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BEAUFORT MK B

Production Details

First Beaufort to arrive in Australia L4448
First Australian Bearrfort (tf S+01 rnade its rrraiden flight on 5th May, 1941
First flown by Squiad::on Leader C" G. Lurnsden at " " .Fisherrnents Bend
Chief Test Pilot 6,ooc6csoo .o,o.""".." T. Young
First Australian Eeaufort (T9540) accepted by R"A.A"f'. on ..6ttr1 Sept,L94l
Serial Nr-rmbers of 6 Aust::a.l"i"an Prototypes T9540, T954L,T9542,T9543,

(t-ater renurnbered to A9.-1,A9 *Z u A9*3, A9 *4, A9*5,A9-6) T9544, T9545 "

100 Beauforts delivered by Aug, l94Z
400 Beauforts delivered by oooooo.oooooo Arg, L943
700 Beauforts delivered by oooooooo Aug, L944
Total" nurnber produced 700
Seri.al nurnbers A9-1 to 49-700

Leading Part-icul"ars

Power P1ant: Pratt & Whitrrey Twin Wasp S3C4G - 1200F[ P" at 4,900 ft
{z -of"t)

t

t

Dirnensions:

]l{qlg}rls:

Pe rf orrnance:

A rmarnent:

oooto60..o

9OOooooooo6oo

57 f.t" 10 in"
44 ft" Z Ln"
t5 ft" 10 in.
5 03 sq" ft,

12,100 lb"
17,200 Ib"

270 knots
Z* 000 rniles

Wing Span ooooo ooooo

Length
Heiglzt
Wing A::ea

Ernpty ooooo
Nclrrnal -Loaded

Max, Speed
Range o..n$

One
Two
Two
One

. 303 in. or' .5 j.n. M/G i-n each wing"

.303 in"IvI/C in ::ear turret.

.3C13 in. M/C bearn rnoi;nted"
torpedo or Zu 000 Ib. of bornbs"

Australian Modifications

Sorne of tbre rnajor rnodj"fications to Beaufort aireraft i.ntrodrrced in
Australia are as f oilows: *

Engine Change:

Propellor Changes.: Frorn Harnilton to CurtissElectric and later to
----- .. -B"miLton FuIl Feathering"

Substi.tution of Australian designed and rnanufactured
Gun Turret, giving increased rotation from lB0 degrees
b ?44 degrees.

Substitution of Pratt & Whitney Twin Row lMasp 1r200 h.p"
Engines for Bristol Taurus Engines, necessitating
redesigni"ng of engine nacell"e, cowling panels, engine
controlso propeLlor controtrs, cowl gill controLs, and
engine bulkhead, wi.th repositioning of the rnajor
acceEsories and fittings,'

Gun Turret:

BEAUFORT
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Arrnarnent: De s:igtr lr r inst.;:Lla.t:;r:: of . 5 wing guns (in ptrace of
fel::rrei: " 303 guns) a,n.d rea::, nose and upward firing
gilns.

Arrnour Plate: l"nstal"l;:.tLon cf A]:rn$ur"' p)"ate to protect pilot frorn
}eai:'vuard a::.d f:"ointa.l a.ttacks"

Tail Wheel; A speci,a) " "rtrimn:y damping'r arrangement, designed
in Ar-rstral.:i.;r renti.;:el',,; eliminated tail" wheel'rshirnrny".

Increased Fin A rea: To cor ):'e ct t!:e t,e:rdency oI the original Eeauf or:t
to y.aw, ulte fin raza.s redes"i g:red and the fin area
itrereased i-:.r apprclim;iteJy 1570" This n:odification
cr:rnpietely' attairied rrF oi.rjective,

Bal"1 Bear s Usage reduced f-rcrri 3il3 to 148 by tL:e ernployrnent of
.lllte:"native s 

"

Torpedo Gear: Eng"tish tcrpedL] gear e-xtensive.[.y redesigned to carry
the Arne-r'iean t"r":.rpedc"

Oi1 Coolers: .AustraI!,rn rriod:licat:c:ns eiirninated aii trouhles.

Fuel Tar:k.s: Additional sirn'ri:;s added to irie:-ease drainage facilities
undei' tropric;i1 cond.itions.

E1e ctricai trristaii;rt'ions :

>

(r)

(z)

Cornp).eLe rede:.i.gtr oi electr:r"cal, inst*l.Lations follorring
e-rrgine and pir:opre1.l.or changeal'er.
En[ire e]i.ectric;r1 sys'tern reder.igrled to rneet R.A,A.f'
r equ:i rement r.

Radio Instal"lations: Fo::rner' r,'adic i.vrsLa"Llations repJ"aced
rn;ade equiprrrent; vlrr.'ious new types of
instal Ied.

BEAUFREIGHTER (BEAUTORT N4K 9

Production Details

A9 *Z0I (origina.iiv i3e;,,.f o:'t ]vlk B) cGr-r',/e rted ta V,I. P, Beaufort.
Later conve::ted to protoE\r'pe Beauf reighre:: (Bearrfort Mk 9).

Tota1 nurnber (:onyez'Eed to Beauir:ei,ghters

Modifications

by Australi"an
radio equipment

{

Sorne of the
Bornbers Mk I to

maiar rnodifications ir:t;'oduced tc, ceinvel:r 45 Beaufont
Beautreighte-::* (F.:e*u1ol t Mk 9) urere as i.cllows:*

To provi.de space for'4 arrlitre type seats, the gun
tur::et was::ernoved, the rear'lusej"age faired in and
ftying control.s re - roirted. Batterie s rei.ocated to a

poi::t aft of the trrlret p,o*,ltion. Previous battery
posi.tion osqr,rpiied by a fifth airline type seat.

Esutlle



Radar and Radar Installati Radio aerials and equiprnent rernoved,
Radio equiprnent then installed was AT5 -AR8 cornrnunic-
ations equiprnent, TR 5043 VHf" installation and a Radio
Cornpass Type MN26.

Electrical Systern; Converted from a 2-wire to an earth return systern.

Armarnent Deletions: Wing gu:is, arlrrour plate and bornbi"ng equiprnent
rernoved.

Cargo Crate: A cargo crate of tubular construction fitted in bornb bay.

other special Modjflca,jlsl:: Jn L945, the R, A. A" F" conve rted sorne
eearrrreigtnters for insect sprayrng du.ties. This entailed
fitting original bornb bay fuel tanks, fitting thern with
spray lines and fiLlrng them with insect repellant, in an

atternpt to cornbat the gr:asshopper plague.
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BTAUFIGF{TtrR N{K 2I

Notable English Beaufighters to arrive in Australia were:*

Beaufighter with Wright Cyclone engines
trWhite El-ephant'l

First Australian Beaufighter (A8-1) rnade its maiden flight on .. . Z6tinMay,L944

Date of delivery of A8-1 oeooco€eas .31stMay,l944
Total nurnber produced oo.seoeooq ooooo ooooooooo 364

Serial'Nurnbers ooooo "A8-1 toAS-364
Date of delivery of last Beaufighter

LSe4lqg P"4fe14"."

Power Plant: 2 Bristol Hercules XVIII of 1700 H"P" each"

Dirnensions: Wing Span
Lengttr
Height
'Wing A rea

Ernpty
Norrnal -ioaded
With Tor pedc

Pe rf orrnance: Max. Speed
Initial R of C
Norninal Range
Service Ceiling ;... " "..

A rrnarnent: Four 20 rnrn carrnon in nose.
Two .5 in" M/G in each wing.
One " 303 in" M/G for rear defence"
Four rockets on each wing"
2,000 lb of bombs.

Australian Modifications

Some of the rnajor rnodifications to Beaufighter aircraft introduced it'r
Australia were as follows:*

Wing Guqs:

Cannon Installation:
selection, enabling better harrnonisation.

Torpedo Equiprnent: DeIeted.

Wing Bornb Installa,tion: Designed to enable carriage of bornbs under each wl"ng.

p{

Rear Gun Installation: A rearward firing gun of greater range was installed"

A19 *?
LXBI5

eoooo Jan, L946

57f.t. 10 in.
 lft,. 4 ir..
15ft. l0 in"
451 sq, ft"

13,800 1b.
21, 000 1b"

25,000 Ib"

330 mph. at 14,000 ft"

"'"""'"'"'"""' 
""' "' " "u'il;"T'll'u"

30,000 fr.

Two " 5 Browning guns introduced in each wing to replace
. 303 installation.

Pneurnati"c cocking controL substituted for rnanual



?)

r.uel Systern: Controls repositioned and extensive modifications
introduced"

Sperry Autornatic Pilot: Redesign carried out to enable instalLation
when required.

Tail Wheel: I"itted with !anti-shirnrny! device"

Nacelle Doors: Fabricated doors repLaced by pressed rnetal doors.

Alternative Bearings: Ball bearings revised and rnany alternatives
substituted.

Ele ctrical InstalLation: Rede signed to rneet R. A 
" 

A . f"" requirernents.

Radio Installations: Replaced by Australian-rnade equiprnent for general
purpose operati"on, and other irnportant changes rnade"

*
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LINCOLN IvIK 30

Production Details

Serial Number of English AVRO Lancaster (Queenie VI)
supplied to Australia

First Australian assernbl"ed Lincoln (AZ3-l)first srlccessfully
flown

First flown by Capt. C" Scott at ",
Date of delivery of. A73-L

A66-I

LZti;" Mar" L946
Fisherrnenis Bend

poo May, 1946
First ful1y Australian built Lincoln o$ooooooodoooo A73-5
Date of delivery of A73-6 Nov, 1945

73Total nirrnber produced
Date of deliveryof lastLincoln(AZ3-73) " oooooo!ooo Z3rd Sept, 1953
Serial Nurnbers of the two V" I. P. Lincolns o o c o o " A?3*14,A?3*18
Total nurnber of Lincoln Mk 30!s rnodified to L" R. N. aircraft". " ". T4
Prototype L" R" N, 473-38
Serial Nurnbers of others A73*31,A'73-32,A73-33,A73-34,A73*36,

A7 3 *31, A7 3 -39, A7 3-40, A "? 3 *42, A7 3 -43,
A7 3 -44, A7 3 *45 , A7 3 -,46 .

Other specially rnodified Lincoln Mk 30rs were .473-15 which was
converted to a long

range navigational
trainer for Ai:: Navigation
School. at Sale (by deletion
of gun tur::ets and fitrnent
of fai r:ings)

and A73*Z ("Nyhuan")
specially fitted for
A.ntarctic surveys
(Note:*Flown by Wing
Cornrnander G" Cuming)

Leading Pa1!iqu1-ars

Power Plant:

Dirnensions;

l-1.-iglrte,

Pe rf orrnance:

Four 1580 H" P.
Four 1580 H, P"

Rolls Royce Merlin 85rs(on earLy aircraft)
Rolls Royce Merlin 102ts(on later aircraft)

{

Wing Span
Length eo6oo
Height oooo. e oooo
WingArea ooooo

L?,0 ft.
78 f.t" 3 in.
Z0 ft. 3 in,
l4ZL sq. f.t

Ernpty 0..60.000
Max.All-up ocoooo,ao

44,000 Ib"
82,000 lb.

310 rrph
4, 000 miles

Max. Speed
Max" Rangb

oooto

Two .5 inch M/G in noEe turret
Two 20 rnm cannen in dorsal turret
Two " 5 inch M/C in rear turret
Bornb load - ZZu 000 lb"

A rrnarnent:
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General Description

' The Lincoln \4k 30 is an aLl-rnetal mid-wing'lnonoplane, having four
Merlin 85 Power pLants, fitted with variable-pitch constant speed propellers"
The aircraft is designed and equipped for heavy bornber duties and carries
a crew of seven consisting of a captain, second pilot, air observer (navigator-
air-bornber), two wireless operator*air gunners and two air gunners"

The fuselage is constructed of light alloy and incorporates transverse
forrners braced with longitudinal" stringers covered with a light-alloy skin.
Two longerons carry the cross rnembers of the rnain floor in which the bornb
gear is housed. To facilitate transport the fuselage is divided into four
sections, viz. , front section cornprising the nose and front centre sections,
the interrnediate centre section consisting of the fuselage between the spars
and thej centre part of the rnain plane, the rear centre section, and the rear
fuselage which carries the tail unit"

The rnain plane is of the two-spar type and consists of two intermediate
planes attached to the centre plane, which is integral with the fuselage centre
section, and two outer planes" The interrnediate and outer planes are tapered
in plan and elevation. The skin covering is of light-a1troy sheet. Six fuel
tanks are housed in the rnain plane, one between each inboard nacelle and the
fuselage and two in each interrnediate plane. The two inboard fueL tanks are
the rigid type, and the other four are the collapsible pattern and removable
frorn the top side of the rnain plane" The rnain undercarriage units are
housed in the inboard engine nacelles.

The tail plane construction is sirnilar to that of the main plane" The
twin fins and rudders are attached to the extrerne ends of the tail plane,
and these and the elevators are covered with light-a1troy skin.

The entrance door is on the starboard side of the fuselage just forward
of the tail p1ane" The door opens inwards and entry is rnade by rneans of a
ladder, fitted with hooks for attachment to the bottorn of the door frarne"

The flying controls are conventional, pendulurn-type rudder pedals
operating the rudders and a handwheel type control colurnn operating the
ailerons and elevatore. Tubular push-putr1 connections are used, except for
the aileron cEntrols in the fuselage, which consist of chains, tie rods and
cables. Trirnrning tabs are inset in the trailing edge of the rudd.ers,
elevators and ailerons, and balance tabs are fitted to the elevators and
ailerons. Mark VI11 autornatic controls are fitted. Hydraulical"ly:operated
split-trailing edge flaps extend frorn the fuselage sides to the ailerons.

The undercarriage consiste of two retractable rnain wheel units, one
under each inboard engine nacelJ"e, and a fuLly-castering non-retractable tail
wheel unit" Each rnain wheel unit is retracted backwards into the engine
nacelle by means of two hydraulic jacks. When retracted the units are
completely faired in by doors which are inter-connected with the shock-
absorber struts and autornatically close when the wheei.s retractp A
compressed air systern is installed for lowering the main *heeft in an
errre rgency 

"

The fsur engines, which are equipped with two-stage, two-speed
superchargers, are mounted on nacelle structures built out frorn the centre
and outer plane spars, and are fitted with Rolls*Royce Bendix carburettsrs"
The fuel supply is by gravity frorn the rnain tanks to distributor tanks
mouiited on the rear face of the inboard engine firewalls, and thence to the
engines" Pulsorneter punlps are rnounted on the base of the distributor
tanks. The norrnal supply to the engines on either side is frorn the
relative tanks but when required all foui engines may be fed frorn one side
by rneans of a cross-feed system" The inboard oil tanks are lnounted behind
the front spar in the undercarriage compartmentse and the outboard tanks i,n the
engine sub-frarnes.

c
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A single purnp rnount,ed cll ed,ch inboard engine auxiiiaries gearbox
supplies power for the hydraul"i.c operation of the retractable rnaj"n wheel
units, rnain plane flaps, bornb door jacks and fuel jettison systern" An
Arrow type corrrpressor rnounted on the port-inboard engine auxil"iaries
gearbox, working at high pressure, op€rates the pneurnatic i:r'ake systern
and the electro*pneurnatic power pLant control"s. The Latter cornprise
radiator shutter, supercharger, slow-running cut-out, ai.::-cleaner coutrols
and hot and cold air intake shutters. Two vacuurn purnps on the port
inboard engine gearbox operate the born sighrt a.tid computor and another
purnp on the starboard inboa-::d engine gearbox operates the gyroscopic
instrurnents on the instrurnent flyrng pane.l .

The gun arrnarnent consists of two eLectro -hydrauJ"icaitr"y operated
turrets located in the nose and taii. ai:d one electricaJ.try-opera,ted dorset
turret. The first two each carry twc .5 rs. guns; th.e thj"rd is fitted with
two Z0 rn. rn" guns" Alternative arrnarnent rnay, *:r sorrte cases, take the
place of the nose turret" Various bornb ioads rnay be carr:led in the
bornb cornpartrnent in the lower portion of the fuselage, These il:cl-ude
srnall-bornb containers, rni"nes , and 250Ib" Lo 4,000 ib" bornbs" Provision
is rnade for under-defence u,hen requi"red"

An earth*return wiring systern is used. The D. C. power suppl"y is
provided by four 30-vo1t, 6 k" \rv'" generators, dri.ven through tLre auxiliary
gearboxes of each engine. The generators are connected in par:aitrel for
the charging of four I2 vol"t, 40 arnp. hr" accurnuXa.tors, the latter bei.ng

interconnected to give a Z4-vo1t, 80 arnp"hr. suppl.y to operate ali the
general electrical services" T'wo power dist::ibuti.on pa::els, situated port
and starboard re spectively in th.e fuselage cetrtre section, carry four Type 23

voltage control regulators, four Type J cut*outs and Type D cir:cui,t breakers"
The Type 23 regulators are coRnected in parailel to a rnaster voltage-control
regulator, Type 32" Type A circuit breakers control various banks of fuses
to the general servi.ces" Three distributor boxes are provided" Two
2r 000 watt, Type 1V rnotor drtven a.l-ternators suppiy the curnent for the radio
installati.ons. The radio equiprnent consists of an el"ectrically rernotely-
controlled transrnitter/receiver installation for the pilot, with fire control
facilities at the piJ.otrs, air-bornberrs and astro*dorne stations, I. F, F. at
the navigatorrs station, and a generaX. purpose transrnitter/receiver at the
wireless operatorrs station" Inter.'e ornlTrunication between rnernbers of the
crew is provided by independent use of the arnp.Lifier and the pilotrs
transrnitter/receiver" independent fixed aeriais are fitted for.alL sets, and

an additional trailing aerial for the general p\rr pose set.
Hand-operated de -icing eqLi-prnent rs provtded f cr the air*b,>rnberts

window and the pilotis windscreen"
Provision is rnade in the fuselage between the rnain plane spal:s for the

fitting of arrnour*pIate doors if required" The formers at certain positions
are reinforced with armour plate" Ernergency exj"ts in the roof of the
fuselage, and a parachute exit in the fl"oor of the nose are provided.

Other equiprnent includes portabtre oxygen aBparatus, F "24 carnera,
signal pistol , hand signal 1arnp, reconnaissance flares, sea rnarkers, firemanrs
axe s, fir st -aid outfits, f ire extingui she r s, Type Q ftrotation dinghy, Type K
dinghies, pigeon containers and an El-san sanitary closet.

L. R. N" Aircraft
In tg4g, 14 Mk 30 Lincolns were modifiedto Longe Range Navigation(L"R-N)

aircraft for special duties, Modifications ineluded the fitrnent of radio and radar
equiprnent, instrumentation and an extra crew station aft of the rnid-upper turret.

*
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LINCOLI'{ MK 31

Production Details

Serial Nurnber of prototype long-nose Lincoln (C, R- Mk 31) " . " "
Total Nurnber conveited to Mk 31
Serial Nurnbers of these s,,oi.roao A73*4g, A?3{2g), A?3=55, A73-56,

A'73.5V, A73*rg, A 73:{0, A?3-,- t,
A73-,i2" A?3-63, A 73-64., A?3i6r,
A?3iB-6j A?3.^6il A ?3..q_q. A?3-61i,

473 *48
ZO

8th Mar, 1955

) Converted
)bv
) G.a.r

473*7A, 473.-7.1", A 73-72, A73.-.73"
Total Number of Mk 31!s converted to lv{aritirne Reconnai,ssan.ce " J"0

First N4" R" (A?3-60) delivered to R" A. A" F" on
Serial Nurnbers of others 473{5,

A7 3 -62,
A ?3 \68
A7 3 -ZB,

1 Leading Pa,rticulars

As for Mk 30 wrth the following exceptions:-

Length:
Weight (enepty)

General

."..""'...
A73-.f?, A73*.0_1,
A73-Oe A?3-6-6"

A?3-Q7{converted by R-A.A; F)

B4ft" 9i tn.
44,900 lb.

.tr

A

During 1951$ a rnajor redesign to convert ?0 lv{k 30 Lincolns for general
reconnaissance duties, was undertaken by G"AoFo This entailed
extending the fuselage 6x 6tt to accornrnodate additional crew rnembers and
new equipment for the General Reconnaissance role" Tr'tese aircraft
becarne Lincoln N{k 31(G"R") At a, Later date }0 of these aircraft were
fitted with subrnarine locating equiprnent and were designated Lincoln Mk 3L

fuIaritirne Reconnais sance (tr4" R. ) I
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CAI\.trtsERRA ]\4K 20

Production cornrneneed 1950

Date of fir:st f.Liglat (A8 -Z0I) May, 1t53
First flown by J.Mil"es at Aval"on
Date of delivery of first Australian Canberra(A84-201). " . tst JuIy, 1953

48

Serial Numbers oooood.coc!roe. 484-201 toA84*248
Date of deLivery of last Canberra (.484-248) .""ooooo. 30thSept, 1958

Lead!4g !4g!iculqrq

Power Plant: Roll"s Royce Aron lvtk I or Mk 109 - 2 off 7,500lb thrust.

b\

Dirnensions: Wi"ng Span
Lengtb
Height
Wing A rea

Weight: Ernpty
Loaded

Pe rforrnance: Max" Speed

o o c oe

coooo

o oo o o

ooooooooooooooo

o o o oo

oo ooo

64 ft" 0 in,
65 tt" 5 in"
15 ft" 6 in"

96 0" 3 sq. ft"

24,704 tb"
5 1, 000 Ib.

0.83 M
3r 800 ft" f rnrn"

0" ?6 tuI

48, 000 fr.

R. of C"
C rui se
CeiI in g

atS.L" ooooo o.ooo

General Description

The canberra Mk 20 is a twin engined, jet propelled, high speed'
tactical bomber. A rnid wing rnonoplane, with retractable tricycle alighting
gear, it is powered .by two RoLls Royce Avon Mk i (R"A.3) turbo*jet
engines rnounted in the rnain planes" A crew of two is carried, each of
whom is provided with an ejection seat.

The all rnetal fuselage is of serni*rnonocoque construction conststing of

I stressed skin outer covering supported by a structure of longi.tudinal
st"irrgu=" and transverse frames; to.facilitate transport the fuselage is built
ih three rnain units, front, eentre and rear {useIage" Assernbl"y of the
complete aircraft and disrnantling into rnain units, is facilitated hy the
pirovision at the ends of the units into which they are built, of junctions in
the controls" hydraulic pipes, electrical wiringe etc"

The front fuselage consists of a pressurised cabin and transparent
plastic nose, alighting gear nose wheel unit, and equiprnent hatch. The
cabin and nose are sealed off frorn the rernainder of the ai"rcraft by a
pressure bulkhead placed diagonally across the fuselage" A door, which
rnay be jettisoned in an ernergency, is provided on the starboard side of
the cabin for norrnal entry and exit, The pilot! s canopyr and the hatch
aboVe the navigatorrs seat are both jettisonable, and provide emergency
escarpe exits for crew rnernbers. To improve visibil"ity, the pilotrs seat
is offset to ttre port of centre line of aircraft" The navigatorls ejection
seat is at the rear of the cabin port side and is backed on to ttre pressure
bulkhead; both the pilotts aiid navigatorss ejbctibn seats are rnounted

s

Production Detai.ls



on separate support structures raisj.ng tlaern above the leve1 of the rnain
cabin floor. An extensi"on of the cabtn floor tn the form of a sloping
rafirp suppoi'ts the navi.gator at the prone bornb ai"rning position' An
observation window is fitted in the bottorn sktn forward of the rarnp, and
a toughened glass sighting panel is fttted in the transparent plastic nose
fairing. The bornb sighting head is rnounted inside the pLastlc nose
fairing,'

The centre fuselage is divided'into fuel and bornb bay by an arehed
rnetal f]oor. Three fS"reproof tanks are carried in the fuel bay; the
forward and centre tanks are self -sealing and rigidly supported by internal
bracing structuresS the rear tank is a crashproof collapsible fuel bag"
A bulkhead between the ceRtre and rear tanks is forrned by the rnain'p1ane
centre section forging, which passes through the fuel bay and is an
integral part of the fuselage. Of fuII fuselage width, the bornb bay is
closed by two hydraulically operated' retracting bornb bay doors, Bulkheads
at each end of the bomb bay carry the bomb door jacks and operating
linkage, and forrn separate cornpartrnents at each end of the centre fuselage.
Provision is rnade in the aft cornpartrnent for the fitrnent of a camera.

The rear fuselage carries the tail unit" which consists of a metal
tail plane" elevators, rudder and a wood and rnetal fin" The tail plane
is fitted with an incidence adjustrnent unit to give positive control at high
Mach"nurnber" Variati.on of inctdence is effected by an electricaL actuator
which ensures irreversibiLi.ty of control under flight conditions, enabling
rapid changes of fore and aft trirn to be effected during take*off, flight and

landing. A spring tab is fitted to the port elevator, and a geared fixed
ratio tab to the starboard elevator" The fin forward of the spar is of
wooden construction, aft of the spar the rudder shroud is constructed of
rnetal" The rudder inc6rporates a spring tab, which through an electrical
actuator acts also as a trirn tab; it is so arranged that fuII traveL is
available for either {unction"

The rnain planbs are all rnetal cantilever structure of syrnrnetrical
Bection, consisting of a stressed skin outer covering supported by span-
wise stringers, transverse ribs, a rnain spar and a sectionaL rear wall.
The power'units are rrrounted mid wtng" The main spar is a single web
with rnachined boorns, the web eut away and reinforced by ring plates for
the accornrnodation of the engine jet pipes. Four rnain and seven shear
bolts attach the spar root to the rnain spar centre section forging in the
fuselage" The rear vralL consists of three pressed sections, the inner
and centre section being attached to the forged ring through which the
engine jet pipe passes" At the rnain plane root the inner section is
att4ched by one bolt..to a ,fuselage pick up point" The outer section has
a curved web which forrns the forward wall of the pressure balance box.
The inner leading edge s.ection of the rnain plane, into which the rnain
undercarriage retracts, is divided spanwise by a diaphragffr which forrns
the forward wall of the wheel wel"l; the diaphragrn is attached by one

bolt to the fuselage. No fi"llets are fitted at the intersection of the main
plane and fuselage, the skin at the root of the rnain plane fitting over a
joint angle riveted to the fuselage. Each rnain plane is fitted with air
brakes, split flaps and an aileron" Provision is made for fitting
jettisonable fuel tanks to the wing tips"

The flying controls are eonventionaL; .rudder pedats operating the
rudder, and a horn type control operating th.e ailerons and elevators.
A11 control runs consist of push-pull tubes and levers.
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The futly retractable tricycl"e alighting gear is operated hydrauli"cally
through electricalj.y actuated se1ectors, the rnain units retracting inwards
into the rnain planes, and the nose wheel unit rearwards into tlae front
fuselage. The rnain units consist of singLe wheels fitted with trtydrauLic
disc type brakes, cantilever rnounted on oleo pneurnatic shock absorber
units. The nose wheel unit is a fully castoring self -centering unit,
consisting of a levered suspension liquid spring shock absorber, rnounting
twin nose wheels which are keyed together to elirninate shirnrny"

The engines are rnounted forward of th.e spar and off engine ribs.
Each is slung on four attachrnents, all but one of which is designed to
take up expansion" Alt auxiliaries are rnounted on gear boxes inboard
of the engines. Turbo starters are fitted, the units being faired'into
the engine air-intakes. Oil is carried in the engtne sulnps only, and is
cooled by fuel cooled oil coolers rnounted on tlae engines"

Fuel galleries connect each engine with the fuetr tanks. Two fuel"

pumps are subrnerged in each tank; separate switches operate each PuInp
iog.it"" with its alsociated lsw pressure cock. Fuel frorn the wing tip
tanks is transferred to nurnber 3 tank by air pressure ducted frorn the

engine corrrpressor casings. Fuel frorn the rnain pl"ane integral tanks

rnay either be fed direct to the engine or by rneans of a transfer vaIve,

fed to nurnber 3 tank via the wing lank transfer pipe. E1e_ctrostatic

contents gauges are fitted in all" f"uselage tanks, and rnain plane integral
tanks, FueI tank venting and nitrogen purging systems are installed'
Flarne detectors and spray pipes are installed in the tank bay centre

fuselage, and in the engine baYs"
Electrical power Is dra*rt ftott two 24 volt, 9 kilowatt generators

,rra f**-io*" 12 volt accurnulators connected in series parallel' to give

a norninal capacity ot 24 volts, with appropriate inverters for flight

instrurnents and radar equipm,ent. For ernergency oPeration.two 1] volt

batteries, connected in series and cornpletety-independent of the rnain

electrical systerne'are directly connected to the detonator cireuits so that

they rernain operative if the rnain aircraft battery is disconnected' These

batteries also provide an ernergency supply for the turn and slip indicator'

In addition to these batteries , i 2.4 volt alkaltne battery is used for

ernergency lighting.
Radio and Radar equiprnent suitable to the role of the aircraft is

installed; controls and associated equiprnent are installed in positions

convenient to the crew rnernber concerned'
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CANBERRA MK Z].

Production Details

Date of first fiight (AB4-20I)
Flown by W. Scott at
Date of &elivery of first
Nurnber of dual control

Trai.ner
Trainers

(A 84*201)

I ?th June, 195 8

Avalon
4th Sept" t95B

Serial Numbers .o+..!,.!

and

7

) Converted
) from
) Canberra
) Mk zots

A.B4: l?5, A84*3O7 (Converted from

A84*?01,4 84-203,
A84-204, A 84-205,
A84*206"

Date of delivery of last Trainer (ag+ -IZb)
English B. Mk ZI s)

1Oth June 0L959

Leading Particular-s

As for Mk 20 except that Power Plant was Rolls Royce Avon \4k I on1y.

General

Conversion of Canberra Bornbers to dual-control" Trainers entaiLed
duplication of flying and engine controLs, rnodification of front fuselage
floor strueture, revisi-on of seating to accornrnodate instructor, rnodiiication
of instrurnent panels to facilitate control of aircraft by both pupil and
instructor pilots* revisions to hydraulic, air conditioningr electrical,
radio and radar installations and the deletion of bornbing equiprnent and
integral fuel tanks.
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PIKA iloted Version of Jindivi

Production Details

Date of first successful fU'gh.t (ag:-t) " . " " 4th Nov, 1950
Flown by J. Miles at ooooo Woornera
Total nurnber produced Z

R. A. A" F Serial Nurnbers ' A9 3 -L, 493 -Z
Total nurnben of fl"ights Zl4
Date of last flight 25th June,I954

Leading Partic!r1ar:s

Power Plant: One Arrnstrong Siddeley Adder A" S. A I turbo-jet of
105 0 tb. thrust.

Dirnensions:

Weights

Wing Span
Length
Wing Area

A11-up
Ernpty

Wei"ght

19 ft.
24 ft" 7 in"
76 sq, ft"

2900 1b"
2300 1b"

Max. Speed
R" of C"
Service

'".""". ."' ""."..:: "'":'" x:if;?i.il,l;"
Ceiling 32,000 ft"

s

.i

GeneraL Description

Pika is essentially a piloted version of Jindivik Mk I built to p.rove the
general aerodynarnic and flight characteristics of the pilotless desi"gn, and to
provide a test bed for checking and setting the initial sets of rernote control
equiprrrerrt prior to installation in the pilotless aircraft"

' The rnain cornponents of the Jindivik .airfrarne have been retained
except for the centre fuselage where a cockpit equipped with norrnal ftying
controls replaces the special equiprnent bay" The Arrnstrong Siddeley
ttAddertr power unit is rnounted in the rear fuselage, air being ducted frorn
twin side air intakes adjacent to the cockpit" These entry ducts join
irnrnediately behind the pilotrs seat and pass, between two serni-circular
rnetal fuel tanks each of ZZ iir.p" gallons capacity, to the engine face. The
wing root has been rnodified forward of the front spar to permit the retraction
of conventional rnain undercarriage wheels and a tail skid is rnounted in the
rear fuselage.

The free blown perspex canopy is hinged at its rear end to the fuselage
and is locked at the front by a single bayonet type fitting which rnay be
released by the pilot for norrnal ground entry or exit or for jettisoning i.n a
flight ernergency.

In Pika, the control runs frorn the automatic pilot servo*rnotors to the
control surfaces are the sarne as in Jindivik Mk 1" Norrnal push-puIl
control rods link the cockpit to each servo-rnotor which is rnodified to include
an eLectrornagnetically controlled valve"which, when de-energised, opens a

passage to by-pass oil frorn one side of the servo piston to the other, so

freeing the rnotor from the control circuit" There is also a declutching
device on the servo-rnotor arrns by which the driven part of the arrn is freed
frorn the driving portion if a torque greater than a preset value of about 50lb"ft
is applied"

Pe rf orrnance;



. A switch unit has been provided in the cockpit to enable the pilot to
switch in any one or all" three of the autornatic pilot servo-rnotors. This
unit also contains.lights by which th"e pilot can ensure that the servo-
rnotors are lined up according to the trirn of the aircraft before they are
switched in. An instinctive cut-out button is provided on the top of the
control colurnn to perrnit irnrnediate release of aL1 three servo*rnotors in
an emergency.

A control supervisory unit l"ocated in the coekpit allows the pilot to
switch the radio control link in or out at wilI, and when this link is cut
the servb-rnotors are engaged to operate the aircraft control surfaces and
ancillary functions by a series of push buttons" An indicator unit, also
in the cockpit, advises the pilot that thoee circuits peculiar to the pilotless
aircraft (u" g. skid-down, fuel cut etc" ) are operating satisfactoriLy or
othe rwise.

Pi.ka Utilization

Aerodynarnic data obtained frorn Pika flight trials showed that it was
necessary to extend the rear fuselage of Jindivik to obviate elevator*jet
pipe efflux interference. It was also discovered that it was possible to
perforrn turns up to specification requirernents on ailerons alone,
consequently the rudder on Jindivik Mk I was locked with a resultant
sirnplification of the radio control systern"

The fitrnent in Pika of Jindivik radio control, telernetry'and auto -
pilot installations perrnitted these installations to be fully flight tested, the
pilot being able to disengage the auto-pilot as desired" For radio controlled
auxiliaries such as fuel ON/OFF va1ve, throttle actuator, landing skid down
and flap operation, equiprnents which were installed in Pika but not connected
to their appropriate systerns, a signal box installed in the cockpit allowed
the pilot to check the response of these iterns to the cornrnand signals"

In addition to providing data relative to the developrnent of Jindivik the
flights of Pika provided opportunj.ties for the taking of radar echoing
rneisurernents, checking of air to air visibility and the traini"ng of the
ground control crew,'in the handling of typical landing approaches.
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JINDIYtrK IVTK 1

Production Details

Date of detrive::y of prototype (A9Z-I)
Date of first fli.ght (A9Z-5) o o o o o

Flown by R,A"A.F" ground crew at
Nurnber produced
R" A" A" F" Serial Nurnbe::s
Date of delivery of last Mk | (A9Z-IZ) - o o s c

Total nurnber of flights
Date of last flight ooooo

Note:- Seria1 Nurnbers and corresponding Airfrarne Nurnbers are given
in Table Z.

-$ Leading Particulars

Power Plant: one Arrnstrong Siddeley Addey A"s"A. I turbo-jet of 1050 1b

thr:u st"

A1I -up Weight
Ernpty

19th Oct, 1951
28th Aug , L95Z
Woomera

IZ
A9Z*L to A9Z-lZ
18th May, 1953

54
6th octr 1954

1g fr
Z3 ft" 3f in"
76 sq" ft

z77l lb"
2089 lb"

42? knots at ?5r 000 ft'
0"726 at 36,000 ft"

15 rnin" at rnax" rprn
plus 54 min" at max.

cruise rprne

Dirnensions:

@.'

Wing Span
Length
Wrng A rea

Pe rf orrnanee:

Service Cetling oo'oc
(iOOO ft" /rnin Rate of C1irnb)

R. of C" at Sea Level

35,000 ft

4 n 77A ft. /rnin"

Genenal De scription

The general layout of the Jindivik Mk 1 is conventional, the aircraft having
a low set wing of rectangular planforrn with a 1"0% thickness/chord ratio"
Drag flaps are fitted between the ailerons and norrnal landing flaps.

Electrb-krydraulic servo-rnotors operate the normal flying corltrols+ but

as it was found possible to perforrn satisfactory turns with aileron alone, the

rirdder control has subsequently been locked"
The engine is rnounted centrally in the fuselage, air being 'ducted frorn a

subrnerged entry above the nOse. Fuel is carried in a crashproof rubber
bag of 6a| irr.puri.al gallons capacity surrounding the intake duct, and in two

rnetal tanks of 10 gallons capacity below the engine"
A non-regenerative pneurnatic systern operates the landing flaps and the

drag brakes, and also lowers the landing skid by charging the oleo shock
absorber strut. Electrical power is drawn frorn a 2000 watt, 24 volt d" c"

generator rnounted on the engine face"

Max. Speed
Max. Mach No
Endurance at 40,000 ft

(with fuIl norrnal allowance)

s'-.

JINDIVIK TARGET AIRCRAFT



5

The aircraft is controlled either frorn a ground station or from an

observer in a shepherd aircraft. The radio control signals are detected
and decoded by the radio installation in the aircraft and passed to a relay
set which controls the &utornatic pilot and other ancillary functions such as

the throttle and fJ.aps" A telernetry systern transrnits airspeed, altitude
and engine rprn back to the ground to provide a record of each flight"
The aircraft is tracked by a ground radar installation, a transponder in
the aircraft boosting its response
. 'Take-off is effected under norrnal engine thrust from a recoverable
trolley, and the aircraft is controlled to a conventional landing on a single
retractable skid.

Operational and control equiprnent is carried in the fuselage nose" A

short detachable conical section houses the accurnulators and other equiprnent
associated with the rnain electrical supply" A joint in the fuselage at the
beginning of the intake rasrp allows the front portion to hinge sideways
exposing in the nose bay autornatic pilot equiprnent and in the rnain fuselage
a crate rnounted on rails which carries all iterns of radio control and

telernetry equiprnent, the relay set receiving, transponder and the autornatic
pilot instrurnent unit. This equiprnent rnay be withdrawn to give access
to an equiprnent bay of l? cubic feet capacity for installing special trials
equipment" A,t large door in the side of the fuselage also provides access
to this bay.
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JINDMK l\nK Z

Production Details

Date of delivery of first Mk Z(A9Z-ZI) " ".
Date of first flight (A?Z-ZL) oo...oo
Flown by R.A,A.F" ground crew at ooaoooooo
Nurnber produced for W"R,E. ooooo coo.. e ooec

Nurnber produced for U"K" ooooo .ocoooo
Nurnber produced for Sweden o.ooo.
Tota1 nurnber produced coooo ooooeooooo
Date of delive::y of last Mk Z (A9Z-LZ4 to U.K") " " "

Date of first flight of U.K" converted Jindi"viks (Mk" 102)".

Note: Serial Nurnber:s
given in Table Z

and Corresponding Airfr:arne Nurnbers are

Leading Particulars

I6th Nov, 1953
11th Dec, 1953
Woornera

88
L6
10
tt4

l st Ju1y" 1959
Apritr"u 1960

One Bristol Srddeiey Viper ASV3 turbo-jet of I540 ib"
thru st.

Power Plant:

Dirnensions: Wrng Span (wrth wrng-trp camera pods)
W:-ng Span (without carrlel:a pods)
Length oo6on
Wing Area ooo.o oo.oo
Height on trolley

Ali *up
Ernpty

Max. Speed
Max.Mach No" " " o o oo o o o o oo

Endurance at 47,000 ft
(with fu1l norrnal allowance)

z I fr"
19 fr"

23 f.t.. 3f in.
?6 sq. ft
8 ft" 6 in.

2635 lb.
1752 1.b"

We!sb!q: weight oocooso6oocoooo

oogo0goooo oooaooocc

Perf orrnance: 472 knats at 38,000ft.
A"8? at 38,000 ft,
I0 rnin. at rnax, rpm
plus 33 min" at rnax,

cruise rprn"
Se:'vice Ceiling 47, 000 ft"

(1000 ft. lrnin" Rate of Clirnb)
Rate of Clrrnb at Sea Level 7 ,600 ft. /rnin.

General De scription:

Jindivik Mk 2 is a single engined, jet propelled" high speed, remotely
controlle{ aircraft, It is a low wing rnonoplane powered by an Arrnstrong
Siddeley Viper (A, S* V" 3) turbo-jet engine of 1640 lb. static thrust, and is
equipped with a special retractable landing skid. The all-rnetal fuselage is
of serni-rnonocoqueconstruction consistin$ basically of a stressed outerskin
covering supported by a structure of longitudinal stringers and longerons arrd

transverse frarnes, Attachrnent of stringers to skin is by!Araldite!e rivets
and spotwelding, whU.e that of skin to frarnes is by rivets and in solne
cases, spotwelding" To facilitate transport, the fuselage is built into three
rnain sections" front, centre and rear fuselage" Assernbly of the cornplete
aircraft and disrnantling into rnain sections is facilitated by the provision of
junctions in the controls, pneunratic pipes and electrical wiring at the ends

of the sections into which they are built.

I



The front fuse1age contains the rnajority oi the contr:ol. and guidance
equiprnent" The pitot head is carried on a tube extendj-ng Iorward to the
nose" To give access to eqLr.ipment, the front ,fuselage is divided aLong
its longitudinal centreline, the terp half being a detarchable canopy, the
upper sur:face of which is shaped to for'rn the enit.ry to the eng.i"ne intake
duct"

The centre fuselage co::ta:.ns the rnain fuel tank * an aRRuJ.ar, crash-
proof rubber bag of 64 gatrior:rs capac5ty, - s'r-].r:r:ounding the air intake duct.
Parallel links of the landrng skj.d are attached to the structure beXow the
tank bay. The space aft of the f.uel tank bay is occupied by the cornpr:essor
zorLe of the engine, Below the engine, the cent::e fuseL;:ge is cut away to
accornrnodate the wing and the pneirrr;itic jack assernbX"y beneath, the wing,
The opening is cover:'ed by an under-wrng fa.;:ng"

The rea:: fu.selage c a. l:r're s tJ:e ta'1 ia.:t 'which consists of a sheet
rnetal fin, tailplane and eler,:tors. Paper honeycornb cores in tire fin
structure are glued to the sheet rtetai sktns, Attachrnent of spars to
skins is byrAr:aldite!" The re,1 r'fuseiage h,orr5es the bulk of the engine
for which an extracto:: fair.ng -:i pro'.r=ded at the end to dra'w a cooling air
flow around the combustror: ch::mbe: and ,; et p1pe"

Joined on the a.:r'cra.ft cerrtrerrRe, th.e BGr.I and st.arboard wings are
built up of f our main se crions, tn.e iead:rng edge, j-nte r,-,spJ.r box, rear ttox
and control su::faces" The oniy ribs are a,t the j"nboa::d and outboard ends
of the inter-spar 'box; the whole assembiy, incl"udrng skins, J.s gJ.ued with
Araldite to for:rn an integral fuel" tank of 1b galJ"ons capacity, each side"
The leading edge contaj.ns a paper: h"oneycomb core and is bonded to the
inter-spar box by Ara1dite" A sirniLar type of attachrnent is used for the
rear box to whicit the cont:'oL su.r'iace s are h:nged. Each rnatn plane :1.s

fitted with a flap and aileron" Fl".\rirrg control.i are operated by ::adio
controlled autornatic piJ.ot and ser \, o :rrolor ). A1l control runs consist of
push-pul1 tubes and lever.s.

The rearward t:etracr:r,g u-rdel ac:z-'4ge consi.Jts of a singXe, cent::alj"y
placed landing skid car:r-red on two p=r'r.,*=ei l:nks w:rh an oieo strock
a,bsorber attached, thro'r-.gh a 1:nkage, to :he skid" Subsidiary sp::ing
steel skids are fttted to the re,a! t,:seiage ar:d irnder each wing tip.

A pneurnatic systern of the non-,regenerative type i.s provided for
operating the flaps and l"owe::ing the landtng gear:" Before the aircraft is
placed on the take-o{f trolley, th.e oleo is exhausted of its air and locked
in the retracted position" [n ftight, the ope::a.tion of t]aps and tranding
gear is affected through e.!"ectro-pnerrrnatic val-ves which are controLled by
appropriate radio signai-s" When landing, a tourch down switch, opera.ted
by contact of an extended sting with. the grounde causes the fiaps to be
retracted frorn the pre*land-ing posJ-tton to the landtng position.

The engine is rnourrted on trvo truRnions near the fonward end of the
rear fuselage, and furtire:: ait is steadted by a trrrnbuckle attachrne.l:t to the
base of the fuselage" The only engine -driven accessor:ies are the generator
and the engine rpm indicating eqrriprnent whi.ctrr al"e Xocated at the front of
the engine 

"

The {uel systern is pressrirised f:::orn a tapping at the near end of the
engine compressor" FueI is forced frorn the integral wing tanks to ttrre
rnain tank and thence pumped to the engine" A rrecuper:ator tank, trocated
within the rnain tank, corrtains c, r€se rve supply ol fuel perrnitting a lirnited
period of jnverted flight. The engine coRsurnes Z-10 gal1ons of fuel per
hour at sea leveI, but at 5 0, 000 f t " (wi t},out carnera pc'ds) and 5 00 knots
rnaxirnurn cruise this cornes down to 45 gaI, pe:r hour.

t"
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A11 el"ectrical power is dr-;rrvn fronr-r one 28 volt d" c. gener:ator and
a single 24 volt acculrn'llator wi'th approp::iate inverte rs for :radar equiprnent.

Radio and radar: equ.iprnent, suitable to the rol"e of the aircraft is
in stalled.

The equiprnent earrjed to perrnit operation under: rernote controtr
consists basically of :-

(") A radio installation to accept and decode signaJ"s frorn the
controlJ"iing station.

(b) A relay set to act as a Ljnk between t}:.e radi-o equiprnent and the
auto*pilot, and to control" certai.n of the aiy'c::aft actuators not.
urrder the jnfluence of the auto-pilot.

(.) An autornatic pilot to ope::ate the flying control suriaces.
(d) A teJ-ernetr:y instaiJ"atron to pa ss back nece s sary inforrnation iio

the controli rng :i.rt-!cr-r
(") A tr:ansponde;" to boost radar response in order: to increase the

tracking range,
The normal airstrip is used for take -off . The aircraft ls rnounted

on a take:off tnolley having a gyro steel:ed nosewir"eel and braked rnain
wheels" Initial.J"y the flaps are set to the strearnline pos:.tion. At take-off
speed, the flaps are depressed 2tJ deg. and the ai:"c::ait is autornatically
released frorn the trol"i"ey" As the arrcraft acee.[ erates to a safe fJ"ying
speed, the fi-aps rap:"dly -netract and the airc::a{t sets itse.n"f in a steady
climbing attitude. The tro.l"J"ey is braked to a stop 3,000 ft. frorri its
starting point. A zer:o length lairnchi.ng rnethod could be provided whe::e
particular operating conditicrns precl,:de normaL troliey l"aunch.

Although Jindivik rnay be d:,::ected frorn a sLepherd aircraft, it is
norrnally controlled frorn a gror"rr:d station. iL rs ope::.red by a skipper
who rpilotsr the aircrartt once :"t i s arrborne and a nr.vlga.tor' to track the
flight pattern. A pllot besrde the srrrp has cor:r:-oi for take-off"

The r:ernote controi sy siern is eifective at r;r:ges up to 10tl nautical
rniles frorn the ground st.itron. Pr-rsh button seieciion alIor,l's th.e a,.rtornatic
pilot to provide aiie::on. eler,.tor and engine rprn conditions fo:: fixed
attitudes appr:opri4te to cI:rrib: s.o'"r,'Leve:. fast ievel, left turn, rigirt turn,
fast glide and land glrde conditions, aithough inte::rnediate attitudes or
engine condj.tions may be seleeted by 'beep! conrrol.

The telernetry systelx provides the ground controller: with continuous
i"ndications of altitude, speed, ritte of clirnb and engtne l:prn" A norrnal
approach and landing techniqrie i:-r used witl: Jindivik" The ground controller,
using radar inforrnation to gir"ve him course data, l:ines the aircraft up with
the strip at a predeter:rnined ireight and speed. When the aircralt is within
binocular visibility, two controll"ers at the strip take over, one controlling
elevation, the othe:: azirnuthr."

At the point where the aircraft crosses his sightline, the elevation
controller signals jt tolland glideiattitude, which Lowers the landing skid
and flaps, sets the pitch control and reduces engine speed" Pitch and
turn correcti.ons are rnade by the contr:ollers, and sh"ght flare out is achieved
just prior to touchdown. When the rsting!, extending below the skid, touches
the strip, it cuts the engine , ::eJea se s the fla ps and ::e - selects t land glidet .

Approach is rnade at 125 knots. The ground run is uncontrolled, the single
skid keeping a consistently true path.

i-.
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JINDtrVIK ]\4K 2A

Production Details

Date of delivery of first MkzA (A9Z*90)"."cas.oo+.oo" Z|tla July, 1958

Date of first flight (A92-90) o o.o.*roeooeoo!s.r.3.e!. 18th Sept' 1958

Flown by R.A.A.F" ground crew at ."cn*.o .co.a .W'oomera

Nurnber produced (W"R.E"') ooo.6ooooo..o.a.s.a..!.. 3

Date of deliverlr of last Mk ZA (A9Z-1II) s.ocee 4r. 15thDec,1958
R.A.A.F, Serial Nurnbers o o!....!c!n?o3. " AgZ*87, A9Z*TO, A92-1I1

Note:1 :- These aircraft were converted frorn Mk 2rs

Note Z:* Seria.l Nurnbers and col:respondi.ng Airfrarne Nurnbers are
given in Table 2.

Leading Particular s

Power Plant: One Brisrol SrddeJ.ey V:.per ASV3 turbo*jet of I540 Ib"
thrust"

Dirnensions: Wing Sprn (with Mk 4 Carnera Pods) " Z\f-t" 7"Ztn.
Length Z3ft" 3.75 in"
Wing Area (wj"ng-tip extensions inctr.uded)" " . 102 sq. ft.
Height on trolley 8ft. 5 in.L;

I-uigm.t weight

Perforrnance:(with N{k 4 Carnera Pods and extensions)
Max" Speed 450.knots at 40,00Oft"
Max" Mach. No " " 0.86 at 40' 000ft"
Endurance at 5 Z, Ai:)f" I0 rnin at rnax. rprn

(with lull normal allowance) plus 42 min at rnax.
cruise rprn"

Serr,-ice Ce'rlrng 52,000ft"
(lea,l fi",'rnin. Rate of Clrrnb)

R. of C. at Sea Level ?, 300ft . /rnin

General Description

This variant was used to assist in the developrnent of the Mk 28
Jindivik which was to be powened by a Viper ASVS engine. Three
developrnent aircraft were prepared for flight evaluation in trials that were
carried out between'septernber, 1958. and M"yo 1959"

. Iv[k 2A Jindiviks stil1 retain the Viper ASV3 engine, but a new fibre-
glass canopy* incorporating a pitot type air intake, j"s fitted" This type
of air entry irnproved the aerodynarnic efficiency of the intake at higher
Mach nurnbers.

Other variations frorn Mk 2 Jindiviks include rnodifications in the forrn
of slightly droopi.ng flaps with an inbuilt twist to give irnproved lift distrib:
ution at higher altitudes; The fitrnent of wing extensions and new type
camera pods (Mk 4) has resulted in generally irnproved perforrnance at high
altitudes and has enabled the aircraft to achieve a rnaxirnurr oPerating altitude
of. 52r 000 feet.

A11*up
Ernpty

2550 1b"
1767 tb.
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JINDIVIK MK 2 B

Production Details

Date of delivery of first Mk28 (A9-201) .ilr,..!.!!.*!re 3lstAugl 1959

Date of first flight (l\9-201) ..4 &c.3o+*or.!e.r.r.or,.." 8th oct., 1959
Flown by R.A..A. I', ground crew,6?rr$e&e'4srar{eq.... Woornera
Nurnber produced for U,K"(cornplete - IvIk 2B) o..,F.Gq. 5 ) 64
Nurnber produced for U.K.(not cornplete - IvIk ZBL)ac!.6 ""29 ) totaL
Nurnber to be produced for U,K.(further order-MkI02BL)".30 )
Nurnber produced for W"RoE. .!c!."6'or6rn.'!rroooooo* 12

TotaL nurnber produced or on order n.'Gr5oro.+!aca'o.. 75
Date of delivery of first Mk ZB(A9Z -204) to IJ.K, Z4th Jano L)60
Date of delivery of last Mk ZB (A9z-208) to U,K"o"crc..i. Igth Febr1960
Date of delivery of first MK zBL (A92.-209) toU,Ko*"!6qs! IgthFeb, 1960
Date of delivery of last Mk ZE,L (A9Z-?,45) to U"Ko.*,no E. " 1Ith Septr 1961

Date of delivery of tvlk lozB], (A9Z-247) to U, Ko " n , o " 4t.]n Apr r lg6?
Lj'- {'{ ?

Note: Serial Nurnbers and corresponding Airfrarne Nurnbers are given
in Table 3"

Leading Particulars

Power Plant: one Bristol siddeley viper ASVB turbo-jet of l7501b.thrust.

Dirnensions: Wing Span (wing-ti.p extensj"ons included) . ". " " Z5f-t. 7"Zin"
Length .ooo.o.oo Z3f-t" 3.75in.
Wing Area (wing-tip extensions included) 102 sq. ft.
Height on trolley " Bft. 6 in.

Lr

Weights A11*up Weight
Ernpty oocoo

Perforrnance:(with Mk 4 Carnera Pods and Wing:Tip extensions)

2918 Ib.
2135 tb"

Max. Speed " , 450 knots at 40,000 ft.
Max" Mach No. . 0" 86 at 4A,000 ft.

(elevator trirn lirnit)
Endurance at 54,000 ft 15 rnin. at rnax. rprn

plus 42 rni.n. at rnax
cruise rprn"

(with full norrnal allowance)

54, 000 ft"Service Ceiling: oeoooo
(tOOO ft. /rnin Rate of Clirnb)

Rate of C1irnb at Sea Level" 9,100 ft. /rnin.

General De scription

Jindivik Mk 2B was developed to cornply with further dernands for
increased target operating heights" It has the sarne configuration as the
Mk 2A Jindivik but is powered with the Viper ASVB engine which develops
1750 lbs. static thrust. Although essentially sirnilar to the Mk 2A in rnost
respects, the Mk ZB yarlant incorporates redesign of the reaf fuselage to
cope with the iircreased diarneten of the ASVS engine jet pipe" The aft end



G

*

of the fuselage is stopped short, in c*omparison with the NIk Z and Mk 2A

fuselage, but is fitted with a detachable rpen nibt shaped jet pipe fairing ly
to keep the jet efflux clear of the downwash on the tailplane and elevators' 

1/
However, the overall length of the fuselage is unchanged.

The aircraft is fitted with a fibreglass .canopy, incorporating a pitot
type air intake identical with that used on IvIk 2A alrcraft" On sorne Mk ZB

aircraft, the leading edge portion of the rnainplane is built up of a profiled
paper honeycornb core to which the rnetal leading edge skin is bonded; on

other aircraft, the leading edge structure is built up of a preforrned rnetal
skin bonded to sheet rnetal riblets"

The aircraft is flown at all tirnes with pods fitted to the wing-tips"
These pods contain a systern of carneras to photograph rnissiles airned at
the aircraft.

For operation at increased altitudes, extensions bolted to the wing-tips'
outboard of the pods" increase the wing aTea by approxirnately 35Tr,
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JINDIVIK lv{K 3

Production Details

Date of d-elivery of firsr Mk 3 (egZ-SOt)
Date of first flight (agZ-:Ot)
Flown by R.A,A.F. ground crew at
Number produced

Dirnensions: *

weight oooo.
o o o aa o o o o o

14th Dec, 1960
12th May, 1961
Woorne=a
9

are givenNote: Serial Nurnbers and corresponding Airfrarne Nurnbers
in Table 3"

Leading Particulars

Power P1ant:- One Bristol Siddeley Viper ASVI I turbo-jet of 2,500 l"h
thrust"

Wing Span (wing-ti.p extensions included) .. "25f.t"7"2 rn"
Length Z3 f.t " 3 " 75 in"
Wi.ng Area (wing-tip extensions included). " 102 sq. ft"
Height on trolldy 8 ft. 5 in.

Weights: - A11*up
Ernpty

Perforrnance(with Mk 4 Carnel'a Pods and Wing- ti.p Extensions)

z93L Lb"
2 t4B lb"

Service Ceiling
@-G+irnb|
R. of C. at Sea Level

450 knots at 40,000 ft.
0.86 at 40,000 ft
(elevator trirn lirnit)
15 rnin. at rnax r" p. rn
plus 42 rnj.n" at rnax.
cruise r" p" rn.
55, 000 ft *

12, 000 ft/rnin"
(tirnitea by auto*pilot)

* Auto-pilot, control and telernetry limitations"

ption

This aircraft was used to assist in the developrnent of the Mk 3.A.

Jindivik" The Mk 3 aircraft is fitted with the Viper ASVtl engine which
provides 2,500 lb" .static thrust which is a considerable thrust gain over
previous ASV3 and ASVS engines and an operating aLtitude of 60,000 ft" was
envisaged" Howevere lirnitations in the auto:pilot, coatrol and te1sfirs1r,
equipment have resulted in a restricted operating altitude of 55, OO0ft.
Apart from the engine change, the Mk 3 Jindivik is basically sirnilar to tlae
Mk 28. Nine aircraft were prepared to the Mk 3 standard for use at
Woornera.

Max. Speed
Max" Mach No"

Endurance at 55, 000 ft
(with fu1l norrnal allowance)

General Descri
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LANDING SIilD STAT]CALLY DtrFLtrCTED 6I_3.75,,
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JINDIVtrK \4K 34

Production Details

Date of delivery of first Mk3A {A9Z-40.0) toooso,ooooooa
Date of first flight odc$o!ood.c,eosoococooqanqo'ooo!osn

F].own by R.A.A*F ground crew at ""ere'r"oooos.oosooso
Nurnber to be produced for W,R.E" (Ut:a1 o!oocsoeoocoo
Nurnber to be produced fory U"K, (complete)(Mk 103.4.) o B€do

Nurnber to be produced for U.K, (not cornplete)(Mk 103AL)
Total number to bg produced oo,o.6oooc,!ooocoooco'$ocoo

Note: Serial Nurnbers and correspondi"ng Airf::arne Nurnbers
in Table 4"

Leading Particqlars

Power Plant;

Dirnensions:

All-up weight ooeooe
Ernpty

5th June, 1961
1Oth Nov" , 1961
Woomera

31
1) 50

49 ) totat
81

are given

3,I52 lb.
2,228 \b"

T.

L

One Bristol Si"ddeley Yipe r ASV I I turbo -j et o{ Z, 5 00 lb"
thrust.

Length ooooo Z3ft" 3"75in"
Wing Area (wing tip extensions included) I02 sq. ft.
Fleight on troJley Bft. 5 in.

(-

f,

a

Weights:

Perforrn"rrtu (witrr Mk 4 Carnera Pods and'Wing*tip Extensions):
Max"Speed 450 knots at 40,000ft"
Jt{ax.Mach No" " 86 at 1'o, oooft

(Elevator trj.rn lirnit)
Endurance at 60,000ft" " " "... t5 rnin. at rnax. r" p. 1rt"

(With ful-l- no::-rnaj allowance) plus 42 rntn. at rnax.

service ceiling . " :::1" l.l.l.I" 60,000rt.
(1000 ft" /m:n. Rare oI Cl:neb)

Rate of Cl:.rnb at Sea Level 12, 0O0ft/rnin
(l,irn;"ted hy auto-

pii ot)

Intended fqr operation at very high altitudes* this version is fitted wi.th
improved control and trials equiprnent and a Viper 11 turbojet engine" Service
ceiling can be extended to 65*000ft (19,800 m") by fitting a detachable Bristol
Siddeley PR37/2 liquid-propellant rocket boost engine"

Typet Pil"otless target aircraft

Mid*wing cantilever Inonoplane, Wing section NACA 64 Series
with constant thickness-chord ratio of. 6To, Structure consists of
constant-section four-spar box adhesive*bonded to forrn an integral
fuel tank, 4 light*skinned leading edge is fitted and the two-
spar trailing edge structure carries the ai"lerons and flaps on a

continuous piano-hinge" Ailerons operated by electric servo*rnotor.

General Description

Wings



Ftaps, which also serve as air brakes, are operated
pneurnatically" Tota1 fJ.ap area I"1" 5 sq"ft. (1" Of rnz)" Total
aileron area 4.5 sq" fE ("42 rnz), Gross wing area ?5 sq"ft
(?. 06 ,-?)" Gross wing area wj"th wing-tip extensions ,102 sq"ft"
(g. +a t..z) "

Fuselage: Of light a1loy in four rnain sections "- front fuselage, equiprnent
bay canopy, centre fuselage and rear fuselage" tr"ront fuselage
carries all autornatic control equiprnent on three rernoveable
trays. A rnoulded fibre-g1ass canopy, which lifts off for access,
forrns the serni-pitot type air intake" Centre fuselage contains
a bay 'for speciai" equiprnent and the rnain fuel tank" Rear
fuselage carries the engine and jetpipe"

.a>

Tail Unit: Cantilever rnonopiane
bonded wi.th Araldite.

type" Multi - spar ta i:plane of light al"J-oy

E.Levators forrned of single wrapped skj.ns

e of eiectr':caL power ls an engine-
i.rering 2CtSVAC 3*phase at 300-550 c/s"

stiffened by chord--wi.se fi.tlte s and carri"ed on cc,ntinuous piano
hinges honded to ta-'JpJ"ane. Fin consists of iight skin bonded
to two spax's and stabill"ized by paper: honeycornb fi"i1ing" T laere
is no r"udden" A.reas: fin 6.52 sq" ft" (0" 6lmZ), taiJ.ptrane 10" 28 sq"ft"
(0" 95rnz). TaiJ.plane span 61t" 6 in. (I " 98m).

Power Plan ; One B::i:toi S:dde"-ey Vipe:: l"i t; bojet engJne rnounted in
rear fuselage, An ext: :.ctor d-rct su:'rorrnds the jet pipe, dr:awlng
cooling alr th:'o-gh 1'our. f"ru;h i:,takes ;tro".lnd engine cornbustion
charnber" I4a-n i,;:elrge t:"rk i^"s cr[:uL'-1.; oi 63 gal].ons (286
litre s) and inleg:'a. rv-ng tank-s ha r:e tora:" c.'i pac.ity of 32 galJ"ozls
(t+6 titres)" W:ng t.:.nks are pres,s'i.r, sed frorn engine cornpressor
to feed fuseJ.age tank., f.rorn where fuel is pr"rrnped to tXle engine.
Cornpressed a,:r is lsed for starting and thrrottJle is opel'ated hy
electri c actuato:"'.

Electrical Systern: The pr irne so*rc
driven 9 KVA aIte":nator dei
In the ev'ent oi cornpl-ete alternator fa.il-ure a Z4Y .l"ead-acid
secondar,y battery erjsrrres that essential controi and telernetry
functions are rnainta-r:led for 20 rn:"nutes-

Rernote Control Equrprnenl.: Ccr.lro.l r. errerted f rorn elther a ground or:
airborne controiring st:t-,on" Equi.prnent consists brieflY of a

radio control rece,ve r r '.inits f or lnterpretlng external signal"s
and appiying thern to eor:r"-roi the a,irc:'aft, autornatic pi1ot, and a

teLernet::y tr:ansrni"tter: for passing esserrrial coritrol" j.nforrnation
back to ground" Notcl: aer::ia1s in fin J.eading edge for radio
receiver and tel"ernetry transrnitter'.

S1:egial TriaLs Equiprnent: Transponders and micro*wa\re refl-ectors are
used for trj"a1 s of aetive, serni*active or beam-ri.ding rni.s siLes.
Transponders in the iXu, lSr and rCr bands can be fitted for target

acquisition and to enable the Jindivik to be tracked at greater
range. The aerials for tLre sxr band transponders are in the
fibre-glass wing:ti"ps, ttrose for the tS! band a.re in the fus€J-age
and the lct band are in both fuselage and wing pods" ]vlicrowave
reflectors fitted inside radornes in the wing pods provide a

uniforrn response equivalent to a specifi"c cross*sectional area over

a

q



a wide angler When an j.nfra*red heat source is needed, a

flare system can be fi"tted" This is a flare-heated source in
which the flare heats a spectal*aIloy rnetal to provide tr-ow

frequency 1.R. output" Flares are controlled through the
norrnal cornmaRd link systern.

Re cording Equiprnent: Carneras fitted with wide:angle lenses rnay be

rnounted in pods on each wing and are use d to filrn the approach
and proxirnity of rnissiles fired against the target"

Take-off and Landing: For take*off the aj.rcraft js rnounted on a tubular-
framed trolley with a tricycle wheel configuration" The nose:
wheel is steered by a servo:rnotor" The aircraft accelerates
under normal jet power with the flaps retracted. The flaps
are lowered automatically when take-off speed is reached and
the aircraft is released frorn the trol1ey, which is braked
automatically, When the aircraft has accelerated the flaps
are retracted and the aircraft sets itself in clirnbing attitude.
At take*off central landin$ skid is retracted in fuselage" When
tundercarriage down{ radj-o signal is sent skid is autornatically
extended and charged frorn pneurnatic systern" At sarne tirne
flaps are lowered to 20o landing setting and an auxiliary rstingt

is lowered f rorn landing skid. On touch*down ! stingr functions
to cut .engine fuel supply and to energise release uni.t in flap
jack to return fLaps to strearnline to prevent aircraft frorn
floating on rebounding"
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TA BLE 1

SUMMARY OT" TOTAL AtrRCRAF-T

PRODUCED BY OR ON ORDER T" ROM
GOVERNMEI{T AIRCRAE"T 5'ACTORNES

!

a A11 aircraft cornpJ-et,ed and deliv'ered
n Sorne aircra.ft comp"i eted and delivered
A None dellvered

AIRCRA T" T MARK
CUS TOL4E R

RAA}" WRE UK SWEDEN RENTA RKS

o Beaufort
o Beaufort

(Beaufreighter)

I
9

? i00

46 Ccnve"rted f:"orn
Bea';iiort Bombe.t
(rrici,. in ?00)

o BEaufighter )l tb+

r Lincoln
o
a

a

a

a

ll

It

t1

t1

il

30
GR MK 3i
MR MK 3]"

LRN
ViP

Spe c:r.ai[y
Modif*ed

73
ZA
.LU

[.i
Z

L

Ccnr,'erted. frorn Mk 30
Cclrzr,'E:rtred f roln elR
Ce.*,1 el'ted f :"orn lv(k 3

,o ,r lf

1' ,i 19

c Canberra
a t1

)f,

zt,
.i8

{

tjort-rt,r..r ve. r : .c .

"I': a:,.r.e r ve::'s it:n
(Co '. " e.d I'om ',

Mk ZOts a"nd Z English
EMk2is)

e Pika ) Pil,o1.ed .;re: sioR of
J indrv'rk

o
a

a

a

a

Jindivik
il

tl

il

tt

E I,

tr
B

A

L

It

1l

,l

,t

i
2

ZA
ZB
ZBL

] L]ZBL

3

3A
IO3,A

IO3,AL

1"2

88
3

t)

9

3i

16,r

5
?()

30

i

AO

'F fr:.cl'.rdes \MRE Cift ot 4
Cc,l:. e r t ed f rei"rrr Mk Z? s

Cornprete 1ess er:gine
, ',d rn _l o 5 eqi^ I pme rtT

Cnnrp.e'.e le$: erlglne
r d m'-ld " e.qL:lp.n.]ent.

N{odifi ed e,qu:r"prnent to
s.i,'. UK reQrrlrements

lComplete !e ss eng:ne

| ,,:,d rr,...'rr:- €eL- pmeuf

Mirage l,IJO 3CI

l

i

10



C.

TABLE Z

JINDIVIK MK 1, MK Z, MK Z.$ VARIANTS

NOTE: The three Mk 2A aircralt were converted from Mk Zrs
* W. R. E. gift to U. K. (4 aircra{t) .

o Last 6 aircraft to U, K, despatched without engines and some items of equipment.

s

CUMULATIVE AIRCRAFT PER MARK PER CUSTOMER

Factory
Airf rame
Number

Cu stome r
A/C Serial
No.A92-

MKI

(wRE)

jl/dKZ I'actory
Airf rame
Numbe r

Customer
A/C Seri.al
No.A92-

M.KZ

WRE UK Sweden WRE UK Sweden

1

z
3

4
5

6
7

8

9
IO
I1
tz

1

z
3

4
5

6

7

8

9
10

l1
lz

5Z
53
54
55
56
57
58
(o

60

7Z
73

75
t6
77

78
79
80

5I
52
53
54
55
5t)
57
58
5g

6r
6z
63
b4
65
66
o/
68
69
70

81
8Z

83
84
85
86
87
88
89
90

50
61

6Z
63
64
b5
66(zA)
b/

68
69(zAl

t
Z

3

4
5

6

7
8

9
IO

ZT

z.z
z3
z4
z5
z5
?7
z8
?o

30

I
?

3

4
5

6

7

8

9
0

7Z
73

75
td
77
78
79
80

91
o)
o?

94
95
96
97
98
99

100

70
7l
7Z

t>
to
77
78
'79

II
1Z
l3
l4
l5
r6
t7
I8
19

20

31
3Z
33
34
35
36
5l
38
?o

40

11

TZ

13
14

15
_t6

t7
18

t9
20

8I
*82
*83
*84

85

86
87
88
89

90

101

toz
103
104
I05
r06
107
108
109

110

80
Z

3

4

5

6

7

8

9
10

2l
a2
)a

z4
z5
z6
?7
z8
)o
30

4L
A2

43
44
45
46
47
48
49
50

ZT

z3
?4
z5
Z6

Z7
z8
z9
i0

91

9Z
93
94
9s
96
97
98
99

100

s.4
s.5
s.6
s.7
s.8
s.9
s. 10 i

1

Z

3

4
5

6

7

8

9
0

3I

33

34
35
Jb
JI
38
lq
40

51
5Z
53
54
55
56

58
59
60

31
3Z
33

34
35
36

38
39
40

101
t0z
103
104
105
106
t07
108

. 109
o ll0

111
ttz
113
I14
115
ll6
117
1I8
119
tzo

81(2A)
8Z

83
84
85
85
87
88

1I
LZ

4l
42
43
44
45
46

48
AO

50

6r
6z
63
64
b5

66
or
58
69
70

4Z
43
14
45
46
47

48
49

I o Ill
e LLZ
.I13
.I14

lzl

LZ3
tz4

l3
t4
15

r651 7l 50



CUMULATIVE AIRCRAFT PER MARK PER CUSTOMER

Factory

Number

Cus tome r
A /C Serial
No. A92 -

MK ZB MK zBL MK I OzBL Mk3

WRE UK (UK) (UK) (wRE)

Il5
115
II7
1I8
lr9

20I
z0z
zo3
204
205

1

z
3

1

z
l

l2r
rzz
123
tz4

+ 125
tz6
127
128

130

206
za7
2 08
1AZ

209
210
2rl
212
213

3

5

t
z
3

4

l3r
132
t33
134
135
136
137
138
t39
140

214
zt5
zt6
2t1
2t8
zt9
zz0
221
222
223

4

6

1

7

8

9

IO

ll
t4t
t42
143
t44
145
146
t47
148
r49
150

224
225
226
221

229
230
z3r

233

9

l0

ll

t2

t3
14

l5

l6

151

t53
r54
I55
I56
t5?
158
r59
I50

234
304
235
236
23?
305
?38
305
239
240

t2

I8
I9
?0

z1

2Z

3

4

r6r
t62
t53
164
I65
r66
167
168
169
170

347
241
308
242
243
309
244
3r0
245
246

z4

Z5

z5

z7

?8

6

'7

8

l?t
t7z

174
115
116

I78
179
I80

247
248
249
254
25t

253
254
255

I
z
3

4
5

5

7

0
I8I
ta2
I83
184
185
186
187
188
189

251
258
259
260
z6l
26z

264
265
266

I1
tz
13

l4
l5
r6
17
18
19

zo
i91
t92

194
195
r96
197
r98
199
zoo

261
268
269
270
z7l
272
273
271
215
z7 (,

zl

z3
z4
z5
Z6

z1
Z3
z9

TABLE 3 TABLE 4

JINDIVIK MK 28, MK zBL, MK IOzBL, MX 3 VARIANTS JINDIVIK MK 3A, MK 1O3A , MK 1O3AL VARIANTS

MARK DEFINITIONS:-

to Ptototype
MK l03A - Aircraft fitted with equipment modified to

U. K, requirements.
MK l03AL - Engine and major equipment not fitted.MARK DEFINITIONS:-

MK 2BL (1959 Oraer) Engine and major equipment not
fitted.

MK l02BL (1961/1962 Order) Engine and major equipment
not Iitted. Aircraft identical to
MK zBL

\

t

CUMULATIVE AIRCRAFT PER MARK PER CUSTOMER

r.actory

Number

Custome r
A /C Serial
No. A92 -

MK 3A Mk 1034 MK IO3AL

(wRE) (UK) (UK)

125
t
z
3

5

6

7

8

9
10

400
401
402
103
404
405
405
407
408
149
4I0

(Prot. )I
2

3

5

6

7

8

9
0

i
1

I1
1Z

i3
14
I5
r6
t1
I8
I9
20

4II
4lz
4t3
1t4

416
117
418
119
4?O

t2
I3
l4
15

6
7

2
3

zl
zz
z3
21
z5
z6
z7
z8

30

422
423
424
425
426
42',7

42A

430

I8
19

4

5

6

1

8

9

IO
II

31

3Z

33
34
35

36

37
38
39

1A

431
432
133
431
435
436
43',7

'13 8

4 39

ZA

2l

zz

1Z

I3
).4
15

16
11

,11

12
13

45
46
47
48
49
50

441
442
413
444
445
446
447
448
449
450

z5

z5

t8
r9
20

zl
2Z
z3
24

51
52
53
54
55
56
5',?

58
59
60

451
152
453
154
.1s5

456
457
458
159
.+60

z?

29

z5
z6
z'7

Z8
29
30
3I

6I
62
53
54
65
55
67
68
69
?0

46r
162
163

,165

466
16'l
468
459
47A

30
31

3Z

33
34
35

36

31
38

39

7l
12
13
71
75
76
11
78
79
80

471
472
473
474
475
416
471
478
479
480

40
41
4Z
43

45
46
47
48
49

\
:
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