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This document is classified SECRET and must 

'·1· be _handled in ~c~ordanc~ with the. existing r _e?u-
;. lations perta1n1ng to information class1£1ed 

· ·i, (\s:~;

1
tct \J'J\1'r\ . . 

_ 1 \"' r\CCvr'1ts l 'l'f~MTHORIZED RETENTION OR DE­

r.:0.\ ~ss.\\: \\:I> . ,~~c:u iuttiRu M'l¾ OF THIS oocuMENT rs PROHIB-
t \ .. \... ~ '" .-, (' \ D ~ \ ~ IT ED. 

\ •• , r· r- ' · V, 'J \..- , .1 . '"'· ··\'' .... ' u , ; 1 .4 - ". 

Failure to comply with any of the above instruc -
, tions is .an infraction of the Canadian Official 
5 Secrets Act and is a violation within the meaning 
·J of the United States Espionage Laws, title. 18, 

·.) • U, S. C. sections 793 and 794. 

:1 This brochure has been specially prepared for 

• THIS ,s· coPv NUMBl:R •• J.8 5 .. . :'j Avro Aircraft Limited. The information and 
J data contained. herein are proprietary to Avro 

Aircraft Limited and the recipient shall not 
transfer, copy, 'reprint, divulge or use any 
portion of it without the prior consent of Avro 

ISSUED TO • ••• I I I I ••••••• 

DATE ••••••••. Aircraft Limited, 
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The AVROMOBILE is a new type of air vehicle, which is able to oper­

ate close to the ground and ~s capable of speeds of over 200 miles per 

hour if desir e d, It can be adapted for several operational applications, 

The design is derived from the Avro Aircraft Limited VTOL/STOL air-
. . 

craft presently under investigation in the form of a full scale static test 

vehicle incorporating 6 ASM Viper 8 engines, The Unite~ States Air 

Force has supplemente_d this development program with subsonic·, tran­

sonic and supersonic wind tunnel models, wind tunnel facilities and studies, • 

Technical data arising out of'this research and development program is 

directly applicable to the three versions of the subsonic AVROMOBILE 

described in.this brochure. 

~ AVROAIRCl!AFt LIMITED 

DECL~.SiF!cD_ !~l fCORDANCE WITH 
USAF. _s·1tCt 1)~1t[i JULY 25/60 
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PRODUCTS 

AVRO VTOL 

AVRO ARROW 

------·------------

AVRO CF-100 

AVRO JETLINER 
/ 

OVER S,500 EMPLOYEES 

i 
1,700,000 SQ. FT. FLOOR SPACE 
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The Aircraft Division of A, V. Roe Canada Limited 
started operations in 1945, Reorganiz.ed in 1955 
as Avro Aircraft Limited, it is the only Canadian 
aircraft comp.my owning its own research, design, 
development and production facilities, It is a 
single integrated unit with everything necessary 
to design and manufacture aircraft from initial 
conception to delivery. 

As early as 1946, three projects were in pro­
gress. The Avro J etliner pioneered jet transport 
on the North American continer,t, when its design 
and development were culminated by flight in 
August 1949. This project was shelved to meet 
Canadian defense commitments arising from the 
Korean war, aH efforts being concentrated on the 
development and production of the CF-100 twin 
jet, all-weather day and night interceptor, 

Several hundred aircraft of this type, including 
trainer versions, have been produced for use 
by Royal Canadian Air Force squadrons in the 
defense of both North Aznerica and NATO countries 
in Europe, 

) 

The CF-100 has also been selected by the Belgian 
Air Force to fulfill its NATO commitments. The 
first two squadrons have already _b~en delivered. 

In March 1958, the successor to the CF-100 
successfully completed its mn,idcn flight and three 
weeks later achieved speeds in exce~s of 1000 
mph. This is the Avro ARROW, a 60, 000 1b. 
supersonic all-weather delta interceptor powered 
by two Pratt and Whitney J7 5 engines, and 
equippei with the most modern fire control sys-

. tern and guided missiles. 

The Arrow 2 will be powered by the Iroquois, one 
.of the most powerful turbojet engines in the world, 
de signed and built by Orenda Engines Limited. 

Since 1955 Avro has been directly engaged in an 
R & D program directed towards development 
of flat VTOL supersonic aircraft under Company­
sponsored P. V, 704, USAF Project 1794 and USAF 
Research System 606A. Recently the USAF re­
directed a portion of its Research System ' 606A 
funds to support the Avrocar development program. 
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THE CONCEPT 

Avro Aircraft Limited has been active 
in the investi g ati r n .an ~l deve lopment of · •• 
various forms of VTo'L/STOL aircraft 
for more than five years, Initial effort 
was focussed on a "tail-sitter" ai:..·craft 
which was later discarded in favour of a 
flat VTCL vehicle because of the funda-

. mental advantages of the latter, In 1953 
the basic concept of what has become the 
Avro VTOL design was established. This 
design integrates a versatile propulsion 
system into a circular planform to com­
bine efficient V:TOL/STOL characteristics 
with outstanding mission performance 
capability. 
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The tl: rottlc i s opened and the vehicle leaves the ground a t l o w 

power to flo at in the ground cushion, rising ste adily to a greater 
height in the cushion as the power is increased. 

The vehicle may be operated to move 

l h •c 1 'J u u r, d ,: 11 : , Ii i u n :t l c x t :- c rr: c 1 y 1 ow ,, ;, L·. c, l s ;, ;. d :. lL i l 11t i c :, . T r :, 11 -
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~1 :1 · t 11 (·c. :-. l1... , f.o r 11 : ;l Jt...! t l.1;, , : L ll:c 1·c, 1 :~. 
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,; f th~ v(:/1i.~: lc le, be ::,t:rp o .rted ac r od y n:· .. n1ic~lly :1.:. ~, ~~cc: :., 

as 45 m. il0 s \h.:r hour. 

In landing, des cent is made at constant power until the presence 
of the ground is sensed as the vehic~e enters the ground cushion. 

,. ~ The throttle is then progressively closed to settle the vehicle 
• ·onto the· ground. ::. , ,\- ,.. • • • •' ' ·~ <'\"'. ~ , , 
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DESCRHPTION 

The A VROMOBILE is conceived as an all­
wing design of circular planform having a 
thickness to chord ratio of approximately 
20%. The wing section is symmetrical about 

·the vertical centerline and elliptical in 
profile, 

The structure is fabricated from aluminum 
alloy in all areas not affected by engine 
exhaust temperature, The design of the 
vehicle lends itself to .conventional methods 
of fabrication and manufacture. 

The main structure consists of a center 
base and three similar segments, When 
assembled these units together form an 
integral structure of radial ribs and circular 
spars contained by internal and external 
skins, 

The top surface of the vehicle consists 
of doors, cowlings, access panels and 
cockpit enclosures supported.on verticat 
partitions. 

The circular wing tip is assembled to 

the main structure in segments to corn -
plete the peripheral exhaust outlets. 

The turborotor assembly is an integral 
unit which is installed within the main 
structure and is supported from the center 
base. 

The symmetry of the circular planform 
configuration leads to an economy of parts, 
thereby reducing construction time and cost. 

The primary power plant consists of three 
turbojet engines used as gas generators, 
These engines are symmetrically disposed 
with their exhausts directed tangentially 
inboard to drive the turborotor. Air for 
the turbojet engines is supplied from the 
rotor through three intake ducts within the 

' main structure. 

) 
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The turborotor arrangement is extremely 
simple in design and light in weight, having 
a m oderate tip velocity of 788 ft. /sec. The 
turbo rotor is mounted horizontally . in tJ1e 
center of the structure and rotates on a 
pair of tapered roller bearings mounted on 
a central vertical shaft. 

• Lubrication and cooling of the bearings are 
effected by an integral oil pressure system, 

The tu r bo ; o t o r assembly, which acts as 
a large gyroscope is mounted on a spherical 
bearing and is allowed the freedom of a very 
small angle normal to the axis. The gyro­
scopic precessional motion is coupled into 
the flying control system to give the vehicle 
automatic stability. 

In operatipn, air is drawn through a circular 
intake from the win3 upper surface and 
dir ctc J radially outwards through diffuser 
passages which form part of the wi11g lower 
structure·. 
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OPERATOR~ CAB LAYOUT 

1· 
II 

I 
E a ch e nclosure is furni shed with 

, a re in fo rced ple..xiglas canopy and I a bucke t se a t embodying safety 
har n e ss. Radio and intercom 
e q u ipme nt is insta lled a t the front 

rand to the right of the operator's 
c a b; electrical equipment is in­
s t a lled at the front and to the left r of the operator 1s cab, 

SHOCK MOUNTED 
INSTRUMENT PANEL 

ELECTRICAL PANEL 

} 

\ 
OPERATOR'S. SEAT 
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DIMENSIONS AND WEIGHTS 

DIAM ETER = SPAN 

GROSS WING AREA 

HEIGHT ABOVE GROUND TO TOP OF CANOPY 
'\ 

ASPECf RATIO 

111 IO ; NESS ,'CHORD RATIO 

MAXIMUM V.T.0.l. PAYLOAD 

M AXIMUM CAPACITY PAYLOAD 

MAXIMUM FUEL CAPACITY 

MAXIMUM GROSS WEIGHT FOR V.T.0.L 

EM PTY WEIGHT 

TAKE -O ff WING LOADING AT MAXIMUM 

GROSS WEIGHT FOR V.T.O.l. 

PERFORMANCE 

SPEED AND CllMB 

MAXIMUM SPEED AT SEA LEVEL 

RATE Of ·cll!,IB AT SEA LEVEL 

CElliNG IPROVISIONAl LIMIT) 

PERFORMANCE CURVES SHOWN ON PAGES 18, l 9. 

3 J69-T-9 
TURBOJns 

18 FT. 

25 ◄ SQ. FT. 

4.8 FT. 

1.27 

20% 

2,020 LB. 

3,000 LB. 

177 U.S. GALS. 

5,650 LB. 

2,6W LB. 

22.2 LB. / SQ. FT. 

225 KT. 

◄ ,500 FT./MIN. 

10,000 FT. 

PERFORMANCE CONr'D 

RANGE PAYLOAD 

PA YlOAD !LB.) 

RANGE AT SEA LEVEL IN. MILES) 

RANGE AT 10,000 FT. IN. MILES) 

PAYLOAD (LB.) 

RANGE AT SEA LEVEL IN. MILES) 

RANGE AT 10,000 FT. IN. MILES) 

MAXIMUM FERRY RANGE WITH SPECIAL 

TANKS (CRUISE AT SEA LEVEL) 

CREW ALLOWANCE 250 (LB.) (N. MILES) 

HOVERING 

SEA LEVEL STANDARD DAY 

6,000 FT., HOT DAY 

fPAYLOAD 1,000 IB. 0 llMITED BY FUEL CAPACITY 

) 

.3 J69-T-9 
TURBOJETS 

V.T.O.l. S.T.0.L. 

2,020 

105 

l 15 

1,700 

1 ◄ 0 

17$ 

HOVER 

HEIGHT 

FREE AIR 

12 FT. 

3.5 FT. 

FREE AIR 

12 FT. 

3.5 FT. 

MAXIMUM 

PAYLOAD 

ILB I 

2,020 

3,000/ 

3,000/ 

650 

3,000/ 

3,000 I 

3,0001 

130• 

570 

HOVER 

DURATION 

(MINS.I 

28 ♦ 

"" ♦ 

57 l 

/LIMITED BY CARGO CAPACITY 



AVROCAR-HOVERING PERFORMANCE 

10,_000. ·1 --- 1 -··---· 

• ·-- - _--

8,000 ,_____. _ _ 
~~~~~~~s . M: -~;iui_·;~iE·; - i _--_- +--i 

i------t-"-L-r --- 1· -- ·-·r 

;;;[' 6,000 
.... 

0 
< 
0 

.. >-
~ 4,000 

. I 

I. 
I 

' DISCRETE NOZZLES 

FOR FREE '. AIR HOVERING 
I ··- --· · -·-· - -- · 

I -- -- ---
1 

i I 

I MAXIMU~ CAPACITY 

6,006 FT. 90°F. CONDITIONS 
2,000 I------+-- FOR ·3 J69-T-25 1 : I - ,-7 . 

- · -· ··- l J69;' :•-]j _ _ l' I . ---1 I --] - L .. 
0 0.2 0.4 0.6 0.8 . 1.0 1.2 

HEIGHT ABOVE GROUND IN SPANS 

STATIC LIFTING PERFORMANCE 

i 
I 

BO ·------ ···--- - -

i 
i - .. t 

0 '----'-----'----'--
0 0.2 

• • ·•··•··· - · · ·-----·- · ·l 
I i ; 

. ... l ._____ I 

VARIABLE POWER PAYLOAD 1,000 LB. 
; 
I MAXIMUM FUEL I , 150 LB. 

MEAN AUW. 4,395 LB. 
., ·t· ----- -

1 
SEA LEVEL STANDARD CONDITIONS I 

. ·· - - 1-·· - ---- .. - - - - ··· r 
I 
I 

i 
DISCRETE NOZZLES FOR 

FREE AIR HOVERING 

-- ~ ! • -~--i---
_ __ , _____ - --

-~__._____.__I -· 

0.4 0.6 , 0.8 1.0 l.2 

HEIGHT ABOVE GROUND IN SPANS 

HOVERING ENDURANCE . 
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AVROCAR-FLIGHT PERFORNJANCE 

~ ! 
(CLIMB AT M = 0.25) 

/ 20J)00 • 

AIRCRAFT WEIGHT LB. / / j 
5,000 / / ! 
6,000~ . / / • 

7,ooo~ ~ ' / / /ooo ;::- i 

"'· / ,' ' I ~ \./ I I • § 

i 

. ·--~-- .. - - . 

' 

AIRCRAFT WEIGHT LB. 
5,000 

l!,000 

7,000 

I 
. _ __ ___ 1 •. 

--····----·-+ - ------ • 

\U 
; I' ' ~, 

I I I I ;:: 
- - ------- ...,;---...-10,000---e,.t....__ 

U I -Tn­

I 
I 
L .. 

6;000 

• II 
111 
\11 
111 

5•000 -- ·- --· SPEED LIMITATION 1 \I I l (PRELIMINARY) "-....: It I 
, ~ Ill 

__ __ ! - . . ~--- J _ ______ --- - I . __ ,. ___ .'. __ _ _ I -1~ ~H I 
3,000 0 100 200 300 

RATE OF CLIMB FEET/ MIN. TRUE AIRSPEED KNOTS 

SPEED AND CLIMB 

a;i 
.::: 2,000 

0 
< 
0 

~ 
A. 

- 1,000 

i I 

MA><IMUMV.T.o.l. PAYLOAD _ 

j 

! ... . 
I 
I 

• i 

I 
.. 

I 

) 

-- -,---J __ -____ _ MAXIMUM FUEL CAPACITY 
' (NORMAL TANKS) 

I 
I 

I 
SEA .LEVEL STANDARD CONDITIONS 

.__ _____ I --- _I ___ ___ ! - - - -~- __ J --
0 50 100 150 

RANGE NAUTICAL AIR MILES 

RANGE VS. PAYLOAD 



CARGO STOWAGE ARRANGE~JlENT 
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The Avrocar features a small- turborotor asfembly 
with tip mounted turbine. The exhausts from the 
three J69-T-9 turbojets impinge upon the turbine tip 
to drive the turborotor, thus eliminating the use of 
gears and clutches. The turborotor is installed in 
the center of a capacious circular planfo1·m wing. 
Control for hovering and forward flight is effected 
by directing the mass flow from the turborotor 
through a Si?!"ics uf radial ducts in the main structure 
to an annular nozzle at th~ wing tip. 

Because of the simplicity of operation, the annular 
nozzle produces a unique VTOL characteristic par­
ticularly favourable to operation near the ground, 
powerful control and high maneuverability and avoids 
the adhesion complication experienced on other VTOL 
craft which employ a downward central jet. 

Because it is a wing, the Avro·car acquires aerody­
namic lift in forward flight and is capable of moderate 
speeds and altitudes. 

Multi-engine reliability is provided by the three 
turbqjets installed in the three segment structure 
thus providing ease of maintenance, repair and 
overhaul. Noise and ground disturbance are low 
because of the moderate exhaust velocity and spread­
ing ground jet. The vehicle illustrated is a smalle1· 
version than the A VROCAR I and is powered by 

_three Palas turbojets. 

---------· --· ---------

l 
40.5 IN. 

------------ 16 FT.------------1 
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DIMENSIONS AND WEIGHTS 

DIAMETER = SPAN 

GROSS WING AREA 

HEIGHT ABOVE GROUND TO TOP OF CANOPY 

ASPECT RA TIO 

THICKNESS/CHORD RATIO 

MAXIMUM V. T. 0. L PAYLOAD 

MAXIMUM CAPACITY PAYLOAD 

MAXIMUM FUEL CAPACITY 

MAXIMUM GROSS WEIGHT FOR V. T. O. L. 

EMPTY WEIGHT 

TAKE · OFF WING LOADING AT MAXIMUM 

GROSS WEIGHT FOR V. T. 0. L, 

PERFORMANCE 

SPEED .AND CLIMB 

MAXIMUM SPEED AT SEA LEVEL 

RATE OF CLIMB AT SEA LEVEL 

CEILING (1,000 fT./MIN.) 

PERFORMANCE CURVES SHOWN ON PAGES 2',25. 

3 J.34 OR OR ENDA 
P,S.16 TURBOJETS 

30 FT. 

' 706 SO. FT. 

6.-4 FT. 

1.27 

18% 

8,200 LB. 

20,000 LB. 

735 U. S. GALS. 

21,700 LB. 

10,0.'i0 L8. 

30 .7 L8./SQ. FT. 

-425 M.P.H. 

7,200 FT./MIN 

21,000 FT. 

PERFORMANCE CONT
1 

D 

RANGE PAYLOAD 

PAYLOAD (LB.) • 

RANGE AT SEA LEVEL {MILES) 

RANGE AT 20,000 fT. (MILES) 

l 

PAYLOAD (LB.) 

RANCE AT SEA LEVEL (MILES) 

RANGE ".'T 20,000 FT. (MILES) 

MAXIMUM FERRY RANGE WITH SPECIAL 

TANKS (CRUISE AT 20,000 FT., 

CREW AUOWANCE 500 LB.) 

; 

' . ! 

) 

3 J-3.4 OR ORENDA 
P.S, 16 TURBOJETS 

V.T. O.L S. T. O. l. 

8,200 20,000t 

175 175• 

210 

6,SSO 

280 

355 

1,000 1,600 

HOVERING ·, HOVER MAXIMUM HOVER 

HEIGHT PAYLOAD DURATION 

I (LB.) (MINS) 

$EA LEVEL, STANDARD DAY FRE( AIR 8,200 3H 
21 rr. 20,000t .SH 
6 FT. 20,000t 68 i 

6,000 FT., HOT DAY FREE AIR 3,500 

21 FT. 13,500 

6 FT. 20,ooot 

• PAYLOAD 8,000 LB. "LIMITED BY FUEL CAPACITY fllMITEO BY CARGO CAPACITY 



) 

30,000 

co ...., 

Cl 
< 
0 ..... 
>- 20,000 < c.. 

HEIGHT ABOVE GROUND IN SPANS 

HOVERING PERFORMANCE 
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7 l r ·-------- - --------, 
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AVROTRUCK AND AVROCOACH - FLIGHT PERFORMANCE 

% POWER SHOWN © 
.------.----,---..---'i_.Q,OOA--v-.---...----,----,,----,.--,.--,----.---,--...., 

l-----+--+---+---10,000 --+---+---+---t--+----1 --+----+---+---I 

-- - --+--+---+---1----1--+--+----l----i 

10,000 5,000 0 100 200 300 400 500 

RATE OF CLIMB· FT /MIN SPEED - M. P.H. 

SPEED AND CLIMB 

-cci 
:=. 
0 
< O 10,000 
.... 
>-
~ 

0 

roorc,r. 

MA . vm 1 
PAYLbA 

200 300 

RANGE STATUTE MILES 

RANGE VS. PAYLOAD 

• . 

400 



(~·,"t. I ' "" ("' ' •:·•\" / • ~ ','" I •-..~ ~:• t !; ·:\ : '"\ 

l ,._ ., :i _ .... . _. 
'."' t~ 

i ! --------------,-----------------------,-·· . , ' ... . 



) 

DIMENSIONS AND WEIGHTS 

DIAMETER= SPAN 

GROSS WING AREA 

HEIGHT ABOVE GROUND TO TOP OF CANOPY 

ASPECT RATIO 

THICKNESS/CHORD RATIO 

MAXIMUM V. T. 0. l. PAYLOAD 

MAXIMUM CAPACITY PAYLOAD 

MAXIMUM FUEL CAPACITY 

MAXIMUM GROSS WEIGH'!' fO;; V, T. 0. l. 

EMPT Y WEIGHT 

TAKE· Off WING LOADING AT MAXIMUM 

GROSS WEIGHT FOR V. T. 0. L. 

PERFORMANCE 

SPEED AND CLIMB 

MAXIMUM SPEED AT SEA LEVEL 

RA TE Of CLIMB AT SEA LEVEL 

CEILING (1,000 FT./MIN.) 

PERFORMANCE CURVES SHOWN ON PAGES 2-',2S. 

3 J.34 OR ORENDA 
P.S. 16 TURBOJETS 

30 FT. 

706 SQ. FT. 

6.-' FT. 

1.27 

18% 

8,200 LB. 

20,000 LB. 

735 U.S. GALS. 

21,700 LB. 

10,050 LB. 

30 .7 LB./SQ, FT. 

-'2S M.P.H. 

7,200 FT./MIN. 

21,000 FT. 

) 

PERFORMANCE CONT'D 

RANGE PAYLOAD 

PAYLOAD (LB.) 

RANGE AT SEA LEVEL (MILES) 

RANGE AT 20,000 FT. (MILES) 

PAYLOAD (LB.) 

RANGE AT SEA LEVEL (MILES) 

RANGE AT 10,000 FT. (MILES) 

MAXIMUM FERRY RANCE WITH SPECIAL 

TANKS (CRUISE AT 20,000 FT., 

CREW ALLOWANCE 500 LB.) 

HOVERING 

SEA LEVEL. STANDARD DAY 

6,000 FT., HOT DAY 

i 
♦ PAYLOAD 8,000 LB. 0 LIMITED BY FUEL CAPACITY 

) 

3 J-34 OR ORENDA 
·p,s. 16 TURBOJETS 

V. T.O.L. 

8,2DO 

175 

210 

6,550 

280 

3SS 

1,000 

HOVER MAXIMUM 

HEIGHT PAYLOAO 

(LB.) 

FREE AIR 8,200 

21 FT. 20,000t 

6 FT. 20,000t 

FREE AIR 3,500 

21 FT. . 13,SOO 

6 FT. 20,000t 

S. T.O.l. 

20,000t 

175• 

1,600 

HOVER 

DURATION 

(MINS) 

3H 

SH 

68 ♦ 

tUMITEO BY CARCO CAPACITY 



VEHICLE 

It was estimated that an Avrocar powered 
by J69-T-9 engi; e s could be built and r e ady 
to fly within twelve months from the date 
of contract. A program with this objec~ive 
was iniHated by the Company in February 
19 58 and is proceeding according to schedule 
under US Government sponsor ship. /---~ 

/ 
r.:, 
.. ,., 
• ..,... ,_-.It,, • 

The Avrocar, the smallest of the AVRO- .... .......... .. ~.--- •· . . . . 
MOBILE family, is sel~ed for initial .. .. .. .. •:"·:· .. :.~.:t'. '"••·:,-,,1,:·•'.··, .'..- , / . ,s1·;•,·· •: :- ·:·. ' ' ' · , , ." . . ... _' :.· . 

, .. • -~~•{ f ; (.fi-1,4.., ' , . • ' . ', • I , , • . 

d e velop1nent as a research icle for:·-· .. -· - ~ ~ -----·--.. --~- - ·--: --- ·- -· ··- ---·---- • · ' i 'h .... , •• • • • 

reasons -of e conomy in time ;tnd.. co ~J- -J_t.:..:::::::.- ~ .-~. 
would nevertheless demonstr/te tl!-<.-sofind- ·•._, -------._ '-._ ... • . . 
ness of the basic design conc'cp l,i/ ··"', ·~, 

\ I.\ ' ~1/ .. ~ 
The J69-T-9 has been chosen' to 'p? we~ the . • • " · ', ' · - -- .. .. . ______ )1/ 
prototype vehicle because it is bes·t-~_~ited :,,, \..__ • J • · Y 

fro~ both the design a~d avai~ability poi'nt-~~~ ~ -- -,____..........' _/ ·· 
of view. These engines will enable the ~ --- ·-·: 1:: ~;;,,:•.r.:-,.. ____________ _ 
vehicle to ·rise vertically off the ground • ., .... ~ ------•-··•· -

carrying a payload of about 2, 000 lb into 
free air. 
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VEHICLE MANUFACTURE 
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