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MANUAL i IHEORY OF FLIGHT ANO FLYING INSTRUCTIONS 

Introduction 

The instructions for Jumbo are contained in tuo manuals. This is the 
f ir s t one, and as the heading above indicates, it is devoted to explaining 
t he basic theory of flight and basic instructions for flying. We must, of 
course, make it clear from the start that this manual does not purport to 
t each you the skills of flying for use in the real uorld. In other words, 
i t will hopefully give you sufficient skills to fly the Boeing 747 in the 
Jumbo simulation, but it will not give you enough skill to fly one in real 
l i f e ! The information in this Manual is, however, true and holds good for 
f li ght in the real world, so if you are considering taking up flying, it uill 
De of assistance to you, 

If you are interested in private flying, then there are many Clubs avail
~~l e throughout the country that give courses leading up to the attainment of 
; pr ivate licence and then onward to more advanced uork. Information on the 
, l ~s a s t Club to your home should be easily attainable from either the local 
l :~ r 2~y ref e rence section or one of the flying magazines. 

Theorv of Flioht 

Li ,: and Oreo 

The truly amazing thing about the th~ory of flight, once it was known, 
wa s the fact that it had not been discovered earlier. One tends to think of 
Leo nardo Oa Vinci type machines of flapping wings and early helicopters . 
Bue in f ac t, the secret is very easy to understand as a theory. What make5 
an y aeroplane fly is Lift. The trick is to create this lift so that the Drag 
cre ated by any solid object going through the air is not so great as to counteract 
t he lift. c~nsider Figure 1. This is the cross-section of a wing or any other 
aa ~ofoil. Note t hat there is an upward-acting force entitled L for Lift, The 
do: ted lines, of course, are air. Carry out an experiment for a minute. Lift 
you~ hand and strike it through the air. You uill feel the air on it. In other 
wo rds, your hand is creating drag. Anything passing through the air has this 
ef fect, and an aeroolane wing, of course, is no different. 

The d i fficulty that early pioneers had was that they did not truly un
de rstand how to create lift. Consider Figure 1 again. You will see that the 
di stance th a t t he air which goes benea t h the Ling travels less than the dis
tan ce travelled by the air passing over the to~ of the wing. This, of course, 
~s by reas on of the shape of the aerofoil itself. There is, therefore, created 
a tifference in pressure between the t ~p and :he bottom of the wing and this 
pr essure c r eates the lift . If you uish, you =~uld, very inaccurately, say that 
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an aeroplane is literally sucked up into the air. 

· ·-···-t 
airflow 
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angle of IUICk 

Consider what happens when the wi,g is tilted upwards from the front. 
The angle between the horizontal a,d a line through the cross-section of the 
uing is called the angle of attack (fi~ure 2). As this angle of attack in
creases, so does drag, but also, luckily enough for all pilots, so does lift. 
At one point, however, the drag of the air gets so great that it counteracts 
all of the lift produced. The uing is then said to have stalled and no lift 
is generated, hence the aircraft, unless steps are taken to prevent it, falls 
rather smartly to the ground. We will come back to this subject later. Suf
fice it to say at the moment, if the a,gle of attack gets too great then you 
will stall the aircraft. Fig~re 3. 

Fig. 3 

Although it is of no great concern at this time, just in case you have 
heard of the angle of incidence, this must be differentiated from the angle 
of attack. The angle of incidence is the angle at which the uing is set to 
the fuselage when it is manufactured. It is of course a prime design con
sideration, but it cannot be changed by the pilot. The angle of attack most 
certainly can. 

To summarise this question of lif : , therefore, so far as the pilot is 
concerned, it should be understood that the greater the angle of attack, the 
greater the lift, but also the greater the drag. The pilot should be aiming 
to fly his aircraft in all uays such as to result in a maximum of lift with 
a minimum of drag. So long as he does this, the remainder of the techni
calities of aerofoils can be safely left to the designer of the aircraft. 

One of the most important ~ays in uhich the pilot can achieve this 
objective is the question of the speed of the wing through the air. It can 
orobably be said that so long as the uing has any speed through the air it 
will generate some lift. for all prac : ical purposes, however, a certai~ 
speed ha s to be attained before this lift is of much use to the pilot. It 
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is not necessary to get too technical on this subject, because, so far as the 
pilot is concerned, the speed at which he will normally travel is set firstly 
by the design criteria of the aircraft and secondly by ~atters other than the 
subject of lift and drag. However, it is useful to know, for instance, that 
a wing moving at 200 knots through the air will generate 4 times as much in
duced dr3g as it does when moving at 100 knots for the same angle of attack. 
~ssuming this constant angle of attack the total wing drag increases with 
t he square of the speed of the wing. Lift increases in the same ratio. 

One final point before we leave the subject of lift and drag. The 
: ross-secti on of any given uing, for efficient use, varies with the type of 
aircraft being considered. In other words, not all cross-sections are the 
s ame. Indeed, if you have ever seen a 747 with all of its flaps and para
~hernalia hanging out it is difficult to see either how it flies at all or 
how the theory that we have been discussing has any relevance. Nonetheless, 
: t does. But the cross-section of a wing, of, for instance, a fighter plane 
~ill be different to the cross-section of the 747's wing. 

~i!'C!"aft Mo ti on 

Fig. 4 

Please consider Figure 4. You will see that this is a sketch of an 
a ircraft with three mythical rods drawn through it. These represent the 
t hree aircraft motions of roll, yaw and pitch. These three rods meet at a 
Joi nt in the cabin of this small aircraft. This point is said to be the 
: e, ·,tre of gravity. 

The motion "pitch" is perhaps the easiest one to grasp. If one imagines 
a roller-coaster then the movement of the car up and down the hill is pitch, 
• ~t of c ours e this motion is around the lateral axis of the aircraft. The 
: a ilplanes of the aeroplane enable it to resist pitch disturbances and they 
:o~fer l ongi:udinal stability. The degree of pitch, therefore, is controlled 
J y the eleva:ors which are attached to the tailplane or more correctly form 
~c rt of the railplane. 

An aer oo lane rolls about the longitudinal axis. The left uing goes down 
•~ d the righ: wing comes up and this is the motion of roll. The ui ngs resist 
:~e a::ion of roll, hence they provide lateral stability. The ailerons are 
•~ tuated a t the rear edge of the wing and it is these which c ~ntrol t he mo:ion 
:f roll. 
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The final motion is one of yaw, and as a matter of fact thi ■ will not 
be of concern in flying Jumbo as this is assumed not to have a rudder. If 
one is flying an aircraft straight and level and all other things being 
equal, if one presses the rudder control, the nose of the plane will move in 
the direction of this pressure in a rather unpleasant way. The aircraft ia, 
therefore, yawing about its vertical axis, and as it is the tail fin which 
enables the aircraft to resist the yaw, it is the rudder on the fin which 
controls it. 

Thrust 

Somehow the aircraft must be forced through the air. 
this is achieved by the propeller pulling the machine and 
gine pushes it. On the 747, of course, the jet method of 

In some aircraft, 
in some, a jet en
propulsion is used. 

If thrust were not available, then obviously the aircraft would not move, 
but if thrust is taken away after the aircraft is flying, then at varying 
degrees of speed for different aircraft, the aircraft will slowly come to earth, 
because of its inherent drag. Gliders are built so es first of all to generate 
a great deal of lift. This they do by having very long wings, but also they 
are manufactured in a very streamlined fashion so that the drag is as small as 
possible. A glider has no method of propulsion, hence the drag inevitably will 
draw it back to earth. The lass the drag, the longer it will stay flying. It 
is really beyond the scope of this manual to discuss thrust and propulsion in 
great detail. It is an extremely complex subject. But briefly, in a propeller 
aircraft, the propeller acts in a somewhat similar way to a corkscrew. As it 
rotates about its axis the propeller bites into the air end in feet generates 
its thrust by a very similar process to that of the wing when it generates lift. 
Aerodynamically the cross-section shape of the propeller is very similar to the 
cross-section of a wing. The propeller blade must, therefore, meat the air at 
its most efficient angle of attack. Indeed, ell modern aircraft of any size, 
even small twin-engine planes, will have provision for altering the angle of at
tack of its propellers, in that the blade angle is changed. This is called a 
variable pitch propeller. This is really all that you need to know about a 
propeller. The corkscrew description that we gave just now, as you probably 
now realise, is not a very accurate simile but it is a rather useful one. 

A jet engine operates in an entirely different manner and is dependent 
upon the Lew of Physics of equal and opp~site forces. You will probably not 
go very far wrong if you liken a jet engine to a rocket. No doubt the purists 
would hold up their hands in horror but for the laymen this is a useful analogy. 

One point that should be borne in mind for real life flying i ■ that the 
method of propulsion has a great deal to do with the way in which the aircraft 
is flown. The single engine small aircraft is being pulled along by its nose. 
A twin engine propeller craft is having the force exerted on each wing. from 
the frame of the wing this is conducted to the main spar of the aircraft which 
runs through it rather like the latitudinal rod in figure 4. Obviously if one 
of these engines stops, then there will be violent yaw. If the single engine 
of a small aircraft stops, however, apart from the loss of thrust, there is no 
great directional problem. 
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Although it is obvious, perhaps we should mention that if thrust is 
!udcenly withdraun from an aircraft it does not thereafter drop like a stone 
:o the ground. It has foruard momenl Lm but, as mentioned above, eventually 
c,2g is going to bring it down. Some aircraft can glide for quite a long 
distance. Unfortunately, large aircraft do not come into this category. 
The aerodynamic structure of some gets more close to that of a rocket than 
c f an aircraft. Anyway, again we need not go deeply into this but you 
shou ld be aware that no large commercial jet aircraft is very happy without 
i:s engines going. 

S·_ -.-:=rv ----
Let us summarise the forces acting on an aircraft in flight before going 

c, . Figure 5 shows these diagramatically; lift keeping the plane up, drag 
el o~ing it doun, thrust pushing or pulling it foruard. There are two factors 
!n the di ag r am that we have not considered. The first is W which stands for 
L2i~~t. Obviously any aircraft is heavier than air and, therefore, hes a 
cs i~h t. Tnis brings in a rather important and quite complex subject, that 
cf :he Centre of Gravity. We will not be going into this subject in this 
r e, ual because it is not relevant to Jumbo. Jndaed, many private pilots 
:e,d to fcrget the subject altogether. The reason for this, to be fair, is 
:hat it is seldom important (in light plane flying) until one does something 
e'.ll y. If a pilot insists on trying to fly overweight or with the weight 
e:uo idly dist,ibuted in his aircraft then he had better consider the centre 
: f g~avity or he is going to be in trouble. It is of course also very im
~: ,:ant to the airline pilot or commercial pilot. The pilot of a 747 in 
:2 21 life, fer instance, is supplied with quite =anplex tables on the subject 
: f uaight and t hE centre of gravity. 

Fig. 5 T (·---· 

... 
w 

+ 

The othe :· i tem in the diagram is TDF, which is an acronym for Tail Down 
r:: :a. Agai~, it is not necessary to be concerned with this in Jumbo. Briefl · 
!: :omes a bout in this way. As we have learned, in order for an air:raft to 
fly, it is necess2ry to generate a force that cpp8ses its weight. This is 
, a7a ~ated by the aeroplane's wings in the form of lift. If that uere the only 
: , i n g to be concerned with, an aeroplane uould ~luays be flying in a rather 
"2:u liar po~ition. ln order to provide some aerodynamic stability to the 
"ci~,t, it is necessary that the tailplanes generate a small downward acting 
i :r:2. Th:s is TDF. Thus it is necessary for the lift force to be slightly 
: : 22: er th an the weight force because it also hast~ oppose the Tail Down 
r:r : e. To repeat, however, this force is not of i~portance for our pu"poses. 

The a::ua l physical act of_ stalling a~ ai~~!ane will be described later 
~=ropla ne hanCiing. It is necessary, at this st39e however, to describe 

:,e :heory ~f t he stall because it is an importa~t sub ect which should be 
f _l ~y unde~ stood. Thus an appreciation of its :ne~~y s of some sig~ifica~ce. 
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Consider figure J. As you will see, this is a diagram or an aerofoil. 
Compare it with figure 1. You will see that the smooth airflow over the top 
of the wing has become turbulent. The diagram is or a wing approximately 
just beyond or above its stalling angle. At this stage there would ba very 
little lift being generated. If the angle ia increased a little further, 
even this lift will reduce. Thus, the break-up of th■ airflow above the 
wing destroys almost entirely the lift generating ability of that wing. The 
airflow is broken up because of an excessive angle of attack, bearing in mind 
the ambient conditions of flight. In other word■ , in practice, the stall will 
depend on additional circumstances to the angle of attack. 

As we have said, we will return to this subject when w• discuss aircraft 
handling. 

Odds and (nds 

Up until now we have discussed the manner in which an aircraft stays 
aloft and the manner in which it proceeds along its course. Essentially this 
constitutes the basics of the theory of flight. As the title or this section 
indicates, however, there are one or two additional matters of which the erst
while pilot may wish to be aware. 

The first is the subject of air density. We humans have no control over 
the atmosphere, and hence we can do nothing about the fact that, as ,ou go 
further up into the air, the density or it decreases. In other words, w.ith 
increasing height, air density becomes less. As you go higher, a given 
volume of air will contain fewer molecules. It therefore follow■ that the 
static pressure of that air also lessens as one goes higher. In the end 
result of course one gets outside of the air or atmosphere completely, and 
enters the vacuum of space. Luckily we do not have to be concerned uith such 
extremes at the moment. However, the fact that the air density decreases as 
height increases is of the utmost importance to a pilot because it affects a 
number of different factors uith which he is most deeply concerned. 

first of all, two important instruments will read incorrectly. The 
first is the airspeed indicator. This will under-read. The reason for this 
is that the instrument uses as a transducer the effect of the pressure of 
the air on a surface. Even though the aeroplane is travelling at the ■am■ 

speed as it was at a lower altitude, this pressure will be lass as it goes 
higher and hence the instrument will under-read. 

Due to the lessenning of air density, therefore, the indicated airspeed 
on an aeroplane's instrument will increasingly have little relation to the 
true airspeed or groundspeed of that aeroplane, measured as it proceeds over 
the ground. This difference can become very great but it has been allowed 
for in Jumbo. In other words, the simulation is the same as in real life. 
The indicated airspeed will be far less than the speed which the simulation 
takes into account to calculate its true speed over the ground. 

The second instrument which is affected is the altimeter, but in a 
rather different way, for in the case of this instrument it i ■ quite inten
tional. Indeed, static pressure altimeters are in effect measuring the les
senning of pressure with height. It measures the difference between the pres
sure at sea level (or ground level, they will probably be different) and ambient 
pressure. It follows, therefore, that the altimeter must be set at various 
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times to take into account local pressure conditione and indeed this is 
one or the first things that the control tower will tell en aircraft as it 
taxis out and it is the first item or information usually conveyed by the 
control tower operators when approaching their aerodrome, What the con
troller• tell the pilot is the local barometric pressure, ror unless the 
altimeter is set to this than as it is an instrument which reacts to pres
sure, it may wall be reading off by quite a considerable factor. In local 
flighta, of course, the barometric pressure will not change to any great 
degree, although even then it can, Consider, however, a flight or a fairly 
short distance, say a hundred miles, Ir the pilot happens to be flying from 
an area of low pressure to one or high or vice verse than the pressure in 
the local area can have a very sizeable affect on the reading or the al
timeter and this in turn cen cause the pilot to think he is considerably 
higher or lower than he actually is. 

The altimeter has a little knob on it so that this adjustment can be 
made. In Jumbo this is not a rector, The altimeter no doubt is one of the 
more advanced electronic types but in any event the pilot need not bother 
to set it. As we have said, however, it is a matter of great importance 
in real life. 

The lessenning or air density affects a large number of factors in 
flying, We have already mentioned that lift will lessen with height. In 
the caae of jet enginea so does the power or the engines. Jumbo, for 
instance, can be flown from take ofr to cruise without changing the throttle 
settings, so long as one climbs to a reasonable height, The reason is that 
as one goes higher the power decreases and hence when you achieve a cruising 
altitude even though you originally adjusted the throttle for say BO% power 
at ground level, you may wall find yourself down at about 40% at height. We 
are not necessarily recommending this course, but it does indicate the very 
great effect of the decrease or the density or the air with height, 

In real life, it is necessary when making a turn to make what is called 
a controlled turn. You will realise very shortly that in order to cause the 
nose or the aircraft to go right, it is necessary to move the yoke or control 
wheel to the right. Ir, again taking the example or a small aircraft, we 
merely do that then it would be an uncontrolled turn, and quite en amount of 
yaw or sideslip would be induced, Most importantly it would be rather an 
uncomfortable turn. Accordingly, it ie necessary in real flight to compen
sate with the rudder as one turns, 

There is an instrument called a slip or balance indicator (there are 
many other names ror this), which consists essentially of a spirit level, 
In a turn, the intention is to keep the little bubble in the middle. If, 
for instance, one turns right without any correction, by just using the yoke, 
then the bubble will skew off to the left. Thia is a bad turn. The authors 
of Jumbo have been kind and es we have mentioned previously, no rudder control 
is included in the simulation, Thus the consideration just discussed, in 
Jumbo, is irrelevant. It would be stupid to say that the rudder is not of 
importance in an aircraft but it is certainly fair to say that it is the 
least used control. Thus the player is not losing anything by not having 
this control in the simulation, 



- 8 -

fl•pup 

fig. 6 ~ llop ol fflUimum ~II 

~ llop -n 

The final matter which we should mention under tha subject of the theory 
of flight is that of flaps. rigure 6 shows the flaps in three positions. 
They are situated at the rear of the wing and on a 747 are complex but they 
can be considered as simple, in accordance with the diagram. In the flap up 
position the flap is merely an extension of the wing. When it is down by a 
factor of about 10 de9rees the resulting shape of the complete aerofoil is 
such that the wing is generating its maximum lift. This is why, in the manual 
on actually flying Jumbo, you are advised to lower your flaps by a factor o/ 
10 degrees at take off, for if ever you need lift, this is tha point in time 
when it is most important. Whan the flaps are fully extended as in the third 
section of the diagram, the effect of this is to enable the aeroplane to fly 
at slower speeds without stalling, hence full flaps are usually selected just 
before landing. The two main factors to remember on flaps are firstly that 
there is one set on each wing and they are linked. It is .not possible to have 
different flap settings on each wing. Secondly their function is to change 
the aerodynamic shape of the wing to suit various phases of flight. All aaro
planes should use flaps, but in some very small light aircraft it is quite pos
sible to go through the take off, cruising and landing phases of fliQht without 
touching the flap control. One is not, however, getting the best efficiency out 
of the machine which should be the aim of all pilots. 

Handlino and flyino your Aircraft 

flvina Controls 

Ailerons 

The yoke is connected to various surfaces of the aircraft in a number 
of different ways. In larger aircraft such as the 747 they are connected 
pneumatically and of course receive power assistance rather like the power 
steering in a motor car. 

In small aircraft, cables rods and wires are used. Whichever method 
of coupling is adopted, however, the theory is the same. Rotating the yoke 
in a clockwise or anti-clockwise direction will cause tho ailerons, which 
are situated at the back of the wings, to move. See figure 7. If the yoke 
is rotated anti-clockwise, in other words, ta the left, then the aileron on 
the left wing will move up and the aileron on the right wing will move down. 
It is important to know that aileron movement is always apposite on each 
wing. There have been horrific accidents caused in small aircraft uhere 
maintenance engin~ers have connected ailerons incorrectly. The pilot, 
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therefor e , wishing to bank one way, banked sharply the other and the more 
correction that is applied, the worse the situation gets. This illus-
tration will no doubt bring home the necessity for understanding aileron 
theory, which, to repeat, is that if the yoke is moved to the left or anti
clockwise for a left turn, the aileron on the left wing rises and the aileron 
on the right wing goes down. Obviously the converse is true. If one moves 
the yoke to the right or in a clockwise direction for a right turn, then the 
aileron on the right wing will move up and the aileron on the left wing will 
move down. Equally obviously, for a straight and level flight, the ailerons 
are both at their neutral position. figure B shows the rear view of an air
craft banking in both directions. The one on the left results from moving 
the wheel to the left and therefore the rising of the left aileron and 
lowering of the right. 

~ 

~ aileron down 

~ aileron centr•I (undi1pli1cedJ 

fig. 7 fio. B 

Elevate rs 

The elevators are used to control the pitch movement of the aircraft 
and are situated at the back of the tailplane fins. In a similar method 
to the ailerons they are connected to the yoke, and pulling the yoke back 
in order to make the aircraft go up will cause the elevators to rise. 
Pushing the yoke forward in order to make the aircraft go down causes the 
elevators to go down. figure 9 illustrates this. Note that unlike the 
ailerons, the elevators move in the same direction as each other. 

fig. 9 

Although, as previously mentioned, a rudder is not provided in Jumbo, 
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it is in real life controlled by the foot pedals. Pressing the left foot 
pedal causes the aeroplane to go to the left if it is moving on the ground, 
or yaw to the left if it is in the air, by moving the rudder to the left. 
Pressing the right pedal causes one to move or yaw to the right. 

You will see, therefore, that we have covered the thraa motions of 
flight described in the preceeding section, namely roll, pitch and yaw. 
Roll is controlled by moving the yoke in a clockwise or anti-clockwise 
direction which affects the ailerons. Pitch is controlled by the elevators, 
which are moved by pulling the yoke backwards or pushing it forwards, and 
yaw is controlled by the rudder, by moving the foot pedals. Incidentally, 
the latter also controls the brakes. Normally one pushes the top of the 
pedals to brake on land, although of course in a 747 one also uses reverse 
thrust on the jets. 

Trim Tabs 

Most important ancillary controls are connected to both the ailerons 
and the elevators. They are called trim tabs. Although ailerons are larger 
than elevators they act in a similar way, in that they are sections of the 
aerofoil which move up or down. At the back of both is what is called a 
trim tab. See rigure 10. This is a yet smaller section of the aerofoil 
and set within either the ailerons or the elevators. Its purpose is to make 
small changes in the contour of either the aileron or the elevator. The 
trim tab is pre-setable. Let us take one example and get the point across 
more easily. Assume that one wants to make a steady climb of, say, 10 
degrees perhaps for quite a while. To keep the yoke held back so that the 
elevators are suitably positioned could well become tiring. Hence the pre
setable trim tab is used. The aircraft is moved into the attitude required 
and then the trim tab so adjusted that it stays there when the pilot's hands 
are removed from the yoke. 

Hg. 10 

As we have said, in real life there are trims for both the elevators 
and the ailerons. In Jumbo it has only been necessary to trim the elevators. 
As you will see from the second part of the manual, the elevators are con
trolled with the up and down arrows. The arrows are used in the direction 
that one would push or pull the yoke. Thus, the up arrow pushes the ·yoke 
forward and therefore Jumbo descends, and the down arrow, the reverse. 
Hence if one uses the down arrow to adopt a nose up attitude of, say, 10 
degrees, and the up and down arrows are then pressed together, a trim is 
automatically instigated, and the aeroplane will stay in the 10 degree up 
position. In real life, aeroplanes have rather more difficult to manage 
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trim controls than this. In 747 1s of course, they are pneumatic but in 
small aircraft they are often controlled by a wheel and pulley system. 

The Enoine 

The above flight controls are relevant to both a glider and a powered 
aircraft, and of course what sets the latter apart is its engine or engines. 
It is a subject that we are not going to delve into very deeply because there 
are, of course, literally hundreds of different types and a deep description 
of those connected to the 747 would hardly be of use to a novice pilot about 
t o take his first flight in a Cessna 152. What must be understood, however, 
i s that the manipulation of the power plant whatever it may be, is extremely 
i mportant in any aircraft. When driving a motor car one is only in a single
dimensional plane, If you press the accelerator, you will go faster, and if 
you take your foot off it, you will go slower and eventually stop. The ac
celerator or throttle control of an aeroplane must not be thought of as an
a logous to an accelerator in a car, simply because given certain circumstances 
it will make the aircraft go faster. In fact it is quite possible and normal 
to increase the power setting of an aircraft and yet go slower. Conversely, 
i f you cut the throttle altogether, and put the nose down at the same time, 
you will find very quickly that you can speed up without having any power at 
a ll. It is, therefore, worth re-emphasis that the throttle or power control 
of an aircraft is not simply a speed up and slow down device. 

H2ndlinq 

To recapitulate for a minute. At this stage, you should be aware of 
the general theory of flight, that is to say, in general the manner in which 
your aircraft stays in the air. You should also know the aircraft surfaces 
which are affected by the controls. What we have not covered is the manner 
in which these two are put together, that is to say, the manner in which the 
air craft is actually flown. Before we go into this, it should be made very 
clear that the proper control of any aircraft is BO% experience and 20% 
kn owledge. Luckily you are in the happy position of having a simulator so 
that you do not have to pay a fortune to go out end purchase flying time. 
You should be aware, however, that you will have to put quite a number of 
hours into the simulator before you can control the aircraft with confidence. 
Again, luckily, the assimilation of this experience is fun. 

Although some of you, hopefully few, will have skipped the preceeding 
section on the theory of flight, this theory is important, and although it 
should obviously not be at the forefront of a new pilot's mind as he is 
st 2rting to fly, equally it should not be non-existent. In order to get your 
plane into the air you are going to have to somehow create lift. This is done 
by accelerating the aircraft along the ground until such time as there is suf
ficient flow of air over the wings, the angle of attack of those wings is then 
i ncreased and, all being well, you will take off into the air. If either of 
t he two crucial things are non-existent or present in an incorrect proportion, 
you will stay on the ground - in one form or another. Presumably for instance 
if one accelerated to a fast speed but never increased the angle of attack, 
that is to say, never pulled back on the yoke a little bit, you would be a 
very fast moving land vehicle. At the other end of the scale, if you pulled 
Dack on the yoke in the hope cif rising into the air before the air is moving 
ove r your wings with a sufficient velocity so as to create enough lift to take 
you off the ground, you will again stay put. As a matter of fact, in these 
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circumstances you would be a slightly slower moving land vehicle, but none
theless destined to remain on terrs firms, If you followed our di1cu11ion 
on lift and drag you will ba aware or that, 

Hopefully, however, you will follow the instructions in the second part 
of this manual and in Jumbo, et least, attain sufficient lift to get you off 
the ground. In either actual flight, or Jumbo, it ie then necessary immediately 
to withdraw the undercarriage, but this aside, you will immediately become ewere 
of the connection between the attitude or the aircraft end the speed et which 
you are flying. Put in a beautifully simple manner, the greater the angle of 
attack of an aircraft, the slower it will fly, the leas the angle of attack, 
the faster the speed at which it will fly. When the angle of attack goes 
negative, in other words the nose is pointing down, then the speed of the 
aircraft will increase. These theories are irrespective of the power setting 
of the aircraft. As we mentioned in a previous chapter, you can switch off 
your power, but if you put the nose down you will go fast. Conversely you 
can pull the nose up, but you will go slower, This maxim is the basic rule of 
flying. All other things being equal, if you pull back on the yoke you will 
go slower, push forward on the yoke and you will go faster, If you add these 
factors to the attitude of the aircraft, it follows that as you climb, you 
go slower, as you descend you go fester. It is, therefore, imperative, thet 
the power setting of the machine should be adjusted to take these matters into 
account. If, for instance, you are chugging along straight end level and 
without changing the power setting, suddenly put the nose down, then you are 
probably going to tear the wings off the aeroplane es the speed increases. 
Before you do this, however, you will attain a somewhat amazing speed, If you 
wish to go up, then it is not sufficient just to pull beck on the stick, for 
if you do this you will, at least for a little while, ascend, but your airspeed 
and for that matter your ground speed, will decrease, perhaps rapidly. 

We are, as we have previously said, very lucky in that we have~ free 
aeroplane to play around with, and the time has probably come when you should 
do exactly that. The second part of this manual will give you instructions on 
the use and running of the program, but we will now take a little short-cut 
and try to demonstrate some of this theory of flight "in practice". Please, 
therefore, turn to the second part of the manual and follow the instructions 
as to how to load the program and enter it for the particular configuration 
of machine which you are using. Eventually you will finish up with all of 
the instruments in front of you, everything will be reading zero, with the 
exception of the time, which will be slowly ticking away. Depress the A key 
on your computer until such time as you era shown in the left-hand corner of 
the screen 10 degree flaps. 

Note that it takes a while for the computer to respond. Although there 
is a reaction delay on all keystrokes, it is quite long on controls such es 
flaps which are not used very often. In any event, there ere various rates 
of delayed response in real life. 

Press the figure 4 key to start all engines and then press the) key 
so that the power goes up to about BO%. You can now sit back for a second 
or two and watch the indicated airspeed, that is to say, the second instru
ment up from the bottom of the screen, slowly increase. When it has got to 
around about 140 or 145, depress the down arrow key and you will see that 
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the elevator indicator on the right will slowly increase. When it 
gets to about 16, take your finger off the down key and press the down 
an d up keys together. Now press the M key and you will be given a list 
of maps. We do not particularly want the maps at the moment but this is 
the manner in which time out is taken in Jumbo. The map menu will have 
ob literated the artificial horizon but perhaps before it was erased you 
might have noticed that the picture of the little aeroplane became higher 
than the horizon, in other words the aircraft attained a nose high atti
tude and if you look at the altimeter and the vertical speed indicator 
you will have a positive figure in both. The vertical speed indicator, 
that is to say, the speed at which you are ascending, may well read about 
a thousand feet per minute, and the altimeter may now be something over 
500 feet. Let us consider, whilst everything is stationery, what you 
ha ve done. It is in fact exactly what we described in theory a little 
while back. You increased the power of the aircraft so that it would be 
travelling along the ground, eventually at high speed. When it achieved 
a s peed somewhat greater than the stalling speed you pressed the down arrow 
ke y. This moved the elevators, thus putting you into a nose high attitude 
an d this increased the angle of attack of the wings. As the speed was great 
enough to have attained sufficient airspeed over the wings you had enough 
lift to fly, and that is exactly what you did. The pressing of the two ar
rows up and down together merely brought into operation the trim tab so you 
ar e now in a nose high attitude of about fifteen degrees and you are climbing 
at a fair old lick. We have to go through with the map command in order to 
get back to flying, so press, for instance, number 6,whenthe map appears 
press the enter key and you will be back to your flying display. One of two 
things will happen now. You will either continue to climb or you will crash 
af ter a stalling indication. This will depend on exactly how quickly you 
t ook the actions previously mentioned. 

Whatever the result of it, the above demonstration should have shown you 
the connection between speed and angle of attack in flying an aircraft. In
cidentally, if you are still climbing on your computer it is only necessary 
to press the up arrow and you will descend and crash. If you do this, inci
dentally, you might make use of the exercise by noting how the speed of the 
a ircraft increases as you descend! You could also take the more dignified 
abort feature in the program. 

The program will start again. · This time, press the P key. You will 
see that a number of funny things have happened but you will be flying in a 
fairly st ab le manner. You will have a slight nose up attitude and you will 
probably be descending at over a thousand feet per minute. We would reiterate 
tha t it i s not the purpose of this section to teach you how to use the program, 
but merely to use the program as an illustration of the point which we must 
n1ake. 

Be ready to press the right hand arrow key but before doing so, note 
what is happening on your vertical speed indicator and note your attitude. 
This, incidentally, is the instrument right next to the elevator. Now press 
the right hand key. The aileron indicator will increase. When it has got to 
a bout+ 9 , wai t until the turn indicator gets to about one and than press the 
right and left arrow keys together and the aileron will return to neutral. 
You, however, will continue in a turn. Now press the M key for maps and freeze 
the display. If all has gone as intended you will note that the vertical speed 
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indicator has decreased in the sense that you era going down faster, that 
is to say the minus number will be greater, The attitude instrument may 
have gone to a negative figure, 

What we have done is to use the aileron in order to turn right. We 
attained about a one degree turn, thus proving that in ract the ailerons 
do control the roll or turn motion of the aircraft. Assuming that you had 
sufficient faith in the Law of Physics you should already have noted the 
big lesson to be learned - that if one turns or rolls in an aircraft, all 
things being equal, one loses altitude, After a few hours on Jumbo you 
will have attained sufficient skill so that this will not happen, You will 
be able to turn left or right and not lose or gain altitude. This, inciden
tally, is the object of the exercise. When one considers that in instrument 
flight conditions aircraft are generally stacked vertically within e thousand 
feet of each other, if every time one turned it lost altitude, the whole 
syste~ would be in a bit of a mess, 

Thus we have learned, by using the program, that to pull back on the 
yoke, that is to say, pressing the down arrow key, we will, if we attained 
enough speed on the ground, take off. When we are in the air, if we adjust 
tha ailerons we will turn in the direction of the adjustment, but, unless 
we are careful, pay the penalty of losing height. 

Quite frankly, if you remember these two or three simple rules you are 
not going to go very far wrong. But certainly there ere many other things 
to learn, to hone your skills. We have, for example, concentrated on climbing 
with sufficient power eo as to attain height, The nose high attitude can also 
be used to lose speed. If one is flying straight and level, moving the throttle 
back a bit and raising the nose then, so long as everything is done judiciously 
and it takes a fair amount of skill to do this, one can lose speed but retain 
the same altitude, in other words, the same effect as lessenning the pressure 
of your foot on the accelerator of a car. Conversely, if one has altitude to 
spare then putting the nose down will speed you up. 

We have gone through the procedure of taking off. You will have picked 
up in our discussions sufficient information to show you how to fly straight 
and level, even if we have not yet experienced it, but everything that goes 
up must come down and sometime or other, you are going to have to land, It 
is in the landing phase that the difference between a large commercial air
craft and small private airplanes is most accentuated, The second part of 
this manual will give you hints on how to land a Jumbo so we are going to 
concentrate at this stage on how to land a small aircraft. 

Let us assume that we are proceeding at 2,000 feet at ~ay an indicated 
airspeed of 120 knots and we wish to land at an airfield that lays a few 
miles ahead. We will omit all of the complications of traffic patterns, 
tower controllers and the like. Let us assume we are out in the country, 
miles from anywhere without any traffic in the vicinity. Contrary to rules 
and regulations we have decided to come straight in! We have got to do two 
things before we can land. First of all we have got to lessen our speed and 
secondly we must lessen our altitude, As by now you will be well aware, these 
two things constitute a paradox. If we simply stick our nose down we are going 
to speed up and although we will no doubt quickly reach the ground level, and 
if we are very lucky we might even reach it in the vicinity of the airfield, we 
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would be travelling so fast that we would tear the wings off the plane. 
What we must do, therefore, is to lose altitude and lose speed, Dif
ferent pilots land in different ways, so we cannot be too dogmatic, 

What is probably a general way of doing it, however, is after making 
certain that we are at a safe speed, lower the flaps some 10 degrees or so, 
lessen the power and push the yoke forward a touch, The aircraft will 
st art to speed up a little, and we must now ease back on the yoke and the 
power so that we can attain an attitude whereby we are losing height at say 
500 feet a minute. The throttle is at, say, half setting and the aircraft 
is in_ a slightly nose high attitude, In other words, in order to get the 
aircraft down to the vicinity of the ground at a reasonable speed, one makes 
use of the flaps, a nose high attitude and power. - This is a most important 
thing to learn and unfortunately it will not be precisely as we have des
c ribed in Jumbo because that is a large aircraft. We have no small aircraft 
t o practice on, 

The most important thing to learn about the descent of an aircraft on 
final approach to landing, and this is particularly true of Jumbo, is to 
control the descent with the power setting more than the elevator setting. 
We have already described what would happen if you simply pointed the nose 
to the ground, What you are aiming at is an attitude of 3-4 degrees up, a 
de scent rate at least 25 knots above the stalling speed and a vertical speed 
of about 750 feet per minute plus or minus 200 feet, 

When you have achieved this in real life you adjust the trim so that 
it will stay that way. In Jumbo you will probably have already adjusted the 
t rim, elevator control, and if you have been turning, also the ailerons. 

Anyway, when one gets to the state described then applying power will 
make you climb, taking off power will make you descend faster. To re-empha
sise, the happy state which you wish to achieve is an attitude whereby the 
dascent or ascent in small increments can be controlled with the throttle. 
If you can do this you have probably got it made. 

Instruments 

All of the instruments on a small aircraft are self-explanatory, with 
the possible exception of the Artificial Horizon. On a real 747 this re
mark may not apply, but it does on Jumbo, In other words, as with a small 
ai rcraft, on Jumbo all of the instruments are obvious, barring the Arti
ficial Horizon, Once you get the hang of the Artificial Horizon, this, 
too, is simple to understand, but it can be a source of trouble to people 
just starting to fly, and, as it is not only an important instrument but 
is in fact the most important instrument, it must be understood. Even more 
so with Jumbo, because it is the only instrument in that simulation that tells 
you the attitude of your aircraft pictorially, 
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fig. 11 

The Artificial Horizon consists of two parts, see Figure 11. The first 
is a schematic diagram of an aircraft. This takes many forms on different 
aircraft, but the one shown in figure 11 is typical. The nose is indicated 
by the small dot (for instance just under the figure A) . The wings are 
shown at each side of what is intended to be a fuselage . but looks more like 
a fuselage that has been chopped off half way down. This little aircraft 
remains stationary. In the background, shaded in figure 11, is the Arti
ficial Horizon . This part of the instrument moves. In Jumbo and in many 
real aircraft this is shown simply by a straight iine. In figure 11 it is 
shoun by a shaded area with a straight line at the top. It matters not which 
type of instrument is used. All we are really interested in is the line. 
Where people tend to go wrong is that in actual life the aircraft moves and 
the horizon remains stationary. In the instrument, as we have said, it is 
the other way around . It is this one fact that must be fully assimilated. 

Some instructors teach that it is best to consider the little aircraft 
in the Artificial Horizon as viewed from a mythical position behind your own 
aircraft. In other words, it is as if one is being towed along by your air
craft and looking at it from behind. This seems to be such a ridiculous con
cep~ that it rather loses i t s validity, but, for what it is worth, it is in 
face true. The view of the little aircraft is as if it was viewed from behind. 
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We will take each of the parts of Figure 11 individually. In 'A' the 
aircraft is in a nose high position. In other words, the nose of the aero
plane is just above the horizon. In 'B' the opposite is true. The aircraft 
is in a gentle dive. The nose is just below the horizon. In 'C' the air
craft is in a left bank or a left roll, and in 10 1 the converse is true, 
the aircraft is in a right turn or bank. In 'E' the aircraft is in a slight 
left turn, but is also climbing gently. In 'F' the aeroplane is in a right 
turn and descending a little. The foregoing must be understood before Jumbo 
is flown seriously, for it is the Artificial Horizon that is considered to 
be the primary instrument. As you will learn when you fly Jumbo, to achieve 
a certain amount of skill you will need to scan the instruments with your eyes. 
An early instrument pilot makes the mistake of concentrating on one instrument 
which happens to be important at that particular time. This is a serious 
mistake. The eyes should, in instrument flying, continually scan the whole 
panel. Some instruments are more important than others, and, therefore, 
s hould take a position in the scan so that they are perceived more frequently. 
The Artificial Horizon is your central point, so go from there to other in
st rument s and then back to the Horizon then off to another instrument, back 
2gain and so on. You will find your own most comfortable scan. The main 
point is that the Artificial Horizon should have an important part in it and 
you should not let your eyes remain stationary on one instrument for too long. 
These remarks perhaps are not quite as important with Jumbo, because as the 
program is written in Basic it does take rather longer to react than does a 
horizon in actual life. This remark, incidentally, applies to all instruments 
an d keystrokes and although it probably would be possible to speed these up in 
t he program, it has been considered that in fact the slight delay is beneficial 
to a new pilot. The other instruments in Jumbo will be described in the second 
manual, and require no comment here. 

We have now pretty well covered all of the rudimentary knowledge that you 
nee d and it is almost time to hand you over to the manual which will teach you to 
3pply these theories to flying Jumbo. Before we do so, there is one further step 
to be ccvered and this is the actual practice of stalling. 

It is considered rather bad form to stall at any time, but in Jumbo, like 
t he 747, it can be downright dangerous. To refresh your memory, an aircraft 
wi ll stall whenever its wings reach or exceed the stalling angle, and the stall 
is c aused by the disruption of the airflow over the wings. In fact it is pos
s ible to fly an aircraft, particularly a small one, at just below the stalling 
ang le almost indefinitely. Funnily enough, a great deal of skill has to be used 
to do it and as it achieves absolutely nothing, it is not encouraged. 

Let us get rid of one point first, because it does not concern us, that 
i s the subject of spinning. The spin occurs because of the differential air
f low over the wings of the aircraft at the stall. Some people say that one 
wing stalls before the other, some that the stall in one wing is deeper than 
t he stall on the other. All this is rather academic. But, as very frequently 
occurs in an inadvertent stall, if the stall is not balanced then the aircraft 
will enter a spin. It will descend to the ground in a nose down attitude 
quite slowly revolving around a central axis, which, in a left hand spin will 
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pass through the left hand wing about a third of the way down from the wing 
root, This is of course a mythical axis but hopefully describes en aircraft 
in a spin. As we have said, this has little relevance to Jumbo bacau11 ao far 
as we know, it is not possible to spin in the program, If ona 1tall1 and lowar1 
a wing then one descends to earth somewhat smartly but not in• spin, Thia ia 
because in the simulation, the airflow over the two wings ia assumed to ba tha 
same, In any event, you have not missed e great deal, for tha sensation or a 
spin, although it may well be thrilling, is not very pleasant in actual fact, 
Just before we cast the subject of spinning out completely there is one further 
point that should be made, and that is to differentiate it from a spiral, A 
spiral can be described as a spin in an unstalled condition, In other words, 
if in normal flight one points the nose forward and with the airflow still 
quite normal over the wings, adjusts the ailerons so as to carry out what would 
normally be a roll, then this is a spiral. By now you will know that whether 
you have got power or not, if you allow this to carry on for very long you will 
attain such a high speed that recovery will be almost impossible, This one can 
do in Jumbo, if one has enough height. One final word on spins, of academic 
interest. The most horrific spin is the flat spin, This is a manner of descent 
after a stall whereby the nose is not pointing at the grJund in the spin, but 
is essentially horizontal, and yet the wings are stalled, and so too, inci
dentally, is the rudder, It is said that such a spin is almost impossible t~ 
recover from. The key to it is that the stalling of the rear structure of 
the airplane means that the rudder control is not available to the pilot and it 
is with the rudder that he normally recovers from a spin, 

The simulation in Jumbo is very close to perfect, Whereas other flying 
simulation programs assume a set stalling speed, Jumbo does not, It follows 
real life very closely and the stalling speed will change as governed by a 
number of different factors. It is always displayed in the bottom left of the 
screen and as the speed of Jumbo approaches the stall, so the stalling speed 
number ~ill commence to flash. In real life one gets a stall warning ~sually 
in the form of a klaxon or buzzer and/or flashing light. In Jumbo the numbers 
flash. When the stall occurs, the word "stalling" appears across the airspeed 
indicator. When this comes up, you are in trouble. The first thing that we 
have to do is to lower the nose a little so as to decrease the angle of attack. 
Then get some power up, if you have not already got it. If you have, then 
probably lowering the nose will be sufficient, There is a slight discrepancy 
in the simulation of Jumbo to real life at this point, because in real life if 
one is entering a stall then the airspeed indicator goes down and stays down 
even though one is descending . In Jumbo the speed will probably go up, None
thaless, if you do not recover from the stall fairly quickly you will crash. 
By far the best way of achieving skill at recovering from a stall is to prac
tice it. 

As it is not possible to kill yourself in Jumbo you will not run any risk 
by following this course and we recommend that you do so. Indeed, it may well 
be a good idea to do this by using the P for practice key which is described 
in the manual. This puts you some 11 miles out from London on an approach to 
London Airport, and is intended as a method of practising landing. You can, 
however, use it to practice stalling or straight and level flight. You do so 
by pressing the P key, Ignoring the !LS indicators on the artificial horizon, 
simply adjust the attitude so that it is slightly nose high and the throttle 
so that you achieve a moderately stable position. You will be rather low, so 
it would be a good idea to climb, if you feel that you are up to it. Simply 
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applying some power should cause you to climb gently, You can increase the 
a t titude a little if you wish, but simply taking the power up to around about 
GD% and retaining the +3 attitude in which you were put when you pressed the 
P key should result in your achieving an indicated vertical speed of 300 or 
~DD. This, after a while, will get you up to a few thousand feet. If you have 
alr e ady been flying with Jumbo and can control it then or course you can climb 
a l o t faster. As a matter of fact this might be rather a good time to practice 
t he maintenance of straight and level flight by means of the power control. At 
t hi s stage, do not worry too much about 10 1 s of feet in the VSI. It is doubtful 
whether you will be able to attain true straight and level flight at this time. 
Try to stabilise out, however, at a VSI positive figure at or below 200. If 
you have attained this, you are ready to try stalling. 

Your stall speed will be shown at about 150. Your gear, incidentally, has 
been left down on purpose because the aircraft is slightly "duller" to fly in 
t hi s attitude. If you ease off now on the power a little, down to, say, 25%, 
t he VSI will start to decrease quite fast. If you press the downward arrow 
until you achieve a nose high attitude of about 10 or 11 then your VSI will 
probably still be positive. Your attitude will, as we have said, be about 10 
or 11 degrees up, but you will notice that your indicated airspeed is slowly 
goin g down. If we allow this to continue it will slowly approach the stalling 
s pee d indicated. At around 170 knots, the stalling speed number will start to 
f l as h and if we again allow the position to degenerate, the indicated airspeed 
ui ll be replaced by the word "stalling", the nose will violently pitch down, 
Lhe indicated airspeed will increase (which as mentioned above is probably not 
r ea l istic), the attitude will go Quite rapidly into a negative number and you 
a re headed straight for the ground. • 

As you have probably only got some two or three thousand feet below you, 
ycu will crash. 

If you had, however, when you were first warned by the flashing number, 
i ncr eased the speed either by lowering the nose a bit or increasing power, you 
would never have stalled. Once you got to the stall, if you had increased power 
and then brought the nose up again you would, if you had had sufficient alti
t ude, recover. What is absolutely true to life and true to Jumbo is that unless 
you are very lucky, simply pressing the down arrow to attain up elevator will not 
let you recover. 

It is regrettable that we have to leave this section of the manual on the 
rat her sombre subject of stalling, but it is now time for you to learn how to 
put all of the foregoing into practice by using Jumbo. 



MANUAL 2 - PROGRAM INSTRUCTIONS AND FLYING JUMBO 

Introduction 

Jumbo is compatible with the Model I and Model III Tandy, the Model I 
and II Genie and the original Video Genie. It is available on either tape 
or disk, It is supplied in the form or a Basic program, although it contains 
a lot of machine code. It is, therefore, loaded either with the CLOAD command 
from tape or the LOAD command in Disk Basic. The file name in Disk Basic is 
JUMBO/BAS, 

When this program was first submitted to ue for publi~ation it had various 
anti-copying protection devices in it, and in fact was in the form or a locked 
up System tape. We, that is to say, Molimerx Ltd., went out on a limb and after 
assuring the two authors that we had the most honest batch of customers in the 
world, we were able to persuade them to publish this important piace of soft
ware in the form of a Basic program. This ia of course of great benefit to you, 
the user, in that it can be backed up end the coding can ba examined, if you 
are interested, We, therefore, ask our customers not to illegally copy this 
program (or for that matter, any other). The two authors have put a very great 
deal of work into it over a long period of time. It is only fair that they 
should retrieve some recompense for this labour. We also have, as you can see, 
produced a rather large manual into which a lot of work has been put. 

Before we turn to actually running the program, we would lik■ to add that 
there will be updates to Jumbo. With such a complex piece of aoftware, there 
are almost bound to be small hidden bugs in it. The number of bugs in any given 
piece of software on publication is in ratio to the complexity of the number of 
permutations of actions that can be taken in the program. Taking, for instance, 
a very simple program where for some reason it goes straight into a m■nu and 
gives you three choices, each of which results in something being printed on the 
screen and that is an end of the program, then the permutations ere nine, because 
one could press the keys in nine different ways. Obviously, such a a_imple pro
gram would not have a bug in it. In Jumbo, the permutation rune literally into 
millions and probably into billions. Hence it is more than likely that bugs will 
be found. We wish to make it very clear that a ragiater of Jumbo ownara i ■ kept 
and upgrades will only be supplied to registered owners on the return of their 
original tape or disk. Furthermore, the manuals ere, as you can•••• quit• ex
tensive. No doubt there will be Addendums to them. These, also, will only be 
supplied to registered owners and the manual will not be available on ite own. 

In order to regularise our position with regard to tha possible advent or 
lending libraries, we have been advised by Counsel that our Tarma end Conditions 
should only permit two backup copies of eny piece of software by the original 
owner. This, you will see, is now in the Terms and Conditions. 

A final word of introduction. This type of program, namely a simulation, 
seems to give rise to a large number of telephone enquiries ea people try to 
use their skills in flying this case, an aircraft. Because, et the beginning, 
they frequently crash it, they feel that there is something wrong with the pro
gram. There is no chance whatever of there being any catastrophic bug in Jumbo. 
It has been play tested for hundreds of hours by different people. It is, of 
course, possible that you receive a faulty copy which would give you problams. 
On tape, the chances of this from Molimerx are one in a hundrad almost exactly. 
On disk, they are something like one in ten thousand. Nonetheless, the chance 
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does exist. If you have any difficulty when you first start the program 
after you have loaded from tape, then the first suspicion should be of the 
load volume. A pamphlet is available from us containing hints and tips on 
loading cassstte tepee into the TRS-80 and the Video Genie, and wa make no 
charge for this brochure. Unfortunately, a bad load can evidence itself in 
a lot of rather mysterious ways resulting in syntax errors or undefined line 
errors, ell of which tend to make the user believe that there is a catastro
phic error in the program. 

The Break key 
load you can check 
last 4 or 5 lines. 
a RETURN statement. 
load. 

hes been deliberately left active in Jumbo so that after a 
the listing. Jumbo should list properly down until the 
It will then appear to garble. The last line in Jumbo is 
If this is so after you have Listed, then you have a good 

So far as we know, Jumbo will run with Stringy floppies or floppy Tape 
but it occupies all memory up to about 3-400 bytes from the top. Accordingly 
the utilities available for these systems, which enable all of memory to be 
accessed, would have to be used with Jumbo. 

Accessing 

As we have said, Jumbo is loaded and accessed in the normal way of Basic 
programs, depending upon whether you are on tape or disk. The first thing 
that will appear on the screen are the credits and the program title. In 
order to pass this stage, it is necessary to hit the Enter or New Line key. 
Incidentally, throughout this manual we will refer to the Enter key, by which 
we mean on Genie machines the one marked "New Line". 

Jumbo contains quite a quantity of Machine Language sub-routines and 
they take a fair time to load. The machine also automatically decides whether 
or not your hardware supports lower case. If it does, then a lower case driver 
is loaded. It is, therefore, not necessary for you to load your own driver. 
Indeed, this might well cause difficulties. All of this initialisation takes 
some seconds and the screen will change during this time. If, for instance, 
you have lower case then the various control slogans will come up in upper case 
first and then they will be replaced. 

Eventually you will be faced with a screen wherein the Artificial Horizon 
is in the centre top panel and various other instruments have their graphics in 
place. The time clock up in the left hand top corner will be ticking away and 
we are ready to start up and take a flight. Before we do this, however, you 
should be introduced to the instrument panel and also the available commands. 
The latter will, of course, be discussed from time to time throughout this 
manual but a list of them is as follows. When mentioning the commands, we will 
use the following abbreviations: 

RA right arrow 
LA left arrow 
UA up arrow 
DA down arrow 
GT > 
LT <. 
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The list of commands is as follows: 

- 4 

0 (zero) 
GA 
DA 
DA 
LA 
LA 
a, 

M 
B 
B 
u 
D 
R 
f 
T 

and LA 
or UA 
and UA 
or RA 
and RA 
A 

T (in flying mode) 
H 
M 
p 

C 

The Control Panel 

Start engines, The figura 4 on 
ite own will start all ■nginaa, 

Stop engines 
Throttle control 
Elevators 
Centralise alevator 
Ailerons 
Centralia■ ailarona 
flaps 
Abort trip 
Map 
Speed brake when in the air 
Brake when on th■ ground 
Gear up 
Geer down 
Reverse thrust (ground uae only) 
Set route from 
Set route to 
Time skip 
Hour time skip 
Minute time skip 
Practice spproechea to London 
Airport 
Display program controls 

Assuming that you are sitting in front of the computer with a rreah panel 
in front of you, in other words that the program has either just been loaded 
or re-initiated, we will start at the top left-hand corner and procaad in an 
anti-clockwise direction. 

The first instrument is the Distance to Go. This displays the distance 
in miles that you have to travel to reach your destinstion -eirport, It will, 
of course, change as you proceed on your course and, so long ae you have not 
made a bad error, it will decrease. 

Beneath this is a clock. This will tick away normally at all times, un
less the M command for the map is chosen. When this is done, the program comas 
out of a true simulation and allows you to take time out to consider matters, 
have a cigarette, or whatever. During the time you are doing thia, the clock 
will remain stationary. Nothing else will be going on either. 

The next instrument down is a rather important one, the fuel gauge. Thia 
tells you how much fuel is aboard, and is pre-set at the moment to read 100 
tons. Although this is about the right amount for a trip from London to New 
York, unless you undertake that voyage, you will probably wish to chang■ thi ■ 

figure. This is done when the route is set, and is, incidentally, rath■ r im
pGrt 2nt. As we have continually emphasised in both our sales literatur■ and 
these manuals, Jumbo is very true to life. Accordingly, it handles in e fer 
different manner when it has on board 22 tons, which is the minimum of fuel, 
than when it is carrying 100 tons . 
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Balow the fuel gauge is the altimeter. As described in the first manual, 
in actual life this has to be re-set from time to time. In Jumbo this chore 
has been taken from your hands and the altimeter is always assumed to be reading 
correctly, 

Next down from the altimeter is an instrument marked VSI . This is an acro
nym for Vertical Speed Indicator, and it is exactly that. It will tall you, in 
terms of feet per minute, at what speed you are ascending or descending . As you 
are stationary on the ground at the moment, it real i stically shows you the figure 
zero. Actually this is slightly unrealistic, because if you coma to think about 
it , it assumes that the airport at which you are, which happens to be London, is 
at zero feet above sea level, In order to simplify matters, Jumbo has assumed 
t hat the earth is extremely flat and all heights are referenced to sea level, 

The next instrument down is the first of the graphic ones and it indicates 
the flap setting, At the moment it will be reading O, but it will go up in 
inc rements of 1, 5, 10, 20 and JO degrees, under the control of the A key. You 
uill remember the purpose of the flaps from the first manual and note, there f ore, 
tha t as you change the setting, the stall figure, which is the instrument to the 
le f t of the flap indicator will change in relation to the flap setting which you 
se lect. Before we leave the stall indicator, a reminder that when you are not 
cl ose to the speed of a stall, this figure will remain static, As you get closer 
to the critical speed, however, it will start to flash to draw attention to it
se lf. 

Underneath the stall indicator is the gear indicator. This has 4 possible 
conditions, At the moment, it will read "down". When the gear is up and locked 
i t will read "up". During the transition, however, it will either show a down 
a rrow or an up arrow, indicating the direction in which it is proceeding. As 
in real life the undercarriage takes a finite time to descend or retract and it 
is of course important that you should land with the gear in the down and locked 
position. 

To the right of the flap indicator instrument is the power indicator. It 
i s important to understand this instrument, The graphic part of it will show 
you the amount of throttle which you have applied on the number of anginas which 
a re running. Parenthetically, a reminder that the anginas are started with keys 
1 - 4 and that just pressing key 4 will start all of them; they are stopped with 
t he Okey. Getting back to the instrument, the graphic part of i t will indicate, 
as we have said, the amount of throttle that you set. This should not be con
fused with the power indicator to the left which reads out the amount of power 
being developed by the aircraft. As explained in the first manual, the two are 
not necessarily related. The power will vary with height and with speed for a 
gi ven throttle setting , furthermore, in an extremely unpractical example, the 
t hrottle could be sat at, say, 40 but if the engines are switched off, the 
power percentage will be nil. 

Proceeding over to the right-hand side of the screen, there are two controls 
whi ch, as they are very closely related in real life, are shown together, They 
a r e not, of course, mechanically linked. The left hand one is the elevator and 
t he right hand one is the attitude. The elevators, which you will recall are 
si tuated to the rear of the tailplane, control the pitch of the aircraft. This 
is shown by the attitude instrument on the right. Pressing the DA will raise 
t he elevators and all other things being equal, the aeroplane will ascend, A 
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negative elevator, UA, setting will cause the aircraft to de■ cand. Ba 
reminded that pressing the UA and DA together will bring into affect the 
trim tab, the elevators will neutralise, but you will remain in the atti
tude in which they placed you. 

The next instrument, above the elevator and attitude indicator■, ia th■ 
turn indicator. This shows you the amount or bank or turn which you have on 
the aircraft. 

Above this is your compass. Indication is in two forms. In the centre 
is your actual compass setting. 360 degrees ere supported. Thia, or course, 
is~ Northerly cogrse. When you ere going due South, the compass will read 
180 , due East 90, and due West 270°. In addition there is a graphic indi
cator on your compass setting. This takes the form or a graphic block which 
proceeds around the compass. 

Above the throttle indicator is an i nstrument entitled IAS, which ii 
your Indicated Air Speed instrument. Next to the Artificial Horizon, this is 
probably your most important indicator. The speed of the aircraft, as we 
have learned in the first manual, is extremely important in almost all con
ditions. Note that it is not entitled TAS, which stands for True Air Speed. 
!AS will differ from TAS by a very large amount, as the air gate thinner with 
altitude. An IAS of 250 knots, for instance, might equate with a TAS or 400 
knots at height. In other words, the True Air Speed may be almo1t double that 
of the Indicated Air Speed. The reason that the IAS i1 given in Jumbo ia that 
it is this air speed which governs the stall speed or the aircraft. 

Above the IAS is an indicator for the aileron setting. A■ you already 
know, turning the wheel to the right will change the aileron setting on both 
wings, in opposite directions. It is this inatrumant that tell■ you at how 
many degrees your ailerons are set. Turning right will give you ■ plus reading 
and send the indicator to the right, turning left will give you a negative in
dication and send the needle left. 

The final instrument is the Artificial Horizon. You ■hould remind your
self of figure 11 in Manual 1. The small stationary aircraft in th■ middl ■ or 
the instrument is shown clearly on the Jumbo simulation, parhspa ■van more clearly 
than in the figure. The horizon will also be showing clearly at th■ moment. As 
you bank left or right, it being impossible to drew an exactly straight diagonal 
line on the TRS-80 or Genie machines, you will ass that this lin■ will become 
broken, but it will conform to an average straight line. Remember that the baby 
Jumbo in the centre of the instrument will not move, but the horizon will. As 
the aircraft climbs, so the horizon will sink below the representation of the 
aircraft, and as you descend, the reverse will be true. It is in banking that 
new pilots tend to get mixed up, so it may be worth your while to practice 
banking (after using the P control), fairly early on in your training. Ir you 
bank to the right than the horizon will dip to the left and vice versa. All 
pilots view this instrument in a slightly different way. You may find it ad
vantageous to think of the wing tip. If you bank to the right then the wing 
tip is going to come down to the horizon on the right, and hance the lattar 
will slant tc the left. Anyway, a little practice with this in■ trument ahould 
make you familiar with it. 

Before turning to an actual flight, it will be edvsntageou1 if w■ have a 
brief look at the controls, although they will or course be covered in our 
sample flight shortly. We have already listed them end an abbraviated lilt is 
always available to you by pressing the C key. 



first of all, a general comment, Although it may not appear to be doing 
so, Jumbo works pretty hard most of the time, and accordingly is usually off 
making various calculations. It only has certain times within which it can 
look at the keyboard, the result being that there is a delay on key entry. 
As a matter or fact, normally the program will have picked up the entry but 
cannot get to doing anything about it for a fraction or a second or so. Al
though it might have been possible to do something about this delay, it so 
happens that thara is also a delay in the re~ponse of many controls in an 
aircraft in real life, If, for instance, one is climbing and then suddenly 
descends, the VSI instrument will show a climb when one is actually descending. 
The delay in Jumbo, therefore, is not all that unrealistic. Anyway, whether we 
like it or not, we cannot increase the speed of the CPU without hardware modi
fication. The result, therefore, is that one should keep one's finger on a 
key for an appreciable length of time, not necessarily until one sees the re
action on the screen, but for longer than normal. You will soon get used to 
this as you use the program. 

The throttle is adjusted with the GT and LT keys. If you put your finger 
on the GT and hold it there, you will see that the throttle indicator moves 
along the throttle bar at the bottom of the screen up to a maximum of 100. 
Pressing the LT key will have the reverse effect. Assuming that we are still 
at the start of the program, the power percentage will not change because none 
of the engines have yet bean started. Incidentally, when we speak of the GT 
and LT keys, these may be used unshifted. Sometimes one is in e hurry to get 
at the throttle and it was thought that an un-shifted command would be better, 
The engines are started with the number keys. It is possible to get off the 
ground with only two engines, although one would probably have to reduce the 
fuel load to 22 tons, Such a course is not recommended, however. 

The elevator controls are very important and you will recall are controlled 
with the UA and DA keys. It might be an idea to practice re-setting the trim by 
pressing both keys together, if you have adjusted the elevators in one direction 
or another. Sometimes you need them in a bit of a hurry. Usually one aims et 
an attitude of about +8 degrees on take-off. If you are going to vary this then 
it would be better to go in the upward direction , In other words, say, take off 
at 10 degrees. If you have not already tried the flap controls (they are with 
the Q and A keys) it would be a good idea to do so now, flaps are not used very 
often. In fact they era only used in the take-off and landing procedures ea they 
are not looked at by tha program as often as other controls. There is, there
fore, quite a distinctive delay in their operation and it may be hard to get 
used to this. Again, this is true to life. 

It takes quite a substantial time for flaps to come down on an aircraft, 
The same remark applies to the undercarriage controls. Retracting these on the 
ground of course is not recommended and will result in an immediate crash. 
Whilst on the subject of crashing, the length of the shaking of the aircraft 
when this occurs is proportional to the severity of the impact, The latter is 
also indicated by the area over which pieces of the aircraft are spread. Ac
cordingly if you come in for landing and it just exceeds the structural design 
limits of the aircraft, you will be told that you have crashed but the wreckage 
will only have been spread over quite a short distance, On the other hand, if 
you plunge from several thousand feet directly downwards you will see that you 
have littered the countryside for over a thousand metres. We will leave you to 
find out the comments on the varying degrees of an acceptable landing. 
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Although it is probably not within the definition of a control key, tha 
M key chooses the map display. It has two or three functions. rirstly, if 
it is selected then the simulation freezes, everything cornea to a halt, and 
this can be useful. A good pilot will always lead hie aircraft, that is to 
say, he will be thinking e few minutes ahead of what ia actually happening. 
Such a skill does not come for quite a while, however, and it ia moat useful 
for a young pilot to be able to stop time so that he may think out what is 
going on. When you do this, incidentally, you have to go through the procedure 
of looking at a map, even though you want to get back to the program itself, 

The second purpose of the map control ia to look at one of the six maps 
available. These cover Scotland, Northern England, Southern England, Ireland, 
Eastern U.S.A. and the whole of the United Kingdom. When you choose this, your 
present position (the simulation is assumed to start in-London until a choice 
is made) will flash on the screen. With the map of the entire United Kingdom, 
the screen clears to show it to you, but wherever possible the map is fitted 
into the area generally used by the Artificial Horizon. To reed cour ■a data, 
however, the U.K. map must be selected, 

The final purpose of the map feature is to choose your route when you 
first start. This is option 7 and when taken, you will be shown the map of the 
United Kingdom. All of the available airports will be fleshing, and these will 
be listed on the left hand side of the screen. Next to the word "London" wi,11 
be an arrow. This can be controlled with the UA and DA keya. Salact th■ air
port from which you wish to depart and hold down the r key. Th■ word "from" 
will appear. Now use one of the arrow keys to move the arrow to whichever air
port you wish to travel. Then hit the T key, and the word "to" will appear. 
When you have got your trip selected, hit the Enter key and the distance of the 
flight will be shown, together with the bearing of the departure airport to the 
destination airport. You will be told upon which runway you are to take off and 
upon which runway you are to land. You are then permitted to enter the fuel 
load which you require. The minimum is 22 tons and the maximum is 150 tons. 
Bear in mind that, particularly in these days, your employer will be extremely 
annoyed if you take too much fuel, for fuel is weight and it tekaa fuel to lift 
weight. As a guide, you will need 100 tons to get from London to New York. On 
the other hand, London to Manchester should take fer less than the minimum that 
you can choose, of 22 tons. This is one of the tricky decision, that you, as 
the Captain of an airliner must make. 

A Trial flioht 

You should by now be completely familiar with the control,, not only how 
to use them, but what they do, and the manner in which they operate. It is, 
therefore, time for us to take a trip. 

We will, therefore, now attempt to take off into the wild blue yonder, 
but the first thing to do is to choose our route. Accordingly, select the map 
option. Move the arrow appropriately so that you select a route from London 
to Manchester. If you are sure that you have got this right, press the Enter 
key. You will see your departure and arrival airports are flashing and you 
have now been given take-off and landing instructions, together with the di5-
tance. It is 152 miles. The bearing of Manchester from London is 325°. You 
will be directed to take off on runway 280 and to land on runway 240. When 
you have assimilated these facts and perhaps made a note of them, although 
they will all be available to you throughout the flight, press tha Enter key 
and choose 22 tons of fuel, by pressing the 2 key twice. Hit the Enter key 
and you will be returned to the control panel and will be ready to take off, 



- 8 

The program, incidentally, aaaumea that you era at tha and or tha runway. 
To hark back for a minute to the bearing from London to ~anchastar and the 
runway numbers, the latter era always numbered in accordance with the dir
ection in which they raca. As you know, the compass ia divided into 360 
degrees, with North as 360. We have just been told that we are to take off 
on runway 28. As a matter or ract, the program gives you all or the number, 
namely 280. In real life, the O digit is omitted. Anyway, we are to take off 
on runway 28, which means that we will take ofr heading almost exactly due 
West. We will be landing on runway 24, which means that we will be landing in 
a South-West direction when we get to Manchester. Thia point is rather impor
tant, ao just to emphasise it again, if we had bean told that we were taking 
off on runway 90 than wa would be taking orr on a runway which points due East. 
If wa ware told that wa were landing on runway 360 than wa would be landing 
on a runway which points due North. Needless to say, in real life, the op
posite and of the runway is numbered 180 degrees different. 

If you are looking st the instrument panel you will see that the compass 
has moved round to our runway heading of 280 and the fuel has been adjusted to 
22 tons. The distance to go is shown up in the left hand corner at 152 miles, 
but as we have not yet taken any action to take off, nothing else has been 
changed. 

Whilst we are stationary, wa must adjust the flaps so that wa get the maxi
mum lift on take-off. Using the A key, tharerora, move the pointer down to the 
10 degree notch. Note that the stalling figure has changed with the changing 
configuration. 

Wa can now start the anginas. Wa can do this either individually by 
pressing 1, 2, 3, and 4, or more easily by simply pressing· 4. If you have 
placed your finger on the B key for Brakes than you will get essentially no in
dicated air speed, although as the power increases the brakes will find in
creasing difficulty in holding the aircraft in check, and you will probably 
start to ease forward. Alternatively you may ignore the brakes, start the en
gines and take the plans up to power, in which case you will ba on your way 
down the runway straight away. We have a very light load with such a small 
amount of fuel, so you can aim at about 60% power. Aa the speed reaches about 
1~3 knots, put your finger on the DA key to lift the nose. You will see the 
elevator indicator move. Take it up·to about 8 degrees and you will see the 
attitude indicator lifting up through its register. As it comes to about 15 
degrees, choose the trim by pressing the UA and DA keys together. This will 
hold the attitude constant at 15 degrees. 

By now ~ou will be airborne, perhaps climbing through about 300 feet. As 
soon as you are airborne in a safe attitude and et a reasonable speed, then the 
gear ehould be brought up by pressing the U key. Your performance will quite 
dramatically increase, although at this stage you probably will not be aware ' of 
that. Your speed will be somewhere around about 160 knots as you climb through 
about 800 feet and the gear locks up. 

As a matter or interest, either by breaking off now or at a later date, 
you may find it instructive to attempt the take off just described with a load 
of 100 tons of fuel. It will e_mphasise the point that we made earlier es to 
the handling difference of Jumbo with low and high loads. 
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At this stage, therefore, we have affactgd a successful take-off. We 
are still travelling 10° North of Wast at 280 and have achieved a decant 
climb rate. We have taken up the gear. We must now do three things before 
we proceed on the climb, first of all we are et quite a steep angle so as 
we go through 1500 feet i 5 would be a good idea to lower the nose a little 
so that we have, say, a g nose up attitude. You wibl remember that you do 
this with the UA key and that when you attain your g of attitude, trim out. 

Some care must be taken when deciding upon our second chore, namely 
the retraction of the flaps. These, you will recall, create lift and were 
adjusted tp 10° at take-off so as to give the greatest lift possible. Dis
carding this lift prematurely could be catastrophic. However, we are probably 
now passing through about 2000 feet at quite a steady rate of climb. You should 
have round about a thousand feat a ~inute on the clock. It is, therefore, safe 
enough to run the flaps back to a 5 setting with the Q key. It is good pro
cedure at this stage to take off a degree or so of the nose up attitude which 
should result in a speed of around about 215 knots. Taking the flaps back 
another notch to one degree should mean that we now have an airspeed probably 
in excess of 235 knots, Taking off the final degree of flap should finish us 
up at a fairly steady climb at an attitude of a0 and a speed of 250 knots. Aa 
both the flaps and the gear are now in a retracted position, the aircraft ia 
said to be "clean", 

All of the matters that we have mentioned heretofore are fairly approxi-
mate in the sense that we cannot tell how precise to our figures you have been. 
At around about this stage you should be reaching 4-5000 feet on the climb out 
and the air speed may well have increased quite substantially, It is, therefore, 
time to turn on our 5rack to Manchester. We are travelling in a direction just 
North of West at 280 and we must, therefore, decide whether we wish to turn 
right or left to get on to our course, Everybody considers the points of the 
compass in a slightly different way. Some people think of North North West and 
so on, although this is usually restricted to maritime use. It ie far better 
to think of the compass in both degrees end direction. What you have to bear 
in mind is that the degrees increase in a clockwise direction and decrease in 
an anti-clockwise direction. As North is in a ciockwiae direction from W■■t, 
then we will have to turn right to get on to 325 , which ia closer to North than 
is 280°. The rule of thumb of course is obvious. If you are numerically in
creasing your bearing then you must turn right. If you are numerically decreasing 
youb bearing then you must turn left. We are numerically increasing from 280° to 
325 , so we must turn right. A further alternative to considering the points of 
the compass is to visualise oneself in the centre of the compass rose, looking 
outwards. As you look out along a particular spoke of the wheal, then •B you 
are looking along your courBe· In our case, as we are travelling at 280, w• 
will look out along the 280 spoke, Using our rule of thumb, we sea tmit tha 
spoke for 325° is to our right. This description has bean a little long-
winded, but it is quite important. We are not going to ba concerned with navi
gational beacons and so on, but you would be surprised how easy it is to maka a 
mistake when working out the directions on, say, an Omni bearing, which is a 
type of navigational aid. 

Enough digression, Let us get back to our climb, which wa left at tha 
point where we decided to turn the aircraft on to the heading for Manchester. 
325 is greater than 280 so we will turn right. On the other hand, we hava 

.only got 45° to go, which is half of a right-angle. It is, therefore, not a 
great deal of turn so we should not start standing the aircraft on its wing or 
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anything. A gentle turn with the RA key, therefore, to, say +4° of aileron. 
Both the Artificial Horizon and the turn indicator will depict a gentle turn. 
In the case of the horizon, it will show a gentle climbing turn. Slowly the 
compass indicators will start to change. Remember what was said in the first 
manual about the tendency of any aircraft to lose height in a turn. It may 
be, therefore, an idea to add a degree or so of up elevator to counteract this 
tendency. 

It is perhaps around about now that you will have realised the necessity 
for scanning the instruments. Hopefully nothing has gone wrong but as you made 
the turn on the heading for Manchester it is a fair bet that had anything been 
going on with the other instruments you would have missed it. Try, therefore, 
to set up a scan with your eyea ao that you move unhurriedly but swiftly from 
instrument to instrument, making one instrument, and you will recall that we 
suggested the artificial horizon, the centre to which you return at fairly 
frequent intervals. 

Keep 0 an eye on your compass end you will saa that you will be approaching 
about 300. Everything should ba fine. Your ayes should be moving around the 
instruments to make certain that nothing is getting out of hand and your mind 
should be starting tg think of turning the aircraft back so that you steady up 
on the course of 325. If you feel like a rest, press the M key. If, before 
you do this, you had achieved, say, 310-315° on the compass, when you get to 
the map display you will find that the distance to go has leasenned, the bearing 
has probably changed slightly and that an indication is flashing on the map to 
show your present position. You will probably be about 140 miles or lass from 
Manchester so the flashing dot showing your present position will not be very 
far from London. Pressing the Enter key will take you back to the cockpit. 

Our parameters have now got extremely lose. The tolerance of the precise 
time at which you pressed various controls has built up, so it is getting in
creasingly difficult to suggest at what stage you- may be in your flight, but 
we left the display panel at around about 310° on the compass. Probably when 
you looked at the track 0 on the map display the bearing would have increased 
probably to about a 329. Wa ahould lead the course cgrrection a little, the 
eventual aim being to roll out with level wings at 329. You will find this 
extremely difficult to do atraight away, but if you zero the aileron at about 
326° on the compass you will not be ·very far out. As the wings come level, 
the up aileron which you applied to correct the loss in height of the turn 0 
should be taken off, but in any avant you should be looking for about a 5 or 6 
nose up attitude for the remainder of the climb, allowing the speed to slowly 
build up to about 320 knots. Note that as you attain some altitude, the net 
power indicator will have gone down. If it was set at 60 originally then by 
the time you reached around 11000 feet it will be standing et about 40. 

Assuming that you are on the right course and are maintaining a steady 
climb you should permit this course of events to continue until you reach 
about 14500 feet and then take the necessary actions to level off. This will 
consist of a gradual easing forward of the control column with the UA key, and 
probably a small reduction in power. Do not worry too much that you vacillate 
in height at this stage of flying Jumbo. As we have indicated before, it is 
extremely difficult to maintain straight and level flight until quite a lot of 
practice has been attained. Aim, however, for 15000 feet, and even if your 
VSI vacillates between+ and - 200 feet per minute, it should be acceptable. 
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Once you have attained this cruising altitude, you should be able to sit back 
and consider matters, allowing the plane to continua on with vary small ad
justments. It is at this point in time, either on this trip or others, that 
you can use the time out feature by pressing the T key. Be careful how you 
use the two choices you have been given, namely taking time out in minute in
crements or one hour. A trip to Manchester, or courea, will not take you an 
hour, so if you select time out by pressing the H key, for an hour, you would 
then find yourself somewhere up in Scotland before you regained control of the 
aircraft. A useful feature is the fact that the M key for minutes can be kept 
depressed. If you do this, then the minutes will just pass by. You can ob
serve the distance to go and fuel decreasing. The time, or course, will be 
increasing. Everything else will remain stationary, ae it ie assumed that an 
automatic pilot is in operation. In other words, you will coma out or the 
time out selection in the same condition, apart from the three parameters we 
have mentioned, as when you entered it. You exit the time out by pressing the 
Enter key. Do not do this until the indicators have become stationary. 

By now you are probably well on your way to Manchester or ready to give 
up for another go. If you wish to choose the latter, than we would remind you 
that the ! key, that is to say, shifted 1, will start you again. We era going 
to leave this talk through here, so that we can go back to the beginning apd 
practice more landings. This is far better dona with the P facility rather 
than waiting until you get to Manchester, so if you are ready to do this, de
press the ! key. The screen will clear and re-draw itself, and the simulation 
will be ready to start all over again. 

Press the P key and after various things have coma up, the last one to ap
pear uill be the miles to threshold indicator, which will appear at the bottom 
of the Artificial Horizon. When this comes up, press the M key so that you can 
consider the position in which you have been placed. This will, or course, to 
some extent, depend on how quickly you pressed the M key but you will probably 
find yourself with about 10.6 miles to go, 20 tons of fuel, an altitude of about 
2938 feet, and a negative VSI of 1625 feet. You will be on a heading or 27□0 , 
the attitude will be 3° up, you have an !AS of about 200 knots, and 33% power. 

- If you carry through with the map display by choosing Map 3, that is to gay, 
Southern England, you will see that the bearing to London Airport ie 276 . If 
we had elected for the full map, we would have been told the same bearing or 
276°, but with the additional information that you would be going to land on 
runway 28. To summarise, therefore, we are on a moderately sharp descent 
rate, with an attitude of 3° nose up. As indicated in the first Manual, this 
is fairly typical of the configuration for which wa should be striving on a 
descent. Contrary to what many people think, we should not be in a nose down 
attitude, as this would cause us to dive too quickly. Before we go back to 
the panel, it may be as well to mention that nothing vary terrible is going to 
happen in this approach. In a minute, we will be investigating the ILS, that 
is to say, the instrument landing system available to you, and by which you 
effect a landing, and we will be doing this in the way that one normally does 
as one approaches one's destination. We suggest that you leave the ailerons 
untouched. The program has set them at the moment so that, ell other things 
being equal, the plane will take itself round on to the !LS approach. Let us, 
therefore, return to the panel, and we will see that a new factor has been 
added to the display. Just above the Artificial Horizon will be seen 3 or 4 
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arrows pointing to the left. There may also be a plus sign, or indeed a 
minus sign d!.splayed. In order to understand these, you will have to take 
time out again, so preaa the M key. 

The ILS is• radio beam that ia transmitted along an extended runway 
line at an angle. Ir an aircraft fliea down this beam perfectly ha will finish 
up at the threshold or the runway. This is the only method. or landing Jumbo, 
and it is of course the method that is used in real life. Hanging your head 
out , of the window to sea where the local railway line is pointing, is considered 
not only bad form but probably suicidal when in a Jumbo jet, We must, there
fore, use the ILS approach and in order to do this we must find a beam. This 
is only available when we are less than 15 nautical miles from the runway and 
heading within+ or - 30° or the runway heading. Assuming a runway heading of 
240°, therefore, we would have to be flying a heading of between 210° and 270° 
within 15 miles of the runway, in order to pick up the indicators. 

+-
B 

t-----------------

rigur ■ 12 

rigure 12 is a sketch of a runway. Approaching it from the right it will 
be runway 27 and three aircraft have been depicted. It is of the utmost 
importance that you understand the difference between your track to the airfield 
and the track to the ILS beam, and for that matter the track which you are actu
ally flying, although hopefully these two latter will be the same. Consider 
aircraft C in the sketch. The runway points from risht to left, due West, 270°, 
Aircraft C, therefore, is flying approximately a 300 track. As it is pointing 
at the beam, which is the extension line out from the centre of the runway, it 
is on track to intercept it. If it continues to fly in the direction which it 
is at the moment, it will, as it closes with the beam and starts to turn to the 
oµproximate runway heading, pick up the beam. The same remarks will apply to 
aircraft A. This is flying also in the general direction of the airfield, but 
in a South-Westerly direction. Aircraft Bis flying the runway heading and even 
though it is further off the beam than aircraft A, it would pick up the ILS in
dicator, but would have to turn left to intercept it. Both aircraft A and Care 
reasonable approaches to the beam, although the scale, of course, is way out, 
They should intersect the beam much further out than they would appear to in the 
sketch. Assuming that they approach the beam further out and make either a change 
left for aircraft C and a change right for aircraft A, they will turn on to the 
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beam and make a good approach, If aircraft B, however, took no notice of hie 
indicator showing that he is right of the beam, he would fly on pest the eir
field, even though he is flying in the heading or the runway, 

If you remember the indicators on the Artificial Horizon, they ware, in 
the case of this practice approach to London, three or four arrows pointing 
to the left. The cardinal rule, and one which is fairly easy to remember, ie 
that the arrows always point towards the beam, It is, therefore, necessary 
to turn in the direction or the arrow to pick up the beam, Arrows pointing 
to the right will mean that the beam is to the right, end you must fly right, 
or increase your compass heading, to intercept. Always remember that the beam 
is an extension of the runway and, therefore, ia on the same heading, 

Picking up the ILS beam is probably the rector that give■• new pilot the 
most trouble apart from the actual landing manoeuvre. The latter, however, 
becomes entirely a matter of judgement. The former can mislead you, Aircraft 
A, incidentally, if it were flying slightly more towards the runway heading, 
could well be the position of our Jumbo approaching London Airport, Th■ beam 
is to the left and there are three arrows, We should have explained earlier 
that the number of arrows indicates the distance to the beam, In other words, 
with our three arrows we may well have decreased from, say, ■ix, If the ail
erons are left alone when we get back to Jumbo then you will see the arrows 
decrease to two, then one , When we are actually on the beam, there will ba 
an arrow on each side, indicating that we have no turn to make. At this point, 
incidentally, the Jumbo simulation is kind to its pilot, There is a built-in 
feature whereby, once you get on to the beam, even though your heading may be 
3 or 4° off, this heading will be automatically turned to the exact runway 
heading . Say, for instance, in our simulation in a minute we finish up at the 
beam on a heading of 27B 0 , you will see that as the On Beam indicators coma up, 
the heading will automatically go to 2B0°. 

Although the beam itself is a straight line, its area or affectivenase is 
rather like a fan with the threshold of the runway at the angle. If you wish, 
draw two lines from the runway threshold in figure 12, with an angle between the 
beam and the line of 30°. As these lines carry out further and further away 
from the threshold, so the distance between them gets greater and greater, It 
is, therefore, a fact that as one gets closer and closer to the threshold or the 
runway, the beam, in the sense of picking it up, gets thi~ner and thinner, It 
is, therefore, more and more difficult to get on to it and it is easier and 
easier to quickly pass through it, 

There are two other indications given by the ILS system from time to time, 
These refer to your height above or below the beam, The"-" sign will tell you 
that you are too low, and the"+" symbol will show that you are too high. In a 
rather similar manner to the arrows, a multiplicity of these signs means that 
you are getting further and further away from the desired descent path, The 
correct glide path angle will result in no+ or - symbols. As a guide, the 
beam will be maintained by descending at between 600 and 1 1 000 feet per minute, 
depending, of course, on your speed, 

We have dwelt upon the ILS approach system quite extensively because it is 
important. As we have said, it is the only method in Jumbo of finding the air
port, Let us summarise to make sure that everything is clear, first of all, 
one must view the ILS beam as a road onto which one must turn, It is rather 
like a motorway with the aircraft on a slip approach road. One should follow 
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a path which firstly will allow you to intercept the bea~ at a reasonably 
shallow angle, and secondly to make a further slight turn on to the actual 
beam itself. Secondly, even though one is on a good interception course, 
one's heading may well be quite a substantial number or degrees off the 
heading of the runway. 

Try to intercept the beam as far out as is practicable, This will 
give you time to get established on it. You can get yourself into a great 
deal of trouble by passing through the beam and trying to return to it. If, 
in fact, you have to do this, then tend to turn away from the airport so that 
the part of the beam that you will later intercept is wider. Always remember 
that the beam gets narrower as it gets closer to the threshold. When narrow 
it can easily be passed through, Make all or your turns in connection with 
the ILS system slowly, Try to avoid approaching the beam at such an angle 
that a very hasty and heavy turn must be made, When actually established on 
the beam, if you start to drift arr, as you probably will, make very minor 
corrections only, and make them as quickly as you can after you see the de
viation, It is not a bad rule or thumb not to adjust your ailerons more than 
2° either side of zero whilst on the beam, A turn of .2 or .5 is ample, un
less something has badly gone wrong, 

Try to set up a decant steady descent rate before you get to the beam. 
If you then find you are too low or too high, small increments or decrements 
can be used to slide onto the beam. Alweys the changes should be slight; the 
VS! should not exceeed, say, 1000 feet per minute. 

P..vNIJAf 

figure 13 

Always remember that the beam is at an angle from the runway. Try to 
visualise yourself flying in under the beam and then adjusting your rate or 
de scent to follow it down. Consider figure 13. The beam indicstor on the 
artificial horizon will be showing that the beam is above the aircraft. The 
pilot might be tempted to pull beck on the wheel and climb. If he did he would 
prc~ably pass through the beam - far better to hang on and let the beam meet 
the aircraft. 

The cardinal rule is that on ILS approaches everything must be nice gradual 
and smooth, No jerky course or VSI movements. Try to relax. If necessary take 
ti~e cut with the M command. 

Lie must now return to the .practice approach to London Airport. first of 
all ycu will need 20° of flap. This could, incidentally, have been selected 
before the P key was pressed if you prefer. If the heading is left as it is 
when !ha practice display first appears, then the program has been so written 
that the aircraft will fly itself on an intercept course and then get on to 
the beam without the ailerons being touched by the pilot , The attitude can also 
be left at the 3° in which we found it, At about 6 miles out, the selection of 
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a 30° flap, in other words increasing by 10° and an increase in power to 
about 55%, should give you a suitable rinal approach with the rollowing 
parameters: 

2 - 4° attitude 
6-900 feet per minute rate of descent 
135-150 knots IAS 
A heading of 200° ± 10° 

If the fly left indicator appears after you have locked on to the ILS, 
in other words if you have drifted to the right, you can correct with a 
maximum of 2° of aileron, ensuring that the aileron is zeroed immediately you 
get back on to the beam. You should not "hunt" the bee~ - it is possible to 
get into a situation whereby one is following en S shaped cour1e down the beam, 
if continual corrections are made. If you are very close in to the threshold 
it is better not to make an aileron correction at all. On the other hand if 
you are a touch out, drift off the beam and do not correct and you will miss 
the runway and crash. Whether or not to correct is one of the skills learnt 
from experience on the ILS. Attitude changes should be alight and gentle, It 
is possible to get into a "switchback" hunting session in the pitch direction 
as well. At 50 feet, assuming that you are over the threshold or a short distancg 
down the runway, raise the nose about 2° with the elevators, aiming for a 4 or'S 
attitude on touch-down, close the throttle and let the aircraft sink gently to 
the runway, All of this will take quite a bit of practice but the program, in 
the P feature, is such that a minimum of control will be required to attain 
a decent landing. 

SOLO 

You should now have enough knowledge with which to fly solo without these 
instructions, As your skills get better end better, you will find that the 
simulation is more and more fun, for as you improve, your confidence will increase , 
frankly, we do not know exactly what can or cannot be done with Jumbo, It 
probably will not do any heavy acrobatics - we were not able to loop it. But 
remember that the simulation is about as good as you can get on a microcomputer 
so do not restrict yourself to chugging from one airport to another. You have 
no legal body breathing down your neck - you can do everything from low flying 
to touch and goes (landing practice where you approach, touc~ the ground and go 
round again) without worrying about w~ether you are breaking the aviation laws. 
So get up there and have fun! 



1) 

2) 

3) 

4) 

Takeoff data: 

Weight .lL.1 

360 154 
340 147 
320 142 
300 142 

280 & less 142 

nap Retraction: 

nae Position 

10 deg, 
5 deg, 
1 deg, 
0 deg, 

Climb & Cruise: 

APPENDIX 

il 

174 
167 
160 
152 
144 

Min Seeed 

V2+10 
V2+40 
V2+60 
V2+80 

A 

.!L.l .1!1±1.Q. 

182 192 
176 186 
169 179 
163 173 
156 166 

Max Soeed 

238 kts 
250 kts 
275 kts 
see below 

!:!.tl2hl Climb Seeed Cruise Soeed Cruise Haioht 

360 340 340 30,000 ft 
320 330 310 33,000 ft 
280 320 275 35,000 ft 
240 300 260 39,000 ft 
200 290 260 39,000 ft 

Descent Distance: 

~ Distance Needed 

39,000 125 neut.miles 
35,000 115 II 

31,000 105 II 

27,000 90 II 

~ 

1. The V numbers in (1) are: 
V1 Take off commit speed - you must take off, there is not enough 

runway left. 
VR Rotate speed, Pull back on the column (DA) to take off. 
V2 Not as important as the other two. Beyond this speed you can 

fly with an engine out. 

2. Regarding Climb and Cruise speeds (3), for maximum speed use 350 kts at sea 
level, reducing to cruise speed plus 10 kts at height. 

3. The equation for Descent Distances (4) less than those given is 3 times the 
height in thousands of feet and add 5. 20,000 =(20 x3) + 5 = 65. 



28th ly, 1982. 

ADDENDUM 

1. A month after publication, only one bug has surfaced in thia program. It 
comes about if one takes off with only half the amount or fuel that one really 
needs to get to !Jew York. Although this of course ia not a r ■colMlanded aitu
ation, as the customer who found it pertinently pointed out, one might went to 
go out over the Atlantic to practice and come back to Heathrow. 

Actually this was not intended, for if one wante to practice than one should 
not select a route. One should just take off from Heathrow and do whataver one 
wants to do. The original fuel setting hes bean deliberately put et 100 tona 10 
there is ample to do any practising anyone could wish. furthermore, if one wants 
to practice flying with a low fuel load, the P feature ia available. Anyway, 
this bug has now been corrected. For anybody who wishes to make the correction 
themEelves, the zap is as follows: 

Line 272. Change Y1)127 to Y1>47 
Line 274. Change Y2>127 to Y2>47 
Line 276. Change P4)127 to P4>47 

2. As you know, the program uses all of available memory and although aoma 400 
or 500 bytes are free most of the time, when exceedingly complex calculation• 
are teing carried out the program can just shave the top of memory on a Model 
III caEsetta based machine. This of course has lase memory available to Basic, 
by 256 bytes, then does the Model I. We have not changed tha masters in respect 
of this matter because Model III customers will be putting tha program in their 
ma:hine and offloading at the hi gher baud rate in any avant. If they wish to 
~aKe a change then it is in line 410. The Claar statement which at the moment 
is 820 can be changed to 540. This will make up for the 256 bytaa missing. Thie 
zap is not a mandatory one. It may wall not be necessary. Wa have only had one 
report of an Out of Memory error. 

3. The amount of drag given by the undercarriage when it is down has been cor
rected slightly. In line 188, 192, 306 and 410 the statement UD=2 may be changed 
to UD=1.2. Also in line 410, the letter U should be added to the OEfSNG group. 

In summary, therefore , the only mandatory zap is number one above. In fact, 
both number one and number three have bean implemented on our masters as of 
today's date. 

Manual Corrections 

There ~ere one or two typographical and explanatory errors in the two man
~als. None of them are of any importance but for information they are as fol
lows: 

~anual 1. 

On page 7, paragraph 2, a Boeing 747 is equipped with both a pressure 
altimeter and also a radar altimeter. It is the latter instrument which 
is used in the simulation. Hance as pointed out in the Manual, you need 
not be concerned with pressure settings. 

One page B, a typographical error in the first paragraph after the sub
heading. The word "pneumatically" should be replaced with "hydraulically". 

On page 10, an item of additional explanation is that an alternative 
me~hod of trim is via what is called en "all flying tailplane". With this 
method, which is the one implemented on the 747, the whole of the tailplane 



moves acting as a stabiliser, 
prolonged elevator demand and 
The tailplane is also pre-set 
ditions, 
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Thus the entire tailplane pivots to satisfy 
to allow the elevators to be neutralised, 
at take-off to allow for various load con-

On page 12 at the bottom the figures 150 or 155 should be substituted 
for 140 or 145, The reason for this is that at this stage the weight will 
be JOO tons. 

On page 14, in the final paragraph, second line, some customers have 
found the airspeed of 120 knota to be a little testing, so perhaps 140 
would be more appropriate, 

Paragraph 2, on page 4, A typographical error. A sentence was missed 
out in the middle of the paragraph so the subject matter abruptly changes 
from the vertical speed indicator which is being discussed in the first two 
or three sentences to the altimeter uhich is being discussed in the last 
two. 

This is the most substantive change, On page 5, paragraph Jin the fifth 
line the word "attitude" should be replaced by the word "elevator". 

General 

One of the authors has forwarded to us the following general comments on 
the manuals, which may be of assistance, 

Descent speeds: Vary from 280 to 340 knots, according to descent profile 
required. Use a power of approximately 20% on descent, 

Approach speeds: Reduce to 250 knots when below 10,000 feet. When within 
30 miles of destination, deploy 5° flap and reduce to 210 knots, At about 
15 miles out6 extend flap to 20° and reduce to V ref+ JO (see below). Aim 
for full (30) flap, gear down, end V ref+ 5 to 10 et 8 miles out. 

Weight ~ V Ref+ JO 

280 150 180 
260 143 173 
240 137 167 
220 131 161 
205 128 158 

If you are landing below 210 you are courting disaster as you have less 
than½ hour fuel left! 

285 tons is the maximum structural landing weight, If well above this, 
and wishing to land, then use the hour skip or the P facility , 

Some customers have mentioned that they do not find the manual clear on 
the subject of the time skip so perhaps we should reiterate this. 

The time skip is called by pressing the T key, whereupon a notice will 
appear, asking whether you wish to skip for an hour or for a minute. It 
should be noted that whichever is chosen the actual increment will be in 
minutes. In other words, even if one presses the H for Hour the increment 
will pass by in minutes, and it will take probably about a minute for it 
to do so. Some customers assume that the hour would change immediately 
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if the H key was pressed. Actually, a little further thought would indi
cate why this is not so. It is far more das~riptiva for the various par
ameters to change, so to speak before one's ayes, rather than in one fell 
swoop. The other side of the coin or course is that if you press the H 
key by mistake then you have to sit there for a minute and watch yourself 
head for disaster. Anyway, whichever would be the better, it is aa we have 
described. 

finally, just a reminder that as stated in the catalogue, Model III us1rs 
must CONVERT the disk version before use and the tape is distributed at 
500 baud. 
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