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BY SIMfITION IN A lUazTz 6

by

0. P. Nlicholas, D.Sc. (Eng)

SM. 2.RY

The structure of the cockpit of the T.S.R.2 has been simulated in a
Hunter by blanking off areas of the windsoreen and canopy with adhesive
tape. Ten pilots have assessed the view fron the cockpit in a variety of
meteorological visibilities whilst flying at I = 0.9 at 200 feet above
ground level, an! on the approach to land. In the original design of
cockpit canopy simulated the overhead members produced a serious obstruction
to view in turns, but a second canopy design which was also simulated was
found to be a great improvement. The pilots oritiised the view from both
T.S.R.2 cockpit designs simulated, as the windscreen pillars and arch were
so wida for structural reasors, in order to provide adequate bird strike
protection, that they caused conaiderable blind areas.
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i INTRODUCTION

The design of the cockpit structure and transparencies of the T.SR.2 is
governed by the oonflioting requirements of providing a good field of view for
the pilot, and providing a structure which will withstand a bird strike and
meet the thermal requirements of the high Mach mmuber flight plans of the
airoraft. The ultimate solution will inevitably be some ocmpromise between
these requirements. Proposals were made in the initial brochure for the
assessment of the view from representative mock-ups, It is extremely
difficult to make this assessment with any confidence from a fixed platform,
and it was felt that a more representative simulation could be made by blanking
off areas of the cockpit of another aircraft (a Hunter 6) to simlate the
structure of the T.S.R.2. Flights ould then be made in representative
oonditions ard ocments by the pilots, on the view from the aircraft, obtained.

This assessment was made between November 1959 and January 1960, by the
pilots of Aero Plight flA.E. Bedford, and by pilots from Vikers-Armtrongs
and R.A.P. (A) Branch M.O.A. The view was assessed in high-speed low-level
flight, and on the approach to land, and the oomnents of the pilots have been
included as an Appendix to this note.

The T.S.R.2 has been designed for automatic operation at high speed at
low level, so the pilot's view from the cockit may not be as important as
from a manually oontrolled aircraft in the same role. However the pilot
must have a sufficiently good view to be able to monitor the automatic system,
and to be able at least to return to base and land in the event of its failure.

2 THE ME=~ OF SMhUATION

The flight conditions simulated were high speed low level flight and the
approach to land.

The oockpits of the T.S.R.2 and Hunter are different in shape and sise
and are shown in side view, drawn to the same scale, in Pig1. The eye
position assumed for normal flying in the T.S.R.2 is shown as point X. As
the aircraft will approach to land using a very nose-high attitude, the pilot
will be required to raise his seat to obtain a better view over the none of
the airnraft; the estimated eye position in this case is shown as point Y.

The assumed eye position in the Hunter remained constant throughout the tests
and is shown as point Z.

The simplest method of simalating the windscreen and canopy struotue of
the T.S.R.2 was to represent this structure by sticking black adhesiv tape
to the inner surface of the Hunter windsoreen and canopy. T- areas to be
blanked off were fied by assuming that the angular positions o ofrresponi-
ing points in the T.S.R.2 and its simulation, measured from a point midmy
between the pilot's eyes, should be the same. Measurements wer md a the
T.S.R.2 windscreen using a viewing inolinomter set up at ths point# and then
the areas were marked on the Hunter windscreen using the sam inthoa Th
roof membe were marked out by external measuremnt on the canuy surraose

The simalation in the Hunter was compared with a mok-up of the actual
T.S.R.2 by ma- of photographs taken from points X and T in the TSR.2
mock-up and point Z in the Hunter. Since a wide field of view was required,
a pinhole camera was used which had a field of view of 120 in asinath and
500 in elevation, The field of view of the camera is shown in Fig.2a and
typical photographs from the standard Hunter, a possible T.S.R.2 layout and
the simulation of this layout in the Hunter, are shown in Fig. 2b, 36 and 3b
respectively.

--
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The Hunter windscreen and ca~nopy are closer to the pilot than those in
the T.S.R.2, so the method of simulation used is not perfect when binocular
vision aund head movement are considered, since the Hunter struoture ar.
blanking were easier to see round than the corresponding structure in Phe
T. S.R. 2. In the Hunter one inch of eye movement in equivalent to 1.7- at
the bottom of the windseoen (the farthest point in the cockpit from the
pilot's eyes), and to 5,e at the top of the I iMrscr!q In the TeS.R,2
one inch of eye movement is equivalent to 1.0 =1..7 respectively at these
two points.

3 THE PLIGHT CONDITIONS AND THE CRMFIATIMN AM =S8

The flight conditions under which the assessment was made were:-

(a) M m 0.9 at 200 ft above ground level over flat terrain and sea,
in straight and level end turning flight, in a variety of meteorological
visibilities. The height above ground level was assessed with the ai of a
radio altimeter.

(b) On the approah to lan on a 3P glide path at 135 knots.
Approaches, both straight and in cross winds (with the associated corrections
to the approach path), were flown in a variety of meteorological visibilitie.

(o) Incidental assessment during general flying and circuit conditions.

Two different designs of T.S.R.2 cockpit canopy were simulatd The
first flights with a simuzlation of the cockpit design as it stood in
November 1959 (T. S.R. 2 configuration A), showed that the overhead canopy
meamer" produced a serious obstruction to view in turns, Another canop
design (T. SR.2 configuration B) was therefore rapidl.y produoed by
Viok-e-Armstrongs imsited to improve the view*a although it was not certain
at the tim whether it would be possible to overoome the constructionel
problem this introduced. This design of canopy was also sirnalated in the
Hunter.

T.S.R.2 configuration A had an off-oentre opening clam-shell canopy
with the dividing line to starboard of the centre line. As soon when closed
the canopy structure consisted of a wide overhead beam which etendlod further
to the starboard of the aircraft centre line than to the port; this beam had
a smal window (offset slightly to port) at its forward en&. Pigs. 3& and 9&
are photographs from a mock-up of the T.S.R,2 configuration A, taken from
points X azA! Y respectively (see Section 2). The fields of view derived
frou these photographs are shown in Pigs.4& and i~a respectively,

T. SR. 2 configuration 3 bad a symmetrical centre-opening clm-shell
canopy, the canopy structure (as seen when closed) consisting of a single
relatively narrow central beam. The field of view from point X in T,2,2.2
configuration B Is shown in Jig. 6a; this was derived fromn PLg4i& with
allowance for the change In overhead oao sesers,

The field of view diagrams were derived from the pinhole camEraS
photographs with the aid of a photograph of a r" grid (lig2a), and bae been
corrected to a frame of reference which is parallel to the horisontal when
in flight. The portions of the diagrams that lie outsage the osnra's
f ield of view are based on firm's data and are show by dotted lines.

*A cockpit canopy with a structure very similar to that of T.5.RI,2
onfiguration B, but opening in a different manner, has since been adopted for
the T.S.R.2.

-5-
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The Huntor was assessed in five oonfigurations.

(a) At M = 0.9 at low level (T.S.R.2 eye position X)

hunter oonfizuration 1

Standard Hunter with gun-sight zemoved. This is shown in the photo-
graph Pig.2b, from which the field of view Fig.2c has been derived.

Hunter oonfinuration 2

Sim1lation of T.S.R.2 confijuration A. The Hunter is shown in the
photograph Pig. 5b, from which the field of view Pig 4b has been derived, and
in the general view Pig.5.

Hunter oonfimration.3

The field of view of T.S.R.2 oonfiguration B is shown in Fig,6a, and the
simulation of this in the Hunter configuration 3 is shown in the field of view
Pig. 6b and the general view Fig. 7. The only change from Hunter configuration
2 was in the overhead canopy structure, and this can be seen by omharing
Fig. 5 and Fig. 7.

Hunter oonfiguration 1

Simulation of T.S.R.2 configuration A. The Hunter is shown in the
photograph Fig. 8, from which the field of view Pi& b has been derived, This
field of view was the same as Hunter configuration 2 exept for the simlated
front windscreen pillars which were displaced from their correct poeitico% so
as to lie over the Hunter pillars. The correct area of struoture ms
therefore similated but the front windsoreen was too wide. This oonfi=a-
tion was assessed to see whether the elimination of the second pair of
pillars would alter the opinions formed when flying the other configurations.

(b) On the approach to Isr! (T.S.R.2 eye position Y)

Hunter configuration

Siumlation of T.S.R.2 configuration A. The Hunter is shown in the
photograph Fig.9b from which the field of view Pig. 1b has been derived, and
in the general view Pig.11.

The conditions assessed by means of the different Hunter oonfiguratione
are sumiarised in Table 1, in which the relevant figures are listed and
cment on the details of the simulations are presented.

4 THE PUlOTS' ASS&SIT6

In its various configurations the Hunter was flown over flat terrain by
10 different pilots - (7 R.A.Z., 2 Viokers Armstrongs, R.A.P.(A) Banch
M.O.A.).

Early in the tests it was found that meteorological visibility had a
marked influence on the pilots' asssmamnt of a given cockpit ofiguration.
A configuration which was acceptable in good visibility might beome
unacceptable in poor visibility, as the need increased for oontimaous search-
ing to make sure that the path of the aircraft was free from danger of
collision with ground obstructions or other aircraft. Some idea of the
sensitivity of pilots to small obstruotions in the cockpit when making these
assessments may be obtained from their request to have the emergency ompass
removed from the Hunter, since they felt that it might affect their

- 6 -
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assessment. This compass was at the top of the port side panel of the wind-
screen (Pigs.2b and 3b), and was removed after the first two flights of
Hunter configuration 2.

The standard Hunter has a good view from the cockpit, and pilots found
that the considerable increase in blind areas produced by the T.S.R.2
simulation was most undesirable, particularly when flying in poor
meteorological visibility. Criticism was directed particularly at the large
obstruction to view produced by the overhead canopy, and by the intersection
of this with the windscreen arch and pillars, in one possible T,S.R.2 layout
simulated (T.S.R.2 configuration A, Hunter configurations 2 4 and 5)e A
second design of overhead canopy structure which was also shimlated (T.S.R.2
configuration B, Hanter configuration 3) produoed a great improvement in both
these aspects of the view. Other points of criticism which applied to both
the possible T.S.R.2 layouts simulated were the width of the windsoreen arch
and windsoreen pillars, both of which urkedly reduced the view ant therefore
caused anxiety when flying at high speed in poor visibility.

The pilots' assessments of the different Hunter configurations are
sur-rised in Table 2 and more detailed pilots' oamnents are given in
Appendices anl 2.

5 ON=CSIZJB

An assessment of the view from the cockpit of the T.S.R.2 has been made
by 10 pilots, using a Hunter 6 aircraft in which blind areas caused by the
structure of the T.S.R.2 were sJmalated by blanking off areas of the wind-
screen canopy. The areas to be blanked off were fixed by assuming that
the angula positions of corresponding points in the T.S.R.2 and its
simulation, measured from a point midway between the pilot's eyes, should be
the same. This method was limited in realism, as the Hunter windsoreen and
canopy wer neaer to the pilot than those in the T.SR.2, so that the
improvement In view due to head movemnts and binocular vision was greater
in the sialation than in the actual T.S.R.2.

The principal comment of the pilots was that compared with the Hunter,
which has a good view fron the cockpit in all roles, there was a considerable
increase in the blind areas caused by structure in the ockpit, These
became inoreasingly apparent when flying at high speed as meteorological
visibility decreased.

The main points of criticism were:-

(i) The front pillars, which if reduced in width would have allowed
a better foarward view.

(ii) The windscreen arch, which caused a large blind area.

(iii) The overhead canop structure.

(a) With originml off-oentre opening. Me overhead structure
in cobinatis with the windsoree arch and pillars, caused a
lare obstruotica to the view In moderately bankod barns. SW
overhead window could be used in step turns but it would have
been of more use if it had been oontinud further aft

b) With central opening, This was a great iqrovement on
a) but the overhead struoture would still be obJectionable in

a fighter role,

-7-
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6 FURTI=f DEVEOMNTS

The canopy finally adopted for the T.S.R.2 is similar to T.S.R.2
configuration B, but has a narrower central menber and opens rearwards.
Other detail changes in the oockpit design have also been made.

Viokers-Armstrongs Limited plan to have further flights in a FAinter to
assess a simulation of the final design.

ATTACHED:

Appendices I and 2
Tables I and 2
Drg. Nos. 40,969 -40,972
Neg. Nos. 152,297-152,303
Detachable abstract cards

ADVANCE DISTRIHUTION LIST:

ADAR AD/P An
DGRA A&AEE
D(RAP)A NPL (Aero Div)
D(RAP)B RT0 at Vickers 2
DG(ECG) RTO at English Electric 2
DGQ TIL 240
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APFENDIX I

TI A&ESS T OP A SIEMULTION OF TM VIW PROM TH COQ=IT OF THE T.SR.2

by

rilots of R.A.E. Bedford

I INTRODUCTION AND COWDITIONS

In order to obtain pilots t impressions in flight of the proposed T.S.R.2
canopy and windsoreen, the canopy and windsoreen of a Hunter 6 were blanked
off to give a similar field of view. This field of view was established by
comparing photographs taken with a pinhole camera mounted in the T.S.R.2
cockpit mock-up an in the Hunter, and can only aoourately siuulate a "one
eyed pilot" who never moves his head.

The flights were made over sea or very flat terrain, ani therefore
remarks about obstruction to view at various bank angles do not allow for
hilly surroundings.

This report is a summary of the remarks of seven R.A.E. pilots.

2 PILOTS' ASSSSMETS

2.1 M = 0.9 at low level

2.1.1 MHmter oonfiguration i (Standard Hunter, minus gun-sight)

The view was good to very good, due to the light structures employed.
The windsoreen pillars were narrow enough to "see throug" ard so were little
obstruction to vision. However som critioisms can be made of the view in
turning flight. The emergency compass was an appreciable obstruction to
view in a 360 bank tarn to port. At over 350 of bank the windcreen arch
obscured a useful part of the horison, but only a mmall head movement was
required to see round it, although this was difficult under high normal
acceleration.

2,1. 2 Hunter oonfimwration 2

In straight and level flight at 200 to 300 foet above roum level, the
downwa d view ahead and to the sides was quite good but there m considerable
obstruction of the forward panomic view by the wiiIscreen side pillars.
This was partly eaggerated by the extra Hunter pillars, but, even where the
pillars were almost coinoident, there was still a width o pillar whioh ws
difficult to "wne through" This obstruction to view was md all the more
evident by the narrow front wiirsceen. In good visibility the obstruction
was of little consequence but in limited visibility the presece of the
pillars was increasiqgly felt, as they formed a positive break In the forward
vision in an area in which it was necessary to soan contimously while looking
for landmarks and obstruotions. In level flight, there was no real obstruo-
tion from the canopy as the side winows were adequate in depth and oontinued
far enough aft to provide a reasonable view. There was, however, a large
out-off due to the windsoreen arch, but this was far enough away from the line
of flight to be of little oonsequenoe, In poor light oonditions the presenoe
of the extra structure in the canopy made the Hunter oookpit seem fairly dark.

In turning flight, the asymmatric canopy structures (see Section 3 of
main roport) completely obscured the horison in turns of about 500 bank to

-9-
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starboard and 600 bank to port, and in arvthing exoept poor visibility these
bank angles were exceeded to obtain a reasonable rate of turn, When
manoeuvring in good visibility the top window was used to help in seeing that
the path of the airoraft was clear, but as the window did not extend very far
aft it was of limited use. In good visibility the principal obstruction was
the windsoreen aroh, whioh$ ocmbined with the top of the front pillars and
forward part of the oanopy struotures, effectively blanked out the view of
the intended flight path. This obstruotion to view was oontirouus back into
the top oanoy structure unless the angle of bank was about 750, when the top
wirnow could be used.

In poor visibility, it was generally fourd that bank angles of about
400 were not exceeded and unler these conditions the oanopy structure was
still above the horizon, over flat terrain, and did not oause an obstruction
to the view of the ground. On these occasions, the desired line of eight
was usually through the front windsoreen which just allowed one to see the
flight path. The real obstruction ms caused by the width of the front
pillars, as, in a turn, the lower one was lying just below the horlson and
blanking out a large percentage of the desired field of view. The windscreen
arch formed a very positive barrier to more rearward view although, in
conditions of poor visibility and no horizon, there was little desire to see
further aft.

2.1, 3 Hunter oonfiuration 3

The reduction in the overhead canopy structure to a single central
member made a very great improvement to the overhead view in steeply barend
turns arid allowed more light into the cockpit. About 750 of bank was
required to put the bar on the horizon, over flat terrain, and whenever this
bank angle was used the circumstanoes were such that a limit on upward view
was not of a serious nature. All the remarks about the front windscreen
anid arch in pera. 2.1. 2 still apply in this case, although the very presence
of move peripheral view in steep turns made some of the shortcomings of the
front screen more bearable.

2.1. 4 Hunter oonfixuration 4

This configuration was assessed to see whether the elimination of the
extra Hunter pillars would alter the opinions formed in the earlier flying.
It was appreciated that the front windsoreen would now be much wider than the
T.S.R.2 screen.

Tho Improvement in view produced by this change was very marked, and
was almost entirely due to the extra width of the front windsoreen. It was
thought that the actual width of the windsoreen pillars was still too geat
to "see through" and this became increasingly apparent as meteorological
visibility decreased,

2.2 On t a acach to la

Hunter oonfi8uratios 5

The downwrd view on the approach was sufficient for even a very flat
approach in the Hunter at 135 knots, On a straight approach in good
visibility, there me no real inconvenience from the front pillars even in a
15 knot cross wind, ai the general faward view m thought to be quite good.
In hazy conditions, the front pillars beoame quite an obstruction when looking
for the rnway lights from about two to three miles range, and it was felt
that in poor visibility they would be a serious handicap if the aircraft was
not quite lined up with the ruway on reaching visibility distance from an

- 10 -
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instrument approach. When making a visual circuit in poor visibility, the
windsoreen arch presented a very objectionable obstruction when banked on the
final turn, and this made it very difficult to keep the runway in sight.

3 CONCLUSIONS

In good visibility, there was nothing really unpleasant about the view
at high speed apart from the considerable obstruction to view caused by the
canopy structures in steep turns, and it was felt that, as a simple improve-
ment, it would be of advantage to make the top window continue further aft.
The flights made in Hunter configuration 3 showed that the canopy with a
single central member was an acceptable arrangement, and caused serious
obstruction only in very steep turns when some loss of upward view would
probably be acceptable. This overhead blind spot would probably still be
objectionable in an aircraft required to perform a fighter role.

With the visibility anything less than good, there was considerable
criticism of the width of the front pillars, combied with the narrow front
windscreen and the very wide windsoreen arch. The limitations in view
thereby imposed inoreasod as the meteorological visibility decreased and it
was considered that, for an aircraft which was being designed to operate in
all weathers at low level, possibly with some unserviceability of automatics
or navigation aids, the existing amount of structure was unacceptable. The
reduction in vision in poor visibility is accentuated by the reduced tims
available to see obstructions when flying at low level, and therefore azr
blind spots make it desirable to reduce speed. It was realised that severe
structural requirements were having to be met on this aircraft, but it was
felt that the problems of the present restrictions to vision would have to be
balanced against those of easing the structural requirements.

This same effect of the accentuated reduction in vision also applied on
the landing approach in poor visibility, when the time taken to see the runway
or approach lights decreased the chances of making a successful approach,

It was considered that the greater distances from the pilot's eyes to
the structure in the actual T.S.R.2 cockpit would make conditions worse than
those present in this simlation.

1. RECO ODATIONS

It is considered essential that the obstruction to view caused by the
front windscreen pillars be reduced by either optical or structural means,
and that the rear arch of the windscreen be redesigned to give a better view,
even if this means a slight reduction in the structural strength of the
windsoreer.

It is recommended that the canopy be made to open centrally (as in the

modified configuration) to improve the upward view and that the width of the
overhead obstruction be kept to the absolute mini6m Xrything possible
should still be done to try to maske the canopy oampletely clear., even at the

possible expense of ejection times. If the canopy has to open off-oentre,
the top window should be continued further aft,

- 11 -SrR
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AFPPIX 2

TH ASSES~MT OF A SDTAILTION OP THE VIE!T FROM THE COCKPIT OF THE T.SIR.2

by

Pilots of Vickers-Armstrongs (Aircraft) Ltd.

HUNTER CONFIGURATION 2 ONLY

The aircraft was flown at 200 feet at or near 600 knots for a consider-
able period to assess the view. The flights included periods over land and
sea,

The results can be briefly summarizred as follows:-

(i) Forward view was marginal, though not patently unacceptable. The
view forwards and upwards was extremely poor due to the heavy arch/top
beam intersection.

(ii) When the aircraft was banked 45 the horizon disappeared
completely. This angle of bank was considered to be that normally
used in these flight conditions. At higher bank angles (which were
not pleasant at such low altitude) the horizon could Just be seen
through the 8" x 6" panel which has been inserted at the forward end
of the top beam to afford a view of the horizon in the L.A.B.8.
manoeuvre. This aspect of the viw was considered unacceptable.
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____________FIG. I (a Sb)
60TH PGIE
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FIG. I~ SIDE VIEW OF THE T.S.R.2.COCKCPIT

FIG* 1(b) SIDE VIEW OF THE HUNTER COCKPIT.
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FIG.2

FIG.2a. FIELD OF VIEW OF PINHOLE CAMERA, SHOWING 5- GRID

FIG.2b. HUNTER CONFIGURATION I, FROM POINT Z

FROM PHOTOGRAPH
FROM FIRM'S DATA

WINDSCREEN ARCH

r-4

20 WINDSCREEN PILLAR

m _ J- _ -HORIZON

/ r /

FIG.2c. FIELD OF VIEW FROM HUNTER CONFIGURATION I, POINT Z
AT M--9 AT LOW LEVEL
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FIG.3

FIG.3a. T.S.R.2. CONFIGURATION A, MOCK-UP FROM POINT X

FIG.3b. HUNTER CONFIGURATION 2, FROM POINT Z
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FIG. 4() FIELD OF VIEW FROM TESR2
CONFIGURATION A POINT Z, AT M=0 9 AT LOW LEVEL.
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FIG.S. ENERAL VIEW OF HUNTER .C.O.....KP'IIl
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FIG. 6.() FIELD OF VIEW FROM T.S.R.2
CONFIGURATION B POINT , AT M=09 AT LOW LEVEL.
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FIG.7

FIG.7. GENERAL VIEW OF HUNTER COCKPIT IN CONFIGURATION 3
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FIG.8

FIG.Ba. HUNTER CONFIGURATION 4, FROM POINT Z

FROM PHOTOGRAPH
FROM FIRM'S DATA

HORIZON

/ /

FIG.8b. FIELD OF VIEW FROM HUNTER CONFIGURATION 4, POINT Z
AT M 0.9 AT LOW LEVEL
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FIG.9

FIG.9a. T.S.R.2. CONFIGURATION A, MOCK-UP FROM POINT Y

FIG.9b. HUNTER CONFIGURATION 5, FROM POINT Z
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FIG. 10(c) F IELD OF VIEW FROM T S.R2.
CONFIGURATION A POINT Y, ON THE APPROACH.
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FIG. I I

FIG. II. GENERAL VIEW OF HUNTER COCKPIT IN CONFIGURATION S
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