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Preface 

Pilot's Manual for Basic Flying 
Training is the second publication in a series 
of manuals being prepared for students at 
flying training schools. This edition super - 
sedes all previous issues of TC-44 and CAP 
444, Student's Handbook for Basic Flying 
Training. 

Suggestions for  addition^ or amand- 
ments are invited and should be forwarded to 
Training Command Headquarters, on the en- 
closed form, at the earlie s t  opportunity . 
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Record of Amendments 

(iii) 

The amendments promulgated in the undermentioned 
Amendment Lists have been made in this publication: 

Amendment List 
Amendments Made By 

No, 
Date 

Date 

M 

d 

.. 

---- 



Introduction 

This publication baa been prepared 
to supplement the flying instruction taught af 
Flying Training School. I t  provides study 
material derigned to help the student pilot 
under stand hi, pre -flight brief inga . 

Techniques, procedures andmanoe - 
uvrea are covered in a logical sequence, to 
give continuity of instruction, and to furnish 
the student with a background for each sue - 
ceesive aspect of his training. Theory has 
been kept to a minimum and is confined to 
simplifying the transfer of thought to practi- 
cal application. 















Art 1.04 

Chapter 1 

- Basic Pilot Training 

( 1) Now that you have passed the P FS stage of your Pilot Training, you 
are ready to move forward, to a larger and faster aircraft. At FTS, you \;ill 
have an qpportunity of increasing your flying proficiency and your knowledge 
of flying techniques. In Ground School, academic lectures wi l l  eupplernent 
the f Iy i~g  inr~truction given an the flight line so that, by the end of the cour se, 
you will be skilled in the basic principles and will be ready for the next phase 
of your training. 

( 2 )  You will recall that in Chapter 1 of TC-34. Pilots' Manual for Pri- 
mary Flying Training, certain obligations which are expected of all students 
.during . e e i r  training were discussed. The ae obligations apply equally to 
FTS, and are repeated here to refresh your memory. 

1.02 - Questions 
(1) DON'T BE AFRAID TO ASK QUESTIONS. Make sure that you seek 
a solution to each problem, for no one can learn too much about flying 1 Pi-  
lots with thousands of hours and years of experience ask questions, so why 
shouldn't you? 

1.03---Be Ready to  Fly 
(1) Try to  make full uee of each flying p e r i ~ d  by being prepared for it, 
Read and aesimilate all the material pertaining to the work to be done, and 
ensure that youx flying equipment is in good order and ready for use. 

1.0:4-Cockpit , -  . Time 
t i  Sometimes, while awaiting your turn to fly, you may be without a 
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specific assignment. Such free time can be used to become better acquainted 
with the cockpit of the aircraft; however, you should know by this time that 
you MUST NOT TOUCH ANY OF THE SWITCHrn OR THE UNDERCARRIAGE 
LEVER. All flying training erchool s have synthetic trainer e which duplicate 
the more important systems of the aircraft, and your instructor will  be happy 
to outline the procedures and policies for their uee.  

(2 )  While studying the cockpit, examine your copy of TC-6, Harvard 
Pilot's Check List and review the prescribed procedures. As you go through 
the check list, notice the position of each item and try to visualize its func- 
tion. The sooner you become familiar with the check list, the cockpit ar- 
rangement and the aircraft in general, the sooner your whole attention can 
be devoted to flying the aircraft. 

1.05 - Aircraft Operating Instructions 
4 1 )  Aircraft Operating Instruction8 (AOIs) is an Engineering Order con- 
taining all the essential information relative to one particular type of 'aircraft. 
A copy of the Harvard edition has been isaued to you, and should be used a e  a 
reference. Each publication is broken down into four parts. 

(a) Part 1,  describe^ the controls and equipment, and in- 
cludes diagrams of the fuel, oil and hydraulic systems. 

(b) Part 2, describes the normal handling of the aircraft and 
the checks which must be carried out. 

Part 3, describes the emergency handling of the various 
systems, and the procedures to be used in case of f ire  or 
a forced landing. 

(d) Part 4 ,  describes the flying and engine limitations, and 
includes information on fuel consumption, etc. 

You should review the completeAO1 frequently to learn all about the Harvard, 
paying particular attention to Part 3. 

(2 TC-6 is basically an extract from Part 2 of the AOLe. . It is an e r -  
eential item in every cockpit, since each step in the operation of the aircraft 
is listed. This means that you MUST carry your personal copy with you on 
every flight. 

1.06 - Ground Safety 
t 1) On the ramp there is usually a great deal of activity andnoise due to 
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the passing of fuel trucks, the running-up of engine s and the taxiing of air - 
craft. Because of the w i s e  you must use your eyes  constantly; never t r u s t  
your ears to warn you of the approach of a truck or aircraft. Flying helmets 
or headsets are not to be w o r n  until you are ready to step into the aircraft. 

(2  Sometimes it is difficult to  see a rapidly revolving propeller, and 
you may have the impression that i t  is not there. Stay away ! By the same 
token, never touch a propeller that is not turning without having personally 
checked the cockpit to see that the magneto switches are "OFF". 

(3) When you are about to  g o  flying keep a loakout for obstructions that 
you must avoid when leaving the ramp. After the pre-flight inspection has 
been completed and you ar eA ready to start the engine, ALWAYS be sure that 
one of the groundcrew i a  standing by with a fire extinguieher. 

(4) When leaving the aircraft after flight, use the same precautions as  
when fir st coming out onto the ramp. You may be tired, but this is not the 
time nor the' place to relax. Remember that it was difficult to  see ahead in 
the Harvardwhen you were taxiing in; therefore, keep aloak-out for the other  
fel low when you are walking on the tarmac. You can see him but he may not 
see you. 

1.07 - Local Flying Regulations 
( 1 )  Bes ides  the general flying rules which are covered in this publica- 
tion, certainlocal regulations are in effect at each school. These rules are 
published in Station Standing Orders and FTS Orders, and cover such sub- 
jects  as flying areas, traffic rules and traffic patterns. They are very im- 
portant since they have been written to ensure safe, efficient flying. Copies 
are available in the flight room and you must read them thoroughly. Re- 
member, any violation of a flying regulation may jeopardize your chance to 
complete the course. 

1.08 - Flying Safety 
(1) The first rule to  b e  learned before taking to the air i s  to have a high 
regard for safety: pre-flight preparation and planning are important. Before 
take-off, make sure that everything has been completed currectly, including 
all the necessary checks. A careless pilot is not only a danger to himself, 
but also to those who are unfortunate enough to have to fly wi th  him. Re- 
member that any item on a pre-flight check, if neglected, can easily become 
the most important factor in your l ife: do nat take this responsibility lightly. 
For your own sake, as well as for that of others ,  get into the habit of making 
thorough pre-flight checks. 
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(2) Throughout your entire flying career you are going to  be concerned 
with safety. Start off wel l  by observing this rule: 

LOOK AROUND ! 

To fly with safety, your eyes must be moving continuously. You must: 

(a) look up; 

(b) look over your left shoulder; 

(c) look over your right shoulder; 

(d) keep alert; 

(e) always laok before turning; 

never have a rigid neck; 

laok more than once; 

(h) realize that there is a blind spot underneath the aircraft; 

(jJ never assume that others see you; and 

(k) divideyourattention! 

( 3  A mort important flying safety requirement during your flying 
training is a clear and positive understanding of who has control of the air- 
craft. The procedure for exchanging control is:  

Instructor: ltYou have c ~ n t r o l ~ ' ~  

Student's Response : "f have control1'. 

When  you^ instructor wishes you to relinquish control, the order is given 
over the interphone as: 

Instructor: "I have controltf. 

Student1 s Response: "You have controlt'. 

(4 ) Control must never be relinquished until both the order and the re- 
sponse have been given. 

1.09- Your Parachute 
(1) Although the probability of your ever having to bail out is slight, you 
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should be familiar with the operation of your parachute so that you can be 
sure of making a safe landihg. Your parachute wil l  open every time, pro- 
vided it is handled and used p~operly,  because it is given rigid periodic in- 
spections and is re-packed at regular intervals by experts. 

The three main parts of a parachute are: 

(a)  the canopy; 

(b) the pack assembly; and 

( c )  thekameas. 

(3 )  THE CANOPY - The canopy, or lifting surface, is woven of high- 
grade silk or nylon fabric. A framework of l iner ,  known as suspension or 
shroud lines, connects the canopy ta the harness. Each l ine extends fram s 
connector link on one side of the harnegs, through a channel in the canopy. 
to another connector link on the other side of the harness. This arrangement 
provides maximum strength, because each line is continuous from one con- 
nector link to the other, with the lines crossing each other at the apex. F u r  - 
thcr strengthening is assured by bands of reinforcing tape on the fabric. A 
small parachute, known as the pilot parachute, is attached ta the main canopy 
to facilitate its opening. When the ripcord is pulled, the pilot parachute is 
projected into the airstream, where it quickly fills with air, and draws t h e  
main canopy out of the pack. The canopy would open without the aid af the 
pilot parachute, but the opening would be slower and not so positive. 

14) THE PACK - The bottom of the parachute pack is usually fairly rigid 
and is equipped with fabric loops or rubber bands to hold the folded suspension 
lines. The sides and ends fold inwards t o  enclose the canopy completely, and 
are fastened with a special device which releases instantly when t h e  ripcord 
is pulled. The ripcord is a flexible steel cable enclosed in a flexible housing: 
at one end is a grip or "13-ring", and at the other end are pins which serve to 
lock the closed pack. When the ripcord is pulled, the pins are withdrawn 
from their locking cones,  and elastic cords, known as pack-opening elastics, 
jerk open the pack permitting the pilot parachute to be projected into the air. 

( 5 )  THE HARNESS - The harness is a flexible, webbing framework that 
secures the parachute to the wearer. It has provision for adjustment to fit 
any wearer, and a special quick-release fastening for easy removal. The 
Safety Equipment Section will ensure that you have a perfect f i t  each time that 
you go for a new parachute. While you are being fitted for the first one on 
your arrival at FTS, make sure that you understand how to put your pata- 
chute on, and how to work the quick-release mechanism. At the same time 
you will be shown t h e  approved method O< folding your parachute for storage 
in a bin or locker. If at any time you find that yo.ur parachute does not f i t  as  
well as it should, DO NOT TAMPER WITH THE ADS WSTTNG STRAPS; return 
to the Safety Equipment Section and have qualified per sons give you a new 
fitting . 
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(6 1 B e  careful when you handle your parachute: do not t h ~ o w  i t  down on 
the ground, or leave i t  where it can become dirty or damaged. Gasoline, oil, 
grease and battery acid are very harmful to fabrics - keep your pa~achute  
away from Ulem. If contamination is unavoidable, return the parachute to  
the Safety Equipment Section at once, and report the circumstances. 

(7) ALWAYS inspect your parachute before and after you wear it, A 
no~mal dady inepection should include: 

(a) a check that the parachute you are about to wear is your 
own, (If yours is being repacked, or is baing used for 
some other reason, make sure that the replacement i s  a 
good f it .  ); 

(b) an examination of the repacking or inspection date, to  en- 
sure that the parachute is not overdue, (Current regula- 
tions require that a parachute be repacked every 60 days.); 

(e) a thorough inspection of the harness for frayed -spots, 
broken stitching, corroded or distorted metal fittings, 
and oil, water or acid stains; 

(d) aninapection ofthe packfor damage, checkingforpres-  
sure and tenlsion of the elastics and the general condition 
of the pack, including a search for oil, water or acid 
atains; 

(e) a check underneath the flap to examine the condition of the 
gr~ommets, locking cones and ripcord pins, (The pins 
should not be damaged, corroded or distorted in any way, 
and the scarlet safety-thread on the last pin and cone 
must be intact. ); 

If) an examination of the corner flaps, which should be tucked 
in with a parachute packing stick, if they are pulled out, 
(If the flap6 are very loose and the canopy is protruding, 
return the parachute to the Safety Equipment Section. );  

( g )  a check to ensure that the ripcord 'ID-ring" is securely 
fitted into its pocket, yet i s  free to come out easily; 

(h) a physical check around the edge of the pack to feel lo r  
breaks or damage to the steel frame; and 

(j) an inspection to ensure that the pocket at the back of the 
pack contains 

(i) a repacking and inspection record ;card, 
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(ii) two plastic-cover ed cards outlining the g r q d - a i r  
signalling code, and 

(iii) a booklet entitled "Emergency Uses  of Parachutes". 

(8) A parachute is heavy, but can be carriedcomfortably wer  the ehoul- 
der. The normal method is to grasp the shoulder straps cloee to the back 
canvas and throw the parachute over one shoulder with the pack supported on 
your back. The higher it r ides  on your shoulder, the easier it is to carry. 
Having carriedparachutes at PFS, however, you may have developeda method 
of your own, which you ~hould continue to use provided there i o  no danger of 
damaging the parachute, 

1 .I0 - Parachute Descents 
(1 Your instructor will explain the bail-out technique for the Harvard 
before taking you up on your first flight. Pay attention to what he ha8 t o  say, 
because you may have to leave the aircraft in a hurry one day, and it i s  best  
to do so in one piece! In the following paragraphs, it ie assumed that you 
have benefited from your in8tructorts advice and are clear of the aircraft. 

(2) PULLING TMZ RIPCORD - It 
i s  not difficult to make your parachute 
open. To prepare yourself for the 
opening shock and to prevent tangling 
your legs in the harnees, straighten 
your legs  and keep your feet together. 
Grasp the ripcord housing with both 
hands, looking down at it if you wish. 
Take the l l D - ~ i n g ~ ~  in your right hand 
and PULL SHARPLY. 

(3) THE DESCENT - About two 
seconds after you have pulled the rip- 
cord, you will  feel a sharp, strong tug 
as  the canopy open8 and fills with air. 
Look up to see that the canopy is fully 
open. If a suspension line is caught 
across the top of it, or if the lines are 
twisted, manipulate them to try to rem- 
edy the fault. Probably you wil l  swing 
on the way down, but swinging i a  nor - 

THE RIPZORB 

LEGS STR4IG 

ma1 and should not be cheeked, Try to Figure 1:  Pulling the Ripcord 
eetimate your height by looking at the 
ground and then at the horizon, but re- 
m e m b e r  that you are descending at around 1000 t o  1500 feet per minute, Ob- 
serve drift bybending your neck forward and lighting the ground between your 
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feet, keeping your feet parallel, and 
using them as a drift meter. Turn 
your body to  face into the direction of 
drift. 

(4) BODY TURNS - YoucanTt steer 
your parachute, but you can turn your 
body to face in a particular direction, 
If you wirh to turn to the right, for ex- 
ample, you should: 

(a) reach up behind your head 
and, with your right hand, 
grasp the two left  riser^^ 
or connecting straps, be- 
tween the harneer and the 
shroud lines; 

(b) reach acrose k front of 
your head with your left 
hand and grasp the two 
right rirera, (Your hands 
should be crossed with 
your right hand towards 
the rear, and you should 
have two riser8 in each 
hand. ); and 

(c )  pull simultaneously with 
both hands, to ccroes the 
risers above your head 
and thus turn your body to  
theright. (By varying the 
pull, yau canturn through 
45, 90 or 180 degreer, as 
desired. ) 

Study the illustration, and try to prac - 
tic e body turns id a suspended harne s r, 
if you can get the chance. During a 
descent, start your body turn high en- 
ough to allow it to be completed before 
you reach the ground, Remember: 

RIGHT turn - RIGHT hand behind 

LEFT turn - LEFT hand behind. 

(5) - To get your Figure 2: How to Make a Body Turn 
into the landing position, raise your 
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Figure 3 : The Correct Landing Position 

hands above your head and hold onto the risers. Look at the ground at an 
angle of 45 degrees  rather  than straight down. Keep your feet together and 
bend your knees slightly so that you w i l l  land flat on your feet.  T r y  not to 
stiffen up too much; maintain a normal composure without being completely 
relaxed. You should be riding towards  the ground, d ~ i f t i n g  sideways down- 
wind .  As soon a s  your feet touch the ground, fall forward or s ideways  in a 
tumbling roll to reduce the jar of landing. If, as you near the ground, you 
find that you are not facing at 90 degrees to the  wind and decide to start a 
turn ,  hold the turn on as you touch the  ground. 

( 6 )  HIGH WIND LANDING - The procedure for  landing during a high wind 
is exactly the same a s  that described above. Once you are down on the 
ground, however, ro l l  over on your stomach and, hand-over-hand, haul in 
the suspension lines NEAREST THE GROUND. If you are on your back the 
same thing applies - ALWAYS pull in the l ines  nearest to the ground. Keep 
drawing i n  the lines until you can spill the air out of the canopy and collapse 
the parachute, (See Figure 4 overleaf.) 

{TI TREE LANDTNG - T r e e  landings are quite simple. If you see  that 
you are about to  land i n  a tree, remove your hands from the r isers  and c ross  
them in  front of your face as shown in Figure 5 overleaf. This protects your 
face and gives you a chance to glance downwards between your arms. R e -  
member to keep your feet and knees together. If you stick high up in a tree, 
first c ~ n s i d e r  your chances of being rescued. If rescue prospects appear 
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slight, carefully remove the harness and cut up the suspension lines to make 
a rope fo r  climbing down. 

Rgure 4: Pulling in the Parachute Figure 5: Tree landing 

(8) WATER LANDING - Before you are about tu enter the water, rotate 
the face plate, or press button, of the quick-release box mil the red mark 
on the knurled edge is wwards, and the flat side is towards the bottom. If 
the release box is. fitted with a spring safety-clip, this should be removed be- 
fore you Laud. As sdon as your feet touch the water, squeeze the face plate 
with your hand to operate the release mechanism. Remember to wait until 
your feet actually strike the water before releasing your parachute, because 
depth perception over water is misleading, and you could release yourself 
several hundred feet above the surface. Once you arc in the water, swim 
away from the parachute so that you don't become tangled in the lines or 
c asop y. 

I9l HIGH-TENSION WIRE LANDING - If it appears that you are going to 
land on high-tension wires, hold your hands on the risers above your head, 
with the palms flat against the inside. This will  keep your arms from touching 
the wires. At the same time. keep your feetand knees together and turn your 
head into one shoulder to protect your face. Streamline your body as  much 
a s  possible and try to fall straight through. O n  the way through the wires, 
your parachute may collapse but, once it is clear, it wil l  open again suffi- 
ciently to break your fall. Don't worry if the parachute becomes entangled 
in the wires; silk and nylon are non-conductors. 

(10) NIGHT LANDINGS - As soon as your parachute opens, prepare for a 
normal landing. You can't see the ground on a dark night, therefore, you 
must be ready to  make your landing at any moment. Hold your feet and knees 
together with your legs slightly bent. Grasp the risers securely and wait for 
your feet to touch the ground. 

1 .ll - Flying Clothing 
(1 1 When your flying clothing is issued to you by the Supply Section, be 
sure that everything fits comfortably. After flying always hang your clothing 
in your locker to keep t h e  various pieces of equipment aired, Remember, if 
you take care of ywr  clothing, it will take care of you. 
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Chapter 2 

Ground Operations 

2.01 - Inspections, Checks and Procedures 

(1) Instructions for inspections, checks and procedures are given in the  
appropriate places throughout this manual. Along wi th  each check a reason 
for checking each i t em ,  and the method used, i s  shown ,  On the f l ight  line 
and in the air i t  i s  not practical to car ry  E O s  or this manual while making 
inspections and checks, therefore  TC-6 has  been published fo r  convenience. 
Ca r ry  the check l ist with you at all times while on the flight l ine ,  but  r e -  
member it is only a reminder of the  items to be checked, 

2.02-The External Pre-flight Check 
(1 1 The External P r e - f l i g h t  Check must be completed before each flight, 
While standing on the left  wing-walk in position @ as shown in Figure 1 over - 
leaf, check the following items in the cockpit: 

CHECK 

Controls  

Undercarriage Lever 

Magneto Switches 

HO W 

Manually - Release  the 
control  -lock handle at 
the base of the control 
column and push the 
handle forward into a 
horizontal position. 

Visually - See that the 
catch an the lever  i s  
engaged in the slot. 

Manually - T u r n f u l l y  
aver to the  left  to 
f ' O F F 1 ' .  

WHY 

This unlocks t he  controls  
so that they can be checked ,  
individually for move- 
ment,  at c7 la ter  stage. 

Safety precaution to  en-  
sure that the lever  is i n  
the 'lDOWNl1 and locked 
position. 

Safetyprecaut ion,  
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Figure 1: The External Pre-flight Check 

Emergency Map o Visually. 
CHECK 

Flaps Manually - Select flaps 
"DOWNf', and lower by 
pumping with the hand 
pump located on the 
floor to the left of the 
front seat, 

HOW 

To ensure that the map 
case under the front seat 
contains the requisite 
map e. 

WHY 

To check the operation of 
the hand hydraulic pump 
and to have the flaps 
lowered for visual inspec - 
tion during a later part of 
the external check. 

Loose Articles 

Fuel Gauges 

Visually.  Safety precautions since 
loose: objects may inter- 

Visually . 

fere with control move- 
ment. 

To ensure that there is 
enough fuel for the flight. 

( 2) While remaining on the wing, check the following items 

I Undercarriage I Visually - Through the I To ensure that the lockint 
I CHECK HOW 

ptrspex window on the 
top surface of the wing 
above the undescar - 
riage oleo. 

WHY 

pin is in place. If the pin 
is not in place, the air- 
craft must be delcared 
unserviceable. 
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(3)  Walk clockwise around the aircraft and inspect the fdlowing from 
the positions idicated. 

CHECK 

Left Fuel Tank-Cap 

HOW 

Visually. 

L. 

WHY - 
To ensure that the cap is 
aligned properly and i s  
secure, thus avoiding fuel 
lose in flight. 

WHY 

For sign of stress or 
damage. 

i 

For sign of damage. 

To check the freedom of 
movement, a lso  t o  see 
that the hinge nuts are 
locked and that the banding 
wires are secure. Any 
damage to  the fabric or 
trim tab should be rt- 
ported. 

Safety precaution to en- 
sure tha t  the light is secure 
and undamaged. 

T o  ensure that the leading 
edge and top surface ai 
the wing and the landing 
lights are not damaged. 

To ensure that the wing 
is not damaged. 

To ensure that the undes- 
carriage lights are not 
damaged; that the oleo 

,A 

CHECK 

 eft wing @ 

Flaps @ 

Afieron @ 

Navigation Light @ 

Leading Edge @ 

Left Win Under- Q surface 4 

Left Undercarriage 

0 

HOW 

Visually . 

Visually. 

Manually - Move the 
aileron fully up and 
down. 

Visually. 

Vieually.  

Visually, 

Visually* 
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CHECK 

Left Undercarriage 
(Cont Id) 

Left Undercarriage 
Up-iock @ 

Engine Drain Tubes 

0 

Propeller @ 
WARNING: ALWAYS 
TREAT A PROPEL- 
LER AS BEING PO- 
TENTIALLY DAN- 
GERQ US. 

Engine @ 

Bonding Wires @ 

cowling (3 

Carburettor Air 
Intake @ 

HOW 

Manually - Pull the up- 
lock forward and re- 
leaee, 

Visually. 

Visually. 

Visually. 

Visually - Inside the 
cowling. 

Visually and Manually. 

Visually. 

WHY 

has a minimum extension 
of 1 112 inches; to see 
that the chock is .in place; 
to examine the tire for 
cuts or damage; to check 
that the creep line is 
within limits and to ex- 
amine the brake line for 
leaks or damage. 

To ensure that the up-lock 
moves and is serviceable. 

To ensure that the tubes 
are undamaged and not 
blocked. 

To check for damage and 
excessive oil leakage. 

To check for external 
damage, excessive oil 
Ieakage and foreign ob- 
jects.  

To make sure that the 
wires are secure. 

To examine, and to en- 
sure by touch, that the 
cowling fasteners are 
secure. 

To see that nothing is 
blocking the intake. 
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CHECK 

Oil  Cooler Scoop @ 

Rightundercarriage 
Up-lack @ 

Right Undercarriage 

@ 

Fire Extinguisher 
@ 

Right Win  Under - d surface 6 

Leading Edge @ 

Pitot Head @ 

HOW 

Visually. 

Manually-Pull the 
up-lock forward and 
release. 

Visually. 

Visually . 

Visually . 

V i rually . 

Visually. 

WHY 

To see that nothing is 
blocking the intake. 

To eaeure that the up -lock 
moves and i a  serviceable. 

To ensure that the under- 
carriage lights are not 
damaged; that the oleo 
has a minimum extension 
of 1 112 inches; to see that 
the chock is in place; to 
examine the tire for cuts 
or damage; to check that 
the creep line is within 
limits and to examine the 
brake line far leaks or 
damage. 

The small window ap- 
proximately two feet be- 
low the windscreen should 
be RED, indicating -that the 
fire fxtinguisher is 
servic eable . 

To ensure that the wing i s  

not damaged. 

To ensure that the leading 
edge and top surface of 
the wing and the landing 
lights are not damaged. 

To make sure that the 
cover has been removed, 
and to check that the vents 
are clear. 



WHY 

Safety precaution to en- 
sure that the light is 
secure and undamaged. 

Far sign of stress or 
damage, 

Tocheckthefreedomof  
movement, also to  see that 
the hinge nuts are  lacked 
and that the bonding wires 
are secure. Any damage 
to the fabric or t r im tab 
should he reported. 

F o r  sign of damage. 

To ensure that the cap i s  
aligned properly and is 
secure, thus avoiding fuel 
l o s s  in flight. 

To ensure that the locking 
pin i s  in place. If the pin 
is not in place, the air - 
craftmustbedeclared 
unserviceable, 

T o  ensure that the antenna 
i s  not broken or damaged. 

To see that the w i r e  
touches the ground, thus 
releasing any static e l e c -  
tricity which may have 
built up in the airframe in 
Elight. 

CHECK 

Navigation Light a 

Right Wing @ 

Ailerons @ 

Flaps @ 

Fuel  Tank Cap @ 

Undercarr iage 
Locking P in @ 

Antenna @ 

Ground W i r e  @) 

HO W 

Visually. 

Visually.  

Manual ly -Move  the 
aileron fully up and 
down. 

Visual ly  . 

Visually. 

Visually - Through the 
perspex window on the 
top surface of the wing 
above t h e u n d e r c a r -  
r iag e oleo, 

Visual1 y. 

Visually.  
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CHECK 

Static Holes @ 

TailSurfaceaQ 

Cables @ 

Bonding Wires @ 

Navigation Lights 

@ 

Tail Wheel @ 

Static Holes @ 

H O W  

Visually. 

VisuallyandManually- 
Move the elevator a d  
rudder through their 
full travel. 

Manually - Feel the 
e a b l e ~ .  

Visually. 

Visually. 

Visually. 

Visually. 

WHY 

To see that the vents are 
clear, thus ensuring 
proper operation of the 
flight instrument a, 

Toensurethatthecontrols 
are undamaged and are 
working properly, and that 
the tail-wheel lock is 
serviceable . 

To ensure that there is a 
t en~ ion  onthe rudder con- 
trot cables. 

To make sure that the 
wires  are secure. 

Safety precaution to  en- 
sure that the lights are 
secure and undamaged. 

To ensure that the red 
line is visible since im- 
proper extension of the 
tailwheel could cause 
damage and difficult 
steering; t o  examine the 
tire for cuts or damage 
and to check that the creep 
line is within limits. 

To see that the vents are 
clear, thus ensuring 
proper operation of the 
flight instruments. 
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(4) If flying solo, the following additional points should be checked in 
the rear cockpit, 

GHEGK 

Baggage Compartment 
{Cont'd) 

Hand Fire Extin- 
guisher 0 

Medical Kit @ 

HOW 

check the content a, en- 
suring that t he  door i s  
closed securely after- 
wards. 

Manually - Openthe 
f i r e  extinguisher door. 

Visually , 

EIOW WHY 

Loose Articles  @ Visually andmanually - All items must be secure 
Stow the control col- to prevent f o u l a g  of the 
umn, and secure the controls. 
harness and radio cord,  
All foreign abjects 
should be removed. 

Manually - Cage the To prevent damage to the 
Artificial Hariz,on (AH) ins t ruments .  
and the Directional. 
Indicator (DI) . 

Visually and manually - Safety precaution to en- 
All switches "OFF". sure  that all controls can 

be operated f ramthe  front 

WHY 

s tar t ing crank, forced 
landing instructions, a 
Verppis tol  andcartridges. 
All of these should. be 
properly secured. 

To ensure that the fire 
extinguisher is secure 
and that the cylinder is 
charged to the correc t  
pressure. 

T o  ensure that a kit i s  in- 
stalled behind the rear 
seat ,  and that it is 
fastened securely.  

Canopy @ Manually - Close . 

cockpit . 

Safety precaution since the 
canopy cannot h e  closed 
from t h e  front cockpit. 
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2.03 -The Pre-start Check 
(I) After settling into the cockpit, adjust the seat so that you have two 
or three inches of head room to the top of the canopy, and maximum forward 
visibility. In preparation for  your fir st flight, your instructor will help you 
to  find the most suitable oeat adjustment, and on each flight thereafter your 
position should be the same. 

(2 The rudder pedals can be adjusted by tripping the small catch on the 
inside edge of each pedal. Assume a comfortable position with the balls of 
your feet on the rudders, so that you have full use of the rudder and brake 
controls. Normally, in the correct position, your knees should be slightly 
bent. There should be nothing in the way to restrict control movement. 

(3) Before starting the engine, the following check must be made 

CHECK 

Hares B 

Seat 

Rudder s 

Controls 

Field Barometric 
Pressure 

HOW 

Manually - Tighten the 
seat straps and then t he  
shoulder straps; test  
the harness lock. 

Manually - Adjust. 

Using the toes - Adjust. 

Visuallyandmanually- 
Move the control column 
and rudder through their 
full travel and note the 
movement of all flying 
control surfaces. 

Visually - Note the 
manif old pre esure 
reading. 

WHY 

Safety precautions. 

To give maximum forward 
visibility. 

To give full rudder and 
brake control. 

To ensure that there is 
freedom of movement 
without rubbing, arid that 
the contrd surfaces move 
in the proper direction. 

The present field baro- 
metric pressure must be 
known to determine the 
correct manifoldpressure 
to use for the magneto 
power check during the 
run-up. 
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2.04 - The Engine Starting Check 

CHECK 

Brakes 

Fuel 

Carbur ettor Air 

( 1 )  When starting the engine, the  following check should be made in the 
order shown. 

HOW 

Using the toes -Prer s 
down on top of the rud- 
der pedals,  and pull the 
parking brake handle 
''OUT". Release the 
toe presaure, then re- 
lease the parking brake 
hand1 e . 

Visually and manually - 
Note the contents of the 
fueltanks. Lfthere is 
an equal amount of fuel 
ineachtank,  aelect 
either "RESERV E1' or 
"LEFTi1. ,If the con- 
tents are unequal, se- 
lect the tank with the 
least fuel. 

Manually - Move the 
lever forward to 
"COLD". 

w 

W H Y  

The brak-must be "ON" 
before the engSnt is 
started, to prevent the 
aircraft from moving for - 
ward. 

To ensure that there is 
sufficient fuel for the 
comingflight, and that 
the fuel is ewitched "ON" 
forstarting. 

Ta prevent possible dam- 
age if the engine back- 
fires while it is being 
started. 

Throttle 

Mixture 

P itch 

Manually - Open half 
an inch. 

Manually - Move the 
lever fully back to 
"RICH". 

Manually-Movethe 
lever fully back to 
" COARSEii. 

To give the proper setting 
for starting. 

A ric h mixture is required 
for starting. 

Topreventoilfromeir- 
e dating through the pitcb- 
changing mechanism 
during starting. 
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WHY 

To fill the lines from the 
fuel tanks tothe carburet- 
tor, and to provide fuel 
for the primer. 

To supply fuel to  the top 
five cylinders of the en- 
gine. 

A power supply is required 
for starting. 

To ensure that allperson- 
nel are clear of the pro- 
peller . 

The magneto switches 
must remain "OFF1' while 
the engine starter is being 
energized. 

To build up sufficient 
power in the starter fly- 
whee l tohrnovertheen-  
gine when the awitch i a  
pushed forward to 
'' ENGAGE1'. 

To warn the groundcrew, 
and to transfer the mo- 
mentum built up by the 
flywheel into mechanical 
energy to turn the en- 
gine . 

CHECK 

Wobble Pump 

Primer 

APU or Battery 

All Clear 

Magneto Switc he B 

Energize/ Engage 

Contact 

HOW 

Manually - P u m p  until 
pressure registers on 
the fuel pressuregauge. 

Manually - Unlock, pull 
out and push in for ap- 
proximately 3-7 stroke8 
depending on the out aide 
air temperature a d  the 
size of the primer. Re- 
lock when priming is 
completed, 

Manually - When an AP U 
is used, the Battery 
Master Switch must b e  
"OFF", and vice versa. 

Vocally - Call out ltAll 
Clear", and wait for a 
response. 

Visually. 

Manually Pull the 
switch back to 
llEPJERGIZE"forap- 
proximately 10 ~ e c  - 
o n d ~  . 

Vocally and manually - 
Call out "CONTACTll 
and immediately push 
the Energize/ Engage 
switch forward to 
"ENGAGE". 
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2.05-The Tarmac Check 

I 

CHECK 

Magneto Swifche a 

Oi l  Pressure 

Pitch 

11) N t e r  starting the engine and checking the o i l  pressure, signal the 
groundcrew to remove the chocks, Open the throttle to a suitable rpm so that 
the generator is charging and the engine can warm up to normal operating 
temperature. When ready, carry out the following check. 

NOTE: If oil dilution is required after etarting, it should be done 
before the oil temperature reaches 40°C, Local orders 
determine the time for, and the amount of, oil dilution de- 
sired, but if in doubt have your instructor explain the cor - 
rect procedure. 

4 

HOW 

Manually - Turn right 
to "BOTH" after t h e  
propeller ham rotated 
for two turns. 

Visually - Note the 
reading on the oil pres- 
sure gauge. 

Manually - Push for- 
ward ta  llFIME1l when 
the oil presmure reads 
50 psi.  

WHY 

To supply an ignition cur- 
rent to the gark plugs. 

To make sure that the en- 
gine is being lubricated. 
If there is no pressure 
within 30 seconda, stop 
the engine. 

At 50 psi, the engine i s  
being lubricated ade- 
quately, and oii can be 
diverted to the pitch- 
changing mechanism. 

CHECK 

Generator Switch 

Battery Master 
Switch 

- 

HO V' 

Manually - Push for - 
ward to I1ON". 

Visually - Switch must 
be forwarded to llON1', 

WHY 

To enable the generator 
to  upp ply electrical power 
for the aircraft services .  

If an APU has %een uaed 
for starting, the Battery 
Master Switch wil l  be 
"OFF". 
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CHECK 

Gyro Switch 

Pi to t  Heater 

Compass Inverter 

Radio Switches 

ARC Switches 

Light Switches 

. . 
Circuit 3 reaker s 

. . . - . . 

HOW 

Manually - I f  dual - 
push the switchforward 
to "ON". 
If solo - the switch 
stays "OFF". 

Manually - Turn "ON". 
Visually - Check for  an 
increase in the ammeter 
reading . 
Manually - Turn "OFF". 

Manually - Push the 
switch forward to  

Manually - Push the 
Radio Master and VHF 
Audio Switches farward 
to 170N1' and select the 
desired V H F  channel. 

Manually - Push t h e  
['CompUAudio Switch 
forward to "ON1l and 
the ARC function switch 
to lfANTI'. 

Visually - All l ight  
switches l 'OFFTt.  (If 
you anticipate using 
Lights they should be 
tested. ) 

Visually. 

WHY 

TheGyroSwi t chcoanec t s  
the sear ccckpit gyro  in- 
struments to the suction 
line. During solo f l ight ,  
leaving the, switch l l O F F 1 '  
prevents damage to the 
rear gyros if they became 
uncaged while the aircraft 
is doing aerobatics, 

To ensure that the pitot 
heater i s  serviceable. 

To supply power to op- 
erate the magnesyn com- 
pass .  

To allow the set to  warm 

up. 

# 

To allow the set to warm 

up. 

Normally, cockpit and 
aircrait lighting i s  not 
required f o r  day flying. 

To ensure that each circuit 
breaker Is IN. If a circuit 
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CHECK 

Circuit Breakers 
( Cont ' d )  

Fuel 

Flap e 

Hydraulic Pressure 

Trim Controls 

Throttle Tension 

HOW 

Visually - Check that 
the fuel selector is at 
the correct settinga 

Manually - Xiaise the 
flaps by stages. 

Visually - Note the 
hydraulic pre s eura 
reading . 

WHY 

breaker f B OUT, current 
to that specific service ia  
cut. 

Saf aty factor. 

To check the operation of 
the main hydraulic system. 

To ensure that there is 
sufficient pressure. 

Mixture Visually - "RICH". Rich is the normal setting 
while the aircrdt ie on 

Pitch 

Carburettor Air 

Manually - Move the 
redder and elevator 
trim wheels through 
their full travel. Re- 
set elevator at I1 
o'clock, rudder at 3 
o'clock. 

Manually - Adjust. 

To check that thereis no 
restriction to  movement. 

The throttle should move 
easily. 

Visually - "FINE", 

Manually - Press down 
ontheknobontopof 
the lever and move the 

the g r a d .  

Fine is the normal setting 
while the aircraft is on 
the ground with the engine 
running, and aleo while 
taxiing. 

To ensure that the lever 
islockingproperlyinthe 
intermediate positions. 
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Carburettor Air lever back through its 
(Contld) full travel, locking it in 

various positions. 

Undercarriage Visually, To ensure that the warning 
Warning Lights lights are glowing GREEN. 

Landing Light Visually - Down, "OFF". To avoid unnece s 6 ary 
Switches At night the switches use. 

should be tested manu- 
ally* 

Manifold Pressure Manually-Openthe Todrainoffmoisturefrorn 
Drain Cock 

Magneto Switches 
(Dead Magneto Check) 

Instrument Panel 

Primer 

drain cock for approxi- 
m t e l y  I minute, by 
pulling the lever to- 
warde you. Return to 
"CmSED". 

Manually - Select 
"RIGHT" - pause, se - 
leet ''LEFT" - pause, 
and return the switch 
to IIBOTH''. 

Viaually - Examine a11 
flight instruments for 
eorree t reading 8 and 
proper ~ e t t i n g s .  
Manually - Puah-teat 
a 1  warning lights; 
uneagethegyrorand 
s e t  the Dl to the cor- 
rect heading. 

Manually - Push in and 
turn right to "OFF". 

the instrument lines. 

To ensure that both mag- 
netos are working. 

To eneur e that all instru- 
ments and warning lights 
are serviceable and pro- 
perly set fpr the coming 
flight. The gyros and DI 
can be cheeked while 
taxiingout. 

If the primer is left liON", 
it will cause the engine to 
run roughly. 



(1) Taxiing is the controlled movement of an aircraft on the ground, 
under its own power. At normal taxiing speed (about the speed of a brisk 
walk) air pressures on the control surfaces can't be felt. This means that 
the controle, which are designed for maximum effectiveness in flight, have a 
very limited use on the ground. 

CHECK 

Gampas s Deviation 
Card 
#' 

Radio and ARC 

(2) You will notice while sitting in the cockpit for the firet time that for - 
ward visibility is restricted. This means that the aircraft must be llS-turnedll 
from side to side to provide a clear field of vieion down the intended taxiing 
path. Notice the relationship of the engine nacelle to the horizon: the air- 
craft i s  in the three-point attitude in this position. You will have occasion in 
the future to refer to this attitude during various sequences andlanding prac- 
tice. 

(3) Soon after leaving the line and when blear of parked aircraft you 
must check the flight instruments to make sure that they are working pro- 
perly. The best way to make this check i s  to turn the aircraft to the left 
while watching the instruments, The turn needle should move to  the left, the 
ball should move to the right, the DI heading should be deereaeing, the AH 
should be steady, sod the suction gauge reading should be constant. During a 
turn to the right, the indications should be: needle right, ball left, DI in- 
craasinq, AH steady and suctiqn constant, If the instruments do not check 
out properly, the aircraft should normally be placed unsexviceable; however, 
discuss this problem with your instructor until you have a clear under standing 
of what to  do in specific circurnstance~. 

- 

HOW 

Visually , 

Vocally and manually - 
ChecktheVHFaIldARC 
as required by local 
orders. 

2.07- Weathercocking 

WHY 

A valid correction card 
is required for accurate 
headings . 

To enaure that both are 
serviceable. 

(1) While taxiing, the aircraft has a tendency to nose into wind. This 
is a result of the weathercocking characteristics which cause the aircraft to 



Art 2 . 0 8  

attempt to streamline itself into wind. You must stay alert to counteract any 
such tendency. 

(2 ) When taxiing into wind, the control colurna shouldbe held rightback 
and to one side, so that the aileron into wind goes UP. The wind striking the 
top surface of the raised elevators tends to push the tail down and, similarly, 
-the wing which is  into wind tend6 to remain down. Conversely, when taxiing 
down wind in a strong wind, the control column should be held forward 
slightly, and to the eide away from the wind. 

THE CONTROL COLUMN MUST NOT BE PUSHED TOO FAR FORWARD 
SINCE THERE IS A DANGER OF UNIDCKING THE TAILWHEEL, THEREBY 
INGREASING THE DANGER OF A GROUND WOP.  

2.08-The Steerable Tail Wheel and Brakes 
(1) The tailwheel on the Harvard is constructed so that it may belocked 
or unlocked by movement of the control column. When the control column i s  
back, the tailwheel is locked; when it is fully forward, the tailwheel i s  un- 
locked. Connecting links to  the rudders allow 15 degrees of movement to 
either side of centre when the tailwheel i s  locked so that, when left rudder is 
applied, the aircraft turns to the left, and vice versa. If it is necessary to 
unlock the tailwheel to give a smaller turning radius, the rudders must be 
centralized before the control column is puohed forward. Once the tailwheel 
i~ unlocked, a combination of brake and power is used to turn the aircraft. 
The control column should then be held fully back so that, when the turn is 
e ompleted and opposite brake is applied, the tailwheel wil l  be re  -locked, 
automatically, by centralizing the rudder pedals. 

(2) The brakes work independently of each other when toe pressure is 
applied to the tops of the rudder pedals, as shown in Figure 2,  Pressure on 
the left brake pedal actuates the left brake, and vice versa. To stoptheair- 
craft, equal pressure must be applied to each brake. 

.. . 

Figure 2: Applying Brake Pressure 
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2.09- Taxiing Tips 
( 1 )  When you are taxiing an aircraft, position your feet so that brake 
can be applied instantly should the need arise. The only time that your heels 
should move off the floor is when you have to  apply brake. Y o u  should try to 
brake smoothly and evenly, exercising a reaeonable amount of caution, and, 
using the brakes to s top  at any desired point, to  maintain a safe taxiing speed, 
or to make a sharp turn with the tailwheel unlocked. Remember: 

ABRUPT APPLICATION O F  THE BRAKES MAY CAUSE THE AIRCRAFT TO 
NOSE-OVER. 

(2 1 If an abrupt application of braksa is made, intentionally or other- 
wise, and the apse goes down, pull the control, column straight back and open 
the throttle. Provided there is no danger of collieion, you should release the 
brakes. If this action is  taken in time, sufficient airflaw should be produced 
to flow over the elevator and force the tail down. Y o u  sh~uld be particularly 
careful when tmiing over soft ground, since the aircraft can nose-over very 
easily. 

(3)  When you are ready to  move out of the line, you will find that some 
throttle is needed to start the aircraft rolling. Once it is rolling, close the 
throttle fully and test the brakes,  bringing the aircraft to a complete stop. If 
the brakes are working properly, you 
can continue to taxi out. Sometimes 
when taxiing out of the parking line, it 
is necessary to make a sharp turn to  
clear objects in front of the aircraft. 
Usually such turns are made with the 

' 

I tailwheel unlocked, using brake s and 
throttle in conjunction. A turn should 
be mads, in any case, shortly after 
leaving the line, to clear fie area ahead 
since it i. unwise to taxi straight ahead 1 
for any appreciable distance. 

(4 ) During a normal "S-turn", : 
only rudder movement is used to steer j 
the aircraft. Do not use brakes in an I 
attempt to help the aircraft turn, since 
when the tailwheel i~ locked, damage 1 
canbe caused to the steerable tailwheel. ' 

as sembLy by individual brake. applic a- 
tion. When "S-turning", a s  ehown in 
Figure 3, push one rudder pedal far- 
ward until the nose swings round, and ' 
the intended taxiing path is visible. As . 
soon as  youcan see ahead, apply pres- 
sure to the opposite rudder pedal to Figure 3:"s"-Turning 
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swing the nose back through the path onto the other side, until the taxiing 
path is visible once more. 

(5) In taxiing, you muet learn to anticipate the movements of the air- 
craft and apply rudder preesuree accordingly, Opposite rudder should be ap- 
plied BEFOm you intend to stop a turn, since the aircraft's response is 
eluggiah and it tends t o  continue to turn after the opposite rudder is fully for - 
ward. The correct moment for the application of rudder when turning can be 
learned only by practice. 

( 6 )  Be alert and look around to make sure that the wings are going to 
clear all obstructions. If any doubt exists in your mind, STOP and have 
someone guide you past the obstruction. I£ no help is available, stop the ea- 
gine and let the groundcrew move the aircraft. 

NEVER TAKE A RISK WHILE TAXIING. 

2.10 - Safety in Taxiing 
(1) When leaving a parked position, or when parking an aircraft, always 
make certain that the intended ground path is clear of obstructions: watch for 
battery carts, fire extinguisher B and chocks. When taxiing on the ramp or 
near other aircrafvt, the safe taxiing speed is a normal walk. Remember the 
wings; clear the area on each side as  well as in front. In short radius turns; 
do not turn so that the inner wheel is locked: allow enough room for the tail 
to clear any obstacles or rough places. In congested areas, be aure to use 
mar shaller B to help you to avoid obartructions. 

(2 1 While you axe taxiing you should constantly scan the area on each 
rids as wel l  as  in front of the aircraft. If you are to scan the area properly, 
your field of vision must cover an arc of almost 360 degrees. Y o u r  neck is a 
swivel. Use it! Never allow your eyes to freeze on one object; instead, keep 
a mental up-to -the- second picture of a11 that i o happening around you. Think 
only of the job inhand andplan each move in advance. Know the lcxation and 
movements of everything in the taxi path, and be aware of other aircraft 
taking -off, landing and taxiing. 

(3) Other important points to remember while taxiing an aircraft are 
listed below. 

(a) Divide your attention, to the front and to both sidea,  

(b) Keep at least two aircraft lengths behind the preceding 
aircraft. 

( c )  Do not uee throttle and brakes in oppo aition to each other : 
close the throttle before applying brake to elow down. 
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(d) Keep in radio contact with the tower ,  

(e) Use caution in crossing active runways or the landing 
area, 

( f )  Use courtesy andcommon sen.sein respect to propeller 
blast: when taxiing on sodded areas, do not blow stones or 
other material onto the ramp or into other aircraft. 

( g )  Expect the unexpected, 

2.11 -The Run-up Check 
11) After taxiing tr, the run-up area, select a spot near the edge of the 
hardstand and, if possible,  position the aircraft into wind ao that it does not 
block traffic, Check to make sure that the tailwheel is up on the hardstand 
and ia  straight. 

( 2 )  When you are satisfied that the aircraft is properly positioned, do 
the fallowing check. 

WHY 

Topreventtheaircraft 
from moving during the 
run-up. 

TP check the fuel flow 
during the run-up. 

To ensure that the readinga 
are within the limits for 
the run-up. 

To prevent pitch and 
throttle lever slippage 
during the run-up. 

CHECK 

Parking Brakes 

Fuel 

r 

Temperatures and 
Pressures 

Throttle Tension 

HOW 

W i t h t h e t o e s - P r e s e  
the brake pedal 8. 

Manually - Pull the 
parking brake handle 
out, and release the 
brake pedals. 

Manually - Change the 
fuel selector to "RIGHT1' 
or to the fullest tank, 
as applicable. 

Vi su-ally. 

Manually - Tighten by 
rotating the tension 
nut clockwise. 
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CHECK 

Lookout 

Control Columu 

1500 RPM 

Pitch 

Carburettor Ice 

Generator 

HOW 

Visually - Through 360 
degrees. 

Manually-Holdfully 
back. 

Manually - B s e  the 
throttle forward. 

Manually - Move the 
lever back to ''COARSEt' 
and after the rpm has 
dropped by 400 rpm, 
return the lever to 
'tFINE". 

Visually - Note the 
Manilold Pre ~8ure. 
Manually-Pulltheear- 
burettor air controlback 
to l1HOTl1 until the tern- 
perature gauge reads 
5 0 ' ~ .  or untiL there is 
a rise of 350C. Return 
the control to *ICOLD", 
Visually - Note the 
Manif old P re s eure. 

Visually - Note that the 
ammeter ehows a nor- 
mal charge. 

WHY 

During the run-up you 
must ensure that the slip - 
e tr e am bla e t cannot dam - 
age any object to the rear, 
or if the brakes slip, that 
the aircraft will not roll 
forward into another air - 
craft. 

To keep the tail down 
during the run-up. 

This is the best setting 
for the checks which fol- 
low. 

To check the operation of 
the CSU. 

If on returning the c ~ n t r o l  
to " CO LD" the Manif old 
Pressure shows an in- 
crease over the ~riginal 
reading, ice  ha^ been 
forming in the carburettor 
and is now eliminated. 
This action a l s o  indicates 
whether there is enough 
heat available to melt any 
carburettor ice that may 
be encountered in flight. 

The generator i~ the main 
source of power for  all 
electrical services and 
murt be working properly. 
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2.12- The Shut-down Check 

CHECK 

Suction 

v 

Throttle 

Temperatures and 
Preseures 

v 

RPM 

(1) After the air exercise e have been completed and the final landing has 
been made, taxi back to the ramp, observing the same rules as when you 

HOW 

Visually-Notethatthe 
the suction gauge 
reading is between 4 . 2  5 
and 4. 75" Hg. 

Manually - Open the 
throttle to a Manifold 
Pxeeeurs equal to field 
barometric pr s B sure 
minus two inches. 

Visually. 

Visually. 

WHY 

Asuctionreadigg af at 
least 4 . 2 5 "  Hg. i s  re- 
quired to operate the gyro 
instruments. 

This Manifold Pxsssure 
setting ie ueed to check 
the rpm. 

To ensure that all tem- 
peratures a d  pressures 
are "in the green". 

The rprri must be within 
f or - 50 rpm of the ref- 
erenced rpm, compensated 
for wind and outside air 
temperature. 

Magnetos 

Slow Running 

Visuallyasdmauually- 
Note the rpm, then 
switch the magneto 
@witch from "BOTHlt 
to l'RIGRT". Note the 
rprn drop and switch 
back ~ O ' ~ B O T R ~ ' .  Re- 
peat for the "LEFT1' 
magnetos. 

Manually - Move tbe 
throttle fully back. 
Vi~ual ly  - Note the 
rpm- 

The magnetos must be 
checked individually to 
ensure that the rprn drop 
does not exceed a maxi- 
mum of 100 rpm, and that 
the difference in drop be- 
tweenthe twomagnetos 
does not exceed 40 rpm. 

The d e s i ~ e d  idling rpm 
should be a maximum of 
700 ram. 
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taxied out. Wait for marshalling assistance before moving into the line and, 
when in position, proceed as follows. 

WHY 

To prevent M e  aircraft 
from moving during the 
shut-down, 

The cylinder head tem- 
perature must not exceed 
2 0 5 O ~  for shut-down. 

To ensure that the propel- 
ler is revolving at the cor- 
rect  peed before the pitch 
i s  changed. 

The propeller muet be 
a topped in " COARSETt pitch 
so that, when the engine ie 
re-started, oil wi l l  not be 
diverted to the CSU, 

To prepare the engine for 
the next part of the shut- 
down check, 

To ensure that both mag- 
netoa are grounded. 

When the mixture control 
lever i s  fully forward, the 
idle cut-off feature on the 
carbur ettor is actuated and 
the engine is deprived of 
fuel . 

CHECK 

Parking Brakes 

Temperatures 

1400 RPM 

Pitch 

Throttle 

Magneto Switches 

Mixtur e 

- 

HOW 

With the toes - Press 
the brake pedals. 
Manually - Pull the 
parking brake handle 
out, and release the 
brake pedals. 

Visually -Note that the 
engine instrument 
readings are normal, 

Manually - Open the 
throttle. 

Manually - Pull the 
lever fully back to 
"COARSE". 

MbnualLy - Pull the 
throttle back until the 
engine is idling. 

Manually - Select 
"RIGHT", "LEFTv 
and "OFFt' before re- 
turning the switch to 
"BOTH", 

Manually - Mwe the 
lever fully forward. 
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CHECK 
" 

Magneto Switches 

Fuel 

Gyros 

All Switches 

Controls 

(1) After each flight any unserviceabilities m u s t  be entered in ,the ap- 
propriate section ~f the L-14. Careful thought must go into the composition 
of these entries since the space on the form i s  limited, and the  symptoms 
and directions to the ground tradesmanmust be explicit: If you are in doubt 
about an entry, ask your instfuctor-for sugg@stions, o r  disCu'S$ the p-f6bl~m 
with the ground tradesman concerned. 

HOW 

Manually - Turn "OFF" 
after the engine has 
stopped. 

Manual1 y - Tarn the 
selector to  the right, 
to ltOFFl1. 

Manually - Cage the 
Artificial Horizon and 
Directional Indicator, 

Manually - "OFF". 

Manually - Pull the 
control column lock 
up into the vertical 
I~LOCREDI~ position. 

WHY 

Safety precaution. 

Safety precaution. 

To prevent damage to the 
instruments. 

. - 

Safety precaution. 

When  the aircraft i s  an 
the ground, the controls 
could be damaged if tKey 
were allowed to moye 
freely. 
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Chapter 3 

Fundamental Manoeuvres of Flight 

3.01 - Introduction 

(1) Having spent six weeks flying the Chipmunk it should be apparent to 
you now that, once the fundamentals are grasped, mastering the more ad- 
vanced manoeuvres is merely a matter of practice and concentration. Like 
the Chipmuuk, the Harvard rotates about three axes, rotation being control- 
led in exactly the same way by the elevators, ailerons and rudder. Remember 
to t ryto think of yourself as the pivot point about which allchanges of attitude 
occur. 

(2) At PFS you learned that rough or erratic contrdmovernent is a sign 
of inexperience: gentle pressure is all that is required. The AMOUNT of 
control column movement may vary Rowever for any given manoeuvre, the 
higher speed of the Harvard requiring more positive pressure but less actual 
movement of the control surfaces than for the same manoeuvre in the Chip- 
munk. Obviously, the amount of control column movement cannot be memo- 
rized for each manoeuvre - you must develap a reflex, so that sufficient 
pressure is used to gain the desired result. 

GO-ORDINATION IS THE KEY TO SMOOTH, ACCURATE FLYING. 

3.02- How to Use the Rudder Pedals 
(1) Rudder control in the Harvard is the same ae  in the Chipmunk, ex- 
cept  lor  the operation of the brakes, In the Harvard, tbe  rudder and brake 
are combined in the foot pedal, but are actually separate components as de - 
scribed in Art 2 . 0 8 .  They may be used separately or together, or may even 
be applied in opposite directions. When the brake  ie not being used, your 
hee ls  should be resting on the catwalks so that brake pressure cannot be ap- 
plied inadvertently: this allows you to  relax in a more comfortable position. 
The pedals may be adjusted to suit any leg length, and should always be ad- 
justed, not only for comfort, but also to ensure that full rudder or brake 
pressure can be applied. 
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3.03- How to Use the Control Column 

(1) The control  column should be held lightly w i t h  the fingers S O  that 
your hand and arm are  as relaxed a s  possible.  Sometimes, especially during 
aerobatics, you may have to grasp the control column more firmly, but most 
of the time,all, necessary pressures can he applied with the TjngerS,. 

3.04 - Straight and Level Flight 
( 1 )  Stra ight  and level f l igh t  i s  that attitude of flight in which the aircraft 
maintains a constant altitude and direction. The  positions of the nose and the 
wing tips in relation to the horizan, as shown in Figure I,, provide-the rehr- 
ences for maintaining the straight and level attitude, The Harvard, unlike 
the Chipmunk, has an adjustable seat which may be raised or lowered to suit 
the individual, so, unless the seat is s e t  to the same position on every trip, 
the apparent positions of t i le  nose and wings w i l l  vary. After settling into the 
cockpit, therefore,  your first action must be to raise or lower the eeat to the 
most comfortable position. {Ar t  2 .  03(1) and ( 2 )  ). If this is done before 
every flight, the s t ra igh t  and level reference positions should remain con- 
stant. 

Figure 1: The Level Flight Attitude 

(2) Straight and level flight can be a ~ k i e v e d  at any speed, from just 
above stalling to the maximum speed of which the a i ~ c r a f t  is capable, but, as  
the speed changes, you must be pripared for the'xeftrence points ta c$ange. 
At l a w  speeds the nose is much higher, and vice versa. The normal cruising 
speed of the Harvard is approximately 125Kwith the following power settings: 

Throttle - 25" MP 

Pitch - 1758 rpm 

Mixture - Adjusted far smooth running. 

(3) As you b o w ,  time spent looking down inea the cockpit is harmful to  
visual flying, but periodical checks of the instruments must be made; esp- 
ecidly after the basic principler of straight and level flight have been mas- 
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tered. Occasional references to the instruments at this s tage  help you to 
achieve greater flying accuracy. Remember : 

THE BETTER YOU KNOW THE COCKPIT, THE QUICKER YOU CAN CHECK 
THE INSTRUMENTS. 

(1) So far you have been told that you must watch the positions of the 
nose and the wing tips in relation to the horizon, and periodically check the 
engine and flight instruments. Equally important, however, is the need to 
keep a look-out for other aircraft, Conceivably, a jet aircraft can be ap- 
proaching, head-on, at a closing speed of over 500K, or flying on a collision 
cour ee at something close to 400K, Obviously, then, you must stay alert to 
prevent the development of any situation requiring desperate avoiding action. 
Good look-out techniques learned NOW can be extremely helpful later. You 
must remember to look above, below and on all sides at ALL times, and be 
particularly conoc ious of other aircraft known to be in the area. Extra caution 
i a  needed where there is likely to be traffic congestion, such as in the circuit 
or in a let-down area. 

(2) Before making any change of direction, you must scan your whole 
circle of viaion, paying particular attention to that section towards which you 
intend to turn, Remember, you must look in ALL directions, Some pilots 
prefer to look in the direction opposite the turn first, and then in the direction 
of the turn, but it isn't the method that is important - it is the extent of your 
look-out and your awareness of other aircraft that count. 

( 3 )  Besides watching far other aircraft, you wi l l  be expected to keep 
track of your ppsition relative to  the aerodrome, and to stay clear of cloud, 
For the first few hours, remembering to look in the proper direction at the 
proper time wilt keep you busy. Before going solo, however, your awareness 
should have improved to such an extent that you can see other aircraft in the 
vicinity; you know your position in relation to the aerodrome; you can cheek 
the positions of the nose and the wing tips; and you can check the instruments 
with a quick glance. 

3.06 - Confidence Manoeuvres 
(1 ) Possibly now that you have had a chance to fly the Harvard, you may 
be slightly apprehensive - you may be finding i t  difficult to relax. A certain 
amount of tension is normal at this stage of your training, but with each 
passing hour in the air your confidence in the aircraft will grow. 

(&) - :, . The p,urpose of "Confidence Manoeuvres" i~ to help you to develop 
faith ig fie, ,Har-vard, by giving you a practical demonstration of ita stability. 
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Stability in an aircraft is deiined as its  ability to return to a particular eon- 
dition of flight, without assistance from the pilot, aftex having been disturbed 
by some external force. (See Chapter 14 of TC-23, Manual of Aerodynamics 
for Aircrew Training. ) All aircraft are designed to be aerodynamically 
stable about their three axes. Your instructor will demonstrate thie charac- 
ter istic by displacing the aircraft from a specific attitude and then allowing 
it, of i t s  own accord, to return to the original attitude. 

(3) First of all, the aircraft must be properly trimmed so that it will 
fly straight and level without any aseistance. Thie is known as "hands-off 
flighttt. By exerting slight back pressure on the control column, your in- 
structor will cauee the nose to rise, then both of you wi l l  take your hand* off 
the control column. Because of the aircraft ' s inherent longitudinal stability, 
the nose will start to drop until the aircraft i s  in a shallow dive, then it will 
rise again past the level night attitude andrepeat the movement several times. 
Each oscillation will  decrease in magnitude until, eventually, the aircraft ia  
flying in the straight and level flight attitude. The exercise will be repeated, 
but this time with the control column being moved forward at the beginning. 
The recovery is exactly the same. 

(41 To demonstrate the Harvard's inherent lateral rtability, your in- 
litructor will  fly the aircraft straight and level "hands-off", and then he w i l l  

move the control column to one side to cause a wing to drop. The Harvard, 
having dihedral. built into the wings, will  slip dightly towardm the low wing, 
but will gradually right itself until it is flying in the straight and level atti- 
tude. 

( 5 )  Directional lstability can be proved by pushing on the left rudder 
pedal to cause the nose to yaw to the left. When the preesure is released, 
the aircraft will tend to etreamline itself into the relative airflow, tbus ra- 
turning to straight and level flight. There may be several oseillation~ in the 
process, but, eventually, straight and level flight will be resumed without 
any assistance from youraelf or your instructor. 

- Turns 
(1) At PFS you learned that a turn is a manoeuvre used to change the 
heading of an aireraft, and that it  involves the co-ordinated use of aileron, 
rudder and elevators. 

(2) To refresh your memory, a turn i s  made by banking the aircraft so 
that the lift ie inclined towards the inside of the turn, When this happendl, 
part of the original vertical lift become a a horizontal component, called Cen - 
tripetal Force, which pulls the aircraft around in a circular path. (See 
TC-23. ) Since in a banked attitude of flight the vertical component of lift is 
les 8 than the weight of the aircraft, extra lift must be provided to keep the 
nose up. This is done by increasing the angle of attack through backward 
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pressure on the control cslurnxl: the amount of back pressure ne&ded i a  in di-  
rect proportion to  the steapneas of the turn. In precision turns, howavsr, the 
increase in angle of attack andlift produces a corresponding increase in drag 
which must be compensated by increasing the power. During the recovery, 
power and back pressure must be reduced, in eo-ordination, to prevent the 
aircraft from climbing. 

( 3 )  ff the nose of the aircraft is allowed to drop during a steep turn, an 
increase in back pressure merely speeds up the turn. To bring the nose back 
to the correct level, the bank should be decreased slightly while holding a con- 
stant back pressure on the control column. Bank is applied as the nose re- 
turns to its proper position. 

GENTLE MEOlUM 

Figure 3: The Wimg Attitude in Turns 

(4) REFERENCE POINTS -Just as in straight aadlevel flight, reference 
can be made to the nose and wings of the aircraft for proper pitch and bank 
attitude. In gentle turns of 15 degrees of bank, the nose should be well below 
the horizon (Figure 2)  while the high wing should be inter oected midway be - 
tween the aileron trim tab and the inboard edge of the aileron. (Figure 3). 
For medium turnn (30 degreer of bank) the nose should be just below the hori- 
zon and the high wing should be intersected at the inboard edge of the landing 
light, For steep turns of 45 to 60 d e g r e e s  of bank, the reference point far 
the nose is the horizon itself, and the high wing should be intersected slightly 
outboard of the wing -joint cover. 

MEDIUM 

Figure 2: The Nose Attitude in Turns 

(5 RECOVERY - An aircraft will  continue to turn as long as bank is 
held on, therefore the roll-out should be  started before the desixed heading 
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is reached. Ae a rough guide you can use half the angle of bank, whichmeans 
that in a 30 degree turn you would start the recovery 15 degrees before 
reaching the desired heading. 

(1) To establish a straight ahead climb at an airspeed lower than that 
for straight and level flight, the nose must be raised and the power must be 
increased. As much as possible, these changes should be co-ordiaated. As 
you raise the nose to the 95K climbing attitude, maintain a constant heading 
with the wings level, adjust the mixture to the RICH range, move the pitch 
lever to 2000 rprn and apen the throttle to 28" MP, If your movements .are 
in eo-ordination, the airspeed should be reaching 95K a8 the throttle opening 
is completed. Pressure on the controls caused by the power and airspeed 
changes must be trimmed out. As soon as the correc t  attitude and power 
setting have been attained, relax and have a good look around, 

(2) CLIMBING TURNS - When the nose is in the climbing attitude for - 
ward visibility is reduced, therefore, because of the danger of eoIlision, 
straight ahead climbs should never be prolonged. It is important that you al- 
ways do climbing turns on the way up to your practice altitude: gentle, banked 
turns are used to maintain a good rate of climb, since the loss of vertical 
lift becomes greater as the bank is increased. 

(3) LNELLMG-OFF FROM A CLIMB - If you wish to return to straight 
and level flight from a climb, you must start the level-off approximately 50 
feet below the desired altitude. The nose is lowered gradually, and you must 
maintain your original heading with the wing e level as the aircraft reaches 
t h e  level-flight attitude. Sudden lowering oI the nose may cause a loss of 
height, since the angle of attack will be less than ideal for the forward speed 
of the aircraft. Normally, unless otherwise inetruc ted,  you should level-off 
to normal cruising settings. 

Throttle - 25" MP 

Pitch - 1750 rprn 

Mixture - Adjusted for smooth running. 

The airspeed should be approximately 125Ronce the level-off has been com- 
pleted. During the level-off, the power would not be reduced until the nose 
has been lowered and the airspeed has built up to 120K. At thip, point; the 
engine controls are adjusted and the aircraft i s  retrimmed for the new atti- 
tude and airspeed. If your instructor has given you a cruising speed other 
than 125K, the technique i s  the same - lower the nose gradually and, 5K be- 
for reaching the given speed, reduce power, 
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(1) An aircraft  can descend in a variety of ways, depending on the alti- 
tude, the configuration, the area of the descent and the amount of height to be 
lost .  As far a s  airspeed and rate of descant are concerned, there are few 
restrictions at altitude, but, if the wheels- and flaps are "DOWN" or if you 
are near  the circuit area, certain rules must be obeyed. 

(2 1 Assuming that you are returning toland at your home aerodrome and 
are five miles out at 4, a00 feet above ground level (AGL), you ahould make 
the following power changes. 

Throttle - As required for the descent. 

Pitch - 1750 rpm. 

Mixture -Adjusted for smooth running. 

When you start the descentthere are no airspeed restrictions other than those 
listed in EO's, so yop may simply depress the nose and descend gradually. 
Remember that, as  you descend and the air density rises, the M P  increases 
to an extent where you will  find it necessary to retard the throttle to main- 
tain a constant power setting. 

THREE MILES FROM THE AERODROME YOU MUST NOT =GEED 130K 
UNLESS YOU ARE MORE THAN 1,000 FEET ABOVE CIRCUIT ALTITUDE, 

(3) You should plan your descent so that you arrive near the aerodrome 
at an altitude from which you can join the circuit. The rate of descent and 
the airspeed depend on the distance to be travelled and the amount of altitude 
to be lost:  sometime^ you may have to descend at a law power setting and a 
high airapeed, while at other times a high power setting with a gentle rate sf 
descent will be required. In planning a descent, a useful rule-of-thumb is 
that a decrease of 1" MP gives a descent of 100 fpm with ho change in air - 
speed, or an airspeed reduction of 5K with no change in the rate of descent. 
Always remember that it  is poor airmanship to  descend at a rate of air speed 
in excess of that actually required, 

(4 1 DESCENDING TURNS - During descending turns the nose must be 
kept in the same attitude as  for a straight descant, Aileron and rudder are 
applied as  in a normal level turn. 

(5) LEVELLING-OFF FROM A DESCENT - Levelling-off from adescent 
is comparatively simple, since the engine settings are similar to those of 
straight and level flight. The level-off is etarted 50  feet above the desired 
altitude by raising the nose and adjusting the power for cruising flight. If 
there is to be a large airspeed change, i t  is wiae to start the round-out 
sooner. 
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Gliding 
(1) A glide i s  a descent without power or with the throttle in the idling 
position, in which the weight of the aircraft is providing the primary motive 
force. Gliding is similar to a normal d-escent except that the loss of altitude 
is greater and, since there is no slip-stream effect, the elevators and rudder 
are less effective. To change to a glide from straight and level flight, the 
settings are: 

Throttle 

P i t c h  

Mixture 

- Closed. 

- 1750 rpm.. 

- Adjusted for smooth running. 

Undercarriage - ''I.JP1' or ttDOWN1t as required. 

Flaps - "UP" or "DOWN" as required. 

Once these adjustments have been made, hold the level-flight attitude until 
the air speed drops off to .90K, then lower the nose to maintain 9OK: trim for 
this airspeed. At 90K the aircraft  travels the greatest distance from the 
ground for height lost. 

(2  GLIDING TURNS - With the exception of the steep turn, gliding turns 
are the same as other turns, apart from the nose-down attitude of the air- 
craft. In a s t eep  gliding turn ,  you will have to lower the nose fur ther  than 
usual to maintain airspeed and,  as a safety factor, the airspeed must be in- 
creased to 100K. 

( 3 )  During gliding and gliding' turns ,  particularly in cold weather, the 
engine cools off rapidly. To avoid any risk of power failure when the throttle 
i s  opened, the engine must be warmed, or cleared, every 1,000 feet. This 
is done by opening the throttle slowly to 25" MF and, simultaneously, raising 
the nose to prevent the speed from increasing. After a short pause with the 
power at 25" M P ,  you can close the throttle and resume gliding. 

NEVER ALLOW THE CYLINDER HEAD TEMPERATURE TO FALL BEXIQW 
lbOO CENTIGRADE. 

(1) Like the  Chipmunk, the Harvard swings on take-off and yaws about 
its vertical axis in the air. The propeller on the Harvard turns in the OP- 
POSITE direction to the propeller on the Chipmunk however, so the yawing 
tendency is to the LEFT. 
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(2 1 The four factors causing yaw are: 

(a) torque effect; 

(b) asymmetrical blade effect; 

(c )  slipstream effect; and 

(d) gyroscopiceffect. 

Figure 4: Torque Effect 

('3) TORQUE EFFECT - As the propeller rotates, torque effect increase % 
the pressure on one wheel, a s  shown in Figure 4. The increased frictiod 
caused by the force being applied to the wheel makes the aircraft yaw in thd 
direction opposite to prupeller rotation - that is, to the LEFT. In the air, 
torque effect is only a mild annoyance at high speed, but can become ex- 
tremely dangerous at Low speed when close to the ground, if power is applied 
rapidly. The propeller, owing to  its aerodynamic resistance to turning, at- 
tempts to rotate the whale aircraft to the left, and this could start a roll with 
a resulting loss of control. 

Figure 5: Asymmetric Blade Effect 

(4) ASYMMETRICAL B U D E  EFFECT -When the aircraft is in the tail- 
down attitude, the down-going blade meets the airflow at a larger angle of atr 
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tack than the up-going blade. {See  Figure 5 overleaf). The l a rge  angle of 
attack gives increased t h r u ~ t  'to the down-going blade, which tends to yaw the 
aircraft to the LEFT, 

Figure 6 : Slipstream Effect 

( 5 )  SLPSTREAM. EFFECT - The propeller imparts a ro ta ry  motion to 
the slipstream, in the same direction as its awn rotation. (F igure  6) Ths 
slipstream strikes the l e f t  side of the vertical fin and rudder making t h e  nose 
yaw to t h e  LEFT. WhiLe this yawing effect is counteracted by offsetting the 
vertical fin t o  the left, the offset is calcuhted f o r  cruis ing speed and power 
settings, only. When the farward speed is  low and the power i s  high, the 
offset is insdficient to prevent j h w ,  so you have to apply RIGHT rudder. 

FORCE 
A P P L I E ~  

E 

FORCE ACTS 

Figure 7 : Gyroscopic Effect 

(6) GYROSCOPlC EFFECT - Raising the tail on take -off, in effect, ex- 
erts a force at t h e  top of the propeller arc which, in accordance with the 
principles of prece ssiwn, acts through a point 90 degrees displaced in the di- 
rection of rotation and in the direction of the applied force. (Figure 7) On 
the Harvard the propeller rotates clockwise, therefore the effective force 
acts on the right-hand side of the propeller andcauses a swing to  the LEFT. 

( 7 )  There i s  no need for you to wor ry  about memorizing or anticipp-ting 
yaw. In the early s tages ,  it is sufficient to  prevent the nose from swinging 
when you see i t  start to yaw: later, you will be able to react immediately. 
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3 -12 - Aileron Drag 
(1) As you know, eo-ordinated rudder movement i e  required to counter- 
act yaw and to a e s i ~ t  the ailerons to turn the aircraft when you wish to change 
direction. One of the reason8 for using rudder at the start of the turn is to 
offset the effect of Aileron Drag. (Sea TC-23) For example, as pressure on 
the control column i e  applied to the left, the aileron on the right wing goes 
down, thus increasing the angle of attack and alro the lift and drag. At the 
same time, the aileron on the left wing moves up, giving an opporits effect. 
The lift differential on the wings causes the aircraft to roll, or bank, to the 
left about itr longitudinal axis, while the drag differential cauaea a yaw to the 
right about the vertical axis. This momentary yaw away from the direction 
of turn is cauaed by aileron drag. While rolling into a turn, therefore, extra 
rudder is needed to counteract the yaw, but, as soon as the turn is established 
and the ailerons are returned to neutral, the extra rudder pressure must be 
released. Remember that aileron drag is j u s t  as pronounced during the re - 
covery from a turn, and that i t  becomes more noticeable at high angles of at- 
tack. 

(1) The Harvard, like the Chipmunk, i e  fitted with an elevator trimming 
device which must be used to relieve pressures on the control column during 
power, attitude or air speed changes. It is not necessary to  memorize the 
direction of trim movement for any particular condition of flight; merely 
trimming offthe pressure so thatthe aircraft will flytlhanda off" is sufficient. 
During certain manoeuvres such as steep turns aad loops, the elevator trim 
should not be used, since the feel of the controls is lost and it is po~s ib le  to 
overstress the aircraft. 

(2) One great advantage that the Harvard has over the Chipmunk is the 
provision of rudder trim. No longer will you find it necessary to hold on 
rudder during a sustained climb - now you can trim off the pressures and 
have the aircraft maintain direction with little effort on your part. 

(3) The ailerons are fitted with balancing tab8 which cannot be adjusted 
in flight, but which can be regulated on the ground to correct any wing -down 
tendency. In addition, the balancing tabs move automatically in the opposite 
direction to aileron travel, thus reducing the pressures, and making the Har- 
vard easier to bank or roll, 
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Take-off and Climb 

4.01 - Introduction 
(1) Probably your instructor has already demonstrated a take -off, and 
soon he will allow you to d~ one on your own. This chapter has been written 
to help you to prepare for  this. moment, and to explain why you must check 
the items listed in TC-6, 

(2) A take -off can be defined as the movement of the aircraft on the run  - 
way, from its starting point, until itleaves the ground with flying speed. Both 
ground and in-flight handling are involved, so you must be able to make the 
transition with smoothe s s and co -ordination. Skilful handling of the control s 
while taking-off wil l  help to improve your directional control of the aircraft 
on the runway. 

4.02 - The Pre-take-off Check 
(1 1 The P re-Take -Off Check should be completed as fol lows.  

CHECK 

Hydraulic s 

Hood 

HOW I WHY 

Manually - Move the 
flap selector lever to 
''LOCK1'. 
Visually - Note the hy - 
draulic pressure on the 
gauge. 
Manually - Return the 
lever t o  "UPf1. 

Manually - Adjust to fully 
open or i d l y  closed. 

A hydraulic pressure 
reading of from 800 to 
1,000 ps i  is required 
for proper operation of 
the hydraulic equipment. 

To iac ilitate abandoning 
the aircraft if i t  ovcr- 
turns. With the hood 
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CHECK 

Hood (Cont'd) 

Trim 

Throttle Tension 

Temperatures and 
Pressures  

Mixture 

Garburet tor  Air 

HOW 

Manua l ly  - Adjust. 
Rudder  - 3 o'clock,  
Elevatcr - 1 I a t c l o c k .  

Manually - R o t a t e  the 
tension wheel  on t he  
thrott le quadrant for  - 
w a r d ,  so thatthe thrott le 
and pitch levers will r e -  
main in any set position. 
The tens ion  can be 
checked by moving the 
prtch lever  backwards 
and f o r w a r d s ,  making 
certain afterwards tha t  
the propeller is l e f t  in 
" F I N E t 1  pitch. 

V i s u a l l y  - Note that t h e  
readings  a r e  in the 
"green" .  
Manually - Adjust the 
o i l  s h u t t e r s ,  i f  neces-  
s a r y .  

Manually - P u l l  the lever  
b a c k a n d e n s u r e  that l t i s  
locked in the  'lRICM1l pa- 
sition. 

Manually - P r e s s  down 
on t h e  locking knob and 
push the lever  f o r w a r d  
to "COLD1'. If the OAT 

WHY 

closed, the  enle rgency 
exit pane l  c a n  b e  pushed  
out .  If t he  hood w e r e  
only half  open, i t s  metal  
pe r imete r  would  prevent  
e scape ,  

To e n s u r e  t h a t  t h e  t r i m  
tabs a r e  a t  the c o r r e c t  
setting for the t a k e - o f f  
and  climb. 

To p r e v e ~ ~ t l o s s o f p o w e r  
w h e n  i t  becomes l-rece 5sa1-y 
to remove your hand f rorn 
the  levers. 

To e n s u r e  that the te rn-  
p e r a t u r e  s and pressures 
a re  w ~ t h i n  the p rescr ibed  
limits for takp-off  

A rich mixture  i s  n e e d e d  
for  take-off. 

Max imum p o w e r  c a n  only 

be obtained w h e n  the  Ca r -  

bure t to r  a i r  is proper ly  
adjus ted  D u r i n g  co ld  
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CHECK 

Carburettow Air 

Pitch 

Fuel 

Flap a 

k 

Gyxos 

Magneto Switche s 

L. 

Harness 

" 

HOW 

is below -250C, pull the 
lever back fully to  
"HOTv. 

ManuallynFully forward 
to FINE1' . 

Visually - Note the con- 
tents of all tanksand the 
position of the selector. 

Visually - Check that 
thef laplever ia inthe  
"UPu position and that 
the flap indicator shows 
I I U ~ I V ,  

Manually - If you are 
about to do a short field 
takesoff, select 150 of 
flap. 

Visually - Check that 
the AH and the DI are 
uncagad. 
Manually - Reset  the PI 
to the heading shown on 
the magne sy n c ompas s. 

Visually - Magneto 
switches at "BOTHL', all 
umeceesary ewitches 

Manually - Tighten, 
leatling forward to en- 
sure that the harness is 
Locked. 

WHY 

weather having the lever 
ful ly back toLIHOTl1 helps 
to provide maximum fuel 
vaporization, 

To provide maximum 
power far take-off. 

To ensure that there i a  
sufficientfuelfor the in- 
tended flight. 

Normally, flap is not 
neededfortake-off.  If 
you are to do a short 
field take -of$, however, 
15O gives the maximum 
amount of l i f t  from the 
aerofoil and shortens the 
take -off distance cansi- 
derably. 

To ensure that the  AHand 
DI are ready for use. 

To ensure that one of the 
magneto switches has not 
been switched "OFF" in- 
aduertantly, and that the 
other unnecessary switche 
are not causing an excea- 
sive drain of electrical 
power. 

Safety precaution. 



,(z 1 While you a re  doing the Pre-Take-Off Check, your aircraft should 
be positioned away from the live runway, on the nearest and most convenient 
hard surface. After the check has been completed, and provided there are 
no aircraft on the approach, you should move to the pre-take-off position and 
obtain take-of£ clearance from the tower. (Sometimes a tender is statiwned 
beside the end of the runway to control air traffic in the circuit. ) Once the 
clearance hap been received, either by radio from the tower or by an approp- 
riate visual signal from the tender, have a good look all arbllnd to be CER- 
TAIN #at you are not taxiing into the take-off or landing path of a n ~ t k e r  air - 
craft. Note particularly those aircraft on the cross -wind leg, on the approach 
and on the runway and, when you are aure that it ie safe to do ao, move onto 
the runway and line-up in the centre. 

(1) Allow the aircraft to roll forward a few feet to straighten the tail- 
wheel, keeping the same amount of runway on each side of the nose as a guide 
for directional control during the take-off. Hold the control column fully 
back, release the brakes and ease  the throttle forward to 32" M P :  maintain 
direction with smooth, positive applications of rudder. Remember that the 
Harvard has a tendency to swing to the LEFT, which can be aggravated i i  you 
open the throttle too quickly. 

(2) While the throttle i s  being advanced, move the contralcolumn slowly 
forward to the neutral position and, as the aircraft accelerates, you should 
feel the weight being taken off the tailwheel. Since the tail  surfaces are 
lighter and have air  forced over them by the propeller slipstream, they de- 
velop l i f t  fir s t  and, as the speed of the take -off roll increases, you should be 
able to lee1 the  pressures on the rudder and elevators. To assist in bringing 
up the tail, move the control column slightly farward and then, once the air - 
craft is i n  the level f l ight  attitude, return the control column to neutral. Do 
not attempt to bring up the tail too early, since the  decrease  in  weight on the 
tail wheel combined with the  ineffectiveness of the controls a t  low speeds wil l  
result in poor directional control. At about 70K the aircraft  should f ly itself 
off the ground. A s  this speed is reached, the controls become more and 
more  effective, requiring smaller and smaller corrections to maintain di-  
rectional control. The wings should be kept level with aileron. 

( 3 )  Allow the aircraft to fly itself off the ground: when it is ready,it wil l  
f l y  off smoothly and with adequate flying speed,  Just-remember to keep the 
take-off attitude constant during the transition from the ground roll to flight. 
Do not attempt to pull the aircraft off the ground - if you do, and there i sn ' t  
enough flying speed, the wheels wil l  drop back anto the runway - i f  there is 
enough flying speed, however, you may force  the aircraft into an excessively 
nose-high attitude, which is one of the symptoms of an approaching stall. 
Forcing the control column too far forward also causes the aircraft to settle 
back onto the runway, owing to the loss of l i ft  from the decreased angle of 
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attack. This means that you must learn to  hold a constant take-off attitude 
and allow the aircraft to climb away at the correc t  airspeed, Once the w h e e l s  
leave the ground, flying speed builds up quickly. 

4.04-The Post-take-off Check 
(1) As soon as the aircraft becomes safely a i rborne ,  you must c a r r y  
out the following check, 

CHECK 

Undercarriage 

Fliips 

Throttle 

Pitch 

El0 W 

Manually -Movethelever 
towards  t h e  centre of the 
cockpit to unlock it, and 
then pull it fully back to  
lqup~j, 

Visually - Check the in- 
dicator s. 
Manually - Move lever 
to if flap w a s  used 
for the take-off, but 
ONLY AFTER THE 
AIRSPEED REACHES 
80K.  

Manually - Move the 
throttle back to approxi- 
mately 27'' MP. 

Manually - Move the 
pitch control lever back 
until the rev. counter 
indicates 2000 rpm. 

WHY 

Tostreamlinetheaircraft ,  
t h u s  allowing the air speed 
to build up faster. Also, 
to prevent the aircraft 
from nosing over if a 
forced landing has to be 
m a d e  on rough terrain.  

To ensure that the l i f t /  
drag ratio of the wings  is 
a t  the best  possible value. 

When reducing power, 
the throttle is a lways  
moved first,  before the 
p i tch lever .  Later ,  as 
the  pitch i s  changed, the 
MP will increase to ap- 
praximately28"MP. This  
setting should be main- 
tained during the climb 
by fo rward  movement of 
the thrott le.  

To give the correc t  r p m  



Art  4.04 

4.05-Cross Wind Take-offs 

CHECK 

Mixture 

Carburettar Air 

Undercarriage 

(1) The technique for cross -wind take  -off s i e similar to that used dur ing 
the normal take-off, except that aileron pressure is needed to keep the wings 
levci. The aileron pressure has to be applied TOWARDS the direetian of the 
wind as shown in Figure 1 .  In addition, the take-off run is slightly longer 
since the aircraft must be deliberately held down until 75K is attained, 

Figure 1 : The Aileron Position for a Crosswind Take-off 

HOW 

Visually -Check that the 
lever is at ltRICHt' 

or 
Manually - Move the 
lever to comply with 
local orders. 

Visually - Check that the 
lever is at "COLD1' or, 
if the OAT is below 
-25OC, at  "HOT1'. 

Visually - Check that the 
indicator a and lights 
show "IF". 

WHY 

To ensure smooth engine 
operation during the 
climb, 

To ensure that maximum 
power is available for the 
power setting being used. 

To ensure that the under - 
carriage isfully retracted. 
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AILERON 

IWTO WIND 

Figure 2 :  Skipping on Take-off 

(2) Before starting the take -off, you should check the direction of the 
wind so that aileron can be applied at the start of the take -off run, and any 
weathexcocking tendency can be counteracted with rudder. As the air speed 
increases and the ailerons become more effective, you will have to ease off 
some of the pressure to keep the wings level, With increasing air speed, the 
greater airflow over the up-wind wing develops more lift. 

(3) If the up-wind wing is allowed to rise, thus presenting o greater im- 
pact surface area to the wind, the aircraft may start to  lf skiptt. (Figure 2) 
Skipping is caueed by the up-wind wing attempting to fly and having to settle 
again because of the insufficient forward speed. While the wing i s  up, the 
wind pushes the aircraft sideways and small bounces develop which impose 
severe s t r e s s e s  on the undercarriage and airframe. In addition, the tendency 
for the aircraft to  weathercock i a  increased. 

(4 ) At 75K you should begin to ease back on the control co l~r~u l  very 
gently so that the  wheel^ come off the ground cleanly without bouncing along 
the runway. Remember to  avoid jerking the aircraft off the runway in a high- 

AIRBORNE 

CRABBIMG 

Figure 3: The Crosswind Take-off 
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pitched attitude. Once the take-off has been completed, allow the aircraft to 
bank into a shallow climbing turn towards the direction of the.windafid the ap- 
plied aileron pressure. Co-ordinate the turn with rudder, When the aircraft 
has turned eufficiently to counteract all drift, roll the wing8 level with co-  
ordinated rudder and aileron pressures and assume a crabbing track, using 
the remainder of the runway to establish the correct heading. Continue ta 
climb on this track, keeping the aircraft crabbing into wind as  shown in Fig-  
ure 3 overleaf. 

(1 1 During the climb after take-off, the airspeed should be 95K with the 
nose of the aircraft being higher than it wa5 when leaving the ground. Do not 
look at the airspeed indicator, but rather watch the climbing attitude in rela- 
tion to the horizon, and try to keep it constant. Remember that the aircraft 
cannot accelerate or decelerate immediately with any change of attitude, be - 
cause of the problem of inertia: you have to wait until inertia i a  overcome 
and the speed has aettled down to that of the new attitude before checking the 
air speed indicator. Once the eorrec t climbing attitude and air speed have 
been attained, hold them steady by watching the horizon and outside visual 
references. Occasionally you may check the air speed indicator to determine 
if the attitude is  correct; however, you 
should remember that for  every pitch 
attitude at a constant power setting 
there canbe only one airspeed. If you 
can learn to establish and hold the cor- 
rect cLimbing attitude, the air speed 
will look after itself. When you are 
satisfied with the attitude and air speed, 
trim the aircraft to re l ieve the control 
pressures. 

(2) If another aircraft has taken- 
off ahead of you, be prepared for  prop- 
wash. If there is little or no wind, or 
i f  the wind is  blowing directly down the 
runway, you may fly into an area of 
severe turbulence. Don't be alarmed! 
U s e  firm controlpressures to keep the 
aircraft steady, start a turn to take 
you out of the area of turbulence, r e -  
align the aircraft parallel to its origi- 
nal flight path, and continue climbing. 
If there is a cross-wind, make your 

TURN IN ANY DlRECTlON WITHOUT C W R A N C E  

C m n n o a ~ ~  emcram.)  
@ 

1WO FT AGC 

&3 
TURN I 

I TURN 
LEhf R l G M  

rowtu 
OF THE 7W FT AOL CLEARANCE 

0 
B 

DIRECttW 

B OF 

0 TAKE-OFF 

G 
Q 
0 I 

0 

turn up-wind, since the area of turbu- 
lence will be moving down-wind. Figure 4: Leaving the Traffic Pattern 
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4.07. Leaving the Traffic Pattern 
There are three methods of leaving the circuit. 

(a) Climb straight ahead until the aixcrdt is above circuit 
altitude, then turn either way. 

(b) Make a climbing turn onto the up-wind, crors-wind leg 
and continue climbing through circuit altitude until you 
are well clear of the circuit, then turn either way. 

(c) Obtain clearance from the tower to turn against the circuit 
traffic below circuit height, but over 500 feet AGL. 

(2 ) Figure 4 opposite, has been prepared to  illustrate the three methods 
of leaving the circuit. Whichever one you choose, you must maintain a care- 
ful look-out at all time s,  especially when you are close to  c ir~uit  altitude, 
Always look around before making a turn. 

P 

Have you completed the form 
at the end of this publication? 



A r t  5. 01 

Chapter 5 

The Traffic Pattern 

5.01 - Introduction 

( T I  The traffic pat tern flown at FTS i s  the same as the traffic pat tern 

flown at PFS. It is a means of controlling the aircraft using an aerodrome 
since, by conforming LQ established procedure, the risk of collision i s  re -  
duced. The normal pattern used for all aircraft other than fighter types is 
rectangular, as shown in Figure 1. 

TURN 30' BANK 

RATE 1 

<\ FLAP AS AEOUlREO -- m& 

POST TAKE-OFF CHEtK 

= L I M B o S K I W  

t 

Figure 1 : The Traffic Pattern 



Art 5.02 

5.02 -The Entry 

(1) ' The entry is a planned, safe method of letting-down from any altitude 
ox position in the local area, and is designed to provide a clear view at all 
times of the traffic within the pattern, 

(2 ) Before entering the control area of the aerodrome and letting-down 
to traffic-pattern altitude, you must ask t h e  tower for landing instructions, 
and adjust the mixture to the rich range, At altitude a lean mixture i a  needed 
for smooth engine performirnee, but i f  t h e  lever is left at lean during the 
descent to a low altitude, fuel starvation and sub sequent engine failure may 
result. 

(3) The information which you receive from the tower is of considerable 
assistance in planning your entry to the traffic pattern and the type of ap- 
proach and landing. Befor e starting the descent you should be asking your - 
self the following que ations. 

(a) From which direction and altitude a m  I going to approach 
the aerodrome? 

( On which side shall I keep the aerodrome? 

(c) On which runway shall I land? 

(d) WillIhavetocorrectfordriftontheapproaehandlaading? 

(c) If I have to correct for drift, in which direction will  the 
aircraft drift? 

(f) HowmuchflapshouldIuse? 

(g) Xs the aircraft liable to weathercock after touch-down? 

Most of these queetions will be answered for you, or can be deduced from the 
landing instruction that you will  receive, The tower ,  in reply to your request 
for landing instructions, will tell  you: 

( a )  which runway to U s e ;  

(b) the direction and strength of the wind, and whether guety 
conditions exist; 

(c ) the altimeter setting; 

(d) the state of the surface of the runway and the location of 
any obstructions, if either are applicable; and 

(e)  that you are clear to enter the traffic pattern. 
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(4) You must acknowledge receipt  of the landing instructions, but  not 
before you F U L L Y  UNDERSTAND everything that has been said. Having 
completed the R/ T procedure, you are ready to  fly into the control zone to 
join the traffic pattern. The methods of entry are the same as they were at 
PFS, except that the need is even greater for  a good look-out, since the other 
aircraft using the circuit are travelling faster. 

ALWAYS KEEP ALERT, ESPECIALLY DURING TURNS AND DESCENTS. 

( 5 )  ENTRY DIRECTLY ONTO THE DOWN-WIND LEG - L€ you are in a 
position to do so, you can save time by entering the circuit directly onto the 
down-wind leg. Provided you are more than three miles from the aerodrome, 

Figure 2 :  Entry to the Circuit 
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and are up-wind of the active runway, you may descend to circuit height (1, 000 
feet AGL) in preparation for joining the circuit, ALL TURNS AND DESCENTS 
MUST BE MADE OUTSIDE A THREE MILE RADIUS FROM THE RUNWAY IN 
USE, and any kzrne in the immediate vicinity of the three mile radius must 
conform to circuit direction. The maximum air speed within 3 miles of the 
aerodrome, and in the circuit, is 13UK. Adjust the power to 25" MP and 
1750 rpm while positioning the aircraft in liqe with the down-wind leg on the 
down-wid heading, and keep wing-tip distance away from the active runway, 
correcting for drift if necessary. The point at which you join the pattern, as 
shown in Figure 2 porition A, is the interaxtion a£ the cross-wind and dowa- 
wind legs: consequently YOU MUST KEEP A LOOK-OUT FOR AIRCRAFT 
ALREADY IN THE CIRCUIT, 

(6 1 ENTRY FROM THE DEAD, OR INACTIVE, SIDE - The dead side of 
the traffic pattern i s  all the airspace on that side of the runway which is not 
being actively used for circuits. (In Figure 2 it is the shaded area.) For the 
purpose of this di~cusaion a left-hand circuit is illustrated, thus, when ap- 
proaching the circuit area, the aerodrome should always be on the left of the 
nose of the aircraft. Within the circuit ALL turns should be made to the left. 
The opposite would hold true fox a right-hand circuit pattern. 

(7) The dead side of the circuit can be reached eithex directly, or by 
crossing over the traffic pattern. Referring to  Figure 2, if you are ap- 
proaching from the direction of Aircraft B, the degcent (at s maximum speed 
of 130x1 should be completed by the time you reach point Y. You ahould be 
on a cross -wind flight path at the correct circuit height and airspeed, and be 
flying parallel to the cross-wind leg, up-wind of the aerodrome. Remember 
that, while you are crossing the end of the runway, you MUST KEEP A GOOD 
LOOK-OUT for other aircraft taking-off or over shooting. Continue to  fly the 
path Y Z  until, at point 2, you can enter the traffic pattern by turning onto the 
down-wind leg. 

(8) The procedure for an aircraft approaching from the direction of 
Aircraft C is similar, except that the dercent i~ made while flying parallel 
to the runway, on the dead side. The descent should be timed aro that the 
aircraft is at circuit height and airspeed before turning cross-wind at point 
Y. The turn is made approximately midway between the up-wind end of the 
live runway and the point where circuit aircraft are levelling-off from the 
climb after take-off. 

( 9 )  ENTRY FROM THE W E  SIDE - When approaching the circuit from 
the live side, as  shown by Aircraft B and E, you must be at least 1,000 feet 
above circuit heigbt while crossing over the traffic pattern. Once point X is 
reached, a turn can be made parallel to the runway, and you can atart to de - 
scend as previously described. In Figure 2 the path of Aircrdt D, the pre- 
ferred method of entry, has been shaded to correspond with the shading of 
the circuit itmelf, 
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5.03 -The Cross- wind Leg 

(1) The cross-wind leg is that part of the traffic pattern with a ground 
track at 90 degrees to, and up-wind of, the active runway* It is called the 
cross-wind leg became, usually, it  lies at 90 degrees to the direction of the 
wind. After take -off, entry to the cros 8-wind leg may be made from a climbing 
turn, starting at 700 feet AGL, 

5.04.The Down- wind Leg 

(1) The down-wind leg is a course f lown parallel to  the landing runway, 
but opposite to the intended landing dir.ection. Normally, i t r  distance from 
the runway is determined by flying the 
aircraft so Wt the inside wing tip fol- 
lows a line coincident with the edge of 
the runway. As you should know from 
previousstudy, this isknown asV1Wing- 
Tip Distancett. (Figure 3) The turn 
f r ~ m t h e  cross-windleg onto the down- 
wind leg should be a 30 degree banked 
turn, and any drift which is encountered 
should be eliminated so that the ground 
track remains parallel to the landing 
runway. Figure 3 : Wing Tip Distance 

(2) As soon as the aircraft is settled on the down-wind leg, the Pre- 
Landing Check should be performed to prepare both the aircraft and yourself 
for the landiog. While you are doing the check make sure that you hold the 
correct circuit altitude as laid down in FTS order8 {usually 1,000 feet AGL), 
and that the power settings are adjusted to give 2Stt MP and 1750 rpm, 

(3)  THE PRE-LANDING CHECK - The Prc-Landing Check should be 
completed a a  fo l lows.  

CHECK 

Undercarriage 

t- 

Fuel 

HOW 

Manually -Push thelever 
forward to l1DOWNl1. 

Virsually - Note the tank 
contents, thefuelpres- 
sure and the position of 
the selector. 
If there is less than 15 
gallons in the selected 
tank: 

WHY 

T o  start the undercarriage 
lower ing sequence. 

To ensure that there i s  
sufficientfuelavailable 
for the landing and a po B- 

sible ovex shoot. 
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(4 1 Once the P re-Landing Check has been completed, you should have 
ample time while flying along the remainder of the down-wind leg to correct 
for drift, to trim the aircraft, and to make minor corrections to your poei- 
tion in relation to other aircraft in the circuit. You may have a tendency to 
lower one wing towards the runway, in which ease you will find the result to 
be a false wing-tip distance. Thia can be checked by making constaPt refer- 

C m C K  

Fuel (Coat'd) 

Brakes 

Undercarriage 

MixEur e 

Carburettor 

HOW 

Manually - Change to the 
fullest tank. 

Bydepressingthetops 
of the rudder pedals with 
the toes - Test the feel 
of the brakes. 

Visually - Check that the 
undercarriage lwes io 
locked llDOWN", #at 
the indicators are at 
rfDOWN1', that the warning 
lights are glowing GREEN, 
and that the pins located 
under the plexiglaes 
window on the  top of each 
wing are in place. 

Visually - Lever fully 
back to "RICH". 

Manually - Push the lever 
fully f 0 r w a ~ d  to "COLD" 
If the OAT is below 
-250C, the lever should 
be left in tbe fuXl "HOTt1 
position. 

WHY 

Ifthebrakes feel spongy 
or soft, partial b'rake 
failure can be expected. 
The condition of q e  brakes 
must be known before at- 
tempting a landing, since 
faulty brakes mean that 
you must prepare for a 
short field approach. 

To ensure that the under - 
carriage is "DOWN" and 
locked, 

Arichmixtureisneeded 
for low-altitude flight and 
far maximum power in 
the event of an over ehoot. 

To ensure that maximum 
power is availabla from 
the engine. 
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encs to the horizon on both eidee. If you continue to fly the down-wind leg 
with one wing down, the aircraft, being banked towards the runway, will move 
in, making the base leg so short that you will find it impossible to eetablieh 
the proper attitude before turning onto the final approach. If you are not 
alert, this may cause you ta think that there is an extremely strong crose- 
wind, 

5.05 -The Base Leg on the Approach 

(1) The base leg is the traneitional, crose-wind part 3f the traffic pat- 
tern between the down-wind and final approach legs,  Depending on the 
atrength of the wind, it is flown sufficiently far from the end of the runway to 
allow the aircraft to be positioned for the type of approach selected. The 
ground track ahould always be at 90 degrees to  the runway, so the aircraft 
muet be flown at an angle sufficient to overcome drift. The timing of the turn 
from the down-wind lag onto the base leg varies with the wind conditions a d  
the type of landing, but, usually, can be made juet  after the trailing edge of 
the wing has passed the end of the runway. The turn ahould be made with 30 
degrees of bank. 

(2) THE CROSS-WIND CHECK - After rolling out onto the base leg, you 
must complete a Base Leg, or Cross-Wind, Gheck as follows. 

CHECK 

Undercarriage Horn 

Pitch 

Harness 

Hood 

HOW 

Manually - Throttle fully 
back. 

Manually - Pueh forward 
to "FINE1'. 

Manually - Puah the 
locking lever fully for - 
ward and then attempt to 
lean forward, This en- 
s u r e s  that the harnees 
is locked. 

Manually - Pull fully 
open or push fully 
closed. 

WBY 

If the undercarriage is 
unsafe, t h e  horn will blow 
whenthe throttle is closed. 

To ensure that maximum 
power is available from 
the engine in the event of 
an over shoot. 

Safety precaution. 

Safety precaution a B ex - 
plained in para 4.02(1), 
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(3) M t e ~  you Rave completed the check, adjust the throttle to give the 
desired rate of descent at an air speed of 90K. Careful control of the pitch 
attitude with the elevators will regulate the airspeed, once the correct rate 
of deeecent has been established, - 

(4) When these adjustmente have been made, you should have a good look 
around, You mcst also decide whether you are going to lower flap - it is 
good policy to use flap sparingly on the bare leg.  If Borne flap is lowered at 
this time, you must remember to alter the pitch attitude of the aircraft so 
that the airspeed remains at 9OK. 

f5) The thrmtle oetting at this stage of the pattern should be such that 
you can eamplete the approach at the correct airspeed8 without further powex 
adjustment. This requires good judge- 
ment, which, c a n  only be acquired by 
practice 4 experience. You must re- 
member that when power a d  airspeed 
are reduced, you will have to trim out 
yaw and excess control pressures by 
moving the rudder and elevator trim 
wheela to the rear. Throughout the re- 
mainder of the pattern, you should con- 
tinue to trim as the praseures change. 

5.06-The Final Approach Leg 
(1) The final-approach leg extends 
from the turn at the end of the base leg 
to the point of touch-down. It is probably 
the most importatat leg of fhe entire traf - 
fic pattern, thexdors your judgement 
rnurt be at i t s  keenest. The turs is 
started BEFORE the aircraft reaches 
the final-amroach path, thus allowing 
for the forward movement of the aircraft 
while the tu rn  is in progress. This 
means that the entry to the turn must be 
planned so that, after making due allow - 
ame for w i d ,  a 30 degree banked turn 
w i l l  line the aircraft up with the runway 
heading. As the nose appro ache^ the' 
runway therefore, the roll -out should be 
started so that the turn is completed as 
the longitudinal axis is aligned with the 
runway. For the duration of the turn you 
MUSTMAINTAW A CONSTANT 9 0 K A P -  Figure 4: The Final Approach 
PROACH ATTITUDE, and the turn MUST 
NOT EXCEED 30 DEGREES OF BANK. 
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(2) 
not goj 
before 
angles 

Owing to drift 
ag. to be aligned 

the altimeter r 

or poor judgement, you may find that the aircraft is 
with the desired track. If you cannot regain track 
egisters 200 feet AGL - OVERSHOOT. Excessive 

of bank must not be used, since steep turns, near the ground, are 
dangerous when the airspeed is low.  If the aircraft were to stall, there would 
be insufficient room to recover safely. 

(3) When the aircraft comes out of the turn in line with the runway, the 
altimeter. should be reading approximately 500 feet AGL, and you should 
start to make corrections for drift. The pitch attitude should be changed to 
what you think i s  an 80K approach attitude far the configuration and, once the 
airspeed has had time to settle, you should glance at the airspeed indicator 
to check the actual airepeed. If the reading is higher than 80K, your pitch 
attitude is too low;  if the reading is, less than SOK, yaur pitch attitude is  too 
high. Adjust the attitud.e smoothly and T e -trim, making further adjustments 
as nectesary to maintain the correct approach speed. 

14 If you decide to lower more flap, ox increase or decrease. powex, 
each change must be followed by a corresponding attitude change to keep the 
approach geed constant. As before, an approximate attitude change ie 
made, and checked later by reference to the airspeed iudicator. ALWAYS 
adjust the attitude in relation to your outside reference points first,  then use 

the flight instruments as a secondary cheek. ALWAYS re-trim after each 
adjustment: the only time within the traffic pattern that an aircraft is not 
trinlmad is during the round-out, the touch-down and the after -landing roll .  

(5 )  All of the adjustments during the final approach, both vertical and 
horisontal, must be completed at a sufficient height above the ground to allow 
time for you to plan the round-out. Probably your iiistruetox wil l  insist that 
you have all the necessary adjustments made by 200 feet AGL. Figure 4 ap - 
posite, has been prepared to illustrate a low, normal and high approach from 
your point of view - i. c .  from the front cockpit. 

5.07-The Effect of Wind on the Approach 

(1) If it i s  apparent that your approach is going to be made into a strong 
wind, you must be prepared for a steeper angle of descent, as shown in Fig- 
ure 5 overleaf. The attitude of the aircraft remains the same, but if no ad- 
justment hap been made to  the circuit, more power is required to reach the 
predetermined spot for the touch-down. The strength and direction of the 
wind is one of the items in the landing instructions, therefore you should 
begin to plan your approach leg a e  soon a s  landing instructions are received. 
The strength of the wind will  determine when you should turn onto the base 
leg to allow for a normal final approach, 
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Figure 5 :  The Effect of Wind on the Approach 

f .08-The Effect of Flaps 
(1) In TC-23, the more common types of flaps are discussed in some 
detail. The split flap, with which the Harvard is equipped, is mentioned as 
being one of the Lift-Drag type B which when Lowered, "by increasing the ef - 
fective camber of the aeroioil section, increases the CL value without al- 
tering the plan area of the wings. The downward deflection, however, has 
the effect of also substantially increasing the drag. I t  Usually, it is assumed 
that the first fifteen degrees of flap increases the lift more t h a ~  the drag, 
and any sub aequent lowering increases the drag more than the lift. On the 
approach with flap Lowered, therefore, the following advantages immediately 
become apparent: 

(a) the increnssddrag permits a steeper gliding angle without 
increasing the airspeed; 

( c )  the aircraft has a l o w e r  buch-down speed; and 

(d) during the after-landing roll, the flaps act as an airbrake 
and ahorten the rolling distance. 

(2) The amount of flap used depends on the type of landing which you 
have planned, and also on the strength of the wind. If you attempt to shorten 
the approach by diving steeply without flaps, the aircraft will pick up exces- 
sive  peed and will  tend to float along above the ground until the forward 
speed has been dissipated, By intelligent use of flaps however, you can make 
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a steeper approach withoutbuilding up excessive speed and the aircraft, being 
cld se to the minimum flying speed at round-out, will land almost immediately. 
When full nap is used, a'grester degree af round-out is needed to reach the 
correct three-point landing attctude. You should allow far this and time your 
round-out accordingly. Make Bvre that you are in a position to  land when the 
three-point landing attitude is  reached. Remember that i f  you. are doing a 
series of landings under constant wind conditions, but with different flap set- 
tings, you wil l  be forced either to change the power setting for each landing, 
or to vary the  position of the base leg.  The effect of flaps on the gliding angle 
is illustrated in Figure 5 ,  

DO NOT USE F U L L  FLAP IN CROSS OR GUSTY WINDS, 

CONSTANT 
*I- m m w m n  

. . . - - . . . -- 

Figure 6: The Effect of Flap on the Gliding Angle 

(3) THE GLIDE RATIO - The glide ratio 5s the distance an aircraft travels 
forward in relation to the altitude los t .  For example, if an aircraft travels 
8,. 000 feet forward while it loses 1,000 feet of altitude, its glide ratio is said 
to be 8 : l .  Technically, it is practically impossible far you to know exactly 
what the glide ratio is going to be because of the many factors which can af - 
fect it, but it i e  important that you have some idea of how far the aircraft is 
going to glide under certain conditions. Knowing this enables you to plan the 
turn onto the base leg, helpe you to decide when to close the throttle for a 
glide approach and gives you an idea of when to apply power for a power -on 
approach. 

(4) The glide ratio is affected by all four fundamental forc ehi that act on 
an aircraft (lift, drag, thrust and weight) a~ well as by the wing-loading 
during changeo in pitch attitude. If all fac tore axe constant, then the glide 
ratio is constant. In order to judge the gliding distance of your aircraft there- 
fore,  you must make sure that none of the factors change. From your study 
wf aaer odynamic s you should know that the weight remains the same as  long as 
the wing-loading doe6 not change, so, during the final approach, the weight 
eanbe considered to be constant. Thrust is dependent on the output of the en- 
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gine at one rpm setting and, since, presumably, the fhrottle is closed during 
a power-off approach, thrust is conatant. This, of course, applies equally 
to a power-on approach, provided that the throttle setting is unaltered durisg 
the descent. Also, if the aircraft is on the final approach and the attitude is 
constant, lift will be constant provided the airspeed is maintained at 80K. 
Drag varies to  eome extent during the early part of the approach, but should 
become constant once you have completed the lowering of the £laps. 

(5 1 From the foregoing you ehould realize how important it is to keep 
the approach path constant, and to decide on the amount of flap to be lowered 
as soon as  possible alter rolling-out of the base leg turn. When the flaps are 
lowered in the glide, the airspeed w i l l  decrease unless you increase the 
thrust or lower the nose. Since power ahould not be used during a power -off 
approach or increased during a power-on approach, you must adjust the pitch 
attitude to keep the airspeed constant, EXCEPT WHEN YOU ARE UNDER- 
SHOOTING THE DESIRED TOUCH-DOWN SPOT. If more flap is lowered, 
the pitch attitude must be adjusted again, to keep the airspeed constant. 

{6) Map must not be lowered on the final approach when the aircraft is 
close to the ground, since doing so will spoil your judgement of the approach 
path a d ,  dofibequently, will spoil the landing. F W  MUST NEVER BE RE- 
TRACTED ON THE FIMALAPPROACH. THIS IS AN EXTREMELY DANGER- 
OUS PRACTICE WHEN CLOSE TO THE GROUND, SINCE RETRACTION E3 
RAPID AND TWE SUBSEQUENT LOSS OF LIFT CAUSES THE AIRCRAFT TO 
IDSE ALTITUDE. THE AIRSPEED IS LOW ON THE FINAL APPROACH 
AND THE AIRCRAFT COULD STALL. 

(7) Normally, the beet speed fox the fi-pal approach i e  80K regardless of 
the amount of flap used. Thi~ speed gives a good rate of closure with the 
runway,  provide^ a safe margin of flying speed above the sta l l  and keeps the 
aircraft from floating excessively during the r o d - o u t .  If the final approach 
speed is less than 80K, the aircraft will  settle very rapidly. I£ you think that 
you are going to overshoot the spot you have selected for the touch-down, 
lower more flap or reduce power, and re-adjust the pitch attitude: if you think: 
that you are going to undershoot the spot, apply power and adjust the attitude. 
If there is any doubt about the approach or the landing, or if you are going to 
land wall past the prerelected spot, there is only one thing to do - OVER- 
SHOOT. It i s  very important that you be able to determine when to over shoot. 
Thebest advice that can be given ir that there is  no excuse for taking a chance 
and, unless you feel confident andhave weighed up allaspects of the approach, 
you should overshoot and carry out another circuit pattern. 

(1) To make possible a wide scope of vision, and to augment your judge- 
ment of height and movement during the final approach and landing, your: head 
should assume a natural straight-ahead po~it ion.  In the early atagee of 
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landiug practice, if you swing your head to look out at alternate sides, you 
will spoil your judgement because your perspective may not be the same an 
both sides. With your Bead straight, you can easily cover both sides of the 
nose by moving your eyes constantly from one side to the other, and from 
the ground to the horizon. This allows your brain to record the relationship 
between the flight path and the various references which you pick out sub- 
coneciouely. If you concentrate your gaze in an area close to the aircraft, 
the only result will be a "speed blur" which will lead to confusion, and w i l l  
normally result in a high round-out , Lf the no se-high attitude is maintained 
during the hold-off, the aircraft will stall onto the runway. Takeb to the 
other extreme, if your eyes are. looking too far off into the distance during 
the final approach and round-out, the wheels will hit the runway before you 
are in the three-point attitude. This will cause the aircraft to bounce up- 
waxds in a nrrse-high attitude. From these two examples you should realize 
that your eyes must be kept moving all the time, to give a thorough ground 
coverage ahead of the aircraft, at a range where calour patterns are distinct, 
a d  distances and speeds can be judged. 

Summary 
(1 1 Airmanship and flight safety demand that you remember the following 
points while flying a traffic pattern. 

(a) Ensure that you are on the dead side of the xunway before 
starting a let-down to circuit altitude, 

(b) Keep a good look-out for other aircraft in the area, and 
be sure that there is adequate spacing between your air- 
craft and the one in front of you in the circuit. 

(c) Trim the aircraft constantly a s  changes in control pres- 
sures occur, 

(d) Be conscious of drift and try to maintain the correct rec- 
tangular track across the ground. Watch for drift on the 
final approach. 

( e )  B e  alert for  the effect of the surface wind during the 
landing, 

(f) Uae flapin accordance withyour analysisof the surface 
wind. 

(g) Don't take a chance on a bad Landing. Be prepared to 
overshoot, especially if the wind i s  strong or gusty, or if 
it is blowing across the runway. 
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Chapter 6 

Landing 

6.01 - Introduction 

(1) In Chapter 5 ,  during the discussion of the final-approach leg of the 
traffic pattern, reference was made to the round-out and the touch-down. 
These two terms along with another term, the after-landing roll, shall be 
discussed more fully in this chapter. 

(1) The round-out can be defined as that part at the end of the f i n d  ap - 
proach where the final -approach attitude is changed into the landing attitude, 
The change is made approximately40feet AGLby applying smooth back pres- 
sure to the control column and thus slowly increasing the pitch attitude. Al- 
though 40 feet is mentioned here as being the ideal distance at which to start 
the round-out, you must realize that this height varies according to condi- 
tions: you must learn to use visual references such as trees and buildings to 
aid your judgement. Your  instructor will show you the height at which to 
round -out from an 80K power -on approach, and you should use this height as 
a basis to adjust subsequent round-outs as conditions warrant. 

@ 1 As the nose of the aircraft is raised in a round-out, lift gradually 
increases and the rate of descent decreases, but, since there i s  no corre- 
sponding increase in thrust to Compensate for the higher angle of attack, the 
airspeed also decreases. In effect, then, when you ease back onthe control 
column you are decrea~ing the air speed t o  touch-down speed, and at the same 
time you are increasing the l i f t  to let We aircraft sink gently onto the runway, 
While on. the final approach, therefore, you should be planning your round-out 
point so that the appar ant upward movement of the ground gradualIy decrease s 
until a three-point attitude is attained just  above the runway surface. 

(3) JUDGING THE SPEED OF THE ROUND-OUT - The speed at which 
you should apply the control column back pressure depends on the power set- 
tinge, the configuration, the approach path, the height of the aircraft above 
the ground and the rate of descent. A high round-out must be made more 
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s l ~ ~ ~ l y  than a low one, so that the exce s a altitude can be dissipated d u r ~ n g  the  
movement. Continual practice i s  the only way to l e a rn  b ~ w ,  and w h e p ,  t o  
round-out, but some guidance can be gained from the f a c t  t ha t  your round-out 
should be made a t  a speed w h i c h  is in propardbn to the +parent  upward  
movement of the ground, When the ground appears to b e  cornLng up rapidly, 
raise the nose rapidly; when t he  ground appcarfi to be coming up relatively 
slowly, r a i se  the nose slowly.  

(4 ) THE USE OF THROTTLE - P o w e r  can be  used very  effectively 
during t h e  round-out to compensate for e r r o r s  in, judgement. Since power  xn- 
creasesbath thrust  and lift, i t  cdh be used to decrease the rate of descen t ,  as  
wel l  as  taprevent the aircraft fr-m stalling, When you reach  the three-point  
at t i tude and realize that the aircraft i s  slightly high, hold the attitude and ap- 
ply just  sufficient power to ease  the aircraft onto the ground. Ju s t  hefore 
touch-down, close t h e  throttle so that  the additional thrust and lift are re- 
moved, t h u s  allowing the a i r c ~ a f t  to, stay on the ground. Any time that the 
control pressures feel  l'mushy" and it  is  apparent that y ~ u  arel6s iag control,  
you should apply power to cushion the landing or, in extreme c a s e s ,  t o  ex- 
ecute an overshoot, 

(5)  THE EFFECT O F  F L A P  - A normal landing i s  m a d e  with the  flaps 
fully extended so that the forward visibility i s  increased and t he  landing speed 
is decreased. 'The resulting steeper approach path however,  n e c e s ~ i t a t e ~  a 
greater  change of attitude during the round-out than for  a flapless landing, or 
for one made with only partial flap assis tance.  The height at which the round- 
out i s  to begin therefore,  depends on the position of the flaps and t h e  experl- 
ence of the pilot in judging the c o r r e c t  moment. Your instructor  will demem- 
strata the approximate rounding-out heighte for various flap settings, 

6.03 -The Touchdown 

(1) The touch-down is the settling oi the aircraft gently onto t h e  runway. 
As i t  settles, all th ree  wheels  should touch the runway tagether, thus  giving 
the ideal three-point landing for  which t he  h r v a r d  is aervdynamically de- 
signed and stressed. At the point of touch-down the aircraft is not fully 
stal led,  but i s  settling because of the gradual reduction of lift and thr'ust 
brought about by theback  pressure applied while rounding-out. When the air- 
craft touches down in the three-point attitude, the control column must be 
moved fully back to farce the tail wheel to remain flrmly on the ground, and 
to give maximum steerability. During any landing, the longitudinal axis of 
the  aircraft must be aligned with &e runway at all times. 

6.04 -The After-landing Roll 
(1) The after -landing r a l l  is the forward movement of the  aircraft on 
the runway from the point of touch-down to the position in which it has slowed 
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to taxi speed, or has been brought to a stop. Directional 'eontrol is ofvital 
importance. Some of the factors l ikely to have an effect on directional con- 
trol during the after-landing roll are: 

(a) the centre, of gravity; 

strong cross-winds or gusty winds; 

(c) swerves; and 

(d) a low oleo strut. 

(2 )  THE EFFECT OF THE CENTRE OF GRAVITY - The Haxvard, al- 
though a well-constructed and stable aircraft, has a high centre of gravity in 
relation to the distance between the m5in landing wheels, This narrow track, 
a s  it is called, aggravates the tendency for the aircraft to swing, unless firm, 
accurate control counter -measures are taken. 

(3 )  THE EFFECT OF WIND - Strong cross-winds or gusty winds may 
lift one wing to such an extent that the other wing strikes the ground. Special 
precautions must be taken to prevent th is  from happening. 

(3) SWERVES - Any time the aircraft changes direction, centrifugal 
force acts through the high centre of gravity, away from the direction of the 
turn. I3 the turn is abrupt, the wing on the outside of the turn may strike the 
ground. The only way to prevent this is to stop a swerve from developing. 

( 5 )  A LOW OLEO STRUT - If a lack of preesure in one oleo strut causes 
tbe aircraft to go down on one side, there is no immediate effect on the after - 
landing roll except that, if there is a cross-wind or gurty wind on t h e  ride of 
the high wing, conditions are ideal. fo r  the start of a ewing. If the wind is on 
the side of the downed wing, there is lea s danger, because a wing down into 
wind is ideal. Another effect of a Low oleo strut, however, is the difficulty of 
taking corrective action if a swing develops in the opposite direction to the 
downed wing. As you can imagine, the wing tip on the down side is close to 
the ground already, while centrifugal force is acting outwards. If a swing 
turns the aircraft in the opposite direction, the wing i~ forced further down, 
and may strike the ground unless decisive corrective action is taken immedi- 
ately. 

( 6 )  Five controls are available to help you maintain direction during the 
after-lading roll. They are: 

(a) therudder; 

(b)  the brakes; 

( c )  the throttle; 



(d) theai1errrns;and 

( e) the elevator a. 

17) If a swerve develope, do not try to force the nose back to  the original 
heading all at once: concentrate on otopping the turn, and then hold the air - 
craft steady until you are ab sdutely aure that you have po~i t ive  control before 
attempting a realignment. Even if the aircraft runs off the runway, it is 
better to do so in a straight line, then to uvercontrol and finish up by ground- 
looping in the oppoaite direction while remaining on the runway. Remember, 
there is no substitute for good judgement. 

(8) THE USE OF RUDDER - Rudder is used to turn the aircraft, or to 
stop it turning, rudder effectiveness being dependent on speed. Immediately 
after touch-down, when the speed is high, effectiveness is grsatert because 
the airflow exerts pressure on the exposed side of the rudder surface and 
caueee an immediate reaction. As the speed dacreasee, the presrure de- 
creases  and the rudder becomes less and lese effective far directional con- 
trol. As the rudder becomes less effective, however, the eteerable tail 
wheel becomes more effective, provided it is firmly on the ground and the 
control column is being held fully back. During violent swewee at low 
speeds, counteracting pressure on the rudder -bar is of little value, unlees 
the movement is combined with applications of throttle and brake. In this 
way a co-ordination of controls helps to maintain directional control, 

19) THE USE OF BRAKES - Whenever you have to use the brakes, i t  is 
good airmanship to apply them smoothly and at a constant rate. It i e  poa eible 
to control direction with brake application alone, either to an individual wheel 
or to both wheels unevenly. But, owing to the exceseive wear on the brake 
shoes and drum8 and the high degree of skill required, it i e  more desirable 
to uee brakes in conjunction with rudder for directional control. To use the 
brakes properly, you ehodd slide your feet up, a s  ahown in Ar t  2 . 0 8  Fig- 
ure 2, until your toea are on the brake pedals. In this way, youcanhold on 
rudder preoauxe while applying brake. Thus, if the aircraft swervea at low 
speed while the rudder is ineffac tivs, correction can be applied with swift, 
smooth brake.pressure. 

(10) THE USE OF AILERONS - The ailerons serve the same purpoee on 
the ground as they do in the air, that is to change the lift and drag compo- 
nents of the wings. This means that they can be used to keep the wings level 
during the after -landing roll, or to lower a wing which has come up owing to 
the e f f e ~ t  of cross or gusty winds. When i t  ie  necessary to hold aileron into 
wind, the amount of the application should be just  enough to compenaate for 
the speed and degree of the cross-wind, During sharp, guety crose-winda, 
it rnay be necessary to uee aileron somewhat abruptly. 
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(11) THE USE OF THROTTLE -Applications of throttle increase both the 
thruet and lift by increasing the amount of airflow over the control surfaces. 
Thus, these surfaces become more sesrsitive and effective, During turns arid 
swerves, therefore, opening the throttle pulls the aircraft forward and helps 
to reaist its turning moment, Yaw i a  increased however, at the same time. 
This means that, when large amounts of throttle are used, you must be ready 
to counteract yaw but, if you are prepared, THROTTLE USED IN TIME WILL 
ALWAYS HELP YOU TO REGAIN CONTROL. 

(12) THE USE OF ELEVATOR - The elevators cannot be considered as a 
direct means of maintaining directional control, but rather as a means of in- 
fluencing the use of the other controls. Normally, during tho after-landing 
roll, the control column is held firmly back to increa se the loading on the tail 
section. This permits more effective use of the steerable tail wheel  and 
brakes. 

(13) The ideal after -landing roll is one in which the aircraft is under pos- 
itive control at all times, and any swinging tendency i e  swiftly, but smoothly, 
corrected. Once the speed has diminished somewhat, brake can be applied to 
both wheels simultaneously to reduce the forward momentum to a safe taxiing 
epeed. 

6.05 -The Post-landing Check 
(1 1 Taxi the aircraft to a position w e l l  clear of the active runway, then 
stop and apply the brakes by pulling the parking-brake lever "OUT''. After 
checking to make sure that the brakes are holding and the generator is 
charging, perform the following check, 

CHECK 

Flap s 

Tr irn 

Throttle Tension 

HOW 

Manually - Lever fully 
forward to "UP", 
Visually - Watch the in- 
dicator until it returns 
to "0". 

Manually - Set to the 
"take -off" position. 
Rudder - 3 o'clock. 
Elevator - I 1 o'clock. 

Manually - Release. 

WHY 

To prevent the flaps from 
being damaged during 
taxiing. 

To prepare the aircraft 
for the next take-off. 

For easy manipulation of 
the throttle while taxiing. 

- 
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6.06 -Cross-wind Landings 
(1) Since many of your landings wil l  be made in cross-winde at various 
angles and speeds, you should be thoroughly familiar with cross-wind landing 
techniques. T w o  types of approaches are used: 

WHY 

To prevent an excessive 
drain on the battery. 

CHECK 

Switches 

(a) the wing -down method; and 

HO W 

Manually and visually - 
Ensure that all unneces- 
sary switches are "OFFrr. 

(b) the crab method. 

(2  1 THE WING-DOWN-METHOD - If you find that there is a cross-wind 
as you a r e  coming in on the approach, lower the wing which is into wind a 
sufficient amount tu eliminate dr i f t .  (Figure 1) Apply whatever rudder pres-  
sure is necessary to keep the longitudinal axis aligned with the runway, and 
hold this alignment regardless of the amount of cross-wind correction used. 
If the aircraft drifts off the desired glide path, make the correction to realign 
it with the runway and alter the degree of bank to compensate for the extra 
wind strength. Remember that the strength of the wind may vary at  different 
heights throughout the glide path, so the angle oi bank must be adjusted ac - 
cordingly. Also, during the round-out and float period, the ajrspced i s  de- 
creasing, and, since the wind tends to make the aircrait drift  away from the 
centre line, you must apply a correct ion which has to be gradually increased 
to keep the aircraft properly aligned with the runway. Keep t he  into-wind 

Figure 1 : Correcting for Crosswind 
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Figure 2: A Normal Crosswind Touch-down 

wing down through~~t the round-out so that the aircraft touches on the into- 
wind main wheel sad &t tail wheel. (Figure 2 )  A s  the speed decreases, the 
out-of-wind wing will drop and the other wheel will settle onto the runway. 
Maintain di rectioh on the after -landing roll as explained in Art 5.04, and, as 
well as holding the control column fully back, keep on aileron to hold the up- 
wind wing down. Since a certain amount of down-wind rudder i s  being held on 
during the touch-down, the tail wheel, being turned in the same direction, 
wUL cause the aircraft to swerve slightly away from the wind. This Is de- 
s i ~ a b l a  since it counteracts any tendency far a swing into wind. 

(3)  The merita of the wing-down method are as follows. 

(a) Compensation canhe madefox across -wind fromeither 
side. 

(b) The longitudinal axis can be aligned with the runway 
throughout the entire approach and landing. 

( c )  The normal visual reference8 can be used for the round- 
out. 

(d) A correction is already applied during the touch-down and 
the after -landing roll. 

(4 1 THE CRA3 METYOIS - Grabbing can only be u ~ e d  on the approach. 
As soon as the aircraft starta t o  drift, turn into wind a sufficient amount to 
make good a track ta the runway: the wings should be level, and the nose 
should be pointed off to one side of the runway. On the way down, adjust the 
heading to make good a track to the runway. At the atart of the round-out, 
swing the nose round in line with the runway, and at the same time lower the 
up-wind wing to eliminate drift. From there, the procedure is the same as 
for the wing -down method. 
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($1 At the touch-down you must 
not allow the wings to became level. 
If you do, the aircraft will begin to 
drift sideway8 before it is firmly on 
the ground and it may cause a swing 
into wind. In addition, the sideways 
drift gives the aircraft a tipping or 
rolling motion, andputs a severe strain 
on the undercarriage. The effect is 
similar to ekipping ontake-off which is 
illustrated in Chapter 4, Figure 2 ,  

6.07- Weather cocking 

(1) During the after -landing roll 
in a cross-wind, the relative airflow 
strikes the aircraftfrom straight ahead 
while the cross-wind strikes it to one 
side. Somewhere between the two there 
is a resultant component, the angle and 
magnitude af which depends on the 
speed am3 direction of these two air- 
qo*s.  A s  the forward speed drops, 
the reauliantmaves towards the cross- 
wind component, since the relative air - 
flow i s  diminishing while the eroes -  

RESULTAM 
MMliNG QUf 
fO THE SIDE 

d 
,'# 1 

AIRPLBW 
n+ CONSTANT ND 

AIRFLOW 

wind is remaining conatant. (Figure 3 )  
Zn the case of the Harvard, which has 

Figure 3: The Effect of Crosswind 

more side area behind the undercar- on h After - bndmg Roll 
riage than in front of it, this means 
that the force of the crosts-wind tends to  turn the nose into wind. This tend- 
ency is called "~eathercocking~~ and becomes more noticeable as the forward 
speed decrea see. Weathercocking is combated by rudder and brake applica- 
tions to maintain directional control, and by lowering the up-wind aileron a s  
explained in Art 6.04 (10). 

(2) Applying aileron, besides pxeveating the up-wind wing from ~ising, 
has the effect of pxoducing a yawing arm to resist weafhercbckiag. This ac - 
curs because the lowered aileron on the down-wind wing createa drsg and, 
being located near the wing tip, supplies a counteracting force. 

6.08 - Flapless Landings 

(1) The decision to make a flapless landing should be taken on receipt of 
landing instructions, if the wind direction and strength appear to warrant it .  
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The circuit pattern -in such circumstances should be the same s ize  as any 
normal circuit, but, if you are practising f lapless  lqndings i n  l ight  winds, you 
will have to extend the down-wind leg to  alloy a shallower rate of descent on 
the final approach. 

( 2 )  Since the nose attitude i s  considerably higher during a flapless ap- 
proach, only a small p i t ~ h  change is needed to reach the three-point Landing 
attihide. Owing to  this small movement, the start of the round-out should be 
delayed until the wheels are approximately 20 fket  off the runway. This re- 
duces the float period and the danger of ballooning. Also, since the landing 
speed i s  higher due to t h e  higher stalling speed without flap, the after -landing 
roll i s  longer. You should plan to touch "dawn as close to the  button aS pos- 
sible,  and after touch dawn the brakes must be used to s low the aircraft down 
safely. 

3 . . Flapless landings are recommended when the wind angle added to  the 
wind -speed gives a total higher than 30.  The techniques far drift elimination 
has been covered-in Article 6.06.  

6.09 -Landing Irregularities 

(1 If you make a poor landing, the best  remedy is to open t h e  throttle 
and overshoot. If the i r regu la r i ty  is not ser ious,  however, and you are posi-  
tive that a good, safe landing can be made, it i s  permissible to take recovery 
action. (Figure 4) 

(2 BOUNCE - Occasionally, awing to a poorly judged round-out, you 
m a y  touch the runway prematuraly and bounce. Usually,  successful cor -  
rective action can be taken a s  fol lows.  

Ff the airspeed i s  still high and the bounce i s  small, check 
the backward pressure on the control column until the air- 
craft starts to sink, then, at t h e  r ight  height, round-out 
into the landing attitude again. 

JA~DlNG .CUSHlOFM SOU NCE 

Figure 4: Bounca Recovery 
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(b) If the afrspeed is low andlor the bounce is high, apply 
power to assi6t the round-out and to prevent the aircraft 
from rtalling . 

( 3  ) If a bounce occurs during a cross-wind landing, the wing which is 
being held down into wind comes up, a s  shown in Figure 5, and the wings re- 
main level for an inatant. During this instant, you must lower the up-wind 
wing to keep the aircraft from drifting, and at the same time take action to  
correct the bounce. 

(4 1 BALLOONING - If you round-out too euddenly, or too early, the air - 
craft may start to climb and will  be too 
high above the runway for a satisfae - 
tory landing. (Figure b opposite. ) At 
this point you must BEWARE OF 
STALLING. Check the backwardmovs- 
ment of the control column and allow 
the aircraft to start sinking towarde 
the ground. If the speed is low, or the 
aircraft is high, open the throttle to  
supply enough power to complete a 
proper round-out. You must remember 
to close the throttle again just  before 
touch down. 

(5 1 STALL-INS - If you mi s -judge 
the landing and xound-out so that the 
stall occurs before the wheels are on 
the ground, the aircraft will  become a 
free falling body and will strike the 
ground hard. hndings  are converted 
to "stall-ins" if you round-out too eoon 
and take no corrective action, or if you 
use abrupt control column movement 
instead of slow, smooth back pressure. 
Correction can be made in the same 
way as for ballooning. 

(6 )  W W G  RISE ON THE AFTER- 
LANDING ROLL - If a wing comes up 
during the after -landing roll, you must 
attempt to lower it immediately by ap- 
plying aileron. The faster the appli- 
cation i o  made, the sooner it wil l  be 
effective. You muet take IMMEDIATE 
action as aoon as  you see the wing 
coming up and not allow the rise to 
become too great. 

Figure 5: Bounce in a Crosswind 
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- . . . . . - - 
Figure 6: Ballooning 

(7 1 A wing can ria4 either because of a cross-wind or because you have 
loet directional control temporarily, and the aircraft is swerving, If it is 
obvious that aileron i a  having no affect and the wing is contiquisg to rise, 
move your foot up to the brake pedal aad brake the wheel under the LOW 
wing, (Figure 7) The ru~ulting wverve exerts a force through the centre of 
gravity and bring8 the wings back to the level ponition. Naturally, you murt 
regain directional control as soon ae poe~ible ,  If the wing riee is accom- 
panied by a swerve, the brake application should be slightly more revere, to 
lower the high wing and counteract the swing. 

Figure 7:  The Use of Brake to Lower a Wing 

(1) The decision to overshoot because of a poor approach or landing 
usually rests with the pilot; however, occaeionally, the towex rnay order you 
to "go round again". During the first part of your training at FTS, your in- 
struc tor wil l  insist that you be thoroughly familiar with the over ehootimg pro- 
cedure so that you know what to do without having to think about it, 
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As soon a s  the decision to overshoot has been taken: 

(a) open the throttle t o  32" MP; 

[b) maintain directional control; 

[c) re-trim; 

(d) climb at 80K; 

( e )  do the Poet-Take-Off Check, adjusting the power to 2Bt' 
MF and 2 ,000  rpm as the air speed approaches 95K; and 

(f) re-trim. 

( 3 )  If a bad landing is the cause of the overshoot and the remaining por- 
tion of the runway is known to be clear of other aircraft, it is permissible t~ 
climb straight ahead, If the ovexehoot i s  from the approach, however, where 
it i s  difficult t o  see aheadand below, you must start a shallow turn away from 
the runway, keeping a goad look-out fo r  oUler aircraft. You must look-out 
BEFORE the turn, DURING the turn and AFTER the turn. When you are 
clear of the runway and have swept the whole area for other aircraft, roll into 
another shallow climbing turn arid hy parallel to the runway while climbing 
out to circuit height. On airfields with parallel runways in use, you ehoutd 
turn off to the right when on the right runway, and to the left when on the left 
runway, keeping a sharp look-out for  other aircraft, 

6.11 -Touch-and-Go Landings 
( 1 )  Touch-and-go landing s have been introduced to allow atudenta to 
complete more circuits and landings in the time allotted. Permission must 
be obtained from the tower before you can practise Touch-and-Go landinga, 
the request being made w h i l e  asking fo r  landing clearance, 

(2) Waving made a normal landing, you should open the throttis amoothly 
to 32" MP, at the same time keeping the aircxaft stxaight. If the naps are 
"DQWN", the aircraft wil l  try to f ly before you have reached a eafe ~ p e e d .  
For safety you should hold the wheels  on the runway until the AS1 registers 
65K. At 65K, only enough back pressure should be exerted to lift the aircraft 
off the runway and then, once it i s  safely airborne, you can 40 the Poet-Take- 
Ofi Check. Hold am 80K climbing; attitude until the flaps are raised, then al- 
l o w  the airspeed t o  build up to 9SK before reducing power .  
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6-12 -Ground Looping 

(1) A ground loop is an uncontrollable turn resulting from over-cor- 
recting a swing, or failing to  correct a swing, on landing or take-off. A 
swing may be cauead by: 

(a) touching -down while crabbing into wind; 

(b) allowing the aircraft to drift sideways while landing; 

(c) using too much flap in a strong cross -wind or gusty wind; 

(d) allowing the up-wind wing to rise; 

(e) rounding-out too high and allowing the aircraft to eta11 on- 
to the runway with wing -drop, (Depending on how advanced 
the stall becomes, this situation could bring about a rough 
landing, a bad swing or po~s ib ly  a craah. Don't take any 
chances ! OVERSHOOT. ); 

( f )  incorrect recovery action for drift after a bounce; 

weathercocking; 

(h) uneven undercarriage oleos; and 

day-dreaming. (ALWAYS KEEP YOUR MIND ON THE 
JOB from. the moment you step into the cockpit, until the 
aircraft is shut-down. ) 

(2 )  To prevent a swing from developing into a ground loop, you must 
take immediate recovery action: keep the control column fully back and apply 
opposite rudder. If rudder alone i s  insufficient to stop a high-speed swing, 
apply sufficient brake to the wheel under the low wi.ng to  stop the swing and to 

CWRIPETAL FORCE 

4 k/-umm CEMRlPETAL DECREASING' FORCE 

=ULThM 

MWes FORWARD 

* --- - 
hWLl W 

Figure 8: The E t f ~ t  of Power on a Swing 
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bring the opposite wing down. Should t h i a  fail, open the throttle to full power 
to make the rudder more effective and to pull the aircraft forward. The ef -  
fect of opening the throttle i s  illustrated in.Figur e 8 overleaf, NEVER at- 
tempt to realign the aircraft with the Tunway until positive cont~o l  has been 
regained, Remember, too, that over-correction is just  as dangerous as late 
correction. 

( 3 )  If you are  in doubt about the landing, or Lf you seem to be getting in- 
to trouble, OPEN THE THROTTLE AND OVERSHOOT, Never take chances1 
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Chapter 7 

Stalling, Slow Flying and Spinning 

7.01 - Introduction 
(1) The sequences covered in t h i s  chapter are taught to familiarize you 
with the behaviour of the aircraft when it is flown at, and below, minimum 
airspeed. The methods described for  recognition of, and recovery from, 
stalls and spins should be learned thoroughly, until the recovery action fol- 
lows  automatically on evidence of the  symptom^. 

7.02 -The Theory of Stalls 
( I )  The term I t  stalling" is ueed to describe a condition of fl ight in which 
the l i f t  from the wings can no longer support the weight of the aircraft. Nor- 
mally, the ai r f low over the wings is smooth, with some minor turbulence to- 
wards the trailing edge, As the angle of attack is increased, the airflow be-  
gins to break up and becomes progressively more turbulent, with the area of 
turbulence thickening and spreading towards the leading edge. Greater angles 
of attack produce even more turbulence, until a point is reached where there 
is a sudden loss of a large percentage of the total l i f t ,  The wing is then said 
to be "stalledlt, and the angle i s  knownas the Critical or Stalling Angle. The 
indicated airspeed at which the atall, occurs is known as the Stalling Speed, 
but an aircraft can stall at ANY airspeed, in A N Y  attitude and at ANY power 
setting, provided Ule critical angle is exceeded. The most important factors 
which affect the indicated stalling speed aye weight, power, flapa and ItGtr 
forces. 

( 3 )  One further phenomenon occurs as the angle of attack is increased. 
The centre of pressure moves steadily forward until the stalling angle Is 
reached, and then it  moves sharply back. Thur, two things happen at the 
stall : 

( a )  the aircraft loses height; and 

(b) the nosa'drops, sometimes quite sharply. 
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Usually, in the Harvard, a wing drops at the same time and the nose yaws in 
the direction of the low wing. 

7.03 -What You Must Learn About Stalls 
(1) 
are:  

There are four important things to  be learned about stalls They 

(a) recognition of the stall symptoms; 

(b) recognition of the stall itself; 

(c) the correct recovery action; and 

(dl Row to prevent stalls. 

7.04-The Symptoms of the Stall and Their Recognition 

(1) Once  t h e  symptoms of a stall are in evidence, you should know that 
the aircraft is approaching a critical condition of'flight requiring fast, posi-  
tive corrective action, The following chart has been prepared to  help you to  
interpret the Harvardt s stall symptoms. 

SYMPTOM 

Nose high - l ow air speed 

Sloppy controls 

METHOD OF RECOGNITION 

This  ~syrnptom is most noticeable when the 
aircraft is about to stall from thelevel-flight 
attitude. Individually, a nose-high attitude 
or a low airspeed da not constitute the symp-  
toms of a stall, but ,  WHEN THEY OCCUR 
TO-GETHER, the aircraft wi l l  stall if you 
fail to take recovery action. Also,  during 
steep turns and aerobatics, if  the rlose of the 
aircraft i s  moving rapidly in the pitching 
plane, you should prepare to take stall r e -  
covery action. 

Zf you do not take recovery action when you 
notice a nose high - low airspeed condition, 
and the air speed is allowed to continue to 
decrease ,  the airflow over the control sur - 
faces becomes less, making the controls in- 
effective and sloppy. (This symptom is not 
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7.05-The Effectiveness of the Controls 

SYMPTOM 

sloppy Controls (Cont'd) 

Mushing 

Juddering 

(1) One important symptom of the stall, and one which i~ easy to rec- 
ognise, is the light and sloppy feeling of the controls. When the aircraft 
stalls the control surfac e e  lose some, if not all ,  of their effectivene se  in a 
definite order. The order is: ailerons, elevators and rudder. Effectivenesr 
is regained in the reverse order, whether power is applied or not, All the 
control surfaces depend on the speed of the airflow for their effectiveness, 
therefore a s  the speed diminishes, effectiveness diminishes. 

METHOD OF RECOGNITION 

always present when the aircraft i s  ~ ta l l ed  
with power on,or at high speed. ) 

If you continue to ignore the warning signals, 
the aircraft will develop a sinking or mushing 
feeling as it comes close to the stall. This 
is caused by a loss of lift as the airflow over 
the wings breaks up. Sometimes this symp- 
tom may not be apparent, but it i s  always 
present. 

Immediately before the stall, the turbulent 
airflow striking the tail surfaces causes the 
aircraft to judder and shake. The duration 
of this symptom varies, depending on the 
harshness of the stall and the air speed at the 
time of stall. At high epeeds it may be over 
in an Instant, hut it is always present as a 
symptom during any stall. 

(2) THE AILERONS - Normally, the up-going aileron decreases the 
angle of attack and therefore the lift of the wing, while the down-going aileron 
increases the angle of attack and l i ft .  The net reault is that the aircraft ro- 
tatee in the direction of the up-going aileron. At the stall however, the nor- 
mal effect of the ailerons is  reversed and the up-going aileron increases the 
lift of its wing while the down-going aileron, by changing the effective chord 
of the wing, INCREASES the angle of attack and aggravates the stall. Thus, 
if you use aileron during a stall to try to pick up a wing, the condition will 
only be aggravated. Also, since the ailerons are outside the slipstream, 
power has no effect on them. 

(3) THE ELEVATORS - The elevators are in the line of the slipstream 
so, provided that Borne power i s  on, they remain fairly effective and positive. 
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In the absence of power, however, they are affected by the spreadihg area of 
turbulence from the wings and so lose some of their effectiveness. 

(4) THE RUDDER - The rudder is in srnooa airflow all the time and is 
relatively unaffected, provided that there is a flow of air over its surface. 

7.06 - Recovery Action 
(1) The difference between a good recovery and a bad one is the speed 
with which the recovery action is completed. The difference is measured in 
loss of altitude, Your aim should be to recover with a MINIMUM loss of alti- 
tude, and to this end the following procedure has been developed. 

(a) Move the control column straight forward and simultane - 
ously open the throttle to the maximum permiseible power 
setting for the rpm. For example, if the rprn setting is 
1,750, the throttle should be opened to a maximum of 26" 
MP; if 2 , 0 0 0  rpm - 28" W; if the pitch is at "FINE1' - 
36" MP etc. 

(b) I£ a wing drops, apply sufficient rudder to prevent the 
nose from yawing any further. 

(c) When the wings become unstalled, level them with aileron. 

(d) Raise the nose slightly above the level-flight attitude to 
prevent any further l o ~ s  of height. 

(2 The amount of the initial control column movement depends on the 
airspeed and completeness of the stall. Sometimes a relaxation of the back 
pressure is sufficient, while at other times a firm, positive forward move- 
ment is required, Lf too much forward pressure is exerted, you will lose too 
much height; if too little, you will  not recover: in due course and with practice 
you will learn just how much pressure to use. Similarly, when easing out of 
the dive, if you raise the noee too sharply a secondary stall may result; if 
you raise it too slowly excessive altitude will be lost. 

(31 When power is applied, the aircraft is pulled forward in the direction 
of thrust and the angle of attack is modified, the effect being in proportion to 
the amount of power used. On the recovery therefore, provided the power is 
applied early enough, it may be possible to keep the noee above the straight 
and level position, thus preventing excessive loss of height. Power is the 
most important factor, when considering height lost in a stall. This is il- 
lustrated if you do two stall recoveries, one with and one without power, and 
compare the amount of height lost in each. 

(4 1 Normally, unless you are deliberately practising stalls, you will 
recover as soonas the symptoms become evident. Duringpractice however, 
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the aircraft is to be stalled completely so that the whole recovery cycle can 
be learned and under stdod. Your instructor wi i l  demonstrate stalla in a high, 
nose -up attitude; in conditions approximately level flight; with and without 
power; and with and without flaps down, He will explain the degree to which 
the controls are used far recovery fram each type. Later, he will show you 
sta l ls  from gentle turns, and from climbing and descending attitudee. Even- 
tually as you become more profie ient, you will be doing stall reeoveriea from 
steep turns and aerobatics, until you are thoroughly conversant with their 
recognition and recovery at any airspeed, attitude or power setting. 

7.07 -The Pre-stall, Spin and Acrobatic Check 
(1) The following check Aust be carried out in the order shown before 
practising stallo, spins or aerobatics. 

WHY 

To ensure that there is 
sufficient height available 
for complete recovery 
before reaching t h e  mini-  
mum height specified in 
CAP 100 or local flying 
orders. 

Flying regulations and 
good airmanship dictate 
that you should NOT be: 

(a) over an aerodrome; 

(b) within five miles of 
and airway; 

( c )  over a prohibited 
area; or 

(d) over a town. 

You should be near a good 
forced landing f ield.  

To ensure that sufficient 
pressure is available 

CHECK 

Altitude 

Locality 

Hydraulic Pressure 

HOW 

Visually - Check the 
altimeter. 

Visually . 

Visually. 
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CHECK 

Hydraulic Pressure 
(Contld) 

Undercarriage 

Hood 

Trim 

Temperature 6 and 
Pressures 

Mixture 

Carburettor Air 

HOW 

Manually - ,Select 
"DOWN", if you are to 
be doing stalls with 
undercarriage down. 

OTHERWISE: 

Visually - Check "UP". 

Manualiy - Fully closed 
and locked. 

Manually - Set far 
atraight and level flight 
whiledoing thecheck, 
Do not re-trim after 
closing the throttle to 
do a stall or spin. 

Visually, 

Manually - Adjust for 
smooth running. 

Visually and Manually - 
Whilemaintainingan 
exact altitude, note the 
MP, and pull. the car- 

W R Y  

should it be nec e s sary to 
operate the undercarriage 
or flaps. 

Stalling practice m y  be 
carried out with theunder - 
carriage "UP!' or "IX)WN4' 
as desired. Intentional 
spins or aerobatics must 
NEVER be done with the 
undercarriage ttDOWN'l . 

To prevent possible dam- 
age during yawing mano- 
euvres. 

To eliminate extra pr e s - 
sures on the controls 
duringrecoveries. 

Temperaturea and pres- 
sures must be normal. 

In the case of stalls and 
aerobatics, smooth run- 
ning and the instantaneous 
availability of maximum 
power is paramount. The 
r equir emtnt s for spinning 
are dealt with in that 
section of the chapter. 

Lf the MP increases, car - 
buret tor icehasbeen  
forming and has been 
eliminated. SPINS and 

A 
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WHY 

POWER-OFF STALLS 
are NOT practised in 
such conditions. 

To ensure that sufficient 
p o w e r  is available for the 
recovery. 

To ensure that sufficient 
fuel is available in the 
selected tank to carry out 
the exercise, and that the 
aircraft is not over the 
maximum weight for aero - 
batic B ,  

Stalls should be practised 
with various flap settings, 
Spins and aerobatics 
should be practised with 
flaps "UP" to prevent 
damage during high -speed 
recoveries. 

To prevent damage to 
these instruments. 

To prevent damage to the 
aircraft radio compas B 
andgyro5,andtoensure 
that all other switches 
are set correctly. 

I 

CHECK 

Carburettor Air 
(Cont'd) 

Pitch 

Fuel 

Flaps 

Gyroa 

Switches 

HOW 

burettor air control 
back to "HOT11 until the 
temperature rises to 
50°C, or until there is 
a riee of 35oC, then re- 
turn the lever to "COLDtt. 
Take a second MP 
reading. 

Manually - Adjust to 
2 ,000  rpm. 

Visually -Selector, con- 
tents and pr e seure. 

Manually - Adjust as re- 
quired. 

Manually - Cage the AH 
and DI, 

Visually or Manually - 
Check that the Radio 
C~mpassisat~~ANT~~ 
or "OFF", and that the 
Gyroswitch is at "OFF". 
Check all other switches. 
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7.08 - Clearing the Area 

CHECK 

Loose Articles . 

Harness 

Look -out 

(1 ) Before you start to practise stalls, spins or aerobatics, you must 
make sure that the area is clear of other aircraft. Clearing turnr ar s used 
to allow you to look above, below and round about, through the whole 360 de- 
grees. The amount of look-out, of course, varies with the type of manoeuvre, 
but you must satisfy yourself that the area is clear and that it is safe to start 
the proposedwcercise. Remember that as  well as looking allaround for other 
aircraft you must aim to keep well clear of cloud. If there ar 6 aTrcf aft in the 
vicinity, turn away and choose another location. Once you have satisfied 
youreelf that the whole area is clear, roll out of the turn and immeaiately 
carry out the planned manoeuvre, If you are doing a series of manoeuvres, 
one after the other, it may be necessary to clear the area after each se- 
quenc e. 

7.09- Basic Stalls 

HOW 

Visually. 

Manually - Tighten. 

Visually - Clearing turns. 

(1) THE STALL WITH WHEELS AND FLAPS "UP" - The power-off stall 
with wheels and flaps "UP" is the most elementary type of stall, but one in 
which you must show proficiency before your instructor can allow you to go 
on. 

- .  

WHY 
- -  . - 

To en sur a: th?t eyerything 
is properly stowqd and 
wt nothing can jam the 
controls. 

Safety precaution. 

A last mkute check is ' 

needed to make sure that 
the area is clear of doud 
and other aircraft. 

( 2 )  As soon as you have completed the Pr e ?Stall Check and have satis- 
fied yourself that the area is clear of other aircraft, close the throttle to 
give 10 to 12" MP and raise the nose above the horizon to the three-point 
attitude. Apply sufficient rudder to keep straight, keep the wings Level with 
aileron and hold the correct attitude with increasing back pressure. At this 
point you should be recognizing the fir st symptoms of an approaching stall - 
a nose-high attitude with decreasing airspeed. Watch for the other symptoms, . - .  . .  
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Figure 1: The Attitude in a Stall 

until the nose drops. The aircraft is stalled and you should be taking eteps to 
recover as quickly as possible, according to the procedure outlined in Art 
7 ,  06 .  

(3) THE STALL WITH WHEELS AND FLAPS ttDOWN" - Lowering flap 
increases the effective camber of the wing and the coefficient of lift, thus 
lowering the stalling speed by several knots, depending on the amount of flap 
used. Drag is a1 PO increased proportionately. This configuration simulates 
stalling on the final approach, the procedure fo r  stalling the aircraftbeing 
the same as  that described in paragraph ( 2 ) .  Note that, although the etalliag 
speed is lower, the symptoms are the same, except that the nose drop  a 
little further and the recovery takes more time. Usually more height i e  lost 
than in the stall with wheels and flaps "UP". When you have become profi- 
cient in stalling the aircraft straight ahead, try one from a 30 degree banked 
turn, to simulate a stall during the final turn onto the approach. 

14) THE POWER-OM STALL - A power -on stall can occur during climbing 
turns, overshoots, ox while practising aerobatics, To practise this type of 
stall, clear the area'and adjust the throttle to give20 to 25" MP before raising 
the nose t o  approximately 40 degrees above the horizon. B y  raising the nose 
to  this extent, you avoid keeping the aircraft in a prolonged nose-high attitude 
while waiting for  it to stall. The characteristics of the stall are similar to 
those experienced during the power -off etall, except that, although the nose 
and wing tend to drop more rapidly, the rudders and elevator a retain their 
effectivenese because of the airflow from the propeller. The stalling epeed 
is noticeablylower, while the nose attitude is considerably higher. (Figure 1) 
Recovexy is effected in the usual way, but the forward movement of the con- 
trol column does not have to be as great, since the higher power aetting en- 
able e the aircraft to attain flying speed sooner. The lo s r  of altitude im much 
le s e than in the types of stalls mentioned previoualy. 

7.10 -Secondary Stalls 
(1 During the recovery from any stall, there i a  always tbe danger of 



Figure 2:  The Secondary Stall 

bringing on another stall. (Figure 2) This secondary stall oceure if you at- 
tempt to ?asten the recovery by raieing the nose abruptly. You can practise 
secondary stall6 by dlowing the nose to drop slightlybelow thelevel-£Light 
attitude during a normal stall recovery, before pulling back on the control 
column as  if to haeten the return to level flight. The recovery ie made by 
using the normal etall-recovery procedure described in Art 7.06. Before 
beginning the firet stall, you should note the altimeter reading so that you 
can compare it with the reading at the end of the secondary stall. Since the 
height loss ie  excessive, practice in PREVENTING secondary stalls i a  mare 
important than practising the s a l e  themselves. By practising prevention, 
you will learn the value of using amooth control column pressures at critical 
airspeeds, and yba should develop a "feelI1 for raieing the nose above the 
horizon without inducing a secondary stall. 

( 2 )  Stall prevention i a  the main reason for practising etalls and stall re - 
coveries; therefore, when you are proficient at recovering from all types of 
stalls, you ehonld go on to practice prevention. This simply meane that you 
ahauldrscwer whenever there i~ a definite indication of an approaching stall. 
In time, you wil l  find that you can recover with very little loss of height and 
without any risk of a secondary stall. 

7.11 - Advanced Stalls 
(1) Advanced stalls are practised to increase your proficiency in pre- 
venting and recovering from stalls from unusual attitudes. To practice these 
stalls, the undercarriage and flaps must be left llUP" and after completing 
the clearing turns you should set the throttle to 20 to 25" MP. 

( 2 )  STALLS FROM STEEP TURNS - A stall from a steep turn is caused 
by excessive back pressure being exerted on the control column in a vain at- 
tempt to keep the nose up. Although usually demonstrated in a steep turn, 
this excessive back-presaure stall can occur in any condition of flight when 
the critical angle is exceeded. The onset of the stall. can be recognized by 
the rapid movement of the nose through the pitching plane, and by the abnormal 
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"G" if the speed is high. To keep the wing loading within limits, eneure that 
the airspeed is below 1 10K before the aircraft stalls. The Harvard usually 
tends to flick to the right when rtalled in a steep turn, thexefore you must be 
prepared to stop this ro l l  if the turn is to the xight. In a turn to the left, the 
tendency to flick right should return the aircratr to atraight flight. If the turn 
is to the r ight  and the roll cannot be stopped before the aircraft beeornee in- 
verted, stall rec ovexy action should be taken before completing the roll. Re- 
covery action i s  basically the same as for other types of stalls except that, 
instead of positive forward pressure, xelaxing the excessive back preesure 
at the point of judder may be sufficient. The correction of yaw needa mini- 
mum rudder u n l e s s  recovery is slow, because aileron control i a  regained al- 
most immediately. Remember, the sooner the nose is raised above the hori- 
zon, the less is the height loss. 

( 3 )  STALLS FROM VERTICAL DESCENTS - The highe~t airspeed at 
which a Harvard should be stalled intentionally is 1 IOK, therefore when prac - 
t i ~ i n g  stalls from vertical descents, the downward speed muet be controlled. 
This type of stall can occur when you are attempting to recover from any 
looping manoeuvre or apin. If you exert excessive backprersure on the con- 
trol column to bring the nose up, the attitude of the aircraft will change, but 
the direction of flight will continue downwards, owing to inertia. Within a 
short time, the aircraft will adopt the new flight path, but in the interval, the 
resulting mush can be extremely dangerous. The stall itself is not vicious, 
but if recovery is not effected immediately, the height loss can be consider - 
able. To recover, the back pressure is released, the wings are levelled and 
the aircraft is eased gently out of the ensuing dive. Power i a  applied a6 the 
aircrdt returns to the level-flight attitude. 

(4 STALLS FROM AN INVERTED ATTITUDE - A Harvard in an in- 
verted attitude stalls when the critical angle of attack is exceeded, in the 
aame way as  it stalls in any othex attitude. Lf you are doing: loops and art 
holding too much back pressure at the top of the loop, the aircraft will stall; 
if you are holding too little back presrure the aircraft will stall. Ia the first 
instance, releasing the back pressure will unstaU the wings, while in the 
second, allowing the nose to drop below the horizon will build up enough air- 
speed to remove the primary cause of the stall, Ae soon as practicable the 

aircraft must be rolled-out into the norma1 level-flight attitude, but you must 
be sure that the nose is belowthe horizon and that the airspeed ishigh enough 
to sustain flight. If you allow the nose to  drop too far, the altitude loss will 
be excessive, A looping recovery from an inverted attitude is not desirable 
because of the height loss, the high air ~ipeed and the po~sibility of propeller 
over speeding. 

(5 ) Sometimes when inverted and subjected to negative "Gl1, the engine 
of the Hgrvard may cut out, owing to a loss of fuel pressure. When this hap - 
pens, the constant speed unit (CSU) tries to maintain the original rpm by 
going into FINE pitch. Lf the throttle is left open, the surge of power when 
the engine picks up again may cause serious damage to the engine a d  the 
CSU. 
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16) To prevent over speeding when the engine cute out in inverted flight, 
ox if overspeeding occurs at any other time, the procedure laid down in 
EO-05-55A-k is to be used. This procedure is repeated herefor convenience. 

(a) Retardthethrottletoidle. 

(b) Recover with the lowest piseible airspeed, aborting the 
manoeuvre if necessary. 

(c) Placetheaixcraftinanormdclimbingattitude. 

(d) Slowlyadvaacethethxottlewhea~eairspeedhaedroppad 
to l lOK or lower. 

17) If you have been unable to preventoverspeeding, and the rpm reading 
haa exceeded the maximum permissible figure, you MUST MAKE AN L-14 
ENTRY. If the overspeeding has resulted in a Hrunawayl' propeller, you 
should attempt to bring the propeller under control by placing a load on it. 
The easiest way to do this is to u s e  a combination vf nose-high attitude, low 
airspeed and low power setting. If further aigns of overspeeding occur when 
the nose is l ~wered  for the  descent at the destination, you may have to ex- 
tend the undercarriage a d  flap a to allow you to maintain the proper air speed/ 
attitude relationship. A forced landing pattern ehould be employed since 
there may not be suffic isnt power available for a normal circuit, especially 
if you misjudge aad undershoot the final approach. 

(8)  STALL4 FROM A STEEP CLIMBING ATTITUDE - Stalle from a 
steep climbing attitude can happen during rnanaerzvree such ae lazy eights, 
chandelles or steep climbing turns. To practise this type Q£ stall, you should 
put the aircraft into a steep climbing turn with the no ee at an angle of approx- 
imately 70 degrees to the horizon and the wings banked to at least 20 degrees. 
In this attitude, the fir s t  symptom of the stall, NOSE HIGH, is present al- 
ready and it is only a matter of time before the other symptoms appear. The 
recwery is exactly the same as f o ~  other types of rtalla, 

7.1 2 - Slow Flying 
(1) Slow flying i e  praetiaed so that you can learn to control the aircraft 
near the stalling speed, It helpe to develop a "feel" for flying and enables 
you to cope with over shoots, aexobatic s and other maaoeuvr e a  flown at criti- 
cal airspeeds. In addition, i t  is an excellent yaw a d  trim exercise because 
the airspeed is low, the throttle setting is high, the angle of attack is high, 
and the increased yaw must be counteracted with rudder. 

lz) Before practising slow flying you must perform the Pre-Stall, Spin 
and Aerobatic Check, and re t  the aircraft up for the sequence, in the fol-  
lowing manner: 
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- Caged (The DI may be used) 

Pitch - 2, (100 rpm 

Mix tur e - Adjusted for smooth engine operation 

Undercarriage - Down 
Flap s - Down 

(3)  After  lowering the undercarriage, you should clear the area before 
doing anything else because - once the flapAo are down, the nose attitude wi l l  
be too high far you to make a thorough inspac tion underneath the aircraft. 
While rolling-out of the second clearing turn, close the throttle to approx- 
imately 14" MF and maintain a constant altitude and direction as the speed 
falls off. When the airspeed reaches approximately 90K, lower full flap. 
When the flaps go down, the added lift  causes the aircraft to gain height and 
the nose tends to go down. You should feel these changes being transmitted 
through the control column in time to make corrective adjustments, and thus 
keep the altitude constant. Also, with the lowering of the flaps, the air speed 
drops off rapidly owing to the increased drag, therefore a change in pitch at- 
titude is required to prevent a loss of altitude, W h i l e  the air speed is dropping 
off, the throttle must be opened slowly to keep a 2 to 5K safety margin above 
the stalling spe s d ,  Slight throttle adjustments in  co -ordination with elevator 
movement will, be needed throughout the exercise to keep the airspeed and 
altitude constant. 

(4) W i t h  the relatively high power setting and the low airspeed, conaid- 
erable right rudder pressure a n d  right rudder trim must be applied to coun- 
teract the effect of yaw. You w i l l  find that after the rudder trim-wheel is 
moved fully forward, crome right rudder pressure will  have to be held on to  
keep the aircraft straight. By moving the elevator trim-wheel t o  the rear, 
you will be able to relieve the control-column pressures and maintain a con- 
stant pitch attitude. 

(5) Once s low  fIying from straight and level flight has been mastered, 
your instructor wi l l  show you turns to the right and to the left. You will learn 
to use smooth eo-ordinated controlpressures, and you will notice that greater 
movements are seeded to obtain a desired effect. Also, you will lind that 
some power wil l  be needed t o  keep the aircraft from stalling or losing height. 
In any turn, the rate of turn is  directly proportional to the degree af bank, 
and inversely proportional to the airspeed; therefore, in a slow airspeed 
turn, the rate of turn ie greater for a giveh angle of bank. This rapid rats of 
turn at cornparitively shallow angles of bank obviates the need for steep 
turns, which at low airspeeds can be dangerous. Your instructor will show 
you what can happen when you use rough, unco-ordinated control movements, 
and also the effect of raising the flaps quickly. In each case the aircraft will 
stall. 
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( 6 )  After practising slow flying and s low  flying turns, you should always 
recover by doing an overshoot procedure so that you can became more and 
more familiar with the correct sequence of events. 

7.1 3 - Spinning 

(1) ALthough the Harvard is basically a stable aircraft and mishandling 
of the controls is necessary to produce a spin, you muat be able to  recognize 
the symptoms of a spin automatically and be able to take the correct recovery 
action. The reaPon for learning spin recovery early in yaur training is that 
the knowledge acts as an insurance while you are practising new manoeuvrea. 
Practice in spinning helps to improve your orientation in unusual attitudes 
and builds confidence. Like stall recovery, however, the aim of spin re- 
covery is prevention, with immediate recognition and aut~rnatic recovery 
technique being the goal: you must be familiar with the sight and feel of a 
spin, and know what the aircraft is going to do. 

(2 )  At PES you were taught the theory of spinning, the method of spinning 
the Chipmunk and the correct recovery action. Each step is to  be repeated 
here  with reference to the Harvard so that there can be no doubt in yaur mind 
about spinning. 

7.14- The Development of a Spin 
(1 ) During a spin, one wing is going up while the other wing i e  going 
down. therefore, in addition to the normal airflow striking the wing, there is 
a component airflow due to the up and down movement. Thus, the relative 
airflaw strikes the up-going wing at a small angle and the down-going wing at 
a larger angle, which means that the up-going wing is less stalled than the 
down-going wiug. 

(2 When a wing goes down, the aircraft yaws towardr the dawn-going 
wing and the nose drops; autorotation begins and the aircraft starts to cork- 
screw towards the ground, rotating about a vertical axis, This autorotation 
is known a s  spinning. 

7.15- The Entry to a Spin 
(1)  Before putting the aircraft into an intentional spin you must complete 
the check outlined in Art 7 . 0 7 ,  paying particular attention to the look-out, 
since the amount of height lost will be substantial. The throttle i s  set  at 12 
to 141f MP to prevent the butterfly valve from freezing in the fully-closed po- 
sition; the mixture i s  moved to "IDLE CUT-OFFtr to reduce the r i sk  of fire 
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due to manifold flooding, and the nose is  raised approximately 30 degrees 
above the horizon. When the airspeed drops to ?OK, rudder is applied in the 
direction of the intended spin and the control colurnn is brought etraight back 
so that it is fullyback by the time that the rudder is fully on. The nose should 
travel across the horizon as  the inside wing drops and, after about 90 degrees 
of yawing turn with the rudder on and the control column fuHy back, the air- 
craft will begin to spin. Keep the rudder on and the control column fully back 
until you are ready to recover; the ailerons should be neutral. Some aircraft 
may oscillate excessively during the spin, necessitating positive pressure on 
the controls to hold them in the proper attitude. 

(2) An intentional or unintentional spin can b e  entered from any attitude 
and with any power setting. Your instructor wi l l  demonstrate various en- 
tries, and you w i l l  practise spin recognition and recovery from each type of 
entry. Power usually aggravates a spin and makes recovery more difficult; 
therefore, if you go into a spin with power on, your f i r ~ t  action should be to 
close the throttle. Do not waste time trying to set 12 to 14" MP - just close 
the throttle. If the wheels and flapa are down, bring them up, and simultane- 
ously go into the recovery procedure. 

7.16- Spin Recovery 
(1) Recovery from a spin is ALWAYS the same. The procedure is: 

(a) apply full rudder opposite to the direction of rotation; 

(b) move the control column steadily forward until the spin 
stop a; 

( c )  centralize the rudders; 

(d) level the wings ; and 

(e) ease out of the ensuing dive, 

(2) Full opposite rudder is applied rapidly to ate# the yaw, and the con- 
trol column is moved forward to uulitall the wings., As the control column is 
being moved forward do not apply aileron, since this m a y aggravate the  pin 
andcause difficulty during the recovery; aleo, try not tolook down at the con- 
trol column to see what it  is doing - keep it moving steadily forward. As 
goon a s  the spin stops, check the forward movement and centralize the rud- 
der s. Failure to centralize the rudders may cause an unfavourable yaw, 
which can overstress the airframe or develop into a spin in the opposite di- 
rection. Failure to cheek the forward movement of the control column, or 
keeping it too far forward, may give the aircraft a pitching motion which can 
stop the engine, cause a runaway propeller, make the diving angle exces-  
sively steep or build up a high air apeed. 
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UNT lL W E  SPINNING ¶OPS 

AND RE&- FROM THE 

Figure 3 : The Spin and Spin Recovery 
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(3 )  Level the wings before easing gently out of the dive; remember to  
ease out GENTLY to prevent a secondary stall and a possible repetition of 
the stall/spin sequence. When the nose rises above the horizon and the air-  
q e e d  is slightly below 11QK, move the mixture control back to full "RICH1' 
and open the throttle, 

7.1 7 - The Incipient Spin 
11) Immediately after an aircraft stalls and one wing starts to drop, 
conditions are perfect for the development of a spin, This transitory period 
between the wing dropping and the start of the  spiral flight path is known as 
an Incipient Spin. The recovery action as dutlined be low is the same a s  for  
a stall when one wing drops. 

( a )  Move the control column straight forward and, simultane- 
ously, open the throttle to the maximum permissible MP.  

(b) Apply sufficient rudder to prevent further yaw. 

(c) When the wings become unetalled, level them with aileron, 

( d )  Raise the nose above the level flight attitude to prevent 
any further lose of height. 

7.18 -Emergency Spin Recovery 

(1) Normal spin recovery action should s top  t h e  rotation within one or 
two turns. If the aircraftcontinues to  spin, the following emergency recovery 
techniques are recommended. 

(a) RUDDER - Maintain positive full xudder opposite to the 
direction of rotation. The slightest slackening of the rud- 
der pressure may give the spin a new lease of life. 

(b) ELEVATORS AND THROTTLE - Attempt to Induce a 
pitching motion by holding the control column fully back 
until 500 feet of height haa been lost, then mwe it fully 
forward, repeating rythmieally and allowing several 5 % -  

onds between each mwement. To assist in inducing a 
pitthing motion, the throttle should be opened with the 
forward movements of the control column, and closed with 
the backward movements. The elevator trim should be in 
the neutral posit ion. (Remember that if you are prac ti ~ing 
spins you will  have to pull the mixture control back from 
"IDLE CUT-OFF" to  "RICHH befare opening the throttle. ) 
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(c) AILERONS - Aileron applied in the direction of rotation 
may have some effect. 

(d) FLAPS - S i n c e t h e u s e o f f l a p  mayhaveanadverseeffect 
on the recovery, they should be ured only a s  a last re-  
sort. 

(2)  If after taking emergency recovery action the aircraft doe a not come 
out of the spin before reaching the minimum safe altitude a s  laid down in 
local flying orders, you rnust bail-out s n  the outride of the spin. 

7.19 - Dive Recovery 

(1 1 Many of the manoeuvres that you are expected to perform at FTS 
result in dives, therefore the following information i s  included here to pro-  
vide you with a sound knowledge of dive recovery. 

(2  Recoveries should always be made smoothly and with a minimum 
lose of altitude. The maximum speed and "GIt limitations of the aircraft 
must not be exceeded: a red line on the airspeed indicator shows the maxi- 
mum permissible airspeed a s  laid down in EOs, but the "Gtt load can only be 
estimated. Estimation of the "G" load is aimple, since the same factors af- 
fect both the aircraft and the pilot. Occasionally, after a particularly tight 
turn or pull up, you may experience a sensation known as "black outlt during 
which your vision is totally restricCed for a short period, This is a normal 
condition varying from a slight impairment to a complete loss  of vision, and 
is caused by centrifugal force draining blood from the eye tissues, thereby 
xeduclng the oxygen content of the retina. If you black yourself out, the air- 
craft has been subjected to an equal strain, so if you suspect that the air speed 
or "Gll limitations have been exceeded you must make an entry in the L-14, 

(3 )  During high-speed dives there is a danger of the propeller over- 
speeding, If the dive i s  to be made with the throttle closed, the pitch lever 
must be pulled back to full flCOARSE" before the throttle is closed completely. 
This is in contrast to the normal procedure fo r  a shallow dive, when you 
would leave the pitch lever at cruising rpm, and throttle back to from 10 to 
20"' M P .  High-sp~eddives are seldomnecessary; however, if youdo happen 
to make one either intentionally or unintentionally you muat watch far propel- 
ler overspeeding. If overspeeding does occur despite your attempts to avoid 
it, you must proceed as outlined in Art 7, 1 i (6 )  asld (7). 
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Forced Landings 

8.01 - Introduction 
(1) Engine failure in the Harvard i s  extremely rare, but every pilot 
must be prepared for any emergency. The carrying out of a euccessfulforced 
landing depends on your ability to react promptly and efficiently, without 
panic - an ability which can only be acquired through conscientious study and 
practice. 

( 2 )  The following paragraphs deal mainly with complete engine failure, 
In the event of partial engine failure you must be able to make the decision 
whether to fly to the nearest aerodromefor an emergency landing, or attempt 
aforced landing. Your instructor willdiscuss this problem with you and will  
show you how t o  reach a decision in various situations, 

8.02. The Loss of Power Check 
(1) The Loss of Power, or Fuel-Mixture-Switches (FMS), cheek is car-  
ried out as soon as the engine fails. By doing this check early, i t  may be 
possible to determine the reason for the failure and to take action to re-start 
the engine. The nose of the aircraft should be raised to convert excess speed 
into height, and, when the airspeed has dropped to 90K, this speed should be 
held in a gliding attitude. While the air speed is falling off to gliding speed, 
you should start a turn in the direction of the nearest aerodrome, cloae the 
throttle to prevent the engine from being damaged by any sudden surge of 
power, and do the fallowing check. 

CHECK 

Fuel 

HOW 

Visually - Pressure. 

WHY 

If thefuelpressure is nor- 
mal, lack of fuel is not the 
cause of the failure. If 
the fuel pressure i s  low, 
you should check the 



(2 If the FMS check does not rectify the engine failure, you arc com- 
mitteti to a forced landing, therefore your subsequent actions mustbe directed 
towards achieving a safe landing. Your fir st step should be to  inform some- 
one of your trouble by making a distress call on 12 1 . 5  m c  s and transmitking 
your intentions. If ynu think that you are going to be able to reach the aero- 
drome, the tower wil l  clear the circuit in expectation of your arrival. The 
next s tep  is to  prepare the aircraft and youreclf for the landing. 

C J S C K  

Fuel (Cont'd) 

Mixture 

Carburettor Air 

Magneto Switch 

8.03- The Forced Landing Check 
(1 The Forced Landing Check i s  basically the Pre-Landing Check, to 

which I1Switches" has been added, When you are doing the Forced Landing 
Check, each item must be checked consc iouely so that, for example, if you 
wish to land wheels-up, the undercarriage lever is left in the "UPtt position. 
The check is as follows: 

HOW 

M a n w l y  -Adjust to the 
"RICH" xange. 

Manually - Select I HOTi1. 

Manually - Check that 
the magneto switch is 
at 'BOTH1*. 

WHY 

quantity remaining in the 
selectkd tank. If t4e tank 
appears to be empty or 
almost empty, change to 
another tank a d  pump 
w i t h  the wobble pump until 
the pressure i s  back to  
normal. ff the pressure 
is low and there is suf- 
ficient fuel in the tank, 
failure af the engine- 
driven fuel pump is likely. 
Pumping with the wobble 
pump may restore the 
pressure and keep the  
engine running. 

Too lean a mixture may 
have caused the failure. 

Cgrburettor icing may 
have caused the failure. 

The switch may have been 
knocked "OFFt' acc iden- 
tally. 
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CHECK 

Undercarriage 

Fuel 

Brakes 

Undercaxr iage 

Mixture 

Carbur ettor Air 

Pitch 

HOW 

Manually - Select 
' 'DOWN1 I, i f  landing on 
an aerodrome; other - 
wise  l eave in tbe1 'UPl7  
position. 

Manually-SelectttOFF1l. 

W i t h  the toes - Depress 
t h e  brdke pedals i f  
landing w i t h  the under- 
carr iage "DOWNtt. 

Visually - Check the in -  
dicators and the warning 
l ights.  

Manually - P u s h  fully 
forward to  "IDLE CUT-  
O F F T t .  

Manually - Push fully 
forward  t o  "COLD1', 

Manually - Adjustac-  
cording to coqditioqg. 

- 

WHY 

A normal wheels-down 
landing may be carr ied  
out on a runway, but, if 
t h e a e r o d r o m e c a n n o t b e  
reached, then the under - 
carriage must be left 
"UP". Leaving the wheels 
"UP" eliminates the dan- 
g e r  of overturning when 
touching-down on an un- 
prepared surface,  

To reducethefire hazard. 

To ensure that 'there is 
sufficient brake pressure 
to make the brakes work 
effectively. 

T o e n s u r e t h a t t h e u n d e r -  
carriage is in thedesired 
position. 

To reduce the f ire hazard, 

This is the normal p ro -  
e edur e far landing. 

Normally, t h e p i t c h l e v e r  
is pushed f o r w a r d  to 
"FINE1',  however, if  i t  is 
evident that  y ~ u  are to 
under shoot the desired 
landing spot, the gliding 
distance can be increased 
by moving the lever  ta 
l'COARSE'f. 
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Figure 1: A Forced Landing 

CHECK 

Harness 

Hood 

Magneto Switches 

Battery Master 

HOW 

Manually - Lack. 

Manually - Adjust to 
eithex fully ttOFEN" ar 
fully +%CLOSED". 

Manually - Turn to 
rrOFF". 

Manually - Switch "OFFu 
after you have made your 
l aa t  radio transmission. 

WHY 

Normal safety precaution. 

To facilitate abandoning 
the aircraft after the 
landing. 

To reduce the fire hazard. 

To reduce the fire hazard. 
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8.04-A Forced Landing on an Aerodrome 
(1) If you ever have to do a forced landing in a Harvard, you'may be at 
a height from which you can plan an approach to  a nearby aerodrome. While 
you are running through the FMS and Forced Landing Checks, you should be 
heading towards the aerodrome in a glide at 90K, regulating your flight path 
so that the aircraft passes over the button, into wind, at a height af approxi- 
mately 2,500 feet AGL. TRie position-, a s  shown in Figure I opposite, is 
known as "High Key". You should b e  able to judge the rate of descent without 
difficulty if you remember that a Harvard loses approximately 2 , 0 0 0  feet in a 
360 degree, Rate 1 gliding turn with the unde~carriage 'lDOWN". The under- 
carriage should not be lowered until you have reached a "High Key", but to 
assist you to  lose altitude, it may be  lowered sooner. 

(2) On reaching "High Key1' ,  you must send the tower a position report 
and at the same time start a 360 degree, Rate  1 gliding turn which wi l l  bring 
you back over the threshold. The rate of turn must be adjusted on the way 
down to  make allowance for wind: depending on the wind strength and direc-  
tion, you willhave to vary the amount of bank used in the turnto avoid drifting 
too far away, or too close to the runway, The correction for wind during the 
palAern is shown in Figure 2 .  

(3) When 180 degrees of turn have been completed, the aircraft should 
be approximately 1,500 feet AGL ih the down-wind position opposite the point 
of touch-down. As shown in Figure 1, this is the "LUW KEY1' position. Here,  
a second transmission should be made to  inform the tower that you are at 
"Low Key". Any necessary adjustments for wind should be made imrnedi- 
ately . 

(4) After 270 degrees  of turn, with the altimeter reading 1,000 feet AGL, 
you shouldask the tower for landing clearance, and make a decision about the 
use of flap. The final approach speed rhould be 80K and you should be aiming 
toland within the first third of the runway. If flap is to be used to steepen the 
approach angle, xernember that, if you have engine failure, the hydraulic 
pump will not be working and you wil l  have to pump the flaps dawn by hand. 

RATE 1 TURN 

CROSS WIND FROM THE LEFT 

BANK DECU 

W FURTHER 
m N  THE RUNWAY 

Figure 2: Correcting for Wind QII a Forced Landing 
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8.05-A Forced Landing in a Field 
(1) A n  alert pilot is c ~ n s t a n t l y  on the look-out for suitable forced landing 
f ields.  When you find i t  impossiblk to reach an  established aerodrome, the 
best location f o r  a forced landing is a level, hard-packed, long, smooth f ield 
with no high objects at the approach end o r  preferably anywhere near it. 
However, since no guarantee can  be  given that you a r e  to be near an ideal  
field when you have engine failure, you must be  able to pick out the best 
available field. Cultivated fields are goad, but some fields used for pasturing 
animals are of doubtful value since they usually contain tree stumps or l a rge  
boulders. Avoid f ields which are crossed by power lines or deep ditches, ox 
which have trees and other natural hazards. If you have a choice, you should 
select a field near habitation or at least near a road. 

( 2 )  When making your choice af a suitable forcedlanding field, you must 
take i t s  length into account, If a strong wind is blowing and you land into 
wind, the space needed f o r  the landing w i l l  be comparatively short:  i f  you 
land down-wind however, th is  distance will. be extended and the field wi l l  have 
to be proportionally longer. Length is only one factor in making the selec- 
tion: wid th  is equally important. If poss ib le ,  the chosen field should be wide 
enough to a l l o w  fo r  correction of e r r o r s  in altitude. 

( 3 )  Once the field has been chosen, stick to your choice and prepare the 
aircraft for a farced landing. Transmit a distress  call on 12 1.5 mc s to  let 
~e tower  know what has happened, thus enabling them to send assistance a s  

quickly a s  possible,  Carry out the Forced Landing Check, but this time, 
since you a r e  to belanding on an unprepared surface, leave the undercarriage 
t fW1 I, A whee ls  -up landing under such circumstances i s  good airmanship, 
since t he  nature of the field i s  unknown and there is a danger of the aircraft 
nosing-over if you attempt a normal three -point landing. The landing pattern 
sbadd be the same as  If you were landing on a runway, but s ince the wheels 
are t 7UF" ,  the gliding distance is greater andan allowance must be made h r  
the extra time i t  takes to lose height. 

(4) If possible, the landing should be made into wind. Nature has many 
ways of disclosing the direction and strength of the wind, smoke being the 
most reliable indicator: if smoke rises slowly anddrifts off, the wind is l ight;  
if it rises and then abruptly drops down close to the ear th,  the wind is strong 
or gusty. Grass and grain fields ripple in the direction of wind - dust blows 
wi th  the wind, If It i s  impossible to tell from which direction the wind is 
blowing, land in the direction of the wind at the time of take-off. If i t  is im- 
possible to land into wind owing t~ lack of height or a l a c k  of a suitable field 
into wind, land crass-wind a x ,  as a last resor t ,  land down-wind. A i m  to  
touch down just 3 s  soon as theboundaryhas been crossed, and planthe round- 
out so that the aircraft touches down in a slightly tail-down attitude. Beware 
of stalling -in whi le  still some distance above the gr<ound. 

( 5 )  The deceleration when landing w i t h  wheels  lTUP1t is abviausly greater 
than during a norrnaL landing, but provided you have tightened your harness 
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eecurely you should sufier no ill effects. As Boon as the aircraft stopslaban- 
don it immediately, since, if the fuel tank8 have been punctured, there may 
be a danger of fire,  If after a few minutes there i~ no evidence of fire, you 
should remove the forced laading instructions from the baggage compartment, 
f i l l  out the information requested and, if fiere is habitation near-by, attempt 
to notify your unit. 

8.06 - Helpful Hints 
(1 ) The following hints are listed to help you carry out a successfut 
forced landing. 

(a) If you are landing into wind, the touch-down speed w i l l  be 
reduced by the wind velocity. 

(b.) If you are landing down-wind, the touch-down speed will 
be increased by the wind velocity. 

( c )  When landing anywhere other than on an aerodrome, al- 
ways leave the undercarriage "UP". This eliminates the 
danger of nosing-over and shortens +he stopping distance 
considerably. 

(d) If you are down-wind of the seIscted field when the engine 
f a i l s  and you want to Lose some excess height before 
reaching "High Keytt ,  you must be aware of the effect of 
wind on the glide. 

(e) The approximate altitudes given in Figure I should help 
you to assess the situation at each stage of the f o r c d  
landing. U s e  them to  make early corrections. 

( f )  If you find it impossible to arrive at "High Key" at the 
height recommended in Figure 1, you should make an at- 
tempt to reach "Low Key" at the corxect height, Any 
method you prefer can be used, provided it is a safe 
manoeuvre and the aircraft does not move too far away 
from the selected landing place. For example, if you are 
at 3,500 feet AGL at "High Key i ' ,  you can glide straight 
ahead until the  altimeter reads 3 ,000feetAGL before doing 
a 180 degree, Rate 1 turn onto the down-wind leg. By 
continuing on the down-wind leg, you should come to the 
llLow Key" position at the proper altitude. Similarly, if 
you cross "High Key" at a height lower than that recom- 
mended, your rate of turn should be greater to allow the 
aircraft to arrive at "Low Keyff without losing so much 
height. If you find that youare low when the engine f a i l e ,  
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leave the undercarriage I 1 U P H  a s  long as possible, to  im- 
prove the gliding range of the aircraft- If you find it im- 
possible to make either "Highzt, or "Low Key" at the rec - 
ommended heighta, DON'T PANIC : concentrate instead on 
making a good approach at a height which will ensure that 
you can reach the landing area without stretchiug the 
glide. 

(g) Use flaps as required to reach thsdseiredlanding spot. 

(h) Flap may be used at any poeition from "High Key" down, 
prwided you can be sure of reaching the Tunway. Re- 
member, however, that it is better to run off the far end 
of the runway than to  underehoot and hit an obstacle on the 
approach. Normally, the flap lever should be left "UP1' 
until you are turning onto the final approach. 

(j) Whatever you do, always remember that you muet NEVER 
STRETCH A GLIDE. 

8.07 - Low Altitude Engine Failure 
(1) Time is the dl-important factor when the engine fails at low alti- 
tude. Your own common sense mu8t teU you what to do next, and which 
checks are moat likely to  establiah the cause of the failure. Keeping the air - 
craft under control should be your main concern, and a plan of action should 
be formulating in your brain so that subsequent events occur according to a 
partern. To assist you in deciding on a plan of action, some recommendations 
are given in the following paragraphs; however, you must realize that no two 
situations are exactly similar, and that your future rests solely in your own 
ability and judgement. YOU MUST BE ABLE TO REACT PROMPTLY, AND 
WITH ASSURANCE, IN TIME OF EMERGENCY. 

(2 PARTIAL ENGINE FAILURE - With partial engine failure, depending 
on the amount of power left, you may be able to reach the aerodrome. The 
decision rests with you, but of course your immediate action must be to find 
the cause of the failure and try to rectify it. After doing the FMS and Forced 
Landing Checks, try to maintain altitude if you think you can reach the aero- 
drome, but keep a constant check on temperatures and pressures for an in- 
dication of more serious trouble, If you succeed in reaching the aerodrome, 
it is advisable to close the throttle and land, using a forced landing circuit 
pattern. In this way, if the engine fails completely during the landing, you 
will  still be able to make the runway, 

(3) ENGINE FAILURE ON THE RUMWAY - If the engine fail8 on take- 
off while the aircraft is still on the ground, close the throttle and apply the 
brakes. If it is obvious that the aircraft cannot be stopped before it runs off 
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the runway, and there is a danger of hitting an ob struction, .you should ground 
loop, intentionally. At all costs avoid hitting fencea or ditches or similar 
obstacles which mayflip the aircraft over on itsback and cause more serious 
damage. Remember, youcanalways pull theundercarriage llUP1', 

14) ENGINE FAILURE AFTER TAKE-OFF (BELOW 5Q0 FEET) - If the 
engine fails immediately after take-off, you may only have time to close the 
throttle, pick a landing path, raise the undexcarriage, lower the nose to 
maintain 80K, and concentrate an making a landing. A slight turn is permia - 
sibie to reach a suitable, obstruction-free landing path, but it is not wise to 
turn more than a few degrees either side of a line running straight ahead. 
Remember  at you are attempting to make a SAFE landing: don't worry about 
too many checks and don't have your head in the cockpit when you should be 
planning the approach. 

(5) ENGINE FAILURE ABOVE 50Q FEET (BELX3W CIRCUIT HEIGHT) - 
Engine failure above 500 feet while climbing after take-off gives you a little 
more t i n e  to assess the situation. You should have k ime to relect a auitable 
field straight ahead, or slightly off to one side. Mter lowering the nose to 
maintain 90K, you should close the throttle, complete the FMS and Forced 
Landing Checks and concentrate on making an approach for a forced landing. 

RUNWAY OR ON ANY 
AYAlUBLE RUNWAY 

Figure 3 : Engine Failure in the Circuit 
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(6) ENGINE FAILURE IN THE CIRCUIT - When flying a normal circuit, 
it is highly probable that a forced landing can be completed successfulLy on 
the runway in use ,  or m one of the other runways. (Figure 3 overleaf. ) Im- 
mediately the engine fails, you should: 

(a) lower the nos? to  maintain 90K; 

(b) turn towards the field or ruhway; 

c )  contact the tower and inform them of your intentions; 

(d) complete the FMS Check; and 

(e) complete the Forced Landing Check. 

8.08 -Simulated Forced Landings 
(1) Periodically, your instructor will simulate engine failure by closing 
the throttle and saying "Forced Landing !" over the interphone. These prac- 
tice engine failures help to prepare you to  act promptly and efficiently in any 
emergency, and are planned to develop accuracy, judgement, planning tech- 
nique and confidence in your approach to forced landing problems. 

(2) To set the aircraft up to give conditions as close as possible to those 
of a real engine failure, your instructor, after giving you the preliminary 
warning, w i l l  push the pitch lever forward to  "F1NEt7, drop 30 degrees of 
flap and open the throttle to lott  M P .  (If the weather is cold, the throttle will 
have to be set at 12'' MP to keep the cylinder head temperature above 100°C. ) 
As the aircraft descends, the MP w i l l  increase, but your instructor will make 
the necessary adjustments to bring it back to the proper setting. The rate of 
descent with  these settings is similar to  the rate of descent with engine fail- 
ure. 

(3 )  Your immediate reaction to the "Forced bndingt '  announcement 
ahould be to raise the nose to convert excess a p e d  into height, and then 
adopt a gliding attitude at 90K. Complete the FMS check. and at the same 
time contact the tower and ask for permission to da a Practice Forced 
Landing (PFL). During the Forced Landing Check you MUST NOT, UNDER 
ANY CIRCUMSTANCES, TURN THE FUEL OR SWITCHES "OFF"; you should 
prepare the aircraft for a possible overshoot by switching the fuel to the 
fullest tank, pulling the mixture control back t o  "RICHtt an? checking to make 
sure that the pitch lever  is at "FINE1'. This change in procedures should not 
cause confusion duw ing an actual forced landing if you concehtrate on what 
you are doing and above all - THINK! Simply assess the situation and do the 
checks to meet it, 

(4) The final approach on the simulated forced landing is slightly dif- 
ferent, owing to the power and £lap settings being used to give the relatively 
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(6) ENGINE FAILURE IN THE CIRCUIT - When flying a normal circuit, 
it is highly probable that a ioreed landing Can be completed snceersfuliy on 
the runway in use, or on  one of the other runways. (Figure 3 overleaf. ) Im- 
mediately the engine fails, you should: 

(a) lower the nose to maintain 90K; 

(b) turn tawards the field or xunway; 

(c) contact tbc  tower and inform them of your intentions; 

Id) complete the FMS Check; and 

complete the Forced Latrding Check. 

8.08 -Simulated Forced Landings 
(1) Periodically, your  instructor will simulate engine failure by closing 
the throttle and saying "Forced Landing! " over the interphone. These prac - 
tice engine failures help to prepare you to a c t  promptly and efficiently in any 
emergency, and are planned t o  develop accuracy, judgement, planning tech- 
nique and confidence in your approach to forced landing problems. 

( 2 )  To set the aircraft up to give conditions as close as possibleto those 
of a real engine failure, your instructor, after giving you the preliminary 
warning, will push the pitch lever forward to "FINE", drop 30 degrees of 
flap and open the throttle to 10" MP, (If the weather is cold, the throttle w i l l  
have td be set at 12'' MR to keep the cylinder head temperature above 10QOC. ) 
As the aircraft descends, the MP will increase, but your instructor w i l l  make 
the necessary adjustments to bring it back to the proper setting. The rate of 
descent with these settings is eimilar t o  the rate of descent with engine fail- 
ure. 

( 3  Your immediate reaction to the "Forced Landing" announcement 
should be to raise the nose to convert e x c e s s  speed into height, and then 
adopt a gliding attitude at 90K. Complete the FMS check, and at the same 
time contact the tower and ask for permission to do a Practice Forced 
Landing (PFL). During the Forced Landing Check you MUST NOT, UNDER 
A N Y  CIRCUMSTANCES, TURN THE FUEL OR SWITCHES iiOFF"; you should 
prepare the aircraft for a possible overshoot by switching the fuel ta the 
fullest tank, pulling the mixture contr~L back to t'RICH1l and checking ta make 
sure that the pitch lever is at vFINE". This change in procedures should not 
cause confusion during an actual forced landing if you concentrate on what 
you are doing and above all - THINK1 Simply assess the situation and do the 
checks to meet it. 

(4) The final approach on the simulated forced landing i s  slightly dif - 
ferent, owing to the power and flap settings being used to give the relatively 
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true rate of descent, Having already got 30 degrees of flap down, the re- 
maining 15 degrees are lowered to simulate the first flap lowering, and it is 
assumed that you have dropped the rest of your flap when you close the 
throttle. 

(5 1 To simulate engine failure after take-off, your instructor w i l l  close 
the throttle and may give you the audible warning "Forced Landing! ' I :  he will 
NOT make any other adjustments, owing to the proximity of the aircraft to 
the ground. You will be expected to react IMMEDIATELY a s  follows. 

(a) Adopt a gliding attitude at 8OK. 

( c )  Plan an approach as nearly straight ahead as possible. 

(d) Call out the action you would take regarding checks, BUT 
IX) NOT TURN THE FUEL OR SWITCHES "OFF". 

(e) Lower flap, when certain of reaching the selected field. 

(f)  OVERSHOOT when your instructor gives you permis sion 
to do so, or WHEN YOU REACH 50 FEET AGL. 

at the end of thie publication? 
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Chapter 9 

Accuracy Landings 

9.01 - Introduction 
( l )  Up to  this point in your training at PFS and FTS, you have been 
practising landings without attempting to do more than jus t  concentrate on a 
safe arrival. Fram now on, you will be expected to make each landing an 
Accuracy Landing; ie, each landing will  be properly planned ao that the air- 
craft touche s down an a fixed spot on the runway. Planning, good judgement 
and precision flying all contribute to making a landing into an Accuracy 
Ianding, but the development of a high degree of skill can only be achieved 
by learning a designated technique for each type of landing. Once the air 
pattern and ground track are fully under stood, you can put your new skill to 
use in making successful arrivals at strange airfields, or in completing a 
safe, emergency landing. From the beginning you should realize that there 
is no mystery connected with Accuracy Landings: the spot is selected, and 
you touch down on that spot. 

9.02 - P l anning the Landing 
(1) When you are coming in to l a d ,  your instructor w i l l  designate a 
particular spot on the runway for the touch down, if there isn't a recognized 
spot-lading mark, he may pick the runway direction figures or a taxi - strip 
intereectioa. If you are going to land accurately on thie spot, you must start 
to plan backwards, using the spot as a datum. 

(2) Going backwards, the first imaginary point to be selected is the 
area of the round-out. Its position will vary according to the wind strength, 
being closer to the touch-down epot if the wind is swong. Remember that 
there isn't  much you can do once you have made the necessary control move- 
mentr to effect the round-out: you can only carry through the landing to ite 
conclusion. This means that fhe point of touch down depends wholly on the 
round-out, hence the importance of making an accurate e stirnation. 

(3 )  Working back from the xound-out, you can plan the position of the 
tuxn onto the final approach, as well as where to lower flap and make power 
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changes. To start with, your judgement may be somewhat less thanperfect, 
but with practice, your proficiency will grow. Within a short time, you w i l l  
b e  planning approaches without making a consciour effort to go through each 
step. 

9.03 - The 90' Power -On Approach 
( 1 )  The 9Q0 Power-On Approach is designed to increase your profi- 
ciency in power -on approaches as used by high-performance aixcraft. The 
term "900 Power -On Approach" is based on the fact that the las t  power ad- 
justment is made on the base leg, at 90 degrees to the touch down, The cir - 
cuit i o  normal until after the turn onto the base leg. After doing the Base 
Leg Check, you may lower 15 degrees of flap, and select a suitable throttle 
setting to  carry the aircraft to the round-out poeition. An airspeed of 40K 
should be held until after the final turn, when a reduction to 80K should be 
made. Additional flap may be dropped to regulate the descent, but it is not 
desirable to lower flap too clase to the round-out position. NEVER RAISE 
FLAP ON AN APPROACH, 

( 2 )  If the correct power setting has been uoed and enough flap has been 
lowered at the right time, the round-out should coma at the proper time to 
allow you to land on the touch-down spot. Estimating the correct throttle 
aetting on the base leg is the main consideration for t h i g  type of approach. 
But judiciouo use of flap is permissible to  help you to make a landing within 
the limits prescribed, If you find that your judgement has not been good 
enough and the aircraft i s  either high or low on the approach, it is pointless 
to continue the exercise as a lfpower-on" approach: you should continue to  
make a normal landing. If the error is too great for you to be able to salvage 
the approach with reasonable corrections, OVERSHOOT and try again, Try 
to analyse your mistakes and make suitable corrections an sub sequent eir- 
cuits. 

9.04-The 90' Power-Off Approach 
(1) The Power-Off Approach is taught to improve your judgement of 
gliding angles and distance a, and to aid in developing your landing proficiency. 
A normal traffic pattern is flown to the paint on the down-wind leg where you 
are ready to roll onto the base leg.  The turn should be started earlier than 
for a normal, power-on approach, and the wind speed and direction must be 
taken into account, along with the fact that &e throttle wi l l  be completely 
closed within the next few minutes, Maintain the correct circuit altitude while 
correcting for drift, and, at a pre-selected position, close the throttle and 
carry out the Base Leg Check. 

(2) As soon aa  the throttle is closed, you should raise the nose to  main- 
tain altitude until the airspeed decreases to ?OK, whereupon you shodd lower 
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Figure 1: The Power-OH Approach Attitude 

the nose and trim the aircraft to  maintain a gliding attitude. The turn on- 
the final approach must be judged properly, so that the aircraft i u  lined- 
with the runway on rolling- out, On the final approach, the airapeed should 
be reduced to 80K. Flap may be lowered if necessary and the aircraft should 
be retrirnmed constantly, according to the various chamgea of attiwe. If 
you have judged the approach properly to this point, the nose of the aircraft 
should appear to be  aimed just short of the desired landing spot. Naturally, 
the stronger the wind, the nearer the nose should be  to the lading spot. 

( 3 )  When you are satisfied that the gliding ~ttitude is correct and tRat 
you have enough flap down, concentrate un ~aking a good three-point landing 
without worrying about the spot. Your actions on the base leg and during the 
early part of the final approach regulate the location of the landing, During 
the final stages, therefore, it i a  better to concentrate on making a. good 
three -point landing two hundred feet from the spot, then to make a bad landing 
on the apot. After Landing you should remember the techniques used and, 
having analysed your faults, you should try again. 

(4 ) If the wind is Light, or if you have turned onto the base leg too soon, 
you shouldclose the throttle sooner, andviceversa, Whenthere is acrose-  
wind blowing, you should uae the approach techniques described in Article 
6 . 0 6 . b  make allowances for drift. The uae of flap on the baseleg is optional, 
but should not exceed 15 degrees; a requirement for more flap means that 
your judgement in turning onto the base leg has been poor, therefore you 
should delay the turn on the next circuit, You should not lower flap when 
turning onto the final-approach leg. Figure 1 has been prepared to illustrate 
the a~p~oximate approach attitude, ful l  flap landing ver BUB flapless landing. 

9.05-Short Field Landings 
(1) The Short-Field Landing technique taught at FTS,  while not neces - 
sar ily being the b e s t  for the Harvard, is applicable ts the high-performance 
aircraft that you will be flying one day. The object of practising these 
lkndings i a  to: 
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(a) t o u c h d o w n a a c l o s e t o ~ e t h r e ~ h o l d o f t h e r u n w a y a s p o a -  
eible; and 

(b) stop in the shorteclt possible distance, because of 

(i) a short, slippery, o r  obstructed runway, or 
. . .. 

(ii) brake failure. . . 

(2) The circuit i e  of normal size and shape, except that, depending on 
the wind, the down-wind leg may have to be extended slightly to cornpenmate 
for the changed angle of approach. The power setting selacted at the Base 
Leg Check should be between 10" and 12'' MP and, after the turn onto the 
final approach, you must  lower full flap befoxe reducing the air speed to 70K. 
The proper speed and attitude for the final approach must be attained before 
the aircraft reaches 300 feet AGL. As in other Accuracy Landings, a pre- 
determined spot is selected for the touch down, and you should be aiming suf - 
ficiently short of  the spot, while making due allowancefor wind, ta enable the 
aircraft to round-out and touch down on the spot. The purpoee of the lower 
air  peed and the consequently higher nose attitude is that thaxe is a amaller 
attitude change during the round -out, and this, in turn, gives a ahorter float 
period. 

(3) The round-out and touch down are similar to those of a normal 
landing, except that as you start the round-out, gradually close the throttle 
to allow the aircraft to touch down on the  desired spot. The time to close the 
throttle depends on the surface wind: if the wind is light, the longer float 
period muat be expected, therefore the throttle must be closed earlier, and 
vice ver oa. Good planning and judgement are paramount at this stage of the 
landing. The perfect Short-Field Landing is one in which the throttle is 
closed and the round-out completed at exactly the right moment, r o  that the 
aircraft sinka onto the landing spot in the three-point attitude. If you find 
that you have rounded-out prematurely, it is permissible to  open the throttle 
slightly to delay the touch down. Long, drag-in approaches, or power-off 
approaches, merely demonstrate poor planning and judgement, as wall as 
failure to grasp the whole purpose of the exercise. If you find yourself in 
such a position, overshoot and try again. 

(4 1 During the after -landing roll the brakes should be applied, if they 
are available, to stop the aircraft in the shortest possible distance, but you 
should remember that the Harvard is l ikely to nose-over if the brakea are 
used improperly. When the q e e d  is high, strong brake pressure can be ap- 
plied - pr~vided the controlcolumn is heldwell back: as the epeeddecreasee, 
so must the brake application, 
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Chapt mr 10 

Co-ordination Manoeuvres 

10.01 - Introduction 

(1) As the name implies, co-ordination manoeuvres are taught to devel- 
op your co-ordination: they increase your ability to plan ahead, and foster a 
sense of timing. All of these attributes are necessary if you are to become 
expert at  flying, and conscientious practice is needed to attain the required 
standard of proficiency. The two manoeuvres comprising thi a exercise are 
the ChandeLle and the Lazy Eight, 

( 2 )  33 ef or e attempting either sequence you muat complete the following 
check. 

CHECK 

Gyro s 

Throttle 

Pitch 

Mixture 

HOW 

Manually - Cage. 

Manually - Set at 25" 
MP, 

Manually - Set at 1750 
rpm, 

Manually - Leaned, 

WHY 

To prevent damage should 
the limits of the instru- 
menta be exceeded during 
the exercise. 

llNormal cruise" is the 
power setting used for 
this exercise. 

"Normal cruise" is the 
most efficient propeller 
~e t t ing  for these manoe- 
UVF es, 

To achieve emaath 
running. 
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SELEer Cf3UISltdG 

THE TURN 

as  you start to roll into the ifiitial climbing turn, Close to the 90 degree 
point the decreasing airspeed cauws the aiferaft to  have a tendency to yaw 
to the left, eo right rudder is needed to keep the ball in the centre, Later, 
when you begin to apply right aileron to atart tha roll-out, the down-going 
aileron on the left wing causes aileron drag, thus aggravating the yaw caused 
by the reduced air speed. This means that still more right rudder is needed 
to maintain co-ordinatsd flight. As the control column is centred and the 
wings become level, aileron drag disappears, but some right rudder must be 
kept on to keep the ball in the centre. As long as  the air speed is decreasing, 
the yaw tb the left is increasing. 

(4 1 A Chandelle to the right i s  essentially the same ae one to the left, up 
to the point of 90 degrees of turn. As the airspeed decreases, morp right 
rudder ie needed to affset the yaw induced by the decreasing air speed. When 
left aileron preasure is applied to start the roll-out, however, the down- 
going aileron on the right wing cauees aileron drag, and tends to yaw the nose 
to the right, Thus, the two yawing forces oppose each other, and very little 
rudder pressure is needed for co-ordinated flight: you may even have to re- 
lax some of the right r u d d s ~  pressure previously applied. Y o u  must re- 
member however, that when *e wings become level aileron drag disappears, 
necessitating increased rudder prep sure to  the right, to counteract the effect 
of the continuing yam to the left. 
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(5 1 You must bear in mind that while the bank increases to 60 degrees 
and then comes back to level flight, giving 120 degrees of change, the pitch 
attitude of the aircraft only changes 50 to 60 degrees, Thia means that the 
r a t e  of  roll into the turn must be at a faster rate than the amount of pull-up 
applied. Also, if the rate of pull-up is fast, then the rate of turn must be 
correspondingly fast to  reach the 180 degree point before the aircraft stalls. 
Conver aely, i f  the rate of pull-up is slow, then the rate of turn must be slow 
so that t h e  180 degree point is reache4 before the aircraft stalls. The pri- 
mary purpose of the Manoeuvre is to impsave your co -ordination, therefore 
you must practise it in both directions and concentrate on keeping the con- 
t r d  s co-ordinated throughout the entire manoeuvre, 

10.03 - The Lazy Eight 
( 1 )  The lazy eight  is a slow, lazy manoeuvre in which the nose of the 
aircraft describeo a horizontal figure 8 on t he  horizon, the horizon l ine bi - 
secting the figure 8 from end to end. The manoeuvre requires continuous 
changes of pitch and bank attitude through two I80 degree changes of direc- 
tion, Constantly changing control pressures are needed, owing to the varying 
air speeds and changing combinations of climb, dive and bank, 

(2) Once t h e  aircraft has been lined-up parallel to a road or other suit- 
able line on the ground, you must choose a reference point on the horizon 
directly off the wing tip, B y  blending aileron, rudder and elevator pressures 
together, you can start a gradual climbing turn in the direction of this refer- 
ence point, The initial degree of bank should be very shallow to prevent the 
rate of turn from becoming too rapid. Remember that the rate of turn de- 
pends on We degree of bafi  and the airspeed, therefore, as the nose is raised 
and the airspeed starts to drop off, the rate of turn tends to increase. Unless 
the initial turn is shallow, the ensuing rapid rate of turn may eauee you to 
over shoot your refer ene e point. 

(3 )  The pull-up should be timed so that the nose reaches its highest 
pitch attitude of 45 degrees above the horizon, when ,there are 45 degrees of 
bank and 45 degrees of turn. At this stage you should release some of the 
back pressure tolower the nose towarde the reference point. As the airspeed 
decreases, the amount of yaw to the left increases. Aileron drag is. present 
to a certain extent, depending on the amount of aileron pressure applied, 
therefore varying amounts- of rudder pr esaure are required to keep the air - 
craft in ca-ordinated flight. 

(4 1 While the nose is being lowered towards the reference point, you 
must c ~ n t i n u e  to increase the bank until it is approximately 80 degrees as the 
aircraft cuts through the horizon. At this point the aircraft should have turned 
through 90 degrees, and a small amount of opposite aileron may be needed to 
keep the bank from becoming too steep, The lowest airopeed should beat- 
tained just before the nose reaches the horizon, and it should be about bOK 
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Figure 2: The Lazy Eight 

lower than the normal cruieing speed used at the beginning of the manoeuvre. 
From hare, the aircraft is allowed to continue down in a descending turn so 
that the nose follow^ the same path belowthe horizon as it did above the hori-  
zon. 

( 5 )  A B  the nose passes through the reference paint, you must start to 
decrease the bank and increase the back pressure so that, at the lowest  pitch 
attitude of 45 degrees below the horizon, the aircraft is banked at 45 degree8 
and has turned through 135 degrees. Continue raising the nwse and rolling off 
the bank until, at the horizon, the wings are level and the aircraft has turned 
through 180 degrees. As the airspeed increases on the way down in the de- 
wending turn, the yaw to the left gradually disappears, but the effect of ail- 
eron drag remains as long as aileron is being applied. The correct amount 
of rudder pressure must be used throughout, to keep the manoeuvre colordi- 
nated. The only place where the wings are level is at the 180 degree point 
and, here, the reference point is on the opposite wing tip. In addition, the 
airspeed should be back to the original reading at which the exercise was 

started. 

(6 )  The wings should not be allowed to remain level at the 180 degree 
point, since the lazy eight is only half finished. (Figure 2 )  Immediately, you 
should start a climbing turn in the direction of the reference point and corn- 
plete the second half of the manoeuvre, as described in paragraphs 3, 4 and 5 .  
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At the end, the aircraft shouid be flying on the original heading at the original 
air speed and dtitude. 

(71 The whole manoeuvre should be accomplished in a s low,  lazy man- 
ner, without hesitation, and with constantly changing control pre ssures and 
flight attitudes. You must not allow the wings to reach the horizontal posi- 
tion before the nose reaches the horizon. Doing so flattens out the end of the 
Lazy Eight and puts it out of ehape. TO start  with, you should try to fly the 
pattern correctly, keeping the aircraft in co-ordinated flight and without war- 
rying too much about air speed or attitude, Later, with prac tiee, you should 
be able to make the necessary adjustments to attain the proper conditions of 
flight, 
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Chapter 11 

Aerobatics 

11.01 - Introduction 
(1) At PFS, near the end of the course, your instructor wi l l  have intso- 
duced you to the loop and the slow ro l l .  Now you are going to have a chance 
to perform these solo and, in addition, you will learn to do advanced and 
multiple aerobatic s. 

( 2 )  The purpose of teaching aerobatics is to help you to develop a more 
sensitive feel when handling the aircraft,  and to improve your ability to co- 
ordinate the controls in any attitude of flight. Learning to perform these se- 
quences skilfully should give you more confidence in your own flying ability: 
you will become more familiar with all attitudes of flight, and you will know 
how to fly the aircraft to its maximum. You wi l l  be taught how to recover 
from abnormal attitudes and, gradually, your confidence will build up until 
you have complete mastery over the aircraft. Remember that confidence in 
the aircraft i s  j u s t  a a  important aa  being able t o  do the manoeuvres them- 
selves . 

Pre-aerobatic Check 
(1) Before attempting any aerobatic manoeuvre, you must be certain that 
the aircraft i s  properly prepared far this type of flying and that the area is 
clear. The Pre-Asrobatic Check is identical to the one done before stalling 
or spinning, and is  outlined i n  Art  7.  07. 

(2) Again, you are reminded of the ever -present danger of other air- 
craft near you, and of the need to  be continually on the look-out. Your in- 
structor wil l  show you how to clear the area according to the complexity of 
the aerobatic sequences and how to keep a good look-outduring each exercise. 
R e m e m b e r  that there is a minimum altitude restriction of 3,000 feet AGL. 

(3)  The normal throttle setting for aerobatics is 28" MP, but you should 
keep your hand on the throttle all the time, so that should the engine cut out 
you can take the remedial action outlined in Art 7 .  11 ( 6 )  and ( 7 )  to prevent 
propeller averspeeding, 
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(1) As shown in Figure 1, a loop is a 360 degree turn  in the vertical 
plans; consequently i t  is mainly controlled by the elevators; the ailerons and 
rudder being used for co -ordination and maintaining direction- During the 
clear in@; turns you should pick a ground reference, such as a straight road or 
section line, to keep the aircraft orientated directionaily. 

( 2 )  To start the exercise the airspeed must be 155K, and the best way 
to build up this speed is to dive the aircraft through the last clearing turn. As 
€he airspeed appraaches L55K, roll nut of the turn parallel to the reference 
l ine  and release the forward pressure, thus raising the nose smoothly to the 
horizon as the airspeed reaches 155K. Just before the nose reachea the 
horizon, exert increasing back pressure until the aircxaft i~ moving upwards 
at a constant rate. Hold the wings level with aileron andkeep directional 
control with rudder. Remember, changing air speeds require changing ap - 
plications of rudder. 

(3 )  During the pull-up, centrifugal force will  cause you to feel that you 
are being pressed down into the seat: this pressure can be used to  help you 
to judge the proper rate of movement. If there is very little seat pressure, 
the rate of pull-up is not fast enough, and vice versa.  When you can nolonger 
see the horizon ahead, look out at the wing tips and keep them equidistant 
above the horizon with aileron. Maintain steady directional control. When 
the wing tips appear to be vertical to the horizon, move your head back until 
you can see the approaching horizon on the 
other side of the loop. Use this new hori- 
zon as a datum line for keeping the wings 
level, and for maintaining direction. 

(4) Approaching the inverted position 
a small amaunt of back pressure should be 
released, but not enough to remove the cen- 
trifugalpressure, This i s  done to prevent 
a stall at the low air speed encountered at 
the top of a loop. A's the air speed de - 
creases, right rudder prs ssure must be in- 
creased to counteract yaw and thus main- 
tain diree tion. Most  right rudder pressure 
is needed at the top of the loop where the 
speed is lowest. Shortly  afterward^, as the 
nose descends through the horizon, the back 
pressure wi l l  have to be reapplied t o  keep 
the nose moving back to  the level-£light atti- 
t u d ~ a t  a conatant rate. As the speed builds- 
up in the descent, the right rudder pressure 
must be released to keep the nose parallel 
to the reference Line. Seat pressure should 
be definite and fairly steady throughout the Figure 1 : The h a p  
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entire loop, until the nose returne to the level-flight attitude. The airspeed 
at recovery should be the same a8 i t  ws8 during the entry: 155K. 

(5) Remember that the amount of back pressure applied must be j us t  
right. Xf you use  too much, the angle of attack wi l l  increase too rapidly and 
the aircraft will  stall; if you u s e  too little, there will not be enough momsn- 
turn to carry the aircraft around the loop, and it will  stall. Try tv keep the 
nose moving at  .a constant rate, fast enough to give a definite seat preasure 
from the atart of the pull-up through to the moment of recovery. Remember, 
also, that too much back pressure in the final stages of the recovery may 
precipitate a high-speed stall. 

11.04-The Slow Roll 
( 1 )  A slow roll i a  an aerobatic manoeuvre in which the aircraft, con- 
trolled by the ailerons, is rolled through 360 degrees around its longitudinal 
axie. The rudders and elevators are used to maintain the desired nose posi- 
tion, the noee describing an ellipse on the horizon in the direction of roll, 

(2) The slow roll is s h r t e d  by diving the aircraft through the laat 
clearing turn. (Figure 2 overleaf) As the airspeed approaches 140K, a ref- 
erence point on the horizon directly above the noae i e  used for direction, and 
the noee is raised through thia point to a position slightly higher than the 
three-point attitude. Aa the nose passes through the horizon, the airapaed 
indicator reading should be 140K. The wings are kept level with aileron. 
The back pressure is released to  top the upward travel of the nose, and 
aileron i e  blended in to make the aircraft roll (Point B in Figure 23. Rudder 
i n  applied a a  needed to co-ordinate the control movemeats and to counteract 
any aileron drag. Aa the bank increases, the noat tends to  sink and swing 
off, a tendency which can be controlled with forward pressure an the control 
column and a alight relaxation of the rudder preasure (C). Care must be 
taken to avoid negative "GI1. (Points D and E. ) 

(3)  A constant rate of roll must be maintained throughout the ~ l o w  roll. 
At point F the forward pressure is released slowly, and rudder in the di- 
rection of the roll i s  applied to keep t h m  noae from dropping too quickly and 
to help in maintaining direction, As the air speed begins to build up in the 
laet 90 degrees of the roll, you must relax some of the aiIeron pressure at 
point H. At the same time a smooth back pressure is substituted for the for- 
ward pressure, to bring the nose up to the level-flight attitude. Rudder is 
needed to co-ordinate the last part of the roll, and to bring the nose back to 
apositiondireetly under the reference point on the horizon, As soon as the 
wings become level, all of the controls should be centralized. The illustra- 
tion in Figure 2 overleaf i s  of a slow roll to the right, but of course, you 
muat practise rolls in both directions. 
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Figure 2: f he Slow Roll 
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11.05 -The Barrel Roll 
( 1 )  A barrel roil is zi co-ordinated manoeuvre in which the nose of the 
aircraft describes  a circle around a point an the horizon; the roll starts with 
the nose on the horizon, the wings  level and the airspeed at 140K; i t  ends in 
the same way. 

(2 While f lying straight and level (Figure 3, Aircraft A), pick a refer- 
ence point on the horizon 45 degrees off the nose, in the direction of the de- 
sired roll. Dive the aircraft straight ahead and, as the speed approaches 
140K, ease back on the control column to raise the nose up through the hori- 
zon. As the nose passes through the horizon and the airspeed reaches 140K, 
blend in co-ordinated aileron and rudder pressures to keep the nose rising, 
and to bank the wings in the direction of the reference point. 

(3) At 90 degrees of roll when the wings are vertical (Aircraft B), the 
fore and aft axis of the aircraft should be at an angle of approximately 45 de- 
grees to the horizon, giving a nose-high attitude. The ro l l  is continued 
through Point C, where some of the back pressure should be released, while 
some aileron pressure is baing applied to maintain the constant rate of roll. 
The rudder pressure should be regulated to keep the aircraft in co-ordinated 
flight. At the horizon the aircraft should be completely inverted, and you 
should otart to decrease rudder pressure in the direction of the roll. 

Figure 3 : The Ba rrel Roll 
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(4 1 When Point E is reached, back pressure i s  Ye-applied so that by the 
time the aircraft is in position F, the wings axe vertical and the nose is at a 
45 degree angle to the h o ~ i z o n  immediately below the reference point. The 
aileron pressure is decreased t~ keep the aircraft rolling at a constant rate 
until, j u s t  as the nose returns to  the horizon, the wings become level. The 
exercise should finish in the same epot relative to the reference p ~ i n t  from 
which it began. 

(5) To gain maximum proficiency, you must prac ti se the barrel roll to 
the Left and to the right, until you can do it equally wel l  to either ~ i d e .  It 
may help you to under stand the manoeuvre better if 3 further examination is 
made of the important painte. Probably you have been asking yourself, "Why 
must I blend in more aileron prersnse when the aircraft i s  at the highest 
point in the roll, with the wings vertical? The answer, of course, is that 
a a  the nose is rising the airspeed i e  diminishing and the aileron8 are be- 
coming less d f ~ c t i v e .  If a constant aileron pressure is held, the roll will 
slow down at this point unles s more aileron surface ie preeented to the air - + 

flow. Later, as the airspeed builds up, this extra pressure has to be relaxed 
to avoid speeding up the rate of roll. Similarly, the  control column back 
pressure is  relaxed at Paint C to keep the rate of turn constant, and i e  re- 
applied at Point E for the same reaeon. You will recall that the aileron on 
the outside of the roll is the one that creates most drag and that aileron drag 
is overcome with rudder. After Point F, the rudder pressure must be re- 
laxed gradually to  keep the desired contr 01 co -ordination. 

11.Q6-The Clover Leaf 
11) A clover leaf is a complex manoeuvre in which portion8 of the loop 
and roll are combined, a5 shown in Figure 4 opposite. The basic reference 
for this exerciae i s  the point at which two ground fa ature lines inter sect at 
90 degrees.  

(2) The clover leaf is started by diving the aircraft through the last 
clearing turn. As the air speed appr~aches 155 K, roll. out of the turn parallel 
to orla of the reference l ines ,  and release the forward pressure to bring the 

, nose smoathly through the horizon as M e  airspeed reaches 155K. Keeping the 
wings level, apply back pressure to bring the nose up as if to begin a loop 
and, at the same time, select a reference point on the horizon off one of the 
wing tipe. When the, nose is at a pitch a t t i w e  of between 60 and 70 degrees 
above the horizon, you must blend ailercrn and rudd-er pressures to start a 
roll in the direction of the chosen reference point. 

(3) When the aircraft is inverted, the wings should be level with the 
horizon and you should have turned through 90 degrees  from the starting 
point. The back preasure is maintained after the inverted position so that 
the aircxaft i s  pulled-through parallel to the second ground reference line: 
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the wings are kept level with aileron and direction is controlled with rudder. 
Keeping the nose moving at a constant rate, the gull-through is timed so &at 
the airspeed is 155K as the nose cuts the horizon. 

(4 ) The remainder of the clover leaf is a repetition of the foregoing pro- 
cedure, the aircraft being rolled four times IN THE SAME DIRECTION, so 
that the exercise finishes on the same heading ae it started. Remember that 
tho rate of roll must be constant, so that the aircraft is inverted, with the 
wings level, immediately over the reference point on the horison. 3 the air - 
c ~ a f t  fails to turn throughthe complete 91) degree~before it  becomes inverted: 

(a) the rate of roll i s  too fast; 

(b)  there is insufficient back pressure; or 

( c )  thereiato~muchbackpressure,  

If it turns through mare than 90 degrees, the rate of roll i s  too s low.  You 
should practise clover leafs in both directions until your co-ordination is 
perfect and the pattern is uniform. 

Fgure 4: The Clover Id 
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11.07-The Cuban Eight 
(1) A cuban eight is a manoeuvre combining portions of the loop and the 
slow roll.  The airspeed, the method of entry and the initial stages of the 
exercise arethe same asfor the loop, up to  the point of the aircraft becoming 
inverted. Here, after checking the approaching horizon, you must look be- 
yond it to a spot approximately 45 degrees lower ,  and pick a suitable refer- 
ence point. As the nose nears this point. release the back pressure and begin 
a half roll around the spot, co-ordinating aileron and rudder pressures, 
During the roll, as the wings become vertical you w i l l  have to apply forward 
pressure along with gradually increasing top rudder to maintain directional 
contr~l.  As soon as the wings become level, centralize the controls and 
start a pull -up at a constant rate to achieve an air speed of 15 5K as the nose 
cuts through the horizon. Repeat this procedure, rolling in the opposite di- 
rection as  shown i n  Figure 5 ,  and finishing up on your original heading with 
an airspeed of 155K. 

( 2 )  If the airspeed is higher than 155K when the aircraft passes through 
the horizon, or if excessive back pressure has been necessary during the 
pull-up, your reference point for the roll-out has been more than 45 degrees 
below the  horizon. If you have had to lower the nose to achieve 155K, your 
reference point has been too close to the horizon. 

Figure 5: The Cuban Eighf 
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11.08 - The Roll-off - the-Top 
(1) A roll-off -the-top consists of the first half of a loop, followed by a 
half-roil to level flight. The result is a gain in altitude with a 180 degree 
change of direction, as shown in Figure 6 .  

(2) The entry to the roll-off-the -top is similar to the entry to a loop, 
except that as the nose is raised through the horizon, the air speed shouid be 
175K. The amount of back pressure applied, however, must be slightly 
greater than for a loop. At the top of the loop, you must watch for the op- 
posite horizon and, as the nose reaches a point approximately 20 degrees 
above the horizon, you must release the back pressure, and apply co-ordi- 
aated aileron and rudder pressures to start the rol l .  Forward pressure to 
maintain dixection i s  needed as the angle of bank move s through the vertical. 
B y  re-applying the back pressure gradually, the nose can b e  prevented from 
descending past the level-flight attitude while direction is being maintained 
with top rudder. The aileron pressure should be relaxed aethe wings become 
level and, when the aircraft has resumed level flight, all of the controls 
should he centralized. 

(3)  Since the aim of this exercise is to recover in a straight and level 
attitude, you must start to roll the aircraft while the nose is still approxi- 

Figure 6: Tha Roll -off - the - Top 
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mately 20 degrees above the horizon. Remember that this roll is executed 
mo~tly  with aileron and you should not attempt to force the roll with rudder 
or elevator pressuree, ainee the aircraft wil l  only skidoutwards and the naae 
will move off the deaired heading. You 6houLd practise rolls-off -the-top in 
both directions, to gain maximum proficiency. 

11.09-The Half-roll and Roll-out 
(1) During a half-roll and roll-out, the aircraft is rolled around its lon- 
gitudinal axis until it is inverted: instead of continuing to roll through to the 
level-flight attitude, the recovery is made by rolling back in the opposite di- 
rection. The airspeed fox entry is 140K, and this may be attained by diving 
through the last clearing turn as you have been doing for other acrobatic se - 
quences. When the air speed is approaching 140K, choose a reference point 
on the horizon immediately above the nose, and smoothly raise the ndse 
through this point to an attitude slightly higher than the three-point attitude. 
The wing8 should be kept level during the pull-up and the airspeed should be 
exactly 140K a8 the nose cuts the horizon. At the correct moment, you must 
co-ordinate aileron and rudder pressures to begin a roll. 

PI As the wings pass  through the vertical, you w i l l  have to exer t  some 
forward pressure for directional control, but no more than is requixed to 
keep the .nose above the reference point: in addition. vou rn~lst h e  n**----*t &- 

Figure 7:  The Half- Roll and Roll-out 
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prevent the roll from continuing past the inverted position. This IS possible 
only by anticipating when to start a gradual reduction of the aileron and rud- 
der pressures BO that they are neutralized by the time the aircraft is over on 
its back. Some forward pressure can be released to allow the nose to begin 
dropping slowly, but you mustn't pause ira the middle of the manoeuvre: IM- 
MEDIATELY apply co -ordinated pre ssure to roll the aircraft back, oppo site 
to the original direction of entry. (Figure 7 opposite. ) The time taken to 
reveraa the controls and s ta r t  the roll-out gives all the hesitation needed. 

(3)  On the roll-out, as the wings reach the vertical position again, you 
murt use sufficient top rudder to keep the nose upr and slight forward pre s - 
eure to maintain direction relative to the reference point, During the last 
quarter of the roll, apply rudder to maintain direction andelevators to return 
the nose to the level-flight attitude. Relax soma of the aileron pressure just  
before reaching level flight to prevent the aircraft from "dishing out". You 
mhould not be subjected to negative "G" during this manoeuvre. 

11.10-The Half-roll and Loop-out 
(1 1 In a half -roU and loop-out, the aircraft is rolled into the invertedpo- 
sition, from where it is pulled-through as in thelaet half of aloop. (Figure 8) 

Figure 8: The Half-Roll and Laop-out 
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This manoeuvre is started by picking a suitabls reference line while doing the 
usual clearing turns and then, with the wings level, raising the noee to the 
three -point attitude. At approximately 105K roll the aircraft over, keeping 
the nose directly above the reference point. Exert some forward preeiaure 
for directional control as the wings approach and paes through the vertical, 
and anticipate the inverted position by gradually releasing the control-column 
pressures as  the aircraft rolls onto its back. Maistain direction with the 
rudder e. 

(2 1 You must not pause in the inverted position, but murt apply back 
pra ssure to cause the nose to arc downwards in a amooth pull -through. You 
should attempt to judge the rate of pull-through so that, as the nose reachee 
the horizon in level flight, the airspeed indicator register a a pre-determined 
airspeed. The back presrure on the control column during the early paxt of 
the pull -through should be such that an excessive build up of air speed, with 
its accompanying high "GM stresses, is avoided after the aircraft passee 
through the vertical poaition. The amount of initial back preeeiure can be 
varied until, with practice, you should be able to recover to straight and 
level flight with air speeds of 140K, 15% or 175K aa desired. The exercise 
should be practised with initial rolls to the left and to the right. 

11.11 -Mu1 tiple Aerobatics 
(1) The term "multiple aerobaticsff i r  used to describe the reault of 
combining several aerobatic manoeuvre B into one continuous sequence. The 
airspace involvedis considerably greater than for a single manoeuvre, there- 
fore, you must be certain that no other aircraft is in the area. You muat plan 
the exercise properly so that the minimum altitude restriction of 3 ,000  feet 
AGL i r  respected. 

(2  To plan a good multiple aerobatic sequence requires skill in selecting 
those manoeuvres which can be linked together easily. For example, a loop, 
a clover leaf and a barrel roll  can be combined successfully, but a elow roll ,  
a rol-off -the-top and a cuban eight are difficult to fly with continuity, In the 
latter example, on completion of the slow roll the aircraft would be flying 
straight and level at a low airspeed and the continuity would be xuined by 
having to dive to increase the air speed to 175K for the next manoeuvxe. 

(3) In addition to skilful planning of the eequence, each separate part 
must be flown with precision to achieve the correct entry speed for the next 
manoeuvre. It is permissible to vary the pull-through of a loop, the last leaf 
of a clover leaf, or the pull-up of the laet part of. a cuban eight, thereby ad- 
justing the air speed, but rolls muet be done properly, without allowing the 
nose to drop in an attempt to gain airspeed. If a higher airapeed i~ deeirable 
immediately following a roll, the logical connecting link with the next mano- 
euvre is a half-roll and loop-out. 
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(4 Repetition of a manoeuvre in a sequence i e  not good planning, how- 
ever the same manoeuvre done in the opposite direction is permissible, The 
purpose of multiple aerobatics is to give you an opportunity t o  exploit the 
aircraft to the full, and to do so you must work hard. Constant practice is 
essential, since the many airspeed variatione re sti l t  in rapid fluctuations in 
yaw, which must be counteracted with smooth and co-ordinated control. move - 
ments: practice leads to proficiency. 

at the end of this publication? 
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Chapter 12 

Cruise Control 

12.01 - Introduction 
(1) Cruise control i s  the process by which the greatest efficiency is ob- 
tained from an aircraft during a particular flight, when all aspects have been 
considered. The basis of the process is the best  possible combination of 
air speed, altitude and engine handling for the conditions being experienced 
When you employ the principles of cruise control, you are aiming for maxi- 
mum performance, economy and safety. 

12.02-The Airframe 
11 1 Among the forces  affecting cruise control are l i ft  and drag which, 
themselves, are dependent on: 

(a) theshapeoftheaerofo i l sect ion;  

(b) theareaof thewings ;  

(c) the air density; 

(d) thea irspeed;and 

( e )  the angle of attack. 

( 2 )  The first two factors are beyond your control once the aircraft i s  
cruising in straight and Level flight, but the third, air density, affects the 
True Airspeed (TAS). This means that the selection of a suitable altitude 
play a an important part in cruise control. The last  two factors, airspeed and 
angle of attack, are related to one another, since in level flight there is a 
certain air speed f o r  the most efficient angle of attack, These speeds have 

'< beep worked out for you and are shown in AQIs. 
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12.03 -The Engine 
(1) The pilot has a greater degree of control over the engine than the 
airframe. While the selec tian of power settings for maximum-speed cruise 
control i s  simple, the more ee~nomical types of cruise control require a 
broader knowledge of power settings. 

( 2 )  The Brake Mean Effective Pressure (BMEP) is the average useful 
working pressure within the engine cylinders. It is a measure.of the volu- 
metric efficiency of the engine, and is dependent on the rpm and M P .  Since 
an engine operates most economical~y at a high volumetric efficient y, a high 
BMEP obtained from a low rpm and high M P  is desirable. AOIe should be 
consulted fo r  the engine limitations of the Harvard. Lean mixtures a re  rec- 
ommended for economy. The earburettor heat should be at llCOLDIT, since 
having t be  control in results in an expanded mixture being introduced 
into the cylinder, thus reducing the  efficiency. 

( 3 )  Air densityr which varies with temperature and altitude, has an ef- 
fect on the engine as wel l  as on the airframe, The higher the air density, 
the greater the power, which is a valuable asse t  at lower throttle settings. 
However, to take full advantage of airframe efficiency for range, it i e  nece s- 
sary to  fly at higher altitudes. The optimum altitude i s  Full Throttle Alti- 
tude (FTA) at which height maximum BMEP is achieved, owing to the reduced 
restriction in the throat of the carburettor and t he  diminished exhaust back 
pressure, 

(4 ) When a I'leantf mixture is required, the desired MP is  set before 
the mixture-control lever i s  moved forward into the lean range. Sometimes 
t he  mixture lever may have to be moved ahead of the throttle. The correct 
setting is  found by moving the lever forward until there is a slight drop in 
rpm, or until the engine begins to run roughly. These: are signs t h a t  the 
mixture is too Lean; retarding the lever slightly until the engine runs smoothly 
will give you the correct  setting for lean range, In addition, when you are 
leaning the mixture, you should always note the airspeed and CHT so that 
later, if the airspeed decreases in level flight or the CRT increases, you 
can tell that the mixture is too lean. By making a slight adjustment towards 
''RICH", the airspeed and CHT will return to normal. 

( 5 )  When a "rich1' mixture is required, t he  control lever is moved back 
into the rich range until. the engine begins to run roughly. Easing the lever 
forward slightly until the engine runs smoothly gives the correct adjustment 
fo r  the altitude at which t he  aircraft i s  flying. Near the ground, as in circuit 
flying, the mixture-control lever m a y  be pulled fully back to  "RICH"o 

(61 After setting up the aircraft for any form of cruise control, you 
should do a cockpit check and compute the hours of fuel remaining. This en- 
sures that nothing has been bverlyoked and that the configuration i s  correct. 
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12.04-Types of Cruise Control 
(1) The four main type B of cruise control are: 

(a) maximum range ; 

(b) maximum endurance; 

(c) maximum continuous - rich; and 
(d) maximum continuous - lean. 

12.05-Maximum Range 
(1) Maximum range is the practice of covering the greatest distance 
through the air on the available fuel (maximum Air Miles  per Gallon - AMPG), 
or using the least fuel. to  cover a given distance. 

(2 1 The recommended settings for maximum range to give a fuel con- 
rumption of approximately I6 gph are: 

Pitch - 1,500 rpm 

Throttle - adjusted to maintain l IOK 

Mixture - leaned out 

Altitude - FTA, 

The optimum IAS for maximum range flying depends on: 

(a) the aerodynamic characteri e tic s of the airframe ; 

(b) the specific fuel consumption, (gal a /  Horsepower/hour s); 

( e )  the engine characteristics; and 

(d) propeller efficiency. 

The LllS has been calculated for you and is published in AOIs, but you must 
remember that i t  is  a speed which ha8 b e e s  arrived at  by compromise, and 
therefore is merely a goad avexage speed for the Harvard. 

(4 THE EFFECT OF ALTITUDE - The recommended IAS  doe^ not 
change with height. Any increase in height however, up to FTA, reautts in a 
higher TAS, which in turn gives more AMPG, You must realize that FTA 
may not be the beat height for maximum range flying; the winds ox cloud 
formation may be more favourable at another altitude and you may find it 
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mare advantageous to fly well below, or wel l  above FTA. ~Gou'are  flying 
below FTA, you will have to throttle back ta maintain a constant air speed of 
1 lOK, and if you are  flying above FTA, you will have to increase the pitch, 
a s  required, bo a maximtrrn of 2 , 0 0 0  rpm, During the climb to the selected 
altitude, you should use normal climbing power.  

(5 1 THE EFFECT OF WIND - Both head and tail winds affect the range 
of an aircraft, but you must always take advantage of tail winds to supplement 
the AMPG. When flying into head winds, ybu should minimize the time spent 
flying into wind, because of the adverse affect on the AMPG. Usually thiscan 
be done by descending at  a higher airepetd to a lower,  more favourable alti- 
tude. 

12.06- Maximum Endurance 

1 1 1 The maximum endurance of an aircraft is its ability to  consume the 
lowest possible amount of fuel over a given period of time, or to remain in 
the air for a maximum length of time. Being concerned w i t h  TIME rather 
thandistance, maximum endurance is not suitable f o r  speeificflights; instead, 
it  is used for such contingencies as re-orientating yourself after becoming 
lo@t, or holding near the aerodrome when there are landing delays.  

( 2 )  The recommended settings for maximum endurance to give a fuel 
conarrmption of approximately 14 gph are: 

Pitch - 1 , 5 0 0 r p m  

Throttle - adjusted to maintain 90R 

Mixture - leaned out 

Altitude - as low as possible, consistent with safety. 

(3) The recommended speed for  endurance flying a s  published in AQIs 
remains constant at all altitudes. Theoretically, the object of endurance is 
to use as little power as possible, but, since positive control is desirable at 
low altitudes, the recommended speed is higher than the absolute optimum. 

14) THE EFFECT OF ALTITUDE - An aircraft flying for endurance 
should fly as low as possible consistent with safety. The adverse efiect of 
altitude, resulting from the use of power to maintain the IAS as the TAS in- 
creases, i 6  illustrated by the fact that endurance at 10,000 feet is only 7/8th 
of that at sea level. 

( 5 )  POWER SETTINGS - Since the object of flying for endurance is to 
use a minimum amount of fuel while maintaining a given IAS, certain ad- 
justment s become mandatory. The pitch adjustment is 1,500 rpm and, once 
this has been set, the throttle canbe moved to a MP which wi l la l low the air - 
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craft to  maintain altitude at the recommended airspeed, Juggling the throttle 
merely increases the fuel consumption, therefore slight variations in altitude 
should be accepted, rather than attempting to hold a conetant altitude with 
ever -changing throttle eettings . 
( 6 )  THE EFFECT OF WIND - The effect of wind is of no significance to 
an aircra!t flying for endurance, since the aim is merely to stay aloft. 

12.07-Maximum Continuous Rich 
(1) Maximum Continuous Rich is a form of cruise control that give8 the 
highert air speed in Level flight while using the highest power setting reeom- 
mended by the engine manufacturer. The fuel consumption at this ae  tting is 
high, but'after considering the amount of fuel remaining, it m a y  be used for 
example, if you wish to return to base quickly before the onset of dsterio- 
rating weather. The limitations of the engine must not be exceeded and a 
special watch must be kept on the oil  temperature (maximum 85OC) and the 
cylinder head temperature (maximum 260°C). 

(2)  The recommended settings fox Maximum Continuous Rich to give a 
fuel consumption of approximately 48 gph are: 

1 

Pitch - 2 ,200  r p m  

Throttle - 32" MP 

Mixture - rich 

Altitude - as required, consistent with safety. 

t 

12.08 -Maximum Continuous Lean 

Maximum Continuous Lean is used to give a comparatively high, con- 
tinuous speed with some fuel economy. You would use it, for example, if you 
wished to return to base quickly when only a limited supply of fuel was left in 
the tankr . Since a lean mixture is synonymous with increasing temperature is, 
you must beware of leaning the mixture out too far, and you  must keep a con- 
stant check on the oil temperature and the cylinder head temperature. 

(2) The recommended settings for Maximum Continuous Lean to give a 
fuel consumption of approximately 23 gph are: 

Pitch - 2 , O O O r p m  

Throttle - 26'' MP 

Mixture - adjusted in the lean range for smooth running 

Altitude - as required, consistent with safety. 
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Chapter 13 

Pilot Navigation 

13.01 - f ntroduct ion 

(1 ) Aerial navigation can be defined as  the art of flying From one point 
to another, making allowances for all variables en route. As a pilot you are 
required to know only the fundamental principles, but you will be given the 
opportunity to work out practical problems and to apply the knowledge you 
gain in the classroom to actual cross-country exercises. As usual you wil l  
start off by having dual instruction, from which you will graduate to solo ex- 
ercises once you have attained sufficient proficiency. 

13.02 -Map Reading 
(1) The first requirement in  Pilot Navigation is the ability to map read. 
Map reading is the identification of landmarks from their representation on a 
map, and the application of this information to discover the position of the 
aircraft. Sometimes on a cross-country flight, the ground may be obscured 
by cloud for part  of the time, and your glimpses of recognizablefeatures may 
be brief.  Your skill in fixing the position of the aircraft under such cireum- 
stances depends on your ability to interpret the symbols on your map. This 
means that you must under stand a map and be able to judge the appearance 
and map reading value of certain features. Your judgement and skill in map 
reading w i l l  grow with  experience. 

(2 RELIEF - Relief is shown on topographical maps by contour l ines 
and layer tinting which allows you to judge the rise and fall of the land. You 
should study the contours to find such things as the highest points, and to 
gain a general impression of the type of terrain over which you are to be 
flying. R e m e m b e r  that the appearance of the ground varies according to the 
time of day and the weather. Shadows in the late afternoon, for instance, can 
distort the shape of hills ,  and snow on rolling ground can make it look flat. 

(3 )  WATER - Water always stands out, whether i t  be on a map or on the 
ground. Lakes, rivers and reservoirs are clearly marked on all maps be- 
cause of their importance in map reading, and even in winter their outlines 
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can be seen readily an the ground. In dry country the edges of dried-up lakes 
and water courses a r e  defined by trees and bushes. 

(4) CITIES AND TOWNS - Built-up areas make good check-points be- 
cause of their s ize  and the number of easily identifiable features ~urrounding 
them. In winter they stand out wel l  against the white background. When you 
are flying over an area  with many cities or towns, you must not jump to con- 
clusions as to the identity of any one of the towns, Only by checking each 
feature can you be sure of the true identity. 

(5 1 LINE FEATURE5 - Roads, railways,  rivers and power lines are all 
"line features", but u n l e s s  they are unique in a specific area they are better 
to be used in conjunction with some other recognizable landmark. In many 
instances line features lead tobuilt-up areas, thue providing a good map com- 
parison. Othexs have identifiable detai ls such as tunnels, junctions, bridges 
and, in the ca.se of rivers, special patterns which can be pin-pointed. 

( 6 )  OTHER FEATURES - Mapa are usually very detailed and show such 
features as mines, rae etracks, fore st-ranger towers, and, in rural areas, 
even individual buildings when these are remote. Airfields are good check- 
points, since each has a distinctive shape: the larger ones are shown some- 
times in the form of a small chart on the edge. of the map. 

(7 ORIENTATION - Before attempting to r e a d  a map, it must be  ori-  
entated 'so that "North" on the map coincides with true North. In th is  way,  
the intended track of the aircraft can b e  drawn on the map and the ground 
features will  appear in the same sequence and position. 

( 8 )  
a plann 
making 

SELECTION OF LANDMARKS - When you are ~ t u d y h g  the route of 
ed flight, always select check-points that can be  easily identified. In 

your choice of landmarks, you should consider their s i z e ,  the con- 
trast they make with their surroundings, and their position in relationto your 
intended track and in relation to the height at which you are flying. The b e s t  
landmarks, of course, are those which are distinctive because they are 
unique, or  those which contrast sharply with the adjacent country. If there 
are no good features on track, you may have to use check-points that art off 
track. Estimating the distance between the aircraft and these off - track 
check-points is difficult, but can be learned hy experience. 

-49) PLANNED M A P  READENG - Anticipation is the key to successful 
map reading. If you know your map, and know when the check-points are due, 
you can concentrate on flying the aircraft while waiting for each check-point 
to appear. T o  achieve accuracy, the t'Watch-Map-Ground't technique i s  
helpful. "Watch" is noting the time, and thus anticipating each check-point, 
"Map" i a  checking the map when each point is due; and "Groundt1 is identifying 
that point on the ground. Do not try to Look at the ground f irst  and match up 
a visible feature with the symbols on t he  map. It may work once o r  tw ice ,  
but you are most likely to finish up declaring an emergency because you are 
last. Only by anticipating the check-points can you hope to  have enough t ime 
to identify them. 
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(10) C O N F I W T I O N  OF CHECK-POINTS - There is no need to  orbit a 
check-paint if i t  has obvious features which you can recognize. Once ~e 
check-point ha8 been confirmed, draw a small circle wi th  a point in the mid- 
dle to show your exact position an the map; this then becomes a "pin-pointll. 
The time of reaching the check-point is printed beside the circle and you are 
half way to being able to show a "track tendency". One other check-point 
confirmation, and you should be able to a s s e s s  your track error. 

(1 1) MAP READING AT UNPREDICTABLE INTERVALS - If you can see 
the ground only occasionally, or if you have m i s ~ e d  your check-points, you 
may be uncertain of your position. You should know your approximate poai- 
t ion however, because you will  havt been flying on a certain heading for a 
specific length of time since your last pin-paint. When you get into such a 
eituation, draw a circle on the map arourid the polition you would be in if you 
were on track and on time. The radiue of the circle should be 10% of the 
estimated dietane e flown since the last confirmed po sition. Keep moving 
this circle along your estimated hack ,  gradually making i t  larger as the dis- 
tance increases. Study any landmarks that are visible and aote their relative 
positions. Check within the "circle of uncertaintytt on your map f o r  similar 
features and, when you havt poeitively identified one or more landmarks, f i x  
your position. This is one occasion when the "Watch-Map-Ground" rule is 
not used, and a thorough knowledge of map reading is of immense help. 

13.03 - Pre-flight Planning 
(1) Good pre-flight planning is the essence of good navigation. With a 
well-prepared log form, an up-to-date map and a tl-~orough knowledge of the 
route to be flown, you should be able to fly from one point to another without 
difficulty. B e  sure that you have current maps covering the area on each 
side of your intended track. When you have drawn a line on the map to show 
the intended track, and you wish to measure the track angle, always place 
your protractor on a meridian near the middle of the track line. In this way 
the error caused by the convergence of the meridians is  averaged out. 

13.04-The Flight Log Form 
( 1 )  The Flight Log is a record of all the navigational data required to 
provide a schedule for a flight, The type of Flight Log form used at FTS is 
shown in Figure 1 overleaf so that yau  can refer to it as  each point is d i s -  
cussed in the following paragraphs, 

(2 ) MAGNETIC WINDS - Magnetic directions are used for navigation. 
The forecaster always gives the wind direction for specific altitudes in de- 
grees true, w i t h  the speed in knots and the air temperature in degrees centi- 
grade. This information should be printed on the back of the log form, and 
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Figure 1 : The Flight Log Form 
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you must interpolate the wind directions and speeds fox any other alt i tudes 
which youneed.  Each wind direction is converted f r o m  true to magnetic and 
entered in the space provided on the front of the lug .  

( 3 )  S A F E T Y  HEIGHTS - The Safety Heightfor eachleg is 1000 feet above 
t h e  highest obstacle or spot height within 20  n m  of track. TO find the highest 
obstacles, pun dixider s set  at 20 nm up and down the track, and look fat. the 
highest point. Add lOOQ feet to  this height and enter the resulting f igure  in 
the space fox each l eg ,  

(4) STATIQNJ FREQI IDENT - These headings allow you to note Radio 
Compass information, At FTS all of your navigation trips w i l l  he f l o w n  under 
Visual Flight Rules  (VFR) and there should be no need to make use of the 
Radio Compass, At a later stage of training, hawever, you w i l l  be taught to 
rely largely on radio aids fo r  navigation so, fa r  practice, these columns 
ehould he filled in. The information can be obtained from the Flight  Informa- 
tion Publications (FLPS). Should an emergency develop during your flight, 
the Radio Compass information w i l l  be readily available, obviating the need 
f o r  you to search youlr maps just when t he  time cannot b e  spared 

( 5 )  SPECIAL INSTRUCTIONS - This space is left  for important notes 
and information r e l ~ v a n t  to the  flight, such as the average variation for  the 
entire trip, o r ,  on long trips, the average variation for each leg. 

(6) l'AS - Sn t h e  Haward  t he  TAS is 130K, and this f igure  i s  entered in 
the TAS column. 

(7) TIME OFF - A s  ~ o o n  as you are airbarne, th& air traffic controllas 
w i l l  give you your "time off", which is  entered in the appropriate space. 

(81 F U E L  T. 0 ,  - Fuel T. 0 .  is the proposed fuel lorrd at take-off after 
running up and taxiing. You must check the L-14 to see how much fuel is i n  
the aircraft, then deduct the appropriate number of gallons. 

(9) FROM/ TO - Standard abbreviations aTe used for  the turning ppint s 
an each leg. F o r  instance, Moose Jaw to Regina is entered as MJ to QR. 

(10) ALT - At FTS the altitudes at which you are to fly each leg are se-  
lected far you, because each trip is designed ta demonstrate ditferent naviga- 
tional techniques. The limits within which you will f ly  are the safety height 
for each leg ,  and 9,500 feet,  Since all of your flying ie to be V F R ,  the alti- 
tude chosen wilL b e  below cloud level, and consistent wi th  thi! regulatlans 
governing f l ights  a s  detailed in CAP 1QQ. Altitudes are entered in the log in 
hundreds of feet: 6 ,  500 feet i s  put down as 65, 

11 1) W G  TR - The magnetic track which  has been determined fo r  each 
leg  on the map i s  eiztered he re .  

(12) DIST - "Dist" is the number of nautical miles between each two 
turning points. 
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(13) G/S - The ground speed is calculated by computing the effect of wind 
on the aircraft. 

(14) LA9 - The IAS for  each leg is entered in the space provided. It i s  
calculated by eawerting TAS to Rectified Airspeed (RAS), and applying the 
necsasary instrument correction. 

( 1 5 )  MHIRHM - "MH" refers to the Magnetic Heading which is calculated 
from the magnetic track and forecast wind; "RHM" is the Revised Magnetic 
Heading, 

(16)  TIME - Under "Timet1 you should enter the length of time that each 
leg is going to take according to your calculations. Add the times f o r  each 
leg and enter the se sulting figure at the butto& of the column. 

(17) S/H/OVER - S / H  means " S e t  Heading" and t h i s  space is used f o r  
entering the time that the aircraft first turns on course. "Over" i s  the time 
that the aircraft arrives over i t s  destination, or at each turning point on a 
leg.  

( 18 )  ETAIRETA - The Estimated Time of Arrival and the Revised  Esti- 
mated Time of Arrival at the destination, or the next turning paint, are en- 
tered in the spaces allotted. 

( 19) FUEL/EST/ACT - "Fuel Est" is the estimated amount of fuel re -  
maining at the end of each leg ,  and is based on the rated consumption of the 
aircraft as listed in AOIs. "Fuel Act" is the amount of fuel left in the tanks 
at each turning point. If the ac t u d  amount of fuel left decreases more rapidly 
than the estimated amount, you should take actian to remedy the excessive 
consumption. You must learn to watch the fuel consumption closely,  so that 
immediate action can be taken to adjust the power settings to give greater 
economy. If insufficient fuel is left for your return to base, you must divert 
to an aerodrome within range. 

13.05 - Preparing the Map 
(1) While filling in the details on the log form, you will have to refer to 
the map for distances, tracks and other  information. The track between each 
turning point is drawn on the map in black pencil and is mea suxed on one of 
the meridians near the middle of each leg.  Rotted drift l ines are drawn  5 
degrees o n  each s ide  of the track, from both the starting point and the des t i -  
nation of each leg,  These drift  l ines are at least 21 3 the length of each leg ,  
(See Figure 2 opposite.) 

(2  All  along the track on each leg you must draw 5-minute Lines at right 
angles to  the track and, with the map orientated, you must mark  in the elapsed 
time to each paint. 
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(3 )  When the map ha8 been marked accg-rding to these  directions, y w  
ehould study it thoroughly to become familiar with all of tht features you can 
uae as check-points, the departure angles and any aerodromes which are 
available incase of emergency, Acheck-point every 5 to 10 minutes i e  euf- 
ficient and, if good landmarks are plentiful, only those near the 5-minute 
marks ehould be chosen. B c h  check-point should be clearly marked with a 
large arrow, as shown in Figure 2 overleaf. The departure angle is useful 
information whetl you are setting a heading over bass or one of the turning 
points. U8ually, you atudy the map, you can memorize the position8 of 
outstanding haturea relative to the new track, For example, when setting a 
new heading, you should k m w  whether you have to fly parallel to a river or 
bisect it. 

13.06 - Action Before Take-off 
(1) Once your planning has been completed, have your log and map 
checked by your instructor and listen carefully to any last-minute briefing 
that he may give you. Fold your map accordian style, make sur+ that you 
have all the equipment that you art going to  need in the air, and file your 
flight plan. During the Tarmac Check, ensure that the radio compass ia  
working properly and that all of the VHF channels which are likely to be 
needed on the flight are serviceable. 

( 2 )  When requesting taxi clearance, get a time check and an altimeter 
setting from the tower. Synchronize the aircraft clock and set the airfield 
barometric presoure on the altimeter sub-scale. The altimeter, after it is 
eet, should read within 5 0  feet of the published aerodrome height. While 
taxiing, check the DI and artificial horizon and, just before take-off, set  the 
magneayn compass grid lines to the heading of the first leg. Local regula- 
tions vary, but usually after take-off, with permission from the tower, you 
can make a turn-out the shortest way round to your f irst  heading. When 
making the request for the turn, you should inform the tower that you are de- 
parting on a navigation exercise and they will respond by giving you a "time 
off" which is entered in your log. If your turn i~ delayed owing to traffic, 
you may have to regain track before settling into the climb on heading. 

13.07-Action En Route 
(1 1 When you are "on course", you should be climbing to the altitude of 
the f iret  leg at an airspeed of llOK. l l O K i a  higher than the recommended 
climbing speed, but it allows better forward visibility, and is closer to the 
planned speed for the l e g .  For each 5,000 feet of climb, you should add 1 
minute to your ETA. While climbing, confirm your departure angle, make 
up your log and keep a sharp look-out for ~ t h e r  aircraft. Once you reach the 
desired altitude, level -off and complete a thorough cockpit check. 
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12) After the level-off check, the flight.becomes a matter of aircraft 
handling, with precision and accuracy contributing to ease of navigation. You 
should anticipate each check-point by noting the expected time of arrival and, 
before this time has elapsed, by checking the map for indentifiable features. 
When the check-point i s  due, you should search for the selected features a d  
try to identify the check-paint. DQ not track crawl; have confidence in your 
ability to a s s e s s  and c ~ r r e c t  any errors. Check the time often, and refer to 
the five-minute marks: watch for  check-points and, as  the aircraft passes 
them, mark the map with the appropriate symbol, inserting the time alongside. 

(3 )  You will have little log-keeping to do. Except far revi~ions to the 
heading, ETA, and fuel load at regular intervals, most of your time will be 
spent map reading. As soon as you record one pin-point, start thinking about 
the next one. Tempe~atures, pressures, and fuel contents should be noted 
at regular intervals and the DI should be checked every 10 minutes, 

13.08-Action at a Turning Point 
(1) It is well to have a plan of a c t i ~ n  for yQur arrival at a turning point. 
Usually the order is t o :  

(a) alter the heading; 

(b) checkthetime; 

(c) change the altitude, if necessary; 

(d) check the departure angle; 

(e) make the new log entries; 

give a position report; and 

(g) do a cockpit check. 

(2) When you are altering the heading, turn directly ontothe new heading 
over the turning point, so that you have a good start on the next leg.  Make a 
mental note of the ''Time Over" and the "S/HM time so that you can complete 
your log and work out ground speeds and ETAS. Off-airways cross-countries 
are flown at the heights specified in C U  100, therefore a change of altitude 
may be needed at each turning point, Make the change a s  soon a e  you have 

' 

turned onto the n e w  heading, using l lOK to climb and normal cruising speed 
to  descend. At the same time, check the departure angle to prove to your self 
that you are leaving an the cox rect track. Check the track again. Make your 
entries once you are satisfied that you are on the correct course and give a 
position report,  i f  you have been ordered to do so. Before settling down on 
the next leg and re surfling your l 1  Watch-Map -GroundH technique, you should do 
a thorough cockpit check to ensure that everything is  in srder. 
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13.09-Heading and ETA Revisions 
11) Alterations to headings and ETAS are necessary because of inac - 
curacies or variations in the forecast winds,  or because of flying errors. If 
you do get off track, you should follow a new, corrected track to your desti-  
nation, rather than t r y  to  regain the old track. To do this, since you have no 
plotting or computing equipment, you wi l l  have to work all of your calcula- 
tions mentally and make fairly accurate estimations. 

(21 REVISING A HEADING - A simple and accurate way to revise a 
heading i s  by the "opening and closing" method which is based on geometry, 
and u s e s  t h e  five-degree l ines  as guides. Assuming that you are off track to 
the left, and have pin-pointed your position as being about one degree inside 
the  five-degree line, estimate the angle between your present position and 
your destination. If th is  angle appears to be about three degrees, then you 
add the l lopeningl '  angle of 4 degrees to the "closingii angle of 3 degrees, and 
al ter  course 7 degrees  to  the right. This method should not be used until you 
have pin-pointed your position, thus proving that you are off track, and not 
u n t i l  at least t w o  pin-point positions have shown a "track tendency" which is 
at variance with the desired track.  A change of heading should not be made 
early in the leg,  except when the track error i s  more than 5 degrees and it is 
obvious that you are drifting off track. 

( 3 )  The "opening and closing" methodcan only be used once on each leg,  
because the drift l ines are based on the position of the original starting paint, 
and not from the new off-track pin-point. Succeeding pin-points will  show 
whether the revised heading is going to bring you to your intended destination. 
If you are still drifting off track, you have to  make what i s  called a "snap" 
alteration. A "snap" alteration is an estimated heading based on the effec-  
tiveness of the f irst  correction. It should bring you within sight of your des -  
tination, when a visual alteration can be made. 

(4 1 REVISING AN ETA - Usually ETAS are revised by the "fractional" 
method. Reference to the five-minute marks from accurate pin-points w i l l  
give you an idea of the amount of revision needed to the  ETA, For example, 
t w o  minutes late at the mid-point of the leg means that you w i l l  be  four ml- 

nutes late at the next turning point; one minute earIy aftex the f lrst  t h i r d  
means three minutes early at the end, and so on. ETAS should not  be revised 
before you reach one third of the way along a leg ,  and only alter you have 
positively pin-pointed your position. 

13.10-Action When You Are Uncertain of Your Position 
(1) The danger of jumping to the wrong conclusion is very real when you 
cannot recognize expected landmarks. There are times when you will  be 
uncertain of your position, but then all pilots experience the same feeling 
sooner or later. Such moments require calm reasoning and a recognized 
procedure. The recognized procedure is to: 
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(a) hold a steady heading and check the DI with the compass; 

(b) check all previous calculations by studying your map and 
log; 

(c) cheek for a possible wind sh i f t ;  

(d) draw a circle of uncertainty; a d  

( e )  trytogetaRadioCompaesbearing.  

(2 Usually within a short time you can establish your positioo and con- 
tinue the flight, however, you must never assume that you are in a certain 
position. Check for a possible shift in the wind, by drawing a "circle of un- 
certainty" a s  explained in Art 13.02 (1 1 ). Remember, positive identification 
of a destinctive landmark is the only way to get back on track, If youdecide 
that you are definitely lost, do not exhaust your fuel by aimless wandering 
from one heading to another trying to pick up a landmark. Always work to a 
plan. Notify your base by radio that you are last, or try to contact any other 
control agency. When you have established radio contact, transmit your gen- 
eral position, the amount of fuel remaining in the tanks, ask for whatever 
as aistance you need and indicate the action that you propose to take. Usually 
you will have a rough idea of the direction of base and can turn towards it, 
while continuing to  rearch for prominent Landmarks. 

(3 )  In extreme emergency you should broadcast a "Mayday" distress 
massage on 12 1 . 5  mc B giving the aircraft type, the nature of the emergency, 
the amount of fuelleft, the assistance requiredad your immediate intentions. 
Listen-out on the same frequency for instructions. Sf you have no idea of the 
direction to fly, get up a triangular pattern, at endurance power settings, at 
the highest practical altitude, to alert the radar network. If you have to do a 
forced landing, save enough fuel to complete the procedure you have been 
taught, pick an open field near habitation and Concentrate on making a good 
landing. 

I4 ) If no help is available and you have to rely on map reading to find 
your position, you should: 

( a )  fly for maximum range if no landmark is visible; 

[b) using your ltcircle of uncertainty", estimate a heading to 
base ar the nearest airfield, and fly that heading until you 
sight a prominent landmark; 

( c )  adjust the power setting8 for maximum endurance and f ly  
a square pattern on cardinal Readings around this land- 
mark until you can identify it on the map ; (Each leg should 
be two minutes long and you should be reading from the 
ground t o  the map. ) and 
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fd) when you have established your position, estimate a new 
heading to base, revise your ETA., check the DI and fly 
nolrmally, pin-pointing your position as you go along, 

13.11 - Action When Landing 
( 1 )  Whether landing back at base, or at any other airfield, you must 
adopt a definite procedure, Before entering the airfield control zone, call 
the tower, state your position and altitude, and ask for landing instructions. 
Plan your let-down so that you can join the circuit at one of the recognized 
joining points and, as you are descending, stow your maps and navigation 
equipment to prevent them from interfering with your flying. Once you are 
on the ground, if you are unfamiliar with the layout of the airfield, ask the 
tower for inatruction and park the aircraft according to those instructions, 
Usually, the conEraUer wi l l  close your flight plan as soon a s  you land, but 
you should check to make sure that this has been done. 

13.12 - Mental Dead Reckoning 
(1 ) One of the greatest a s s e t s  a pilot can have on a cross-country flight 
is the ability to do rapid, mental caieulatians, You should practise Mental 
DR, because you are going to  need it  and i t  is invaluable when you have to 
work problems in the air with only the aid of a pencil, a log form and a map. 
A few simple formulae and aids to rapid calculation have been developed, and 
are given here for your information. 

(2 1 THE "ONE-IN-SIXTYH RULE - The "One-in-Sixty" rule is based an 
one mile subtending an angle af one degree at a distance of 6ixtJr miles. (See 
Figure 3. ) If you have had to divert from your prepared flight-plan route 
and are "making good" a track to a kxrawn deatinatim, it is pssaible to esti- 
mate any track error without the help of f ive-degree l i n e s .  All you have to 
know is the map scale, so that you can estimate the distance you are off 
track. To convert miles off track into degrees of track erxor,  from which 
to find the opening angle, you use the following formula: 

i ; 
% ! 

3 9 ; 
i 

80 4b P 

O I S r W E  FLOWN 

Figure 3 : The "One - in - Sixty " Rule 
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CLQBlHG -ANGLE TIME OVER TRACK ERROR OR OPCN'I1NG ANGLE 
THE PIN P01NT 

-----__ 

J- 
I- s Y POINT 

ALTER HWING r a w ' w ~ ~  

Figure 4: A Heading Change Calculation 

Miles  off track 60 
Milee along track 

To find the closing angle, the formula is: 

Miles off track 
Miles  remaining X 60 

The result of adding the answers gives the heading change required to reach 
your deetination. This is shown in Figure 4. 

(3)  RECIPROCAL TRACK - Before attempting to fly back along an ori- 
ginal track to a paint over which you have flown recently, you must be pre- 
pared to make an allowance for drift, and possibly track error. If drift could 
be ignored, you could merely turn onto the reciprocal of your original heading 
and fly straight back, Weually an allowance for drift is incorporated in fie 
original heading and the aircraft isflying along a TRACK-MADE-GOOD; there- 
fore, before turning to fly back, you must work out a heading which al lows 
the aircraft to fly another 'qtraek-rnada-good" to  the destination. To assist 
you in applying the correct amount of drift to the reciprocal of the original 
heading, a simple "help-wordrr has been devised. It is "SAPS" and means 
Starboard ADD, Port SUB TRACT. The following calcutation should help you 
to under stand how to use SAPS. 

Your present outbound track is.. ............ .090O 

Your present outbound heading is. .......... .l OOO 

The reciprocal of the track is.. , .270° . ' .  .......... 
and, The reciprbeal of the heading is. ......... .280° 

Drift is . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -10% 

. . . .  now,Since the drift is to PORT, by S A P S . .  SUBTRACT 

. . . . . . . . . .  . . .  The sew heading is 280° - 2 b" 260° 
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If the wind is not as forecast and you find that there is track error involved, 
the "One -in-Sixty1' rule will give the opening angle and this result can be sub - 
stituted for ''drift" in the above calculation. 

(4) MAXIMUM DRIFT - One of the greatest problem8 in Mental DR is 
eolving the wind triangle in order to apply the correct amount of drift to fly 
along a certain track. Maximum drift is experiauced when the wind is at 90 
degrees to track, while no drift is experienced when the wind i n  ahead of, or 
immediately behind, the aircraft. In between there two extremes, a per- 
centage of maximum drift can be fouad by dividing up the intervening space 
into segments of 15O, and allotting a percentage value to each segment. (Sea 
Figure 5. ) For example : 

600 = 9m and 

75' and over = low of maximum drift, 

To find the heading to steer if ypur track is 040°(T), the wind direction and 
velocity i s  010° at 30K, and the TAS is 130Kr you have to start by finding the 
amount of maximum drift. Maximum drift is found by applying the "One-in- 
Sixty1' rule according to the following formula: 

Wind Speed 
TAS 

X 60 

WIND ANGLE 
DIRECTION ,,,..,,,., O W  

VPLOCI'PI , . , , , ,  .. #OK 

ANOLE . , . . . . , , , , , . , , .  JV 
TRACK OF THE 

DRlm.. ....... , ...., 30% AIRCRA- 040. 

SEE FIGURE I 

Figure 5: The Drift Table Figure 6: Wind Angle 
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The wind direction io  010° which, when subtracted from a heading of 040°, 
give s a wind angle of 30°, as  shown in Figure 6 or 50QIo according to the table 
in Figure 5. 

.' . The amount of drift is 5070 of 14, 

.' .. The heading to steer is 0 3 3 ' ( ~ )  

(5 1 Since Mental DR is meant to give quick approximations and you don't 
want to have to wrestle with unwieldy figuree, you carrdisregardfractiorrs and 
work to round numbers, When using the above method of obtaining drift, re - 
member that a 45 degree angle i e  70% of maximum drift, not 50%. Try to 
xernsmber the table relating angles to percentage a. 

( 6 )  THE EFFECT OF WIND ON THE GROUND SPEED - The effect of 
wind on the ground apeed i e  opposite to  the effect of wind on drift, in that a 
beam wind gives maximum drift, but make* na noticeable difference to the 
ground speed. On the other hand a head or tail wind, which has little effect 
on drift, has  a maximum effeat on the ground speed. As before, a percentage 
of the wind strength wi l l  be felt between the two extxemee. As an aid to 
mental DR, a constant has been worked out which, when applied to the wind 
angle, gives the percentage of wind speed that must be taken into account 
when calculating the ground speed. The eonetant is 110, and the formula is: 

110 - Wind Angle = % wind Speed 

If an aircraft is flying on a track of 210' at a TAS of 130K, and the forecast 
wind is 250° at 30K, the ground speed can be found by deciding on the wind 
angle and working out the formula: 

110 - W i n d  Angle = % W i n d  Speed 

The wind direction i e  250' and the aircraft i a  heading into wind, 

. ' . The Ground Speed = 130K - 2 1 

(7 1 Since this formula does not work for emall wind angler, anything 
within 10° of track is aa eumed to have 10W wind effect. For large angles 
over 80 degrees, h e  ground speed is aseumsd t o  be the same a8 the TAS. 

( 8 )  CHECKING THE GROUND SPEED - Often in flight you can calculate 
the ground speed by checking the time taken to fly a given distance between 
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two check points. By roundieg off the figures, you should be able to get an- 
swersi which are accurate enough for practical purpoeee. Fox example, if 
you f ly  22 nm in 1 I minutes you can find the g r o d  epeed by thinking that: 

22 nm in 11 minutes = 22 - 
I1 per minute 

= 2 am per minute 

.' . The Ground Speed = 2 x 60 

An example of rounding-out figure, to get a fairly accurate result is: 

43 nm in 19 minutes = 45 
2 0 per minute 

= 2 114 per minute 

. . The Ground Speed = 2 114 x 60 

But an even simpler method is  to  think of the 20 minutes ae baing approxi- 
mately 1 / 3 of an hour : 

In 113 of an hour the aircraft travels 45 nrn 

. . In 1 hour the aircraft travels 3 x 45 

( 9 )  ESTIMATING TIME - To estimate time you must know the ground 
speed and be able to think of it in miles per minute, For example, 120K can 
be thought of as 2 miles a minute, 180K as being 3 miles a minute, and so on. 
Any ground speed can be converted into one of these simple numbers, with a 
mental adjustment being made according to whether the actual speed is greater 
or smaller than the nearest easy division. For instance, if you want to know 
how long it is going to take to cover 90 n m  at 1 15K, you would immediately 
wok a£ it taking 45 minutes at 120K, and then you would add two minutes f o r  
the a l ~ w e r  speed. 

(10) ESTIMATING ANGLES - If you have to alter track in the middle of a 
leg, you can make a mark on your map to show the new track by creasing the 
paper from your present position to the intended destination. The following 
tips are helpful in estimating the angle of the new track. The first method i s  
to  select a point on the map where the track crossee a meridian o r  a parallel 
a s  shown in Figure 7 opposite. The quadrant in which the track lies is known, 
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so, by drawing a line perpendicular to the meridian or parallel, a right angle 
can be made and, by dividing this up, you should be able to judge the track 
angle fairly accuratdy. if the track angle is close to 4-5 degrees, it is poe- 
sible to tell whether it is more or less than 45 degrees by observing any tri-  
angle formed by the track, a meridian and a parallel. The third method is to  
compare the track with any printed directions on the map, such as the com- 
pasa rose or a Radio Range leg. You must remember, however, that d1 
angles on the map except Radio Range legs are in degrees TRUE and must be 
converted to MAGNETIC. 

(11) ESTIMATINGDISTANCE-Yourequipmentformeae~ingdistance 
i'rs usually limited, but there are certain guides which can be used to help 
you. One minute of latitude i~ equal to one nautical mile, and on every map 
there is  a line at every tenth minute. Notice that this is LATITUDE and nat 
longitude: longitude i~ measured in degrees. Another method is to dieeover 
how many milea your hand epans, and by remembering this figure, you can 
alwaya r rtirnate distance with reasonable accuracy, (See Figure 7.  ) The av- 
epage hand span8 60 nm on an 8 mile to 1 inch map, but of cour ee, this variee 
with the individual. 

Figure 7:  Track and Distance Estimation 
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(12) REVISING ETA - In Art 1 3 . 0 9 ( 4 ) ,  the "fractional" mehod of revising 
an ETA was  diacuased, Where fractions are difficult to calculate, a simple 
formula can be sustituted: 

Time early or late 
Time expected x Total leg time = ETA 

For example, if, on an estimated flight of 70 minutes, a point i i s  reached in 
18 minutes which waa not expected until 20 minutes, the ETA is  revised aa 
follows ! 

2 - x '10 = 7 minutes early. 2 0 

113) ESTIMATING FUEL - P roficienc~ in estimating fuel requirernenta 
and consumption becomes increasingly valuable ae you gain experience in 
flying. Such calculations are relatively simple, pxoportional arithmetic 
giving answers which although not precise are accurate enough for  most pur- 
poeer. For example, if .an aircraft burns 32 gallons of fuel per hour and 
there are 28 gallons left In the tank, you can estimate the remaining flying 
time by thinking that: 

32 gph = 11 2 gallon per minute 

,' . 28 x 2 = 5b minutes. 

Similarly, if the aircraft Is burning 24 gallone per hour, you can calculate 
how much fuel is needed for a leg which is expected to take 22 minutes of 
flying time, by thinking that: 

22 = 1/3 of an hour 

11 3 of 24 = 8 gallons. 

1313-Low-Level Navigation 
[ 1) A low-level navigation exercise is included in the F T S  courae to 
acquaint you with the different techniques of aircraft handling and map reading. 

( 2 )  The greatest difference is the restricted field of v i e w  at l o w  level, 
which becomes extremely limited when flying over rough or hilly terrain. 
This, combined with the greater attentiod which must be given to aircraft 
handling, cuts down the time you have to positively identify your landmarks 
and check-points as they come up. Since you caonot hope to compare your 
check-points with  the map to assist identification, you must pick unique, 
easily recognizable features, and learn all you can about thembefore starting 
the flight. Line features that run 90° to the track are used as check-points, 
and those that run to the turning point are used as lead-in lines. 
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(3) During a Low-level navigation trip you have to be on the look-out fox 
obetacles such as W +and radio tower 8, power lines, factory chimneys and 
sharply rising ground. Most of these can be etudied on the map before the 
flight so that you know when they are liable to come up, but soma that have 
recently been built may not be shown. The set-heading procedure should be 
done before descending to the altitude of the low -level leg, and navigation i s  
strictly caafined to map reading. Log keeping is disregarded be~ause of the 
urgent need to keep a good look-out, but alterations of heading and ETA are 
carried out using normal procedures. Sometimes it  may not be possible to 
follow the route which you planned before starting off, and it may be neces- 
sary to work out your new position by Mental DR. If you become uncertain 
of your position, climb high enough to give your self an extended field of vision 
and try to identify a landmark. If thi r produ~ as nothing, climb higher still 
and follow the "circle of uncertaintyU procedure. 

(4) Remember that when you are doing cockpit cheeks you must not bury 
your head in the cockpit. Do the check by completing the fir a t  item and then 
pausing to have a thorough look around, complete the next item and look 
around again; continue in this way until the eheckhas been fully covered. Do 
not worry if the air speed varies as you follow the contour of the g r a d :  the 
speed w i l l  average out for the leg as a whole, and it should not be necessary 
to make power adjushents except during a long climb. If your low-level 
navigationtechnique i s  to be a success,you must develop good handling char- 
acttri~tics, 5 0  that most of your time can be devoted to checking your posi- 
tion and look-out. 

13.14 - Navigation at Night 
( 1 )  Navigation at night is basically the same as day navigation except 
that most ground detail is indistinguishable. Your choice of check-points is 
limited to large lakes, rivers, main highways, towns and cities, and other 
features which are clearly visible at night, Y o u  must beware of lighted 
check-points however, since, owing to lights being visible over long dia- 
taacea, there is a tendency for students to underestimate their range. Ac - 
curate timing should alleviate this error. Keeping a good look-out at night is 
particularly important since you are only one of the many users of air space, 
and not all aircraft are equipped with flashing navigation lights. 
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Chapter I$ 

Night Flying 

( 1) Proficiency in night flying is an important step towards your all- 
round flying ability. The handling of the aircraft is no different from ordi- 
nary day-time flying, but overcoming the visual restriction can be aproblem 
unless you are prepared to  study approvsdmethods of improving night vision. 
Once you have learned how to see at night, you will  find that flying can be 
pleasant: the air is smoother owing to the absence of thermal or convection 
currents, and the engine seems to run better. 

14.02 - Improving Your Night Vision 
(1) Your eyes and your mind are a team. To see at night the two have 
to be working in conjunction, one interpreting the visual impr c s siona relayed 
by the other. During Ute day &is interpretation is entirely automatic, but at 
night, the eyes have to be made to see objects clearly enough for the brain to 
go into action, In daylight all colours are visible while, at night,vision is 
restricted to shade a of gray, except when the light intensity is high enough for 
the eye to register colour. The discussion of the construction of the eye 
which follows should help you to  understand the problems that must be sur - 
mounted, 

(2 AS an optical instrument, t h e  human eye may be considered to  con- 
sist of two distinct parts: the cornea with i t s  lens and iris combination to 
gather and control the amount of light, and the retina consisting of receptor 
cells to transmit the l ight  image to the brain, The lens and i r i s  combination 
are often called the pupil. The size of the lens opening through which the 
light rayB reach t he  retina is controlled by the quantity of light: the lower the 
light intensity, the larger the lens opening. 

(3) The magnification of the human eye in Figure 1 overleaf, shows that 
the back of your eyes are covered with innumerable light-sensitive nerves in 
the form of rods a d  cones. The cones a re  clustered in the centre of the 
retina a d  decrtaae towards the periphery, while the rods increase in number 
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Figure 1 : The Construction of the Eye 

towards the periphery. The cones are used to see colour, detail andfar- 
away objects: the rods dispersed' among them pick up only shades of grey. 
During the day the utae of both rods and cones enable you to see clearly; at 
night, unless the Light intensity i s  great enough for the cones to $unction, you 
have to rely on the ahadas of gray transmitted to wur brain by the rode. 

(4) When you leave a well-lighted room and go outside on a dark night 
your pupils open wide to admit every particle of l ight that can be trapped. 
Despite the maximum lens opening however, your vision is restricted almost 
to the point of total blindness because of the sudden transition and the inability 
of the xetiaa to register the changed light values. Within ten minutes, the 
cones of the retina begin to adjust to the dim light and allow you to see to the 
limit of your sensitivity, which ia  approximately 100 times better than when 
you first stepped out. After 30 minutes the rods become adjusted and are 
100,000 times more aenritive, enabling you to see wel l  if you have been 
trained in night vision. 

( 5 )  From the foregoing, it is obvious that once your eyes are adapted to 
the darkness you must keep them that way if you are to be night flying. The 
reverse procesa - adjustment from darkness tolight - takes only a second or 
two, and undos s the work of 30 minutes. When you are about to go night flying 
you could sit in a dark room for half an hour before each flight, but a much 
more practical metbad is to wear specially tinted goggles. These  goggle^ 
have red lenses which, although stimulating the cones of the retina and thue 
allowing you to read, keep the rods "in the dark" and enable them to adapt to 
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the dimmer light. Another method is to sit in a room with red lighting. The 
use of either method between flights keeps your eyes at the correct adjust- 
ment for maximum visibility at night. If circumstances prevent the use of 
aids to night vieion, or if the equipment is not available at your school, then 
all you can do is to avoid white lights and use the red lights in the cockpit 
until your eyes become accustomed to the xeduced light. 

( 6 )  Once you are in the aircraft, don't undo the previous 30 minute's 
work by waving a flashlight around'to help you do the cockpit checks. Use  
only as muck light as is absolutely eeaential, and train yourself to do all of 
the manual parts of the checks without light. I£ you must have light, switch 
on the red cockpit lights and, if that isn't sufficient, ahut one eye to preserve 
its night vision capabilities while using the other to see by the white light of 
your flashlight. Make a point of studying maps and charts BEFORE setting 
out on a flight so that you don't have to illuminate the cockpit unnecessarily 
during the flight. 

(7) During the flight, since you are depending on the rods of the retina 
for vision and they are scarce near the centre part of the eye, you have to 
look at objecta by shifting your gaze slightly off-centre. Your eyer must be 
consciously directed to  make scanning movements in such a way that the 
image of the object being examined falls on the rods rather than on the central 
cones. A further characteristic of rod vision is that it fades away completely 
if the: eyes are held stationary for more than a f ew seconds. This means that 
not only do you have to make searching movements with your eyes to locate 
an object, but you have to keep your eyes moving slightly to keep it in sight. 
The technique of SCANNlNG is the principle ski l l  to be acquired before you 
can say that you axe capable of seein@: at night. 

(8) Learn to keep your eyee moving in dim light. As yau search, do not 
sweep the ground or sky at random; scan one small area carefully before 
jumping your eyes to the next area, then keep your eye8 jumping from one 
area to another until the whole field of visionhas been covered, The move- 
ment of your eyee should be slower than if you were doing the same search h 
daylight, and if  the image becomes blurred, you should blink, look away and 
then return to the area of search, Constant practice is the only way to ac- 
quire an autdmatic scanning technique. 

Recognition 
(1) In daylight you can see the colour and detail of an object, a s  well  as 
its s i ze  and the contrast i t  makes with  the background. At night, however, 
even when your eyes are adapted to the darkness, you have to rely entirely on 
s i ze  and contrast  to recognize an object. Familiar objects look different in 
the dark and you have to  know how to interpret  the smallest clues in order to 
identify them. A clean windshield and canopy help, since anything that ab - 
sorbs or scatters light reduces contrast and makes vision difficult, There i s  
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little that you can do about fog or haze on the per spex, but yod can clean off 
oil and dirt, and try to prevent scratches. 

(2)  Sometimes you may find that you become dieorientated. This ie 
cauaed by the sharp change into total darkness, a d  can only be overcome by 
having c ornplete trust in the instruments. A deiiciency of Vitatnin A can im- 
pair your night vieions to some extent, and smoking, drinking, fatigue or 
some of the more common druge have a n  adveree effect. A well-balanced 
diet is eerential fox the promotion of good night vision, with phyaical fitness 
and plenty of re st being paramount if you expect your body to be in top eondf - 
tion. Remember, before you can see and recognize object8 at night, you 
must be in full control of all your faeultiee, 

14.04- Flying at Night 
(1) You may be apprehensive about your first night flight, but remember 
that the aame techniques and procedures are used in day flying, Night flying 
is more demanding however, and you may have to rely on your instruments 
to determine the attitude of the aircraft. Also, you must be constantly on the 
alert for other aircraft. 

(2) If you see reflections of flames corning from the exhaust stack, do 
not worry - the flames are there all the time - even during the day. You may 
also confure reflected lights on the canopy with the lights of other aircraft 
and attempt to take avoiding action, but once you become accuetomed to the 
appearance of everything at night, you will  have overcome the bigg e s t  obstacle 
to night flying. 

(3)  You should try to memorize the location of every switch and control 
in the cockpit, and be able to find them with your eyes shut. While flying 
dual at night, use some of the time to check your knowledge of the cockpit in 
the da~k, and to Bet the instrument lights at the correct brilliance. These 
lights should always be as low as possible to prevent eyestrain and to reduce 
canopy reflections. 

(4) Your  night dual instruction will be comparatively brief. Help your 
instructor by familiarizing your self with al l  of the flight and taxi procedures 
before your fir st flight, and DON'T FORGET TO TAKE A FLASHLIGHT 
ALONG. A flashlight must be carried on all night flights and is used for the 
external check, as well  as being available as an emergency source of light 
should the aircraft electrical system fail. 

( 5 )  In the air you wi l l  b e  shown the airfield lighting and the extent of the 
local area; your instructor will point out prominent landmaxks, including the 
lights of cities and towns and any o*er features that may help to keep you 
orientated. You wi l l  be  shown night landings with and without landing lights. 
The circuit differs from a day circuit in that the climb after  take-off is made 
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straight out to circuit height, where a 
Rate 1 turn is made onto the down-wind 
leg. To provide proper separation if 
another aircraft is taking -off ahead of 
you, youmu~tcontinue to climb straight 
ahead until he has completed hia Rate 1 
turn and hae passed your wing tip on 
his way down-wind. When rejoiniug the 
circuit, you must fly up-wind on the 
dead side at circuit 'height until all 
traffic ahead of you has turned down- 
wind and has passed your wing tip; then 
start a turn onto the down-wind leg. 

(6 ) NorrslirlLy all traffic is ean- 
trolled by radio, but in the event of 
radio failure, you are expected to know 
how to use light signals. L o ~ a l  flying 
regulations deal thoroughly with night 
emergencies, and part of your pre- 
flying briefing wil l  be devoted to 
learning them. Before going solo you 
wil l  be expectedto do atleastone over- 
shoot procedure, using the normal day- 
time technique s. 

(7) When the moment of your first 
night sola arrives, remember that your 
instructor has full confidence in your 
ability, Perform all of the checks 
carefully and, when you are ready to 
leave the ramp, turn up the volume of 
the radio and adjust the coe kpit lighting. 
You should be able to see the instru- 
ments without any glare, but since the 
lights are going to increase in inten- 
sity when the throttle i e  opened for 
take-off, the adjustment made on the 
ramp must make allowance for this 
increase. If reflectiono annoy you 
while taxiing, open the canopy. 

(8) After you are given take-off 
clearance, line the aircraft up with the 
centre of the runway and make your 
taka-off with reference to the runway 
Light'te. Once the aircraft i s  airborne, 
and before the last light is reachedJ 
tranafer your attention t o  the instru- Figure 2: The Approach Angle at Night 



merits. Climb away at the normal, safe climbing speed, keeping straight, 
Do not look back over your shoulder at the runway, since thie can lead t o  
disorientation. 

IF THE ENGINE F,&ZS ON TAKE-OFF, W D  STRAIGHT AHEAD. 

Refer to Articla8.07 for the suggestedproosdures in the event of engine fail- 
ure: above all, NEVER hum back towards the runway - small turns only are, 
permiesible when obstructions have to  be avoided. The tanding lights can be 
awitehed on to iIlwninate. the immediate area, thur helping you to clear large 
obstacles. 

(9) W i n g  the pre-night-flying briefing, your inetruetor wi l l  run over 
night-landing technique* and proeeduree, making e p e c i d  mention of any local 
regulations wid& are iit -affect. When coming in on the approach, do not 
switch an the -landing li@t until you ore approximately 300 feet AGL. If you 
find that you are undershooting, open the throttle IMMEDIATELY and over- 
ehoot. Do not hesitate, Avoid low,  drag-in approaches of the type shown at 
the tog of Fipre 2 overleaf. 

14.05 - Summary 
(1) The following poiats have been compiled to help you when night flying: 
pay attention to them becauee they may prevent you from making serious 
errors. 

(a) N o w  your self extra. time before a flight for studying pro- 
cedures, checks and maps. 

(b) While the aircraft is parked, you should idlethe engine 
slightly faster than during the day because of the increased 
load on the electrical system. 

(c) Tbe restricted visibility at night makes it difficult to see 
if the aircraft ie creep& during the run-up, Make sure 
that the brakes are "QNII. 

(dl Alwaym carry a flamhlight to help with the external check, 
and aleo for emergency in the event of an electrical #yo- 
tern failure. 

(a) Alwayr taxi at a slower rate at night because of the re- 
duced qisibility. 

(f) When taxiing, never switch on the landing light 80 that it  
blinds the pilot of a lading aircraft. If you are in doubt 
about your position, or if there are ob &ructions in your 
path, stop to investigate. 
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Keep the instrument lights as  low aa possible. 

{h) Fly on instruments aa  aoon as the aircraft is airborne. 

Since there is relativelyleas wind at night, propeller wash 
from other aircraft is more noticeable. Watch for air- 
craft taking -off and landing ahead of you and be prepared 
f o r  turbulence. 

W NOT MAKE LOW, DRAG-IN APPROACHES. 

Do not forget to switch the landing lights "OFF" during 
the Post -Landing Check. 

Have you completed the form 
at the end of this publication? 
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Chapter 15 

Instrument Flying 

15.01 - Attitude Instrument Flying 
(1 Attitude instrument flying can be defined ae the art of controlling an- 
aircraft by reference to flight instruments. Like visual flying, instrument 
flying makes uee of certain r efsrence points to determine the attitude of the 
aircraft, but instead of watching the position of the nose and winge in relation 
to the horizon, .you have to interpret readings on inrtrurnents. Attitude in- 
strument flying is a combination of three distinct a b i l i t i s ~ ,  

(a) INSTRUMENT COVEUGE - The ability to cross-check 
all the instruments. 

(b) INSTRUMENT INTERPRETATION - The ability to inter - 
pret the information which the cross-check has given. 

(c) AIRCRAFT CONTROL - The ability to control the aircraft 
according to this information. 

(2) INSTRUMENT COVERAGE - Even in viaual flight the instruments 
have to be CROSS-CHECKED, so you should be familiar with the term and its 
meaning. In instrument flying there are no other aids to help you to control 
the attitude of the aircraft, so constant cross-checking become8 vital. A 
good inetrument pilot cross-checks all the time, and any lack of profieienc y 
In instrument flying usually can be traced to slow or imccurate crass- 
checking. Not all pilots cross -cheek according to the same pattern, but all 
of them use primary and secondary supporting instruments for each manoe- 
uvre. The primary instruments are tbose instruments giving the most perti- 
nent information about the attitude of the aircraft. The others are called 
secondary or supporting, and give additional information from which the atti- 
tude can be assessed. Sometimes a eupporting instrument is referred to al- 
most as much as a primary instrument, but as you progress in instrument 
flying, you will develop your own technique of cros a-checking. Later you will 
find that the loss of one or more instrumentg presents no great problem, ex- 
cept that instrument flying on a partial panel demands even more accurate 
and persistent cross-checking. 
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( 3 )  INSTRUMEMT IMTERPRETATlON - Instrument interpretation is 
difficult to learn. During instrument flight the instruments serve the dual 
function of indicating the attitude of the aircraft and whether this attitude is 
to serve the desired purpose. Since precision flying is impossible without 
accurate inetrument interpretation, you'shodd make every effort to reach 
proficiency quickly. The first step is to know each instrument and what it  
 show^. From there, various instrument combinations in relation to aircraft 
attitude can be Learned until, eventually, quick and accurate interpretation 
becomes second nature. For example, if you wish to determine the position 
of the nose in the pitching plane, you ahould KNOW that you must look at the 
airapeed indicator, the altimeter, the vertical speed indicator and the arti- 
ficial horizon. All reading8 at ALL times must be interpreted in terms of 
attitude, 

(4 AIRCRAFT CONTROL - The aircraft is controlled in exactly the 
same way as if you were flying visually, except that, instead of ~uts ide  ref - 
erence points, the instruments show the attitude of the aircraft at any given 
time. The elevators control pitch, the throttle controls power, the ailerons 
control bank and any pressure on the elevators and rudders can be trimmed 
off, juert as usual. In instrument flying, pitch, power, bank and trim are all 
co-ordinated movements. Relaxation is important - if you are tense it is 
difficult to f ly  properly on instruments. Tenseness only makes your control 
movements jerky and you will  probably find yourself holding on a pressure 
against the elevator trim. Relax! Try to hold the controls lightly and trim 
the aircraft to maintain the desired attitude, 

15.02-~hd Instrument Cockpit Check 
( 1 )  A basic requirement far successful instrument flying is that the in- 
etrurnents b e  working and that they be calibrated properly. Before an instru- 
ment flight, the Pre-Flight Checks must include the: 

(a) pitot head; 

{b) suction gauge; 

(c) airspeed indicator; 

Id) directional indicator; 

(e) aritificial horizon; 

(f) altimeter; 

(g) turn snd slip Irldicator; 

(h) vertical speed indicator; 
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(j) magnetic compass and magnesyn compass; 

(k) clock; 

(1) radios; 

(m) publications; and 

(nj blind-flying hood. 

( 2 )  THE PITOT HEAD - During the examination of the aircxaft before 
flight, you must make sure that the pitot head is undamaged. Later, when 
sitting in the aircraft, the pitot heat should be switched "ON" then "OFFu 
while you watch for a deflection of the ammeter needle. You never know when 
you are likely to run into h e ,  and pitot heat is essential at such times. 

(3) THE SUCTION GAUGE - Since a number of the instruments are 
dependent on suction for their operation, the auction gauge xeading is an 
important part of the Pre-Flight Check. The indication must be in the range 
of 4.25  to 4.75" Hg. 

(4 1 THE AIRSPEED INDICATOR - The needle of the airspeed indicator 
should indicate zero when the aircraft is stationary. 

(5  THE DIRECTIONAL INDICATOR - The directional indicator has no 
direction-seeking qualities, therefore the heading of the aircraft acc ordiqg to 
the magnetic compass must be pre-set on the instrument during the tarmac 
check. While taxiing out you should check the directional indicator to make 
sure  that it  is working properly; during turns to the left the heading should 
decrease, and vice versa. At the Pre-Take-Off Cheek the heading shown 
should agree with that of the magnetic compass: if the error ie large, the in- 
strument is unreliable. The operating limitations of the instrument are 55 
degrees of either pitch or bank. 

( 4 )  THE ARTIFICIAL HORIZON - The artificial horizon must be uncaged 
and the miniature aircraft adjusted go that the hairline is barely visible on 
the staff: this is the approximate position for straight and level cruising flight. 
If the horizon remains in the cdrrect poaition for the attitude of the aircraft, 
or if it begins to oscillate, then slowly corrects itself, the instrument is 
workingproperly. While taxiing, you should check thaa the horizon remains 
horizontal during left and right turns. 

(7) THE ALTIMETER - The altimeter i~ set to the airfield barometric 
pressure, as xepo~ted by the control tower. If the difference between the 
published airfield elevation and the height shown on the altimeter ie more 
than 50 feet after this setting has been made, the instrument is unservice- 
able. 

( 8 )  THE TURN AND SLIP INDICATOR - During the Tarmac Cheek, the 
turn and slip indicator can be checked by pressing on one side of the instru- 
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ment panel and watching for a deflection of the needle. You should examine 
the tube containing the ball to ensure that it is full of damping liquid. While 
taxiing you should glance at the needle and ball during changes of direction to 
see if they are reacting properly. If their indications are not positive, or if 
the needle is sluggish and does not return promptly to the centre mark, the 
instrument i s  unserviceable- 

19) THE VERTICAL SPEED INDICATOR - The needle of the vertical 
8p.pded indicator should paint to zero when the aircraft is on the ground. If it 
reads above or below zero, it can be'adjusted quickly by a technician. 

(10) THE MAGNETIC COMPASS AND MAGNESYN COMPASS - The mag- 
netic compass canbe checked for accuracy by comparing i ts  heading with that 
of a known heading. The level of the fluid in the instrument should be suffi- 
cient for good damping action, The magaearyn compass can be checked in the 
same way, and the readings of both compasses can be compared. While 
taxiing a further eheck can be made to ensure t ha t  the indicators are not 
stuck, 

(11) THE CLOCK - During your request for taxi clearance, the tower 
will give you a time check. Set the aircraft clock to  the correct time (GMT) 
and check that i t  is working. 

(12) THE RADIOS - A radio check should be made to ensure that both the 
VHF transmitter and the receiver are working efficiently, Tune the radio 
compass on "ANT" to a known station, identify the station and tune for maxi- 
mum voiume: change to 91COMPt1 to determine if the automatic feature is op- 
erating properly: move the switch to " IBOP1' and, with the Voice/  CW switch 
on ltCWll, operate the Lef t /~ ight  switch to potate the loop: check for the eor- 
rect location of the Null: move the B a d  Selector to each band, tuning in a 
known station, and check the automati; feature of the radio compass; this 
will ensure that all frequencies a r e  available. 

1131 PUBLICATIONS - If your proposed flight is to be, one requiring ref - 
erenee to FLIPS, you muat remember to carry them out to  the aircraft and 
stow them where they w i l l  be readily available. 

(14) BLIND-FLYINGHOQD-Beforesetting&onaninstrumentfl~htit 
is advisable to check that the hood wi l l  lock into place and that t h ~  release 
w i l l  work. Instances have occurred of instrument flights having to be broken 
off because of failure to check the hood. 

15A3-Pitch Control in Co-Ordinated Level Flight 
( 1 )  In level flight the pitch attitude varies with airspeed. Whenever the 
airspeed changes you have to alter the angle of attack to keep lift constant; at 
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low air apeeds the aircraft flies nose high, while at high air speeds it flies 
nore low. The pitch control instruments are the: 

(a) altimeter; 

(b ) aritificial horizon; 

(c  1 vertical speed indicator; and 

(d) air speed indicator. 

(2 THE ALTXMETER - Usually, the altimeter isthe primary pitch con- 
trol instrument. In level flight, height should remain constant, therefore any 
deviation from the desired altitude indicates that you must change the pitch 
attitude. The rate of movement of the altimeter needle tells you how much 
change is needed, For example, if ~e movement is slow, the pitdh attitude 
should be corrected with small control pressures; if the movement is fast, 
greater pressures are needed. Any corrections should be made promptly 
and with the lightest possible control pressures, You must remember too, 
that any correction fox altimeter deviation must be made in three stages: the 
fir st preasure atops the needle movement; the second return8 the needle to 
the deeired altitude and the third stage is holding the new altitude. Usually, 
there is a small lag in the altimeter, but it can be ignored since acceptable 
results are obtained by following the instructions given above, 

(3 )  THE ARTIFIGLAL HORIZON - In instrument flying the artificial 
horizon substitutes for the real horizon, and gives a direct reading of the 
pitch attitude of the aircraft, The instrument ha8 no lag, therefore it shows 
an immediate change in pitch attitude, but it is subject to pr eceaaion during 
turns and during acceleration or deceleration. Precession can be detected 
immediately by cro s s -checking the other pitch instruments. The instant the 
other instruments show the need for a correction, the relative position of the 
miniature aircraft to the horizon bar can be determined, and any adjustment 
should be made at thie position. Provided the miniature aircraft has been e e t  
properly during the Pre-Flight Check, it should not have to be re-adjusted in 
flight. However, if it doe8 not coincide with t h e  horizon bar in level flight at 
cruising airitpeed, you should turn the little knob SQ that a true level-flight 
attitude i a  obtained, Once you have the miniature aircraft set for cruising 
air speed, do not make any other changes for variations in air speed, because 
you will be unable to get a true picture of the pitch attitude. If the artificial 
horizon haa to be caged in flight, it  muat be uncaged only when the aircraft is 
in the straight and level attitude as shown by the other instruments. This en- 
Bur e a reliable readings and maximum toppling limitations. 

(4) THE VERTICAL SPEED INDICATOR - The vertical speed indicator 
is another supporting pitch iustrument. Any movement of the needle from the 
zero mark ~ h o w s  a need for immediate corrective action. This instrument is 
used in e onjunc tion with the altimeter, any uncorrected altimeter indication 
being repeated as a gain or loss of height on the VSI.  When you see any 
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movement of the vertical speed needle and take immediate corre~tive meas - 
uree, the altimeter usually fails to record a change in height. The initial 
movement of the needle i s  instantaneous, but tbers is a kg. in it-s return, 
which is directly proportional to the speed and amount of the correction. You 
should train youreelf to use  smooth, light contPo1 ~ F ~ S S U T ~ B ,  khu~ making 
vertical speed intexpr atations easier. Over -controlling can be stopped if 
you relax and allow thk pitch attitude to stabilize before resuming your cor - 
rective actions. Qcca~ iandly ,  the calibration of fhe: instrument may be 
slightly out and the needle may not register zero in level flight. If this hap- 
pens, it i a  simple ta consider the level-flight reading as the zero mark and to 
make changes of attitude aceotding to  this reading. 

(5 ) THE: AIRSPEED INDICATOR - The f i n d  supporting pitch instrument 
is the airspeed indicator. With a given pawar setting and piteh attitude, the 
airspeed remains constant; if it increases, Qe nose is too low; if it drops 
off the nose is too high. Rapid c h a f e s  in sir speed mean that large cox - 
reetinns are needed to return the aircraft to the level attitude, There is very 
little lag in the instrument and any changes in pitch attitude are reflected al- 
most inkmediately in airspeed changes. 

15.04-Power Control in Co-Ordinated Level Flight 
(1) At a given airspeed t h e  power  setting determines the attitude of the 
aircraft. Cruising airspeed with cruising power gives level flight but, if the 
power i s  increased while the airspeed is held constant, the aircraft will  
climb. At a constant altitude, the power setting determines the airspeed so, 
if  power is increased and altitude is maintained, the airspeed will go up. 
During such power and air speed changes, elevator pressure co-ordinated 
with rudder pressure is needed to  hold the aircraft in the level-flight attitude. 
The elevator pressures are needed because the aircraft naturally tends to 
aarsme a nase-high attitude with power increases, and a nose -low attitude 
with power decreases, owing to changes in the verticallift, Rudderprts-  
suras are neaessary to counteract the tendency of t h e  aircraft to yaw during 
air speed and power fluctuations. 

(2) To keep a constant height and airspeed in level flight, pitch and 
power control must b e  co-ordinated. It is this relationship between height 
and airspeed which determines the need for changes in power and pitch. I£ 
the altitude is constant and the air speed is high or low, you should chmge the 
power setting to obtain the desired airspeed. During each power change, you 
should interpret the altimeter reading so that any deviation can be corrected 
by elevator pressure. If the altimeter needle is below, or above, the desired 
mark, and the airapeed i s  correspondingly high or low, a change in pitch 
alone should return the aircraft to the proper altitude and air speed. If both 
air speed and altitude are high or low, then changes in both power and pitch 
are necessary. 
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(3) To make power control easy when changing airspeed, you s h ~ u l d  
learn the approximate power settings for the various airspeeds most often 
used. When a change of airspeed of 10K or more is required, i t  is recom- 
mended that you adjust the throttle to give a manifold pressure 3 to 5'' above 
Qr below the normal setting fo r  the new airspeed: above if it is an increase, 
below if a decrease. Obviously, the manifold pressure gauge will have ca be 
included in your cross-check during this process, and the pitch gttitude must 
be altered if you wish to maintain a constant altitude. As the needle of the 
airspeed indicator comes to within 2 to 3K of the new airspeed, the throttle 
should be adjusted to hold the i e w  airspeed. This procedure gives a moder- 
ate rate of change of airspeed, and provides ample time for co-ordinattd 
elevator and rudder movements. 

15.05 -Cross Checking During Co-Ordinated Level Flight 
(1 1 During co-ordinated level flight your cross-check should include all 
of the pitch instruments. A glance at the altimeter may show that the pitch 
attitude looks fine, but by switching your eyes to  the vertical speed indicator 
and the artificial horizon, you may notice the beginning of a small deviation. 
The earlier you find the need for a correction, the less work i s  involved in 
taking the necessary corrective action. Any pitch adjustments should be made 

I m .  
( I  . 1 ' t 

Figure 1: The Instrument Panel 
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in three Btages. After stopping the error with the first adj<ustment, you 
should chbooe a new pitch attitude an the artificial horizon to correct the 
error and re-adjust to maintain the correct attitude. The vertical speed in- 
dicator tells yau if the adjustment is taking effect, and another glance at the 
altimeter shows whether the corrective action you have taken is sufficient- 
At a constant power setting, a normal cross-check is satisfactory, but during 
power or attitude changes, you must increase the speed of your cross-check 
to cover all of the instruments adequately. Figure 1 overleaf, showa the 
location of the various i~strumtnts on the Harvard panel, so that you can 
practise the cross-checkiing techniques described. 

15.06-Trim in Co-Ordinated Level Flight 
(1) Proper trim techniques are essential to smooth and accurate instru- 
ment flying. The rudder and elevator trim wheels should be used to relieve 
control pressures not to initiate changes of attitude. Sometimes, after 
tr imming and apparently having relieved all of the pressures, small pressures 
which you cannot feel may have been left on. The best technique is to release 
the rudder pedals or control column slowly and watch the ins t ruments  to see 
if the attitude remains constant. If the aircraft is not properly trimmed, 
control corrections can  be made to returnthe aircraft to the desired attitude, 
and the trim can be re-set  with fine adjustments. Thia procedure should be 
repeated until the desired attitude is maintained without pressure on the con- 
trols.  Remember, any change in attitude, power or airspeed requires a 
change in trim. 

15.07-Bank Control in Co-Ordinated Level Flight 
(1) In co-ordinated level flight any deviation from a wings-level attitude 
produces a turn. The instruments used for controlling bank are the: 

{a) directional indicator; 

{b) artificial horizon; and 

(c) turn and slip indicator 

(2 )  THE DIRECTIONAL INDICATOR - The primary instrument for con- 
trolling bank in co-ordinated flight is the directional indicator. When the air - 
craf t  banks and starts ts turn, the heading shown on the directional indicator 
alters at a rate proportional to the degree of bank and rats of turn. Co-ordi- 
nated aileron and rudder pressures return the aircraft to straight and level 
flight and, when the directional Indicator shows a conetant heading and the 
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ball of the turn and slip indicator im in the centre, you know that the winga 
are level. To attain a desired heading, the aircraft should be banked at an 
angle no greater than the number of degrees of the correction, and NEVER 
mare than a REtEe 1 turn. Since preeess i~n  makes the instrument read inac- 
curately by approximately 5 degrees every 15 minutes, you must compare 
the heading frequently with that of the magnetic compass. Any precession is 
removed by resetting to the magnetic compass heading. There is no turning 
error in the directional indicator. 

(3)  THE ARTIFICIAL HORIZON - The artificial horizon, be sides being 
a supporting pitch instrument, is a supporting bank instrument. The angle 
of bank is indicated by the pointer on the banking scale, and also by the attitude 
of the miniature aircraft. Small angles of bank, which you may not be able 
to see clearly when watching the miniature aircraft, register on the banking 
scale and allow you to decide on the exact amount of car rective action. The 
banking scale pointer moves opposite to the direction of bank and tells you the 
ANGLE of bank only. To find the DIRECTION of bad,  you m u  st refer to the 
miniature aircraft's relationship to the horizon bar. Any turn shown can be  
stopped by levelling the wings of the miniature aircraft with co-ordinated 
aileron and rudder pressures. Pitch and bank can be determined simultane- 
ously since, although the wings of the miniature aircraft may not be level 
with the horizon bar, the pitch attitude can be seen by noting the relative po- 
sition of the nose of the rniniature aircraft to the horizon bar. Sometimes in 
a turn the artificial horizon will precess, This can be discovered by cross- 
checking the other instruments. P r e e e ~ s i o n  is usually most noticeable 
during the roll-out so, if the wings of the rniniature aircraft are level, but 
the turn continues, you should make further corrections to stop any move- 
ment of the directional indicator. 

(4) THE TURN AND SLIP INDICATOR - The turn and slip indicator is a 
supporting instrumelrt 1 or bank control. The needle indicates the direction 
and the rate of movement of the nose of the aircraft around the horizon - not 
the degree of bank. The rate of turn is in direct relationship to the air- 
speed and the angle of bank. In co-ordinated flight, when the turn needle is  
displaced from its normal central position, the aircraft is  banking in the d i -  
rection indicated. A close watch is  needed to interpret small deviations ac - 
curately. In turbulent air the needle oscillates, so you have to decide on the 
centre of oscillation and determine the direction of bank from that. If you 
think that the needle i r  out of adjustment, fly the aircraft straight and level 
and watch the other instruments: note the position of the needle and use this 
as the reference for straight and level flight. You should be able to continue 
your instrument flying by judging aU angles of bank from the new reference 
point. In any attitude of flight, the %allff part of the t u r n  and slip indicator 
tells you when the aileron and rudder movements are co-ordinated. When 
the wings are level and the ball remains in the centPe of the glass tube, the 
aircraft is in straight flight: slip or skid causes the ball to rnoveawayfrom 
the centre mark. 
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15.08 - Cross Checking With Bank Control Added 
(1 ) When you are practising level flight, all of the instruments have to 
be cross-checked. The directional indicator and the turn needle indicate 
when the aircraft is turning; the artificial horizon and the ball of the turn and 
slip indicator show the cause of the turn. Remember that pitch and bank are 
of EQUAL importance when you want to fly straight and level. 

(2)  As you learn to interpret each of the bank instruments, you must 
include it in the sequence of cross-checking carried out previously for  pitch 
attitude only. As the number of instruments increases, the speed of cross- 
checking must also increase. 

(1) Usually instrument turns are made at a definite rate. During your 
training at FTS, instrument turns wi l l  be confined to 15, 30 and 45 degree 
constant bank turns, for which the artificial horizon is the primary bank in- 
strument. 

(2 )  To enter a constant bank turn, apply steady, co-ordinated.pressurse 
to the ailerons and the rudder in the desired direction. As soon as you apply 
these pressures, the artificial horizon becomes the primary bank instrument 
and the altimeter becomes the primary pitch 
ihotrument. The pitch attitude must be 
changed to compensate for the loss of vertical 
lift caused - by the banked attitude, but the 
corrections must not b e  made until the in- 
strumesta indicate a deviation from the de - 
sired readings. As you raise the nose to 
hold altitude, you must open the throttle to 
maintain airspeed: the amount of back pres- 
sure applied and the amount of throttle move - 
rnent required depending, on the angle of 
bank. Once the  proper angle of bankhas been 
reached, you may have to apply slight op- 
posite aileron to  stop the banking motion of 
the aircraft. Holding a constant angle of 
bank once it has been stabilised i s  important, 
since any alteration of bank alters the verti- 
cal lift, making it  impossible to maintain 
level flight without a pitch eorreetion, The 
return to straight flight is accomplished by 
applying opposite co'itrol pressures while 
watching the artificial horilion. When the - 
wings of the miniature aircraft become level, Figure 2: Unco-ordinated 
the directional indicator is the primary bank 



instrument. The rate of roll-out should be the same a e  fie rats of roll-in 
4, as the angle of bank and the vertical lift change, the pitch attitude should 
be adjusted, The nose is lowered to  maintain the derired altitude and the 
throttle setting is changed to mahtaia the desired air speed. 

(3 )  I t  i e  possible to go into a turn by using rudder pressure alone, but 
rather than executing a properly co-osdinated turn, the aircraft skids in the 
horisonaal plane. Similarly, owing ta aileron drag, the use of aileron alone 
cauees the aircraft to slip. This means that the ball must be included in your 
cross-check throughout any turn. Figure 2 apposite shows what happens to 
the needle and ball when the controls are mishandled in a turn. 

(4 1 TURNS TO SPECXFI G HEADINGS - In co-ordinakd flight an aircraft 
w i l l  continue to turn as long as the wings are banked, therefore, to recover 
on w specific heading, you must start the roll-out early, The amount of lead 
t ime varies with the angle of bank and the rate of roll-out, but usually, a 
satisfsctory rule isi to use half the angle of bank. For example, if the angle 
03 bank is 30 degrees and you are turning to the right from 360 degrees to 
180 degrees, you would start the roll-out at 165 degrees, or 15 degrees be- 
fare the desired heading. 

(5 1 The xoll-out is done in the same way as for a normal recovery. Any 
small corrections that have to be made must NEVER have a larger angle of 
bank than the number of degrees of heading error that you wish to eorrec t. 
During these turns the normal cross-check is used but, as you near the de - 
sired heading, you muatrefer to the directionalindicator more dten to deter- 
mine when to start the roll-out. 

15.10-Climbs and Descents at Constant Airspeeds 
(1 ) Many combinations of airspeedo and powex settings can be used 
during constant speed climb s and descents. The primary instruments for 
these manoeuvres are t he  air speed indicator for pitch, the directional indi- 
cator f ~ r  bank, and the manifoldpressure gauge forpower, Rather thanex- 
plaining every eventuality, onLy a f ew general rules and examples are given 
below. 

(2 ) If the aircraft is flying at cruiaing airspeedand you wish to climb ar 
descend at the same air speed, a8 soon as you open or close the throttle, the 
air epesd indicator becomes the primary pitch instrument. When you want to 
change the airspeed, but not the throttle aetting, the artificial horizon is the 
primary pitch instrument to start with, until the desired airspeed is reached. 
When both power and airspeed changes are required, you must change the 
air speed first. This, of course, depends on the indicated cruising speed of 
the aircraft, the power eetting and the new airspeed, and also whether you 
wish to climb or descend. 
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(3 1 Far example, if the aircraft i e  flying at cruising airspeed and you 
wish to climb at 35K, you must apply gentle back pressure to the control 
column until the artificial horizon indicates the correct attitude for a climb. 
As soon as the alrspeed approaches 45R, you must open the throttle and start 
to consider the airspeed indicator as the primary pitch instrument. This 
does not mean to imply that you should glue your eyes to each of those instru- 
ments in turn and ignore the  others. On the contrary, your crass-check must 
be comprehensive, but the artif ic id horizon and the air speed indicator, being 
for t!ne moment primary instruments, must receive a greater percentage of 
your attention. 

(4) E you wish to descend at an airspeed l o w e r  than c r u i ~ i n g  airspeed, 
you adjust the throttle first and hold altitude by watching t he  altimeter, until 
the airspeed has dropped to the required level, During this airspeed change, 
the artificial horizon is used ae the supporting pitch instrument. If you wish 
to  descend at an air speed higher than cruising air speed, the artificial hori- 
zon is the primary instrument until the new airspeed I s  reached. If throttle 
is used to increase the speed, the setting i s  made immediately and, when the 
new airspeed i s  attained, the power is reduced if necessary. 

15.11 - Level-off From a Climb or Descent 
(1) The level-off from a climb or descent must be started early. The 
lead time v a r i e s  according to the technique used, but normally, 10Yo of the 
vertical s p e e d  is ample. When you reach the pre-determined altitude fo r  
starting the Level-off, you should use  the artificial. horizon and the altimeter, 
together,  as the pr irnary pitcb instruments. If small correcting adjustments 
are needed to maintain t he  level- f l igh t  attitude, the altimeter becomes the 
primary pitch instrument. 

(2 )  The use of flower during the level-off depends an the cruising air- 
speed which you wish  to attain, and whe€her the level-off is  f rom a clirnb or 
descent. Depending on the circumstance s, power may be adjusted before, 
during or after t h e  level-ofi. A knowledge of the approximate power settings 
f o r  different cruising airspeeds is beneficial during this exercise. 

( 3 )  Lf you w i s h  to cruise at 120K after a normal climb at 95K, you should 
start b y  levelling-off ta allow the air speed to build up to almost 220K, and 
then you should reduce power to the setting that will maintain this airspeed. 
Xf no airspeed change i s  needed, the power and the pitch attitude are adjusted 
together. If you wish to  reduce the airspeed after levelling-off from a de- 
scent, you should level-off the aircraft and allow the air speed to fall before 
adjusting the throttle to maintain the desired airapeed.  For an increased 
cruising airspeed after a descent, you must increase the power and maintain 
the attitude on the artificial horizon so that the new air speed is attained by 
ae time the level-aff has been completed. Before any level-off, your actions 
should be planned in advance so that you reach the new attitude with a mini- 
mum amount of correction. 
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Turns 

(1) The technique used during climbing a ~ d  descending turns is a com- 
bination of those for straight climbs and descents, and constant-bank level 
turns. The climb or descent  can be started before the turn, at the s a m e  time 
as the turn, or after the aircraft has begun to turn. Similarly, the level-off 
m a y  be completed at any time during a turn,  except that the mrn should 31- 
ways be made onto specific headings and the level-off should be completed b y  
a pre-determined altitude, 

( 2 )  Since climbing and descending turns are done at a specified airspeed 
and power setting, the air speed indicator i s  the primary pitch instrument, 
the manifold pressure gauge is the primary power instrument and the artifi- 
cial h o ~ i z a n  i s  the primary bank instrument. The cros s-check during this 
combined manoeuvre must be rapid and thorough, to prevent errors  from be- 
coming too large.  You should u s e  the same interpretations and control pres- 
sures as f o r  level turns and straight climbs and descents. 

15.13 - Rated Climbs and Descents 
! 1) Rated climbs and descents are excellent manoeuvres for developing 
and improving precision aircraft control:  they are essential for instrument 
let-downs.  Having studied climbing and descending at a constant air speed, 
you should b e  familiar w i t h  the general principles; these remain t he  same, 
except that the vertical speed indicator is now t h e  primary pitch instrument: 
the directional indicator remains the primary bank-control instrument during 
this manoeuvre. The entry can be made from any  attitude or condition of 
f l ight,  but here, only an entry from level cruising flight i s  to be considered. 
At first you will  practise ~ a t e d  climbs and descents wi* a constant power 
setting, the airspeed being allowed to reach i t s  awn  level within sa fe  limits. 
Later,as your proficiency increases, you w i l l  be taught to use t h e  correct  
proportion of power  to vertical speed, thus achieving a specific air speed 
during the climb o r  descent, 

(2) To enter a ratedclimb wi th  a constant power setting, you must raise 
the nose ta  the approximate climbing attitude while cros s-checking the arti- 
ficial horizon and the vertical speed indicator. When the desired ra te  of 
climb appears an the  v e r t i c a l  speed indicator, the pitch attitude must be ad- 
justed to maintain this  ate, and the vertical speed indicator becomes the  
primary instrument f o r  pitch control, A s  proficiency is gained, you should 
practise the same manoeuvre adjusting the throttle with reference to the 
manifold pressure gauge, to give a specific airspeed at the desired rate of 
climb. The initial throttle movement is based on 1" MP equalling 100 fprn o r  
5K. After making this p~e l iminary  throttle adjustment, the correct rate of 
climb should be  established before  makingfurther power alteration@ to rectify 
the air speed. A t  this paint the airspeed indicator becomes the primary power 
control instrument. The procedure fop a rated descent is identical ta that of 
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the rated climb, During botb manoeuvres excess pressures q h d d  be trimmed 
out, thus helping to prevent over -controlling in the pitching plane. The level- 
off is carried out En the same way as  a level-off from a climb or descent at a 
constant air speed. 

(3) Sometimes a vertical speed indicator m a y  be improperly. calibrated. 
This can be checked against the altimeter and the aircraft clock by sstab- 
liahing a rate of climb or deecent and comparing the readings every 15 sec - 
onds. If you have established a rate of 500  fpm, the altitude change should 
be 125 feet in 15 seconds: a 1,000 fpm rate gives 250 feet in 15 seconds. 
When you have decided on the accuracy of the instrument,, subsequent rates 
of climb or descent should incorporate any instrument error. 

15.14- Standard Rate Turns 
(1) In a standard rate turn, the nose of the aircraft is turned through a 
definite number of degrees per second, this being a usual requirement for  
applied instrument procedures. The Standard Rate 1 turn of 3 degrees per 
second is the moot common. 

(2) The rate. of turn varies according to  tne amount of bank and the air - 
speed, therefore, if you wish to perform a Rate 1 turn you must calculate the 
angle of bank. A simple method is to drop the last digit of the U S  and add 7 
to the remainder: 

For example, lZOK = 12 + 7 

= 19 degrees. 

(3)  Having fbund the angle of bank, you can roll into the turn, t iming the 
rotation of the directional indicator to check the rate of turn. The main 30 
degree marks art used for this check, the'rate being correct if 30 degrees of 
heading change takes 10 seconds. Minor adjustments t o  the angle of bank 
may be necessary to give the proper rate of turn which, once established, 
should be checked on the turn and slip indicator. The position of the turn 
needle during a Rate 1 turn remains constant at all airspeeds, and should 
have a definite relationship to the small pyramids to the left and right of the 
centre mark, If, after calibrating the: instrument in both directions, you find 
that the needle does not coincide with the pyramids in a Rate 1 turn, you 
should make an appropriate entry in the L-14 to have th i s  unserviceability 
correc tea. 

15.1 5 - Changing Airspeed in Turns 
(1) Changing air speed in turns i e taught to improve your c KO ss -checking 
technique and to foster accuracy of control. Since the rate of turn depends on 
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the angle of bank/ airspeed relationahip, each time the airspeed is changed, 
the angle of bank must be adjusted, if the rate of turn is to remain constant, 
In addition, if you wish to  hold a constant altitude during these air~peed 
changes, the pitch attitude must be  varied. 

(2 ) Your cross-cheek while the air speed is changing must include the 
altimeter as the primary instrument for pitch control, the turn needle as the 
primary inskument for bank control and the manjfold prsseure gauge as the 
primary instrument for power control. When t h e  airspeed indicator shows 
that the new airspeed is approaching, the primary power control changes 
from the manifold pressure gauge to the airspeed indicator, 

( 3) Two methods of changing airspeeds in turns should be practised: 
one is to make the change aftex the turn has been established, and the other 
is to alter the power setting while the aircraft is being rolled into the turn. 
In either method, if you wish to decrease the air~peed, you must set 3 to  511 
MP less than that required f o r  the new airspeed. During the change, watch 
the altimeter and the vertical speed indicator, and make prompt pitch adjust- 
ments. Cross -check the turn needle at the same time to ensure that the angle 
of bank is correct. When the airspeed is  2 to 3K higher than the desired air- 
speed, the power must be adjusted to a ss tting that will maintain this airspeed 
throughout the remainder of the turn. Once the aircraft i s  turning properly 
at the new airspeed, y6u cantrim off the extra control preesures, and include 
the airspeed indicator in your normal cross-check. 

15.16 -Turning on the Magnetic Compass 

(1) The magnetic compass is the only heading indicator which does not 
become inoperative with failure of the suction or electrical supply. It is im- 
portant for  you to be able to turn the aircraft onto a specific magnetic heading 
and hold it there for a period of time. To help you to do this, the following 
points are brought to your attention. 

(a) When yau turn East or W e s t  from a Northerly heading, 
the needle lags or shows a turn in the opposite direction. 

(b) When you turn East or West from a Southerly heading, the 
needle shows a greater amount of turn than bas been made. 

(c) No error i s  apparent during turns from Easterly or 
Westerly heading 6 

(d) An increaae in airspeed during an Easterly or Westerly 
heading causes the needle to  fluctuate towards the North. 

( e )  A decrease in airspeed during an Eaettrly or Westerly 
heading causes the needle to fluctuate towards theSouth. 
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(f) On a Northerly or Southerly heading, no error is apparent 
while climbing, diving or changing airspeed. 

To reduce cornpaw reading errors to a minimum, you ahould check the com- 
pass anIy when the aircxaft is flying straight and level at a constant air- 
~ p e e d ,  

15.17ITirned Turns 
(1) A timed turn is a Standard Rate 1 turn in which the computations of 
the clock and the t u rn  needle are combined to change the heading of the air- 
craft througha definite number of degrees, Before timed turns c a n b e  prac- 
tised, the turn needle must be calibrated as explained in Art 15. 14(3), and 
you must know the indicated heading of the aircraft, This can be found by 
flying a steady course. straight and leve1,for at least half a minute and noting 
the compass reading: an average reading must be used, since the compass 
needle is seldom steady. Assuming that the heading is 270 degrees and you 
wish to turn left to 090 degrees, you can calculate the time it is going to take 
to turn through 180 degrees at  3 degrees per second (Rate 1). 

(2) In  making timed turns, exact timing is extremely important. It is 
easiest to start the turn when the sweep-second hand an the clock is at "12": 
at th is  instant roll the arrcraft smoothly into a Rate 1 turn. When the calcu- 
lated number of e e c ~ n d s  has elapsed, recover, making the roll-out smooth 
and at the same rate as the roll-in. During the turn the cross-check i s  the 
same as for a Rate 1 turn, except that the aircraft clock is substituted for 
the directional indicator. The turn needle i s  the primary instrument for bank 
control, the altimeter is the primary instrument fo r  Pitch control, and the 
airspeed indicator is the primary instrument for power contxol. The impor- 
tance of maintaining the proper deflection of the turn needlefor aRate 1 turn, 
and of centring it on recovery, cannot b e  ~Gerstressed: any deviation results 
in heading errors. 

(3 )  When you reach proficiency in t h i s  exercise you should be able to 
make timed turns to compaes headings without having to refer to the direc- 
tional indicator. In making these turns to compass headings you mayfind that, 
owing to flying 6s timing errors, you have missed the desired heading. The 
corrective procedure i e  to note the amount af error and make another timed 
turn to the desired heading: small corrections may be timed by counting. 

15.18 -Steep Turns 
( 1 )  Any turn having an angle of bank greater than 30 degrees is  con- 
sidered to be a steep turn. Although they are seldom required in normal 
flying, steep turns increase your ability to react quickly and smoothly to  
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rapid cbanges of attitude, Flying techniques during the turn are the same as 
for normal turns, except that you may have difficulty in controlling the pitch 
attitude owing to  the lose of vertical lift caused by the large angle of bank. 
To add to the difficulty, the primary bank-control instrument, the artificial 
horizon, is liable to precess, 

(2) In your cross-check, even though there may be small precession 
error s, the artif i c  id horizon is the primary bank-control instrument. The 
need f o r  a correction will show up on the vertical speed indicator or the alti- 
meter, and wi l l  be  reflected on the artificial horizon sufficiently for you to 
make a cbrrecting adjustment. After making the adjustment, you can check 
back to the vertical speed indicator,and the altimeter, to see if the change has 
been adequate. It is important that you correct the attitude only when the 
need arises. 

(3 )  k i n g  the roll-out three actions have to be taken simultaneously: 
you must release the back preasuxe, decrease the bank and,reduce power. 
The altimeter is the primary pitch -control instrument, but is clo eely sup - 
ported the whole time by the vertical speed indicator and the artificial hori- 
zon. For the power reduction the manifold pressure gauge is the primary 
power-control instrument momentarily. 

15.19-Recoveries From Unusual Attitudes 
(1) An unusual attitude may result from turbdence, instrument failure, 
vertigo, confusion or, from carelessness in carrying out a regular cross- 
check. The airspeed indicator, the altimetex, the turn and slip indicator and 
the vertical speed indicator art all employed in making a speedy recovery to 
normal straight and level flight. You must learn to trust the instruments and 
believe in their readings. Body sensations cannot b e  relied upon, and they 
often give a false impre ssion of the actual attitude of the aircraft. 

(2 Two procedures are used for recovery from unueual attitudes, the 
choice depending on whether the nose is above or below the horizon. When 
youfirst realize that the aircraft is in an unusual attitude, check the airspeed 
indicator and the altimeter. These instruments indicate the pitch attitude. 
and dictate the action required to bring the aircraft back to straight and level 
flight. 

(3) If the airspeed is increasing and height i a  being lost,  the nose. of the 
aircraft is obviously below the horizon. To prevent the build-up of excessive 
airspeed and the loss of too much height, close the throttle, level the wings 
by centring the turn needle and ball, and apply sufficient back pressure to 
correct the pitch attitude. When the air speed etops building-up and the alti- 
meter no longer indicates a descent, the aircraft is either in, or passing 
through, the level -flight attitude. 
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(4) If the airspeed isfalling and the altimeter reading is increasing, you 
can assume that the nose is above the horiaon. To prevent a further decrease 
in air speed, apply maximum permissible power immediately, lower the nase 
with pressure on the control column, and level the wings. When the airspeed 
and altimeter readings are constant,or beginning to reverse, the aircraft is 
in the level-flight attitude. During such recoveries fxom nose-high and noee- 
low attitude o,  a close check on the altimeter and turn needle is nece lsary to 
prevent over-coxrectioa, and to help to maintain the level-flight attitude once 
the recwery has been made. 

(5)  RECOVERY FROM A SPIN - You can tell that the aircraft i a  in a 
spin if the air speed is low, there is extreme displacement of the turn needle 
a d  height i s  being lost rapidly. The ballmay be displaced in either direction 
depending on the spin characteristics of the aircraft. The recwery technique 
is the same as that used during visual flight; that is: 

(a) throttle back; 

(b) full opposite rudder: 

( c )  control column forward until rotation stop s; 

(d) c e nt raliz e the rudder ; and 

(el ease out of the dive as explained in paragraph (3) 

The turn needle i e  the primary instrument during the recovery, for, whenever 
it flicker over to the opposite side of the dial, you know that the spin has 
stopped. Y o u  must centralize the rudder IMMEDIATELY to prevent the air - 
craft from spinning in the opposite direction, and take the recovery action 
outlined in paragraph (3). 

15.20- Overshooting 
(1) An instrument over shoot combines the techniques learned while 
levelling-off from a descent at a constant airspeed, with tho ee used for starting 
a normdl climb. As the overshoot altitude is reached, you must open the 
throttle to  32" MP if the pitch is at full "FINEtt, but not beyond 28"MP if 
only 2,000 rpm has been selected.  The Post-Take-Off Check should ba 
completed at this time. When the throttle is opened, bank control is main- 
tained with the help of the directional indicator, while pitch control is checked 
on the air speed indicator and the artificial horizon. 

(2) During an overshoot with flaps "DOWN", the attitude of the nose as 
indicated by the miniature aircraft in the artificial horizon should be slightly 
above the level-flight attitude. The initial part of the overshoot is done at 
$OK, and, as soon as the Post-Take-Off Check has been completed and the 
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flaps are "UP1*, the airspeed can be increased to 95K. W h i l e  the power 
change is being made, you should rough-trim the aircraft and, later, when 
the correct climbing attitude and airspeed have been attained you should re - 
trim, removing all pressures from the controls, A rapid cross-check is 
necessary throughout the over shoot to prevent any deviation6 from aabuming 
serious proportions. 

15.21 -Instrument Flying and the Flight Procedure Trainer 
(1)- At this stage of your basic flying course you should be familiar with 
the attributes a d  limitations of the Flight Procedure Trainer , Although 
there are certain limitations in the simulation of actual flight, the trainer is 
adequately suitable for teaching attitude instrument flying. You can practiee 
most of the instrument exercises and learn to develop a good system of 
cross-checking; but for maximum benefit, you must be prepared to study the 
theory of each problem before attempting it  in the trainer, To this end you 
w i l l  find that the syllabus of training for your course has been designed so 
that each topic will be introduced during ground school lectures, and then you 
will  have a chance to try them out, first in the Flight Procedure Trainer and, 
latterly, in the air. Conscientious study and continuous practice are the two 
requirements for skilful instrument flying. 
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Chapter I 6  

Applied Instrument Flying 

(1 ) With a thorough knowledge of Basic Instrument Flying you should b e  
capable of controlling an aircraft without visual reference to the ground or 
the horizon. This chapter explains the procedures by which your basic 
knowledge can b e  combined with radio  aids, to allow you to navigate and make 
landing approaches entirely ~n inst~uments. 

(2 1 TC-42, Flight Procedures for  the RCAF,is the official guide to  Ap- 
plied Instrument Flying, At FTS some of the methods described in that pub- 
lication must ddfer slightly, owing to your stage of training and the limita- 
tions of t h e  equipment carried in the Harvard. Thus, whlle only touching on 
the theory of the various aids here, some of the procedures axe treated ek- 
pansively to enable you to go through each, step by step. As far as possible 
the terms used are the standard terms of more advanced stage of flying, these 
being included to familiarize you with their meaning, and to prepare you for  
further study in this subject at AFS. 

16.02 -The VHF Homing 

(1) The simple st method of navigating to your home base is with the help 
of a VHF Homing. You would use it to obtain a heading if you became las t  on 
a cross-country, or if you w e r e  uncertain of your position at  any time and 
wished to set  course for base, Under these circumstances, the following 
procedure i s  recommended. 

(a) Synchronize the directional indicator (DI) with the mag- 
ne syn earnpass and continue to compare the reading s 

throughout t he  rest of the procedure, re-setting the DX as 
necessary so that youa re  sure of flying a correctmagnetic 
heading, 

(b) Call  the t ower  and ask for a YHF Homing, including a let- 
down d you think you w i l l  need one. In reply, the control- 
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ler will mast probably ask you to change to a specific 
homer frequency. 

( c )  Change tothe newfrequeneyand eaUtheVHFHomerop- 
erator. 

(d) In reply, the Homer operator will ask you to give your 
present heading, altitude and approximate position. 

(e) Following your report, the operator wil l  give you a heading 
to steer and will follow this up at regular intervals by 
asking you t o  "Transmit for Steer". The transmission is 
made by pressing the ltTRAPJSMIT" button ier three aec - 
onds, repeating the aircraft number and releasing the 
button. All other transmissions from your aircraft are 
used by the operator to check your track and, if necea - 
sary, he will give you heading changes from hie oboerva- 
tians. All heading and altitude instructions must be re - 
peated to enable the operator to check that you are com- 
plying with hi, directions. 

( 2 )  The aircraft must be flown accurately throughout the Homing, ac- 
curacy being even more vital if ,  in an emergency, you have to follow the 
Homing with a let-down. Normally at F T S  only Homings will  be practised. 
However if you should have to do a VHF let-down, the operator is capable of 
bringing you in over the aerodrome at minimum altitude so thatyou can make 
a landing. Remember, however, tbat £or a Homing or let-down to be effective 
YOU MUST FOLLOW THE INSTRUCTIONS GWEN BY TRE OPERATOR, 

(3) If there is any danger of not having enough fuel to reach an aero- 
drome, you must make the necesrary adjustments for maximum range. (See 
Art 12.05) One of the additional advantages of being at FTA, of course, is 
the increased range of your VHF Homing equipment. 

16.03 -The ADF Homing 
(1) A Radio Compass is installed in the aircraft, and the best  method 
of homing to a known facility is by using the Automatic Direction Finding 
(ADF) equipment. The procedure is to: 

(a) tune in the radio compas P and correctly identify the de - 
sired facility; 

(b) turn the function switch to "CQMP'' so that the radio-com- 
pass needle points towards the facility: 

( c )  turn the aircraft towards the facility until the radio-com- 
pass needle reads "OH, (Figure 1 opposite); 
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(d) keep the radio -cornpas B needle 
on 110" by making emall changes 
to the aircraft heading, if nee - 
esaary, so that you continue to 
fly towards the facility; and 

(e) a e  the aircraft pasaea the facil- 
ity, watch for -the radio-eom- 
pass needle to rotate through 
180 degrees, thus indicating 
"Station Passagell. 

(2) Ifthe aircraftpasses to one side 
of tha facility instead of directly over- 
head, ltStation Passage1' i s  indicated by 
the radi*c ompa s s needle pas sing through 
either wing tip, depending on the position 
of the facility in relation to the aircxaft. 
For example if the facility is on the 
right, the radio-compass needle wil l  
swing through tr09001'. 

16.04- ADF Tracking 

(1) Sometimes you wish to fly a 
definite track over the g r o d  to, or 
from, a known facility. Familiarity with 
much a procedure enables you to corn- 
plete an ADF let-down, fly along an air- 
way which doee not have a Range Leg 
that can be used for a track check, or 
fly directly from one facility to another. 
In Chapter 13 you learned how to make 
allowancesfor drift while flying visually 
on a croas-country: ADF Tracking is 
this application of similar prim ipla s to 
instrument flying. 

(2 ) TRACKING TO A FACILITY - 
To regain and maintain a definite track 
over the ground with reference to  the 
radio-compass needle, you muet proceed 
as follows. 

THE RADIO eOMPABB 

NEEDLE 15 HELD ON-0' 

M E  AIRCRMT FLtES 

A cuuveo PATH 

TO THE STATION 

(a) Tune in and correctly identify 
the selected facility. Figure 1 : The AD F Homing 
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Move the function switch to "COMFll, so that the radio- 
compasa needle points towards the iacility. 

( c )  Turn the aircraft towards the facility until the radio-com- 
pass needle reads f f O g f .  

(d) Note the magnetic heading as shown on the DL, this is the 
course that you must fly to the facility. 

(e) Fly this heading until the radio-c ompass needle i a  Been to 
have moved five or ten degrees off "0" ,  thus indicating 
that the aircraft i s  drifting. 

Alter course 30 dsgreer towards the facility. 

Fly this new magnetic heading until the radio -cornpa o s 
needle opens 30 degrees. (Figure 2 opposite) 

(h) Turn back towards the desired tr ae k and make allowance 
for the estimated drift. 

(j) Correct the drift allowance until the aircraft remains on 
the desired track. 

(3) Accuracy in estimating the amount of drift  correction can only come 
from experience, but i e  baaed on the distance flown before the radio-compass 
needle begins to deviate. For example, if the radio-compass needle moves 
away irnm 110" only a short time after the heading has been set, there must 
be a strong wind blowing and, c~nsequently,  the allowance for drift must be 
in proporti~n. Once the allowance for drift has been made, the radio-com- 
pass needle nolonger reads "0";  instead it should be reading an amount equal 
to the drift correction, but on the opposite' side to the correction. (Figure Z ) 

(4) If, after regaining track and making an allowance for drift, you find 
that the radio-compass needle is moving towards "U", the correctionhas been 
too small. To regain track you must go through the whale procedure again, 
making a larger drift estimati~a. If the radio-compass needle is seen robe 
moving aw$y !horn "0" however, indicating that there has been too great a 
drift correction, you may turn parallel to the desired track and hold this new 
heading until the aircraft drifts back onto track. When the radia-compass 
needle shows that track hasbeen regained, you can make a smaller drift c o r -  
rection to maintain this heading. At all times the aircraft must be flown ac - 
curately, and you mug$ demember tu re-set the DI frequently if you wish to 
remain an track. 

(5) TRACKXNG AWAY ,FROM A FACILITY - Trackiw outbound is bas- 
ically the same as tracking inbound, except that the radio-compass needle 
point8 to '$18" since the facility is behind the aircxaft. During "Station Pas- 
sageH the radio-compass needle may fluctuate, making it impossible to  take 
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a true reading, but the aircraft can be flown on a Dl heading until a proper 
indication of track error can be obtained, Corrections for drift are made ae 
before; however, mince the aircraft is moving away from the facility, any 
turns to regain track must be made TO WARDS the direction of the radio-corn- 
pass needle deflection. 

(6 )  INTERCEPTING A PREDETERMINED TRACK - Occasionally, when 
approaching or leaving an aerodrome, you may be instructed to fly on a dee- 
ignated track. If you are located soma distance from th is  track, you must be 
able to intercept it, turn onto it and fly i t  accurately. There are two proca- 
dures to follow, the choice depending on your position relative to the facility. 
To discwer which one you ahould follow, you must: 

( a )  tune in the radio compass and eorrectlyidentify thefaci- 
lity; 

(b) ture&erunctionswitchto~tCOMPttsothattheradio-com- 
pass. needle points to the facility; 

( c )  turn the aircraft towards the facility until the radio-com- 
pas8 needle reads l fOt t ,  and maintain the resulting DX 
heading; 

(d) turn the moveable heading indicatox on the magnes yn com- 
pass to the lcnown track that you wish to intercept; and 

(e) if the angulax differencebetween the heading indicator and 
the actual magnetic heading being flown is le s a  than 60 
degrees, adopt Procedure 1, while, if  it i a  over 60 de- 
grees, u s e  Procedure 2 .  

(7) PROCEDURE 1 - When you find that Procedure 1 must be used to 
intercept a predetermined track, you should: 

(a) t u ~ n  30 d e g ~ ~ e e s  bn the I31 to intercept the desired track, 
(The radio-compass needle w i l l  open 30 degree8 during 
thie turn); 

(b) fly thib new heading until the radio-compass needle opens 
30 degrees plus the difference between tbe original heading 
and t&e deeircd track; (Figure 3 opposite) 

(c) turn onto the desired track, making an allowance for drift, 
if it ia known; and 

(d) if the drift is  not known, correct fordrift asoutlinedin 
paragraph (2). 
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( 8 )  PROCEDURE 2 - If the angular differencebetween the reading of tbe 
heading indicator and the actual magnetic heading is more than 60 degrees, 
you must: 

(a) continue to track t o  the facility, correcting for drift; 

(b) on receipt of "StafiohPasrage", turn onto the closcot 
heading which is 45 degrees off the reciprocal of the re- 
quired track, the turn being made the shortest way round, 
(Figure 4 opposite); 

{c)  fly the new heading for Qne. minute, fifteen seconds; 

(d) complete a 180 degree, Rate 1 turntowards the required 
track; 

(e) fly the resulting heading until the radio-compass needle 
ehowe a reading 45 d e g t e e ~  off "0''; and 

(f) turn onto the required track and home to the facility, cor - 
recting for drift. 

W.05 -Time and Distance Calculations 
(11 Sometimes, you may wish  to know how long a homing is going to 
take, ao that you can give the tower or Air Traffic Control Centre {ATCC) an 
estimated time of arrival (ETA), or, on a cross-country flight, you may 
wieh to check your distance from a facility: both can be estimated by ueing 
the following procedures. 

a )  Tune in the radio compass and correctly identify the de - 
s ired facility. 

(b) Turn the function switch to  so that the radio-com- 
pass needle points towards the  facility. 

- (c)  Tun the aircraft ,until the radio-compass needle is at 
"090" or "270ii. {Figure 5 overleaf. ) 

(d) Note the magnetic heading and fly it ,  noting the starting 
time. 

{e) Continua to fly this heading until the radio-compass needle 
shows a bearing change. Normally, you should wait until 
there is a 10 degree change, but, if the aircraft is at a 
d i s t b c e  frdm the facility, a 5 degree change is sufficient. 
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(f) Note the time that the radio-compass needle takes to 
change , 

(g) If you wish tu home on the facility, turn towards it until 
the radio-compas~ needle indicates "Om' ,  and track in elim- 
inating drift: otherwise, continue your original course. 

(2) By applying the following formula you can calculate the time it will  
take to fly to the facility in still air. 

The Time to the Facility = 60 x The Time Flown for the B earing Change 
The Amount of the Bearing Change 

If you know the wind strength an adjustment can be made to the answer given 
by the formala, and this, added or subtracted to the starting time of the 
homing, gives you an e stimatsd ETA to the facility. 

If you wish to find the distance to the facility, the calculation ie: 

TAS x The Time Flown for the Bearing Change The Distance t o  the Facility = 
The Amount of the Bearing Change 

16.06-The ADF Hol,ding 
( 1 )  On a cro~e-country flight, or when you are approaching a strange 
aerodrome, the ATCC may request you to  ''hold" over a facility until cleared 
to continue your flight. The reasons for a pilot being asked to  hold usually 
concern air safety, and may be to: 

(a) provide altitude separation over a facility until each air - 
craft in turn can be given approach clearance; 

Ib) delay the approach of an aircxaf t to an aerodrome by having 
the pilot hold on a facility some distance from the aero - 
drome; or  

( c )  increase the separation between aircraft flying, on the 
same course at the same altitude by having one hold over 
an en route facility, 

( 2 )  THE STANDARD HOLDING PATTERN - The standard holding pat- 
tern i~ shaped l ike  a race track, the ends being Rate 1 turns to the right, and 
the rider being two minutes flying time in length, corrected for wind effect. 
Since it i a  poasible for yaup aircraft to be in any one of a number of positions 
relative to the f aciiity- when gau ara aekad to hold, and since the controller 
can request that you hdd over a facility, on a specific range leg or on a 



Art 16.06 

ENTRV PAOCEWRE 

WH* AFPROACHtNG APPRMCHfUG 

4T At4 hNGLE L W  TAN ANGLE MORE 

THAN 10' TO THE THAN 60' TO THE 

UOLDlMG TRACK HOLEllNU TRACK 

SIDES 2 MlNttTES 

FLYING TIME 

CoRREtTEO FOR WIND 

specific in-bound heading. it. ia assumed here &at you are being asked to 
hold an a apscific in-bound heading. To begin the .holding, therefore, you 
mu& home ta the facility. 

(3) Aa ahown in Figure 6 ,  there are two methods of entering the holding 
patters. The one you must choose depend8 on the relative direction of the 
aircraft to the specified in-bound heading. For purposee of explanation, yuu 
are presumed to have adopted Method 1 a d  are homing-in to the facility. 

(4 ) As soon as you receive "Station Passage", you should go into the 
holding pattern by reducing power to 201' MP with an airspeed of at leaet 
100K: the manifold pressure may be adjushd as required to give t h i~  air - 
speed. The lower power setting reaults in batter fuel consumption, while the 
lOOK airupeed enewes that youbave goad control over the aircraft. Acock- 
pit check is not required at this stage, but you should be aware of the amount 
of fuel remaining and you should re- set the DI with the magne eyn compase, 
After I1Statioa. Passagett the aircraft must be flown in a Rate 1 tura onto the 
firet out-bound heading: it ehardd be poseible ta make a rough estimate of 
drift on this fir a t  leg. The timing of the o u t - b o d  leg i e  adJusted to give a 
time of two minutes inbound. At the end of two minutes youmuet make a 
Rate 1, right turn through 135 degrees so that the in-bound heading can be 
intercepted at 45 degrees. The length of time taken to reach the in-bound 
heading while flying towards it at a 4 5  degree angle gives an indication of the 
amount of drift. A correction can be made while flying down tbe In-bound 
heading to  the hcility eo that, by the time you are on the second circuit, all 
drift ham been eliminated. O n  each circuit you must note the time of receiving 
"Station Passage" so that your holding may be adjusted if your e atlrnated ap - 
proach time (FAT) is lesa than b minutes away. 

(5 )  NON-STANDARD HOLDING PATTERNS - Occasionally you may be 
required to hold on a pattern where all t a m e  are made to the left; or you 
may be instructed to fly the sides of the pattern for a shorter period than the 
preser ib ad two minutes. Such deviations are known aa Non-Standard Holding 
Pattern@, When you have been aaked to hold, YOUMUST FLY A STANDARD 
PATTERN EXCEPT WHEN DXRECTED TO FLY A WON-STANDARD PAT- 
TERN BY AN ATGC, OR WHEN SPECIFIC INSTRUCTIONS ARE GIVEN IN A 
LET-DOWN CHART, 
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(1) The purpose of an instrument let-down is t o  allow the pilot to  ds- 
ecend through cloud and po eition his aircraft for a safe landing. Careful plan- 
ning and a thorough kmwled'ge of procedures is the basis for succeesful let- 
downs, and all pilots, no matter huweprbficient, m e t  a M y  each let-down in 
detail before attempting to descend. Although the 1st-down book in your gos- 
session i s  mainly for the local area, you should be familiar with the regula- 
tion pilot1 s handbook ieeued to all graduata pilots. If you have not seen one, 
aak your instructor to show you his, and notice particularly the mass of io- 
formation which hae been accumulated for almost every aerodrome in North 
America. 

( 2 )  Since you are to be flying on instruments during let-down practice, 
a method has been developed to allow you to concentrate mast of your attention 
on the let-down. To do this while maintaining a safe ai.rcy@t configuration, . I .  . 
you must remember two fact%, , . . - 

(a) The maximum speed for lowering the  undercarriage is 
130K. 

(b) The maximum rate of descent is 1,000 fpm. 

The power setting 6 ehould be adjusted to give an airspeed of 120 to 125K in 
etraight ahd level flight witb the undercarriage and flaps llUP", by rdecting 
1750 rpm a d  uaing enough manifold pressure to give the required airepeed. 
Tbis meanr that when the undercarriage is extended in straight and level 
flight* the air speed is approximately 105K, provided there is no alteration of 
power. Thus, a PRE-DETERMINED POWER SETTING is used for almost any 
situation. Tf you find tSlat you have to reduce power at any time, you may do 
so, but you must remember to READJUST TO THE PRE-DETERMINED 
SETTING WHEN LEVELLING-OFF. The rpm setting remains constant up to 
the point of the Crose-wind Check. If you are tQ be d i n g  a straight& ap- 
proach from the let-down, the air speed ehould be reduced to below 1 lOK be- 
fore you reach the minimum approach altitude. Thia allows you to lower flap 
aafely, when necessary, to carry out the landing. 

(3) In planning a let-down, the rate of descent is important: the slower 
the rate of descent, the easier it i s  to control the aircraft, ff 2,400 feet have 
to be lost in three minutes, your rate of descent must be 800 fprn, but if only 
300 feet bave to be lost in the three minutes, the rate of descent w a d d  be 100 
fpm. The desired rate of descent can be obtained by using one or a combina- 
tion 0% the following methods. 

(a) Increascthespeedtoa maximumof 130Kbyloweriagthe 
noae. At a constant power retting this giver a rate of de- 
scent of 300 fpm for each 5K increase in air apeed. 
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(b) Lower the undercarriage while maintaining airspeed, At 
a conetant power setting, this gives a rate of descentof 
approximately 300 to 400 fprn. 

( c )  Reduce power while maintaining a constant airspeed. 
Each inch of manifold pressure gives a rate of daacent of 
100 fpm. 

(4) Since you are trying to keep a constant power netting, (a) and (b)  are 
preferable to ( c ) .  In combination, (a) and (b) give a rate of descent of ap - 
proximately 600 fprn which, normally, is sufficient for most descents. Each 
situation varies, however, so you must learn to analyse each problem sepa- 
rately and decide on a course of action. 

16.08 -The ADF Let-down 
(1) When you receive a clearance to make an ADF let-down and ap- 
proach, you muet home to the facility while letting-dawn to  the initial-ap- 
proach altitude ahown on the let-down chart. On receipt of "Station Paasage", 
you should complete the following IiT, T .  T. A. C. l t  check. 

CHECK 

T - Time 

T - Turn 

HOW 

Visually - Note the time 
on the aircraft clock. 

Visudly and Manually - 
Turn, if necessary, 
a f t ercheck ing the l e t -  
down chart. 

WHY 

The time of passing the facility 
is noted so that you can pass a 
position report (PX) to  the 
tower,  and time the distance 
to be flown outbound. This 
length of time varies, and is 
dependent on Ule amount of' 
altitude to b e  lost, the limiting 
distance: detailed on the let-  
down chart, the wind and the 
airspeed, If thexe is a tail 
wind, the length of time must 
be shortened, whi le ,  if there 
is a head wind, it should be 
lengthened. 

If the out -bound track is on a 
heading other than the one on 
whichyouhavebeenhomingto 
the facility, you must turn the 
shortest way round to inter- 
cept the out-bound track. 
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.. . 

(2) THE PROCEDURE TURN - When the out-bound heading has been 
flown £0; the correct length of time, you must turn onto the out-bound heading 
of the prGedur e turn as shown on the 1st -dawn chart. This heading i s  flown 
f o i  one'minute, plus or mi&= sufficient time to compensate for head or tail 
winds, At the end of this time, start a standard-rate turn to the heading,and 
in the direction S ~ O W ~ , Q ~  the let-down chart, When the aircraft intercepts 
f i e  in-bound track, you must turn and home to the facility on the track shown, 
descending if nece srrary to the minimum altitude given for -cro e sing the beacon 
inb ound . 

- - CHECK 

T' - Tranemit 

. . 

LA - Altitude 

' 

G -'Check 

(3 1 On receipt of "Station Passage" a second "T. T, T. A. C. " check must 
be completed as follaws. 

HOW . 
Manually and Vocally - 
Press the "TRANSMIT" 
button and call. 

- - 
V i s ~ l a l l y  .and Mariua1ly - 
Check the let-down chart 
and etarta descent if 
nece~sary.  

- , 

. . 

Visually and Manually - 
Do the. Pre-Landing 
Check (Art 5.04(3) ) .  

WHY 

A PX is transmitted to the 
e ontrolling agency, giving the 
time over the facility. For 
example, a typical call, would 
be "Penbold Tower, this is 
Ait. Force 123, by the beacon 
at 23, outbound. 

The let-down chart always 
specifies an altitude for t he  

'procedureturn, andyoushould 
be at this altitude by the time 
you intercept the in-bound 
track. 

Since you are flying on inatru- 
ments and are concentrating 
on a let-down, the aircraft 
checks must be dona early. 
However, i t  ia  permissible to 
leave the undercarriage "UP" 
at this stage, if you so desire.  

CHECK 

T .- Time 

HOW 

- Vi~trally - Note the time 
on the aircraft clmk. 

> 

WHY 

The time of pasaing the facility, 
inbound, is noted so that you 
can PX to the tower and check 
the time required to reach the 
aerodrome; The let-down 
chart lists the time to  the 
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(4 1 If the facility is locatedon the aerodrome, ratherthan some distance 
from it, there are two minor differences as follows. 

CHECK 

T - Time 
(Contld) 

T - Turn 

T-Transmit  

A - Altitude 

C - Check 

(a) The se~ond~~T.T.T.A.G.~~eheckisdoneduring the pro- 
cedure turn, the PX taking the following form: l'Moose 
Jaw Tower, this is Air Force 456 on procedure turn at 35". 

HOW 

Visually and Manually - 
Start a turn, if necee- 
sary, after checking the 
let-down chart. 

Manuallyandvocally- 
Press the "TRANSMITtf 
button and call, 

Vi~ually and Manually - 
Check the minimum ap- 
proach altitude and start 
a descent to this altitude. 

Visually and Manually - 
Enrure that the under- 
carriage io  "DOWNm1 and 
"LOCKED". 

WHY 

missed approach point at vari- 
ous airspeeds, making it sim- 
ple for you to choose a time 
according to your airspeed, 
but adjustment must be made 
for head or tail winds, as  
before. 

If the track to the aerodrome 
is different fnom that an which 
you have been homing to the 
beacon, you must turn and fly 
along this track to arrive over 
the aerodrome. 

The controlling agemymu& 
be informed of your position, 
therefore a PX i B passed in the 
following manner. "Penhold 
Tower, thir i e  Air Force 123, 
by the beacon at 30,  inbound. + *  

A minirrium approach altitude 
is given on each let-downchart. 
Your descent to the aerodrome 
should be planned sa that the 
aircraft is at this altitude by 
the time the minimum visi- 
bility limitations are reached. 

When the runway is sighted'and 
you are in a position to carry 
out a landing, you must c m -  
plete the Crose-Wind Check, 
(Art 5 . 0 5  (2) ) to ensure that 
the aircraft is fdLy peepared 
for the landing. 
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The descent to the minimum approach altitude i s  made 
whi le  tracking inbound to the facil i ty.  

15) If t he  aerodrome is not visible at the ETA, you must carry out a 
missed approach procedure, meanwhile notifying the tower of your action. 
The "missed approach procedurett referred tohere  is notmerely overshooting 
according to  Art 6 .  10, but includes following t h e  limitations andpatterns out- 
lined in the let -down chart. 

16.09- Radio Range Procedures 
(1 J BRACKETING - tlBracketing the beam" i~ the name givento a method 
of flying down a known radio range leg while gradually eliminating drift. The 
amount of each alteration of heading, o r  "bracket", is reduced steadily until 
a course can be f lown which allowe a cohstant beam signal to be received. 
During the first part sf this procedure the aircraft is  flown down the "twilight" 
of the beam, since the t fon-courself  signal i s  three miles wide, 60 miles from 
the radio range .transmitter. Half a mile from the transmitter the "on- 
course" narrows to 132 feet.  By flying the tttwilightlt until the beam narrows, 
the pilot can be sure of his approximate lateral position and can be sure of 
having adequate lateral separation f ram other aircraft using the facility. 

( 2 )  STANDARD BRACKETING - A practical method of "bracketing the 
beam" is to fly the aircraft on a course which intercepts the beam at an angle 
of 30 degrees. On receipt af the f irst  ' ion-coursel l  signal, the aircraft i s  
turned ta intercept the r ight  side of the " o n - ~ o u r s e ~ ~  at 30 degrees, As soon 
as the beam has been crossed and the first  l1twilight" signal is received, you 
must turn onto the magnetic heading of the range leg,  Ff the aircraft begins 
ta drift  out of the ll twilighttl ,  one of two signal changes is possible. Lf you 
hear the l lon-conrselT, you must alter course 30 degrees to the r ight ,  away 
from the beam heading. On regaining the "twilight", the aircraft is turned to 
the left an amount estimated to eliminate drift, t h e  prodedure being repeated 
until a constant "twilight1' i s  received.  If the aircraft  drifts into the "bi- 
signal, zonetT, the alterations of course are made in t he  opposite directions 
until a constant lftwilight" is regained. 

(3 1 HOLDING - The procedure far holding on a radia range leg is almost 
identical to that of an ADf Holding, except that the indication of your position 
i s  received aurally rather than visually. Examples of entries and holding 
patterns are shown in  Figure 7 overlea-f 

(4) THE STANDARD RANGE APPROACH - T h e  mechanic s of the Stand- 
ard Range Approach are t he  same as for  the ADF let-down. "Station Pas- 
sage'' however is indicated by a "cone of sjltence" when passing directly over - 
head, ar by a rapid change of signal, if passing close by. The procedure i s  
to  follow the beam to the facility until ]'Station Passage1' is  received. At this 



Figure 7:  Radio Range Holding Patterns 

point the first 'IT, T. T.A. C. check is performed, and the aircraft ieturned 
onto a heading deaigned to intercept the out-bound leg of the range. While 
flying outbound you r h d d  start to de ee end to the procedure -turn altitude and, 
when you are far enough outbound, complete the procedure turn. Following 
the turn, you must continue to fly towards the range leg until the "twilight1' 
signal can be heard, then you can turn and start to "bracket" inbound to the 
facility. On receipt of ''Station Passage", the second '+T.T.T.A.C.I1  check 
is completed a d  a descent made to  the minimum-approach altitude detailed 
on the appropriate let-down chart. If the aerodrome is not visible at the 
ETA, you must carry out a missed approach procedure. 

16.10-The Final Approach 
11) The ADF Let-down and the Standard Range Approach are accurate 
methods of poeitioning an aircraft along a known track at a minimum safe 
altitude. If the visibility is good enough, you should be able to see the aero- 
drome and, provided that the runway towarde which you are flying is the run- 
way -in-use, you ahould be able to make a etraight-in approach. If the runway 
towards which you are flying i r  not the runway-in-uae, then you must carry 
out a runway orientation procedure. In the event of not being able to sight 
the runway, you must make a missed approach. 
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16 .I1 - Runway Orientations 
(1 The runway orientation procedure is designed to place the aircrait 
in line w i t h  the runway-in-use ra that you may make a iinal aiproaeh and 
landing. There are three different procedures, the choice of the correct one 
being dependent on the position of the aircraft at t h e  end of the letdqwn. Since 
experience helps, you must practise Runway Orientations until you are aware 
of the benefits of each, Your instructor wil l  supplement the information given' 
here with tips from his vwrr fund of knowledge, but the basic procedures wil l  
remain unchanged. Before starting the chosen procedure, you must ensure 
that the throttle is set to the pre-determined power setting, and you must 
leave it there until the aircraft is in  a position from which you can makea 
landing, The Cross-Wind Cheek is completed during the final descent to the 
runway, and flaps are lowered as required. 

(2) FIRST PROCEDURE - If the letdown brings you to the up-wind end 
of the rwway-in-use you should: 

(a) fly down the runway; 

( turn 90 degrees left o r  right at the button, (As shown in 
Figure 8, Method 1); and 

( c )  immediately start a 270 degree turn in the opposite direc - 
tion to  l int  the aircraft up with the runway. 

( 3  1 SECOND PROCEDURE - If you find that you are at 90 degree5 to the 
runway-in-use at the end of the let-down procedure, you should: 

(a) f ly  across the runway on your present heading until, when 
looking back, you can barely see the runway,(ON NO AC- 
COUNT MUST YOU LOSE SIGHT OF THE RUNWAY); 

(b) turn 90 degrees towards the down-wind end; 

( c )  f ly  at wing-tip distance down the runway as shown in 
Method 2 below; and 

Figure 8: Runway Orientations 
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(d) when the wing-tip passes the button, start a 180 degree turn to- 
wards the runway. 

( 5 )  THIFLD PROCEDURE - Figure 9 illustrates the action to be taken 
when you approach the runway at an angle. You should f ly  towards the button 
and once there: 

(a) fly away from the button 
at an angle of 45 degrees 
to the runway beading; 

(b) note the time of crossing 
the button and, making 
adjustments   OF wind, fly 
along the path "ABtl for 
45 seconds; and 

(c) make a 225 degree turn 
tawards the runway. Figure 9 :  The Third Method 

16.12 -The Missed Approach Procedure 
(1 If the airfield is not sighted after you have flown for the time specified 
on the let-down chart,  you must carry out a missed approach procedure. The 
normal power aetting is 28" MP with 2 , 0 0 0  rpm, but if there is airframe 
icing present, you may have to u s e  32" MP and 2 , 2 0 0  rpm. Once the aircraft 
has been trimmed into a climb, you should follow the missed-approach in- 
structions listed on the let-down chart ,  climbing-out to the correct altitude on 
the heading given. The tower  must be  informed of your intentions, and you 
should request further clearance for another approach, or for a diversion to 
your alternate. 
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Formation Flying 

17.01 - Introduction 
(1) Formation flying at FTS is the introductionto a skill that you will  b e  
expected to study and develop during the remainder of your air force career. 
After the AFS stage of training, you may be required to fly high-performance 
jet weapons platforms that a re  capable of inflicting heavy damage on an en- 
emy. Pilots of these operational aircraft are expected to be able to f ly  in 
formation for purposes of mutual defence and concentration of firepower. 
The ability to fly formation well  depends on good leadership and strict air 
discipline, both of which wi l l  be stressed during this course. 

17.02 -The Pre-flight Briefing 
(1 1 Before each formation fl ight  there will be a thorough briefing; by 
your instructor fo r  the first few exercises and, fo r  practise, by your self or 
a fellow student as the course progresses.  The briefing shalldetail the plan 
of the entire flight, and shall include: 

(a) a s s i g n i n g a p o s i t i o n i n t h e f o r m a t i o n t o e a c h a i r c r a f t ;  

(b) informing all concerned of the radio call-sign of the for - 
mation and the number allotted to each pilot; 

( c )  choosing a geographical fix for a rendezvous point should 
one member of the formation be delayed on take-off; 

(d) setting an "engine starting time1', and specifying the sig- 
nal to be used as the executive order; / 

( e )  detailing the radio check-in procedure; 

(f) detailing the taxiing procedure; 

( g )  assigning positions on the runway for take-off 
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(h) covering all eventualities duxjng the take-off and join-up, 
such am the procedure when abortiqg a take-off, when to 
retract the undercarriage, when to make power reduc ticna 
and where each aircraft is to join the formation; 

selecting a power setting for the leqder to  use during the 
climb; 

detailing the altitude at which the Post-Take-Off Cheek 
wi l l  be carried out and the radio channel to be used during 
the remainder of the flight; 

selecting the power setting to  be used after the.leve1-off; 

informing each pilot of his actions during turns; 

detailing t h e  moves to be made by each pilot during echelon 
crdes-undera, and when each move is to be made; 

assigning a radio call for a fuel cheek and outliming the 
method of reporting; 

detailing the procedure when breaking for trail and tbe 
spacing to be used; 

specifying a procedure for rejoining the formation; 

informing all pilots of the items to be checked on the Pre- 
Landing Check and of the radio channel to be used; 

detailing the procedure during the landing break, and 
giving information as to the location of the break, the time 
interval, how the break i~ to  be made and the correct 
epacing to be used; 

covering the complete landing, noting the runway to be 
used, the pasition of each aircraft on the runway and out- 
lining the proc ednre for aver shooting; 

detailing the action after landing or, in the case of an 
over shoot, the action to be taken to make another approach 
f o r  a landing; a d  

detailing emergency procedures in the event of engine or 
radio failure. 

A blackboard and model aircraft for demonstration purposes are invaluable 
aids during a briefing. 
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17.03 -Formation Signals 
(1 1 Ndrmally, RIT calls are used by the leader to alert the formation 
f0r.a particular action or manoeuvre. Each  all is prefaced by the formation 
call aiga followed by the order repeated, and an executive command. For 
example ]'Red Formation, Finger Left, Finger left  - GOt1. Sometimes, how- 
ever, it is desirable to maintain radio silence; o r  one aircraft maphave radio 
failure, making it necessary fo r  the formation to r esoxt to  hand aignals. All 
pilot8 muat be able to perform and interpret each signal sequence, The fol- 
lowing chart lists the hand signale fo r  each manoeuvre in a normal formation 
flight. 

MANOE W R E  

Initial power setting of 20" MP 
prior to take-off. 

Take-off 

Climb 

Lwel-off 

Change from Finger formation to 
Line Astern 

Change from Echelon formation to  
Line Aetern 

Change frsm Echelon to Echelon 
(2 Plane) 

Change from Line Astern or Trail 
ta Finger formation 

SIGNAL 

A circular motion of the forearm 
held vertically. 

A cutting down and forward rnove- 
ment of the  hand from eye level. 

A forward and upward movement of 
tfie hand, palm down. 

A horizontal sideways movement pf 
the hand, palm down. 

A fist clenched behind the head. 
(Number Three mustrepeatthe s ig -  
nal to Nurnber Four. ) 

A fist clenched behind the head. 
(This signal must be passed on by 
Num b e r s  Two and Three as it i s  
received. ) 

The leader poihts to Number Two 
swinging his hand round to indicate 
the new position. 

The wings of the aircraft rocked and 
a turn started in the direction of the 
Finger to be formed. 
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17.04-The Basic Two-Plane Formation 

MIlNOE W R E  

B rsak from Echelon for landing, 
or to change to Trail formation. 

Leader change 

Radio failure 

Break off 

(1) The basic formation consists of two aircraft and i s  called an ele- 
ment. The element leader is always known as NUMBER ONE, his duty being 
to direct the element in an attack, while the other aircraft. NUMBER TWO, 
is his wingman responsible for keeping a look-out and protecting the leader. 

SIGNAL 

A circular motion of the hand above 
the head with out-stretched fingers 
displayed according to the desired 
time interval between aircraft. 
{Numbers Two and Three muet pasr 
the signal on when it i e  received. ) 

An index finger pointed at the new 
leader then pointed forward. 

A hand held on an earphone and the 
microphone momentarily, then 
dropped t o  describe a throabcutting 
motion, indicates complete radio 
failure. Touching the microphone 
and making a throat-cutting action 
means transmitter failure only. 

Repetitious crossing of the forearms 
with the palms of the hands out. 

(2) In Figure 1 ,  an element is shown in ECHE W N  RIGHT which, along 
with ECHEIDN LEFT, is the most 
common two -plane formation. Notice 
that Number Two is positioned so that 
the wingtips of the two aircraft have 
clearance if Number Two over-runs 
his  leader, and that there is clearance 
between the tail of Number One and 
the propeller of Number Two. In the 
correct position, Number Two should 
be slightly below Number One so that 
equal portions of his leader's wing is 
visible above and below its trailing 
edge. Figure 1 : Echelon Right 

- - -  - ------  - 
NOSE TO T A I L  CLEARANCE I 
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17.05 - The Two- Plane Ta ke-off 
(1) In Art 17.02 covering the pre-flight briefing, mention was made of 
the leader setting an "engine starting timef1 and choosing a suitable executive 
signal. Although practice in this procedure is desirable, since it  is an im- 
portant part of formation flying at AFS, the normal routine at FTS makes it 
impracticable. Usually the Harvards at FTS are started individually, and 
each pilot "checks in" at the request of the leader on a pre -selected radio 
frequency. Any uneerviceability which may delay the departure should be 
reported to the leader at this time. Following the ''check in", the leader 
orders a frequency change before calling for taxi instructions. Each member 
af the formation acknowledges receipt of these instructions, in requence, 
starting with the leader. 

(2) When the formation is ready to taxi out they should do so together, 
whether they be an element of two aircraft or a much larger group. In this 
way they should move to the take -off position as a compact unit, ensuring that 
no other aircraft comes between them. The leader obtains any clearances 
for crossing runways, and for the line-up on the runway after the Run-up 
Check. 

(3)  After obtaining take -off clear - 
ance, the leader taxis onto the run- 
way, taking the left side if a l e f t - h d  
circuit i a  in force, or the right side if 
a right-hand circuit is in force. H e  
must align hi= aircraft with the run- 
way and be far enough down to allow 
the wingman to move into the correct 
echelon position. There should be 
ample eeparation be tween the aircraft, 
as shown in Figure 2. Figure 2: The Form ation Take-off 

(4 ) For a formation take -off the throttle is opened to 20" MP while the 
aircraft is held stationary on the brakes. When the wingman signifies by 
nodding his head that he is ready, the leader makes the appropriate signal, 
and both pilots release the brakes together, The lezder opens the throttle to 
28" MP, while his Number Two applies ~uff ic ient  power to maintain position. 
During the take-off run the leader should be particularly careful to keep 
straight, 80 that the wingman wi l l  not be crowded off the runway, Also, he 
should allow his aircraft to stay on the ground until it has attained a slightly 
higher than normal take-off speed, If the Number Two aircraft flies off first, 
the pilot should hold it just off the grounduntil hisleader is airborne. Under- 
carriages should be r a i ~ e d  independently. If either aircraft aborts after the 
take-off run is well  started, the other pilot should continue his take-off and 
either fly to the pre-arranged rendeevou~ point to await the arrival of the 
other half of the element, or f ly round the circuit and land. 

(5  Once climbing speed has been attained, .the leader should reduce 
power slowly to 26" MP and 2 , 0 0 0  rprn: the wingman aleo reduces power, 
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using 2 ,000  rpm and sufficient manifold pressure to maintain position. The 
mixture may be adjusted as required; always in the r ich range. At 1,000 feet 
AGL the leader calla for the Post-Take-Off Check. ( t lRsd Formation, 1000 
foot check, 1000 foot check, Go! ") Number Two moves out slightly to do the 
check and then come a back into his correct position. 

17.06 -Station Keeping 
(1 ) Xn essence, formation flying is, station keeping. As you know the 
Harvard is a stable aircraft which, when properly trimmed, will stay in one 
position without deviation. In formation however, you have to contend with 
an optical illusion created by the dihedral of the wings, and it may appear 
that you are banking away from the leader when, in reality, the aircraft is 
flying straight and level. This results in a tendency to hold the inside wing 
dawn towards the leader in auch a way that outside rudder is needed to keep 
the two aircraft from colliding. Not only i s  this a dangerous habit, but a 
t ir ing one, and wasteful, since more power is needed to hold poeition. 

(2) Formation flying i s  comparatively simple once a f ew fundamental 
lessons have been mastered. You must remember that every aircraft has 
inertia and that there is a time lag before a control change takes effect. At 
fir st  you will  find that you have to rnake almost continuous power change8 to  
keep up with the leader and hold the correct formation position. Later how- 
ever, ae your skill increases you will be able to anticipate many of the 
leader's movements, and you will find your self making simultaneous adjust- 
ments with  him. AU adjustments should be made as soon as a need is de- 
tected and in this way the change wil l  be small: the longer the delay, the 
greater the amount of adjustment and the longer the time to regain position. 
Pay close attention to the tips your instructor will give for acquiring the 
ability to keep in position, and if there is  doubt about any point, ASK QUES- 
TIONS. 

( 3 )  At cruising altitude the leader gives the signal for levelling-off and 
~rlowly reduces power to 24" MP and 1750 rpm. The wingman's setting is 
still 2,000 rpm with enough manifold pressure to keep him in the correct 
position. 

17.07 - Turning 
(1) Formation turns are similar to ordinary turns except that, if you 
are a wingman, you must watch your leader during the turn and hold the cox- 
rect formation position. To keep the same rate of turn as the leader, you 
must use approximately the same amount of bank. 
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Figure 3: Turns in Echelon 

(2 )  In Figure 3 the  relative positions of the two aircraft in turns is il- 
lustrated. Notice that in turns towards the echelon Number TWO drops down. 
To da so the throttle muat b e  closed slightly, since the radius of turn i s  less  
than that of t h e  leader1 s.  O n  the roll-out, to maintain position, you must 
open the throttle in proportion to the rate of roll-out. After some practise 
you should be able to judge the amount of throttle opening accurately, One 
tip is to open the throttle wide enough to start the aircraft moving forward, 
and then to close it to  a setting slightly below that needed f o r  normal level 
flight after the rate of accelerationis satisfactory. Remember, normally no 
signals are given fox turns, so you must be prepared to follow your leader 
whenever his aircraft shows signs of deviating from the level-flight attitude, 
When turning away from the echelon, the wingman stays levelwith the leader, 
By doing so, the desired effect i s  achievcdwith complete eafety,  and the rol l -  
out can be made with Number Two in the correct position. If you are-the 
wingrnan, you will  have to open the throttle slightly to keep up, since your 
radius of turn i s  grea ter  than the leader's. T h e  amount of throttle opening 
i s  slight, but, if you intend to keep position, you must counteract the inherent 
lag by opening the throttle a a  soon as the turn is started. 

17.08-Changing Position in a Two-Plane Formation 
11) The decision to  change position is at the discretion of the leader and 
i s  passed to the wingman over the R / T ,  or by hand signal. 

( 2 )  CROSS-OVER TO ECHELON RTGHT - I£ you receive a signal from 
your leader to  change position from echelon r i g h t  to echelon l e f t ,  you should 
reduce power sufficiently to drop down clear, of his tail. When the propeller 
of your aircraft is about half an aircraft length behind, and ten feet lower, 
than the leading aircraft, you can start the cross-over. At this point you 
must open the throttle to its original setting to maintain position and, at the 
same time, l o w e r  the left wing approximately five degrees. While passing 
across the leader's tail, open the throttle sufficiently so that, when  the c r o s s  - 
over movement has been completed, your aircraft is beginning to accelerate 
into position. P o w e r  and bank are adjusted a s  required. Past experience has 
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shown that some rtudents are prone to 
apply too much bank initially, or that 
they remove the bank too quickly. This, 
along with crossing too clore to  the 
leader ' B tail in the are a of turbulent e 
from hie prop -waah, and failing to open 
the throttle far enough, or soon enough, 
are common feaults. 

f3  MOVING TO LINE ASTERN - 
The control movements for changing 
from echelon to line astern are simi- ~i~~~~ 4: changing to L,,* A ~ + ~ ~ ~  
lar tu those deeeribed in paragraph (21, 
Since the object is to take up a position immediately behind the leading air - 
craft as shown in Figure 4, the bank and power adjustments must be regulated 
accordingly. The proper spacing is half an aircraft length to the rear and ten 
feet below the leader. 

(4) REGAINING ECHELON FROM LINE ASTERN - While flying in line 
astern, if the leader wants you to reform an echelon formation, he wi l l  give 
instructioris over the R/T,  or will rock his wing8 and turn slightly in a di- 
r e c t i o ~  opposite to that of the desired echelon: is, if he turns left, join on 
the right. Since you have to move eideways and forward, your fir st  action 
must be to open the throttle to give the aircraft forward acceleration: at the 
s a m e  time, the wing on the side towards which you intend to move should be 
lowered approximately five degrees. The whole mwement is like the second 
half of a cross-over in echelon, therefore you must adjust the power and bank 
to bring your aircraft into the correct position alongside the leader. 

(5) MOVING TO T U I L  - In trail formation the Number Two aircraft 
follows his leader with a separation of five aircraft lengths in the horizontal 
plane and ten feet in the vertical plane. The movement from echelon to trail 
is called a BREAK. If your leader wishea you to break into trail formation 
he will signal, either over the R/ T, or by raising his haad above his head 
and rotating it with two fingers out-stretched. His out-stretched fingers 
mean that you must wait for two seconds before following him into a level or 
slightly descending 90 degree turn.  The 
angle of bank should be in the range of 
45 tb 60 degrees. Usually a time in- 
terval of two ~econds is chosen be- 
cause, at the normal cruising air speed 
of a Harvard, this gives the approxi- 
mate spacing for trail (Figure 5). The 
leader may epecify another time in- 
terval, however, by holding up another 
combination of fingers. Since the rea- 
son for changing formation to trail 
usually concerna the manoeuvres fa 

follow, the leader should take the op- Figure 5 : Changing to Trail 

S A l K R M T  LENGTHS 

1 I q 
I 
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portunity of adjusting his power during the break. He should select 2,000 
rpm and 26" MP, or the power setting agreed upon during the pre-flight 
briefing. The wingman will make a rimilar change of power. 

(6) REFORMING FORMATION FROM TRAIL - Normally trail is a for- 
mation manoeuvre for more than two aircraft and, when reforming, a FINGER 
formation is used rather than echelon. 
However, with only two aircraft, al- 
though the manoeuvre remains un- 
changed, the final position of Number 
Two results in an echelon formation, 
The signal for reforming echelon from 
tfail is the esme as that for reforming 
from line aetern. Thus, if the leader 
turn8 to the left after waggling his 
winge, you ehould join up by cutting in- 
aide him, crossing behind and below to  
come up be side hie right wing, aer shown 
in Figure 6 .  If you find that you have 
used too much power and are wer- 
ehooting, you should increase the radius 
of turn by remaining on the outside of 
the leaderrs turn, This will allow you 
to move elowly into the correct posi- 
tion. Aerobatics are not to be carried 
out in trail formation. 

r 

\ 
\ CR#B BEHIND 
\ WD Below 

"& \ \ 
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(7) CHANGE OF LEADER - Ifthe Figure 6: Reforming from frail 
leader points a finger at you and m o -  
tione you forward, it means that he wants you to take the lead. You should 
pull ahead, keeping your eye e on him until he is definitely behind you and is 
obviously formating on you: power is adjusted to 24" M P  and 1,750 rpm. As 
leader of the formation, you must remember the following points. 

(a) You are responsible for the look-out and the aafety of the 
formation. 

(b) All turns murt be entered gently. 

(c) Power changea must be made slowly, 

(d) The wingman must be allowed same margin of power and 
airepeed, therefore all rrettings must be average. 

(e)  You must not climb or turn directly into the sun since it 
w i l l  be impoesible for the wingman to see you. 

(f) You should call for a cockpit check 
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(i) at least every 30 minutes, 

(ii) before joining the circuit, and 

(iii) before designating another member to take over as 
leader. 

(gj  You are navigator for the formation and therefore you 
should be aware of your position at all times. 

17.09 - Entering the Traffic Pattern 

( 1 )  The entry to the traffic pattern for a formation is the game a s  for a 
single aircraft, in that the let-down to circuit height is made on the dead 
side. The remainder of the circuit is somewhat different, as shown in Fig- 
ure 7 ,  

I21 The formation enters the circuit area on the dead side in echelon 
b f t  or echelon right, depending on the direction of circuit traffic. The 
leader e throttle setting should be 25" MP. At circuit altitude, opposite the 

Figure 7: The Two-#me Fohnation Circuit 
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button or further along the runway depending on the etrength of the wind and 
the circuit traffic, the leader breaks according to the procedure agreed upon 
during the pre-flight briefing, He turns 90 degreee in the direction of the 
circuit traffic, uaihg approximately 45 degrees of bank, followed by another 
90 degrees turn to bring him onto the down-wind leg a t  wing-tip distance. 

(3) As Number Two you should continue to fly parallel to the active run- 
way for f ~ u r  seconds after the leader's break, before following him onto the 
down-wind leg. Remember that you are on your own after the leader breaks, 
and that you must keep your own look-out: do not break blindly without 
checking far other aircraft, and alwaye space your self properly behind the 
leadex on the down-wind leg. 

(4) During the landing the leader takes the side of the runway nearest to 
the down-wind leg: you should take the oppoeite aide. If two runwaye are in 
ure, the leader lands on the, closer one, while you make your approach to the 
outside one. If there is any doubt about land* safely on either runway, you 
should overshoot immediately. 

'lane Formation 
(1) In Art 17.04(1) you learned that a two-plane formation is called an 
element. An element always acts in concert, attacking and breaking away to -  
gether. Usually however, it is more advantageous to have greater fire-power 
for attack or defence by joining two elements into one unit. The four-plane 
formation thus formed is called a SECTION: a section may break into indi- 
vidual elements at any time for combat or tactical reasons, but an element 
ALWAYS acts as ONE and always stays TOGETHER. 

(2 )  The leader of a four -plane formation is known as Number One, while 
his wingman is Number Two. The leader of the second element becomes 
Number Three, and hi6 wingman is Number Four, If only one aircraft of the 
aecond element is available to make up the section, he i s  still considered to 
be an element and i e  designated as Number Three. While flying as a section, 
the two elements act as a unit, taking their  instructions from Number O m .  
The horizontal, vertical and lateral spacing between the aircraft is the same 
as for a two-plane formation. 

17.11-The Four-Plane Take-off and loin-up 
(1) Preparation fo r  the four -plane take-off is similar to that described 
in Art 17.05, up to the point of forming up on  the runway. After take-off 
clearance has been received, Number One taxis onto the runway, taking the 
left side if a Left-hand circui t  is in force, or the right side if a right-hand 
circuit is in force.  H e  must align his aircraft with the runway and be far 
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enough down to allow the othex three 
aircrafttotakeup~eirpositione. When 
he is certain that everyone is in place 
and ready to go, the leader signals for 
20" MP, the ~ignal, if it is by hand, 
being paseed down theline by the other 
pilots . On another signal f rom Number 
One, the leading element moves off in 
a normal, two -plane take-off. (Figure 8) 
Number Three, as leader of the second 
element, waits until the fir st element 
is halfwaydown the runway before giving 
the signal for take -off to hi s  wingman. 

(2) After take-off, the leading el- 
ement climb a straight ahead to 800 feet 
AGL, where a shallow climbing turn is 
made in the direction of circuit traffic. 
This turn is continued until the second 
element has joined-up, but murt not ex- 
ceed 180degrees. The signal for a re- 
duction to climbing power is  given at 

' the normal time. 

(3)  When the leading element is 
shrting its turn at 800 feet AGL, the 
second element should be at 300 feet 
AGL and should fly an intercepting 
course to join-up in the turn as shown 
in Figure 8.  The formation so formed 
is called a FINGER. If you are flying 
as Number Three, you must cheek that 
your element has passed through 300 
feet AGL before attempting to  turn to 
intercept the leading element. Also, 
you muat display good jvdgement in 
closing on the leading element, and 
make the reduction to climbing power 
early enough for your wingrnan to stay 
in position. If you find that your ele- 
ment i s  going to werahoot, you must 
pass unde'raeath and outside the leading 
element sothat you alwayahave a dear 
view of the other aircraft. (Figure 9 )  
From a position on the wrong side of 
the leading element, it i s  compara- 
tively simple to cross-under into the 
correct position. NEVER TRY TO 
S I D W  DOWN BY INCREASING THE figure 8: The Take-off and Join-up 

THE WADING ELEMMt 

S T A F T S  TO TUIW A T  BW' A6L 

NUMLIW T h m  QlYES THE 

SWNAI. mu TA-F wnm 
T* WDlNB m P T T  15 

W F W A Y  T W  RUNWAY 
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Figure 9: Overshooting on tho Join -up 

BANK SO THAT YOU "BELLY UP" TOWARDS THE LEADER. This is the un- 
forgivable sin of formation flying, since it is impossible for you to see the 
other element. 

(4) After the join-up Number One calls for the "1,000 foot" check, the 
other members of the foxmation moving out slightly to complete their indi- 
vidual Po st-Take -Off Checks and then moving back into position. Station 
keeping in a four -plane formation is the same as in a two-plane formation. 

17.12 - Changing Position in a Four- Plane Formation 
(1) After take-off a faur -plane formation is always in either Finger Left 
or Finger Right, depending on the direction of the circuit. At FTS you are 
taught to fly in three other positions besides Finger, and you must know how 
to  change from one to the other smoothly, safely and with confidence, 

(2) FINGER RIGHT TO ECHELX)N RIGHT - W h e n  Number One wishes to 
change the formation from Finger Right to Echelon Right, he gives the aa- 
propxiate signal - "Red Formation, Echelon Right, Echelon Right - Go!". 
Number Three, with Number Four on his wing, reduces power slightly, 
moving out, back and slightly down to make room for Number Two, If you 
are Number Two, you must w a i t  until Number Three has made a spacefor 
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+ 3 AND .4 MOVE BACK 

2 CROSSES OVER 

-il 

i 

Figure 10: Finger Right to Echelon Right Figure ll: Finger Right to  Echelon Left 

3 AND d MOVE BACK AND 

CROSS OVeR BEHIND 1 AND 2 

you, before crossing over, behind and under the leader into your new posi- 
tion as shown in Figure 10. The cross-over should be gentle, Number Three 
keeping a g o o d  look-out to ensure that he has l e f t  enough room. When Number 
Two is in position, the whole formation should close-up until al l  the aircraft 
are properly spaced. 

+ 
-I&- 

(34 FINGER RIGHT TO ECHELON LEFT - On receiving the  signal to 
change to Echelan Left from Finger Right, Numbers Three and Foar reduce 
power slightly and, together, begin to move slowly across behind the leading 
element. (Figure 11) Number Three must ensure that he has sufficient 
clearance to cross behind and below N d e r  Two, while Number Four  must 
take similar precautions when crossing behind Number Three. The forma- 
tion change is completed when Number Three is formating on Number Two, 
and Number Four is formating 0x1 Number Three. The spacing betwee'n the 
aircraft must be equal, 

* 
-i- 
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(4 ) FINGER FROM ECHEWN - 
When the formation is to reform a 
Finger to either side, the procedure is 
almost the reverse of that described 
in paragraphs (2) and (3), The only 
difference is that whsri forming Finger 
Left from Echelon Left, or Finger 
Right from EchelonRight, Number Two 
makes the first move, aad Number e 
Three and Four merely close up the 
gap 

(5 1 FINGER TO IJNE ASTERN - 
The hand signal for Line Aertern from 
Finger consists of the leader holding a 
clenched fist behind his head: Number 
Three repeats the eignal to Number 
Four, who cannot see the leader. To 
change formation, Plumbers Three and 
Four reduce power slightly, and move 
down and back to give Number Two 
enough space to  come over b W d  
Number One, When Number Two i a  in 
position, Number Three moves behind 
him, while Number Four falls into po- 
sition behind Number Three, (Figure 
12) The correct ~paciag is 10 feet be- 
low and half an aircraft length to the 
rear. 

(6)  ECHELON TO LINE AS TERN - 
The procedure for changing from Ech- 
elon to Line Astern has been covered Figure 12: finger to Line Astern 
already in Art 17.08. Although only a 
two-plane formation was coneidersd there, the explanation applies equally 
well to the four-plane formation, The executive hand signal is again the 
~lenchsd fist behind the  leader'^ head, 

(7) REFORMING FINGER FROM LTNE ASTERN - When the eignal to re- 
form Finger ie given over the RIT, or by the leader rocking his winga and 
turning towardr the Finger to be formed, Number Two applies power and 
b k e r  up position on the OUTSIDE of the turn as described in Art 17.08, 
Number r Three and Four turn inside Number One on an intercepting course, 
as ehown in Figure 13 overleaf, and close-up to form the Finger, 

(8) BREAKING FOR TRAIL - Before a four -plane formation can break 
for Trail, it must be in Echelon, The mignal for the break is given either 
over the RJT, or by the leader raising his hand above his head and rotating 
it with the equivalent number of fingexs exteoded according to the time inter - 



Art 1.7. 22 

1 SIGNALS AND TURNS IN 

THE OlRECTtON OF THE 

FJNGER TO BE FORMED 

2 TUQN5 OUTSIDE 1 

3 AWU A TURN INSIDE 1 

Figure 13: Reforming Finger from Line Astern 

val desired. (Normally 2 seconds. ) After giving the  signal, the leader goe s 
into a 90 degree, level turn using 45 to 60 degrees of bank. The remainder 
Q$ the formation breaks at the specified ipterval and forms up behind the 
leader with five ai~craft  lengths between aircraft. In Trail, the formation can 
climb, descend, do shallow lazy eights and go into steep turns: AEROBATICS 
ARE NOT TO BE CARRIED OUT.  To prepare for  the manoeuvres to follow, 
the leader should change his-power setting in t h e  t u rn  to 2 ,000  rpm and 26" 
MP, or to the power setting agreed upon during the pre-flight briefing. The 
rest of the formation will make a similar pdwer change on receipt of instruc- 
tions from the leader. During the manoeuvres in Trail, each pilot must keep 
the aircraft in front of him in v i e w  at all times. If one member of the forma- 
tian loses sight of his immediate leader, ha must break away, notifying Num- 
ber One of his  action and requesting permission to  rejoin, 

(9)  REFORMING FINGER FROM TRAIL - Before signalling the forma- 
tion t o  reform a Finger from Trail, the leader shouldxeduce power to normal. 
cruising settings. This gives the other aircraft a reserve of power during the 
formation change so that t h e y  can catch up with theleader. To go into Finger, 
Number Two opens his throttle and moves under and outside Number  One's 
turn, while Numbers Three and Four turn inside to intercept Number One. 
When all of the aircraft are together, they close-up to form a properly spaced 
Finger as shown in Figure 13. 



Art 17. 13 

17.13- Changing Leaders 
(1) In operational formation flying, 
the Leader of a four -plane formation is 
always  one of t h e  element leaders. At 
FTS, however, to give everyone a 
chance to lead without having to break 
off the exercise, i t  is permissible for 
the wingmen to take turns. At the pre- 
flight briefing for an exercise inleader 
changing, each member must under- 
stand the procedure thoroughly, and 
muet be fully aware of the system of 
renumbering. 

(2)  SECTION LEADER CHANGE - 
With the section in Finger formation, 
Number One indicates to Number Three 
that he should take the lead. Number 
Three, with Number Four formating 
on him, opens his throttle and movea 
,lightly out and ahead of the first ele- 
ment, keeping his eye6 on Number One 
until i t  is obvious that Number One ia 
in position. An immediate power re- 
duction is made to 1,750 rpm and 24" 
MP to allow the other members to 
close-up into Finger formation o n  the 
opposite side, as shown in Figure 14. 
As soon as the section has reformed, 
f ie  new leader calls "Red Formation - Figure 14: Changing the Section Leader 
Renumber, Renumber - Go!" .  Each 
m e m b e r  checks in in turn giving his new number aa  fo l l ows~  

(a) "Number Twott, given by the old Number Four. 

(b) "Number Three", given by the old Number One, 

(c) "Number Four, given by the old Number Two. 

(3 )  CHANGING LEADERS WITHIN THE FIRST ELEMENT - The method 
of bringing Number Two up into the lead is ilLuatrated in Figure 15 overleaf. 
When Number One orders Number Two to take the lead, he does so with the 
section in Finger formation. Number Two adjusts his power settings to en- 
able him to pull ahead of Number One, thua putting tha formation into Echelon. 
After reducing power to allow the other members to close-up, the new leader 
requests the formation to renumber. Each member checks in, giving his new 
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number as follows. 

(a) "Number Two", given by 
the old Numbex One, 

(b) "Number Threet', given 
by the old Number Three. 

(C  ) "Number Four", given by 
the old Number Four. 

(4 If i t  is desired ta have  Number 
Four take the lead, the section must 
go through the step outlined in para- 
graph  ( 2 )  and then the step in paragraph 
( 3 ) .  

1 7.14 -The Traffic Pattern 

(1 ) Before entering thp c i rcu i t  
area the section must be in Echelon 
formation so that each aircraft can 
break at the proper time. The entry 
and let-down are made on the dead 
side, with the section flying into wind, 
parallel to the runway in use. The 
leader breaks as described inArt 17.09 
(Z) ,  followed by each m e m b e r  of the 
formation at the end of hi 8 designated figurn 15: changing *e Ekment Leader 
time interval. (Figure 16. ) 

(2 )  Having completed the break, and having turned onto the down-wid 
leg, each pilot has an individual responsibility for spacing his aircraft cor - 
rectly, and for flying the regulation traffic pattern at the altitude specified in 
lac'al orders. The leader for his part must make h i s  initial break early 
enough to  give the last man time to follow, in turn, before passing the up- 
wind end of the runway. 

(3) Landings are to be made on alternate s ides  of the runway, or, if two 
runways are inuse,  on alternate runways, the leader always taking the side,  
or runway, nearest to the down-wind leg. If any pilot fails to  line-up with 
his designated landing path, he must overshoot and complete another circuit. 
Before turning-of{ across the runway, ~ a c h  pilot muat look back to  see that 
the runway is clear, and that he i s .  go t  bking overtaken by another aircraft 
randing behind him. Normally at FTS, local orders prohibit  two aircraft 
landing in stream on the same runway. 



1 LANDS ON SIDE OF THE 

THE RUNWAY NEAREST TO 

THE DOWNWIND LEG 

2,3 AND 4 LAND ON 
ALTERNATE SIDES 

Figure 16: Ths Four- Plane formation Circuit. 



Art 17.15 

Common Faults Format ion Flying 
(1) In this, Article some of the mare common faults of students during 
formation flying exercises are summarized. If you wish to become proficient 
at formation flying, these are the points to watch. 

During the take-off and join-up, you must: 

(a) not lose directional controlon rake-off orcut  infrontof 
other aircraft, thus subjecting them to hazardous slip- 
stream turbulence at a time when airspeeds are Law; 

(b) as a aection leader, use just the right amount of throttle 
fbr  take-off so that the rest  of the formation can catch up 
easily; 

[c) as  the leader of the second element, start your take-off 
roll at the correct moment, keeping the proper spacing 
between your aircraft and the first element; 

(d) as a wingrnan, keep up with your leader during the take- 
off roll, and maintain position during the climb; 

(e) a s  Number Three, lead your element inside the leader's 
turn when joining-up, but only after passing through 300 
feet AGL; and 

( f )  not overshoot when joining up or, if the overshoot is inev- 
itable, YOU MUST NOT "BELLY WIT on the leader instead 
of going underneath him. 

While formatiag on your leader, you must: 

(a) always use co-ordinated control movements; 

(b) av~idovercontrol l ing;  

(c) keepyoureyesanyourleader;  

(d) be prepared for changes of attitude by anticipating your 
leadert e movements; 

(e) keeppositioninturns; 

(f) keep the proper spacing in Line Astern and Trail; 

(g) followyour leader in Trail, carry ingouta l l  manoeuvres 
accurately; 



Art 17. 15 

( 1  maintain lateral @pacing in Echelon; 

break aftex the required time interval; 

(k) keep your head out of the cockpit while doing checks; 

know all of the hand signals; 

(m) move out of position only after understanding the signal 
given by the leader; 

(n) when in trouble, inform your leader and ask permiesion 
to break formation; 

( 0 )  break formation down and away from the other aircraft; 

(ql use your head. 

As a leader, you must: 

(a) keep all movement8 of power and attitude within the capa- 
bilities of the other members of the formation; 

(b) be aware of the reeponsibilitiea involved; and 

( c )  arrangefor a l caderchangeovera  knownlandmarkoron 
a cour oe towards baee.  
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