct back  position  for norm al 
c ru is in g  speed  an d  land ing .

R evs.—T h is is a  sh o rt ph rase  used  by fly ing  personnel, m ean ing  
R evolutions pe r m inu te .

On s ta r tin g  an eng ine , a fte r w arm ing  it  up, th e  P ilo t te s ts  it and 
if it ig g iv in g  th e  fu ll n u m bers of revs, per m in u te—we are supposing  
it  is 1,500—w ith th e  th ro ttle  fu lly  opened, th e n  the  P ilo t w ould say 
to  the  m echanic  “ E n g in e  revs, are  well u p .” If it only reaches 
1,450 he w ould say “ She is 50 revs, dow n .”

R evving.—T his is a verb  m ean ing  to keep  up  the  revs, pe r m inute  
by m eans of o p en in g  th e  th ro ttle .

R igging.—To give a precise  defin ition  of th is  w ord, as app lied  to 
a irc raft, w ould n ecessitae te  go ing  in to  m any techn ica lities. P e rh ap s 
som e idea of its m ean in g  m ay be ob tained  bv im ag in in g  the  m achine 
to  be a t re s t  on th e  g ro u n d  bu t w ith  th e  ta il on a tres tle , so th a t  the  
m achine is s tan d in g  in  fly ing position . T h a t is to say, th e  position  
it w ould be in w hen fly ing  s tra ig h t an d  level. We will now walk 
to th e  side of it, a t som e d istance away. Close observation  will allow 
us to see th a t th e  w ing is so a rran g ed  in re la tio n  to  its fix ing  to the  
fus.dage th a t  the  lead in g  edge is h ig h e r  th a n  th e  tra ilin g  edge.

M A N Y  O T H E R  T H I N G S  I N T O  A C C O U N T

Diagram 20.—R igging.
T his is know n as th e  ang le  of incidence. If  the  lead ing  edge was 
a rran g ed  so as to  be h ig h er up th e  fuselage and  the  tra ilin g  edge 
fa rth e r dow n, th en  th e  rig g in g  w ould be a rra n g e d  so as to  m ake 
th e  m achine w ant to  fly a t c ru is in g  speed w ith its nose in th e  air. 
T h is is know n as nose ligh t.
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If  we rev ersed  th is  process an d  pressed  th e  lead ing  edge dow n and 
the tra il in g  edge up, th en  it w ould w ant to  fly w ith its nose dow n­
w ards. T h is som etim es occurs if the  m achine has no t been rigged  
correctly  and  th e  te s t p ilo t will rep o rt it as being  nose heavy.

Now we will rem ain  on the  side bu t m ove so th a t we are opposite 
the  tail. H ere  we will have to look m ore closely and will probably 
find th a t  th e  fro n t of the  tail, ig n o rin g  th e  e levator, is h ig h er th an  
the  re a r . T he position  of the  fro n t of th e  ta il re la tiv e  to th e  rea r  in 
re la tion  to th e  fuselage, does exac tly  th e  sam e th in g  as we have seen 
occurs w ith the  m a in p la n e s ; if th e  m achine is no t rig g ed  
correctly  it will be rep o rted  as be ing  ta il lig h t o r tail heavy.

Now we will w alk  to the  fron t of th e  m achine, som e 15 to 20 paces 
ahead  of it, and  observe th a t th e  w ings do no t lie in  a flat plane. 
The w ings rise  upw ards from  th e  cen tre  section. T hey do so a t a 
precise ang le  p re -d e term in ed  by th e  d esig n er. T h is ang le  is know n 
as th e  d ihedra l.

The en g in eers  have to  be carefu l th a t  th e  correct am oun t of 
d ihed ra l is g iven  to  each w ing w hen  they  are r ig g in g  th e  m achine. 
These and  o th er sim ila r m a tte rs  co n stitu te  th e  rig g in g  of an  a irc raft, 
w hich, if done p roperly , g iven  a good a irc raft, m akes it com fortable 
to fly. You will soon observe little  differences in th e  way two 
m achines of th e  sam e type “ h a n d le .”  T hese  differences will be 
due to  th e  way th ey  are  rigged . (See d iag ram s 10 and  20, page 45.)

Rolling Plane (see D iag ram  8 on page 16).—Im ag ine  a m achine 
suspended  in th e  a ir m oun ted  on a .spindle th a t  ru n s from  the  nose 
to th e  tail, th en , if we p ress dow n the  p o rt w ing, the  s ta rb o ard  w ing 
will rise . W e are  th en  m ak in g  a m ovem ent in  the  ro llin g  plane. 
If  we continue p re ss in g  we will b rin g  th e  m achine so th a t  it is in 
the  a ttitu d e  adop ted  for a vertica l b a n k ; th a t  is to say, it? w ings 
are a t r ig h t ang les to th e  ground .

If we th en  con tinue to  push  th e  p o rt w ing u n til it h as described 
a com plete circle , th e  m achine h as in fact com pleted  a ro ll. The 
only difference to  an  actual ro ll in th e  a ir  has been th e  fact th a t as 
the  m achine was ro ta ted  about its  horizon tal ax is it was no t a t the  
sam e tim e go ing  forw ard, as, of course, it would be if it were flying.)

R.P.M .—T his m eans R evolutions P e r M inute. An engine g ives ou t 
a certa in  pow er fo r a certa in  n u m b er of revo lu tions pe r m inute . If  
your eng ine  is, say, 110 h .p . it w ill develop the  m axim um  horse 
power a t  a certa in  n u m b er of revs, pe r m inu te , say 1,500.

Rudder (see also  C ontrol Surfaces. See D iag ram  1 on page 4).— 
The ru d d e r is a m ovable surface a t th e  ex trem e  re a r of th e  tail, and  
when in norm al position  for s tra ig h t and  level fly ing appears to  be 
p a rt of th e  fin.

I t  can move from  side to  s id e  about a vertica l ax is. W hen  you 
push  th e  ru d d e r ba r w ith  the  r ig h t foot it b rin g s the  ru d d e r around 
to th e  r i g h t ; th is  action  sends th e  m achine to  th e  r ig h t. Do no t 
fo rget w hen  tu rn in g  in  th e  a ir you m u st never move th e  ru d d e r bar, 
e ith e r to  r ig h t or left, w ithout a t th e  sam e tim e app ly ing  th e  appro ­
p ria te  am o u n t of bank .

W hen th e  m achine is be ing  tax ied  on th e  g round  the  rud d er 
functions in exac tly  the  sam e way an d  a  m ovem ent to th e  left will 
cause the  m achine to  tu rn  to th e  left.
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Side-Slipping.—T his evolution  is carried  ou t w hen a m achine 
is g lid in g  w ith  eng ine  off, b u t in stead  of th e  nose of th e  m achine 
a lig n in g  itse lf upon a s tra ig h t line  betw een th e  p ilo t an d  a  po in t 
on th e  g round  im m ediately  in fro n t of h im , if we are  side-slipp ing  
to  th e  r ig h t, th e  nose will be to  th e  le ft of th a t line , a n d  if we are 
side-slipp ing  to  th e  left, th e  nose will be to th e  r ig h t  of th e  line.

S ide-slipp ing  causes th e  m achine to  lose considerab ly  m ore h e ig h t 
for th e  d istance  trave lled  re la tiv e  to  th e  earth  th an  n o rm al g lid in g  
does. I t  is o ften  used therefo re  by ex p erienced  p ilo ts w hen they 
m ay h av e  to m ake a forced lan d in g  in a  very  sm all area .

(See d iag ram  21.)
Side Slip .—See C hap ter 6 (not aerobatics).

Diagram 21.—Side Slipping.
Once again you are up in your balloon at a height of say 
2,000 feet. Below you you see a m achine whose w ings are at 
the angle A to the boundary of the aerodrome and yet the path  
followed by the m achine is that of the arrow. The m achine is 
side-slipping. In this evolution much height is lost for the 
distance glided over the ground. The side slip shown in the  
sketch necessitates the right w ing (looking from the p ilot’s 
seat as always) being lower than the left—banking but not

turning.
Slip Stream.—T h is  is th e  c u rre n t of a ir  sen t backw ards by the  

p ro p e lle r w hen  it  is ro ta tin g . (See also  P ropelle r.)
Sm oke Trail.—M any aerodrom es, in  ad d itio n  to  a w ind sock and 

a L an d in g  Tee, have a Sm oke T rail. T h is consists of an  artificial 
device g iv in g  off a  con tinual sm oke. I f  th ere  is a w ind  it w ill, of 
course, tak e  th e  sm oke w ith  it. A Sm oke T ra il is a  very  convenien t 
and  easily  seen  m ethod  for d e te rm in in g  w hich way the  w ind may 
be blow ing.

If you have to  m ake a forced lan d in g  in to  a field th e re  w ill, of 
course, be no  w ind sock and  no lan d in g  tee. I t  is ju s t  as well th e re ­
fore ap you fly to  observe such  sm oke as th ere  m ay be from  ch im neys, 
or even th e  steam  from  a tra in , a lth o u g h  th e  la tte r  is n o t so good, 
so th a t  shou ld  your eng ine  fail you have no t to  w onder w hich way 
to tu rn  to  land  in to  w ind.

Speed.—So far as an  aerop lane is concerned, th is  is a very  different 
m a tte r  to  th a t  of a  m otor cycie or car o r o th er locom otion on te rra  
firm a. An aerop lane  has m any  speeds, th e  m ost im p o rtan t to those 
lea rn in g  to fly be ing  the  s ta llin g  speed, th e  speed w hen it ceases to 
fly, an d  w hich in your T ra in e r will p robably  be about 45 m .p .h ., when 
g lid in g . B ut th is  is no t g ro u n d  speed. T h is is th e  com bined speed 
of th e  head  w ind, if any, and  your speed  in re la tio n  to  th e  g round .
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Stalled Attitude (see D iag ram  11 on page  20).—T h is is tlie  position  
a  m achine assum es in  the  a ir ju s t  p rio r to  fa llin g  ou t of contro l and 
p u ttin g  its  nose down. You can n o t fail to realise  w hen  th e  m achine 
has a rriv ed  a t  th e  s ta llin g  a ttitu d e . T he nose w ill be w ell above 
you an d  th ere  w ill be an  en tire  loss of response to  any m ovem ent 
of th e  con tro ls..

Som e types of m achines w ill m ain ta in  th is  sta lled  a ttitu d e  a lm ost 
indefin ite ly  an d  th is  perform ance is called  “ h a n g in g  on  your p ro p .”

All th is  only re fe rs  to  a  m achine fly ing  w ith  eng ine  on a t norm al 
or m ax im um  rev s. I f  you are  g lid in g  it  w ill m ost certa in ly  s ta ll 
long  before th e  nose of the  m achine rises  above you. H ow  you avoid 
th is  has been dea lt w ith in C h ap te r 5.

Starting An E ngine.—W h at follows re fe rs  en tire ly  to s ta r tin g  the  
eng in e  of your T ra in e r as d is tin c t from  th e  various fo rm s of s ta r tin g  
u tilised  in la rg e r eng ines fitted  in to  com m ercial m ach in es a n d  wnr- 
p lanes.

Y ou have a lread y  been w arned  as to the  d an g er of g e tt in g  in to  
th e  p ro x im ity  of a  p ropello r w hen  ru n n in g .-  I t  is a t  least as d a n g e r­
ous for the  u n in itia te d  to  a tte m p t to s ta r t  an  eng ine  w ithou t very 
th o ro u g h  previous d rill on a  dead  eng ine . A dead  eng ine  is one in 
w hich the  actual ign ition  from  th e  m ag n e to  to  th e  p lugs has been 
d isconnected , such  as ta k in g  th e  leads off th e  p lugs.

So fa r as th e  P ilo t is concerned  we will im agine h e  is s i t tin g  in 
the cockpit. T he th ro ttle  is on h is left-h an d  side an d  is o p erated  
by th a t  h an d . S itu a ted  on th e  ou tside  of th e  fuse lage , fo rw ard  of 
h im , are two sw itches. By p u ttin g  h is  r ig h t h a n d  ou tside  th e  cock­
p it an d  im m edia tely  fo rw ard , th ey  come easily  w ith in  reach . T he 
m echanic  goes to th e  fro n t of th e  m achine n ea r to  th e  p ropello r and  
calls ou t to  th e  P ilo t:  “ Sw itches off, th ro ttle  open, suck  in .”  The 
P ilo t sw itches off o r p u ts h is  h an d  on th em  to see th a t  they  are  off 
and  th en  calls ou t to th e  m ech an ic : “ Sw itches off, th ro ttle  open, 
suck in .”  T he m echanic  th e n  proceeds to  tu rn  th e  p ropello r by 
h an d  for th ree  or four tu rn s , stops an d  th en  calls o u t: “ T h ro ttle  
closed, c o n ta c t.”  T he P ilo t closes th e  th ro ttle , sw itches on an d  calls 
back to  th e  m echan ic : “ T h ro ttle  closed, co n tac t.”  T he m echanic  
th en  sw ings th e  propello r an d  th e  eng in e  should  s ta r t. I f  i t  does 
not, th e  perfo rm ance  is rep ea ted  u n til it does.

T h ere  m u st be no  slackness on th e  p a r t of th e  P ilo t over the  
above procedure  and  th ere  m u st be no question  of him  calling  ou t 
th a t th e  sw itches a re  on if th ey  a re  off, or vice versa.

Before a tte m p tin g  to s ta r t  an  eng ine , chocks are p laced  in f ro n t of 
the  w heels so th a t  th e  m achine w ill no t com m ence to ru n  a long  th e  
g round  as soon as i t  s ta r ts  up. T he P ilo t is responsib le  for see ing  
th a t  th e  s tick  is h e ld  r ig h t back  a fte r th e  w ord “  C ontact ”  is called  
out, so th a t th e re  w ill be no tendency  for it to tu rn  over on its  back.

Stick (see D iag ram  5, page 13).—T his is th e  m eans by w hich, 
w hen it is m oved fore and  aft, lo n g itu d in a lly  up  and  down th e  cock­
p it, th e  P ilo t con tro ls th e  e levato rs. I t  is so a rran g ed , w hen m oved 
from  side to side la te ra lly , th a t  i t  a lso  operates th e  a ilerons.

T he stick  is a lso  re fe rred  to  as a joy  stick . In  la rg e r m achines it 
is som etim e^ o p erated  by a  w heel a t th e  top of th e  s tick  or colum n 
and it  is th e n  called  a  con tro l colum n. T he func tions a re  iden tical.
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I t  is ju s t  as well to  see t lia t th e  stick  is firm ly secured , as in all 
T ra in in g  m ach ines th ey  a re  m ade de tachable. W ith  norm ally  
th o ro u g h  inspections it is h a rd ly  likely  th a t  a m achine w ould be pu t 
on th e  serv iceable lis t u n less it were so, b u t in all m a tte rs  concerned  
w ith fly ing th e  u tm ost care and  a tten tio n  to  deta il re su lts  in a long 
life free from  accidents.

Switch Off.—See S ta rtin g  of E n g in e .
Tail Trimmer.—The tail tr im m er is on the  left-hand  side of the 

cockpit an d  consists of a lever th a t can be m oved over a  d istance  of 
som e 12 in. to  14 in. fore and  aft. T he lever operates in a  q u ad ran t. 
(See also Q uadran t.)

Throttle Back.—T h is is w hen th e  lever is m oved r ig h t  back  and 
vou will rem em b er th a t you do th is  before you com m ence to g lide .

Throttle Closed.—See T h ro ttle  Back.
Throttle Lever.—T his is th e  lever on  th e  le ft-h an d  side of the  

P ilo t th a t  con tro ls the  eng ine revs, above id lin g  speed. All th ro ttle  
levers are  se t so th a t  they  can n o t be m oved fa r enough  back  to  stop  
th e  eng ine. T h is is v e ry 'im p o rta n t as i t  is no t a p lea san t experience  
to  have your eng ine  stop  in m id  a ir. M oving th e  th ro ttle  fo rw ard  
aw ay from  you increases the  s p e e d ; b r in g in g  it back decreases it.

Throttle Open.—T his is m oving  th e  lever forw ard . F u lly  fo rw ard  
for tak in g  off and  th e  'n itia l c lim b ; th ree  q u a rte rs  fo rw ard  for 
cru ising .

Touch Down.—See Chec
Under Carriage.—T his consists of th e  w heels, o u t-rig g ers an d  su p ­

ports , shock absorb ing  devices and  so on, upon w hich th e  aeroplane 
d epends for su p p o rt w hen on the  g round . I t  is also  re fe rred  to  as 
lan d in g  w heels or wheels. T he la tte r , in  th e  sin g u lar, is som etim es 
app lied  w hen an  indifferent lan d in g  is m ade and  you touch down on 
the  lan d in g  w heels alone, the  tail and  tail sk id  still be ing  in  th e  
a ir. T h is is w hat is called  a w heel land ing .

T he u n d erca rriag es of all m ach ines o th e r th an  T ra in e rs  are  now 
a rran g ed  so th a t  w hen th e  m ach ine  h as  left th e  g ro u n d  the  whole of 
the  w heels and  su p p o rts fold in to  th e  m achine a t  th e  will of the  
Pilo t. T hey  are  lowered ag a in  by th e  P ilo t m oving a lever w hen he 
w ishes to  lan d . T h is type of u n d e rca rriag e  is re fe rred  to as a 
re trac tab le  u n d erca rriag e.

V isib ility .—To th e  average laym an v isib ility  in  day tim e, un less it 
is n il as d u rin g  a th ick  fog, is of little  concern. To th e  P ilo t it is 
m ost im p o rtan t. H aze, low-flying clouds and  such-like  re s tr ic t 
v isib ility . F o r earth b o u n d  people, if th ey  are able to  see two m iles 
ahead  w hen stan d in g  on a sm all h ill or a  h ig h  prom ontory , th is  does 
not re s tr ic t  th e ir  m ovem ents. F o r th e  P ilo t, how ever, fly ing a 
m achine w ith  a  very  m odest speed  of, say , 120 m .p .h . i t  m eans th a t  
he  is only able to  see one m in u te ’s fly ing  ahead  of h im , a n d  un less 
he know s th e  g ro u n d  well, o r is an e x p ert nav ig a to r, m uch  difficulty 
ensues in find ing  h is way.

G rea t d an g er also a rises in th e  case of poor v isib ility  sh o u ld  a 
forced lan d in g  becom e necessary . T he im portance of v isb ility  is 
such th a t  all w eather rep o rts  include th e  e x te n t of it. T he te rm s 
used m ay vary from  “ V isib ility  n i l ”  to  “  V isib ility  c le a r .”
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W ind Sock.—T his is  a c ircu la r bottom less shaped sack called a 
so c k ; th e  m o u th  is h e ld  open by a r in g  to  w hich  is a tta ch e d  a cord, 
in tu rn  tie d  to  th e  u p p e r end  of a  long  pole o r m ast. T he len g th  of 
the  sack  is th ree  fee t to  four feet, and  as th e  wind blows th ro u g h , 
it ex ten d s. I t  is easily  asce rta in ed  w hich w ay th e  wind is blow ing, 
for it  alw ays en te rs  a t  th e  larg e  fro n t end  an d  leaves at th e  narrow  
end . ' I t  is u sually  yellow  or w h ite  in  colour and placed adjacent to 
th e  ad m in istra tiv e  o r h a n g a r  b u ild in g s, bu t not in a position where 
i t is sh ro u d ed  from  th e  w ind.

W ing Area.—T his is easily  und ersto o d  if we take all w ings (two or 
four) a n d  place th em  on th e  g ro u n d  one by  one. T h ey  w ill th e n  be 
covering  a  certa in  area . If  we m easure , in feet, th e  len g th  and  
b read th  of one w ing , and  m u ltip ly  th em  to g e th e r, th e  an sw er w ill be 
th e  a rea  in  sq u are  feet of th a t  w ing. I f  we do likew ise  w ith  th e  o th er 
th ree , assu m in g  th e  m ach ine  is a  b ip lane, an d  add  th e  four to ta ls  
to g e th e r, th e  to ta l w ing  a rea  will be a rriv ed  a t.

W ing T ip.—T he w ing tip  is th e  ex trem e  o u ter en d  of th e  w ing, th e  
very fu r th e s t p o in t aw ay from  th e  cockpit.

Yaw ing P lane (see D iag ram  6, page  14.)—L et us im ag ine  we 
a re  a t  a  h e ig h t of 5,000 fee t in a  balloon an d  below  us we see an  
aerop lane  fly ing  due n o rth . As we w atch , th e  m achine tu rn s  to  the 
east. I t  h as m ade a m ovem en t in  th e  yaw ing  p lane . A ny change 
of course w ill be a  m ovem en t in  th e  yaw ing p lane . F o r th e  purpose  
of th is  defin ition  we have  w rongly  assum ed that^ the  m ach ine  has 
m oved to  th e  r ig h t or to  th e  le ft, th e  e as t o r th e  w est, w ithou t 
b an k in g . As, of course, th e  m achine w ould have barffced in  o rd er to  
change  its  course, th en  it  w ould have m ade a m ovem en t in the 
yaw ing  p lane  com bined w ith a m ovem ent in th e  ro llin g  p lane .

_____________ le g — ?
G R O U N D _____________ ___ _________________________

Diagram 22.—Zooming.

Zoom ing.—T his is a  te rm  ap p lied  to  fly ing  p a ra lle l to  the  g round  
at a fa s t speed, an d  sud d en ly  p u llin g  the  nose of th e  m achine up  so 
th a t  i t  shoots up  in to  th e  a ir  a t  an  ang le  very  m uch  steep e r th an  a 
no rm al clim b and  a t  a m uch  g re a te r  ra te .
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