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Editorial
IN VIEW OF THE FACT that one day last month th e National
and Overseas Pre ss c ontained an item conce l'ni ng a n
Auster which to ok off, unoccupied, and flew around for
some on e-and-a-half h o urs until th e petro l was exhausted,
rea ders wi ll probably b e looking for some comment on the
e pisode within these pages, Actually this matter received
world -wid e announcement, so that no further comment is
reall y necessary. It is significant thou gh to note that an
Auster can "fly itself," and that the rigging of the machin e
in ques tion was obv iously perfect.

A comp lete ly different subje ct, which has not r eceived
s uch ,"vide publicity, is the obvious interest in avia tion
which is being developed within the sc h ools of to-d ay,
Children are being asked to write essays on vari ous topics
concer ning aviation, and many of th ese c hildren are con
tacti ng aircraft manu fact ure r s an d other authorities for
in form ation . This is a good sig n, and is certainly something
to be encouraged as far as possible . After a ll, the children
of to-day ar e the technicians, pilots and operators of
to- morro w ... , .. there will even be some who will eventually
co ntr ol avi ation from within the Government 1

The Press is most welcome to utilise subject matter from the
Aircraft News in wha tever man ner it may desire with or
without acknowledgement. The Editor will also be pleased
to be ad vised of any items suitable for inclusion in a future
issue. and to receive photographs of Austers and th ose
who fly in them.
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A Man and his Number
wh en they hear som ebo dy talking of a
" Ma ch numb er," think that the S cots mus t ha ve so me
qu eer telephone syste m? How many, too, ask, "What is
a ]Vlach number ?"
Probably most peopl e just d o n ' t both er about either, and
the number of people who a sk, "What is, or was, a Mach ?"
mu st certainly be neglig ibl e , yet, with the a dvent of high
speed aircraft, th ese thin gs are som ething whi ch we ought
to know a littl e about.
Actually, a certain physic ist, who died thirty-five years
ago in Munich, at the age of seve nty-eig ht, might b e mos t
annoyed if he kn ew why his surn a me is now in common use.
Profess or Ernest Mach would find that hi s fame rested,
not on the philosophy of science whi ch he loved, but on an
ordinary common term used to express the speed of aircraft
in th ese hustle and bustl e days.
Th e expl"ession is " b1.ach numbel"," and M ac h is usu a lly
pronounced " Mac" or "Match," though th e correct pro
nunciation should be "Mock. "
The bearded ge ntleman
would no doubt hate the twis ting of his surname just as
much as h e would hate all the rest of this present high
speed era.
A M ac h number is th e ratio of the speed of flight to th e
speed of sound . A Mach number of 1 is fli g'ht at the speed
of sound, a speed twice that of so und would be Mach
nu mber 2, whilst Mach numbel" .5 is half th e speed of sound.
An air craft h avi ng a t op speed equal to that of s ound is
known as a Mach 1 aircl"aft.
Mach 1, the speed of sound, is 761 miles per hour. though
not always . H er e the s lide-rul e ex perts will b egin to get
awkward and quickly point out that th e speed of sound
vari es according to th e temperature a nd d ens ity of th e air.
Th e speed of sound I,' 761 miles per hour at sea Jev el at a
t e mperature of 59 degrees . As the aircraft flies higher,
within limits , into cold, thin upper air, the slower so und
tra vels.
The Mach number is important beca use pilots and
d es ign ers are more interes ted in the proximity of their
aircraft to the so- called sonic barrier than they are in
gro und sp eeds . The sonic barrier, re ached when a n object
HOW MANY PE OPLE ,

2

attains the speed of sound, consists of air piling a h ead of
the mo v ing object. Shock waves are formed, and th e
object is s ubjected t o severe stress. One way of splitting
the sonic barrier is illustrated by the sweptback wings of
jet aircraft.
There were n o jet aircraft when Ernest Mach first look ed
into the ratio between the flow of gas "and the speed of
sound-in fact there just weren't any a ircraft at a ll. The
ratio that was to prov e so useful was born al:o und ]880,
some fiftee n years before the first flight of th e Wright
broth ers .
.lYlach, then a p rofesso r of physics at Prague Univ ersi ty ,
and a Professor Salcher, of th e Marin e A cad emy in Fium e,
carried out ex p eriments with cannon shells. Assisted by
th e Royal Austrian Navy , they to ok some eighty photo
graphs of shells in fli ght. Fired at different muzzle ve lo ci ties
past metal plates of a condenser atta ched to a L eyden jar
(battery), the shells took their own high-sp eed photographs
by causing the discharge of sparks.
In discussing th e visible sho ck waves produced by the
shells in the early Schlieren photograph s, Mach comme nted
th at sound waves from the end of a rod moving through
fluid would "have as an envelope a cone." From thi s
analysis ca me the t erm " Mach angle," w hi c h scientists
used in their papers until it e nd ed up as Ma ch number,
about tw e nty years a g o.
M ac h' s life was not a qui et one, although acad emi c.
H e ex pressed stron g opinions against various scho ols of
physics and philosophy. His own id eas on th e nature of
space, tim e and motion were the basis of a mo ve ment known
a s "positi v ism. " It i s a lso said th a t Mach' s philosophy
influenc ed Einstein.
In hi s earlier d ays Mach was considered a "slow " boy,
and it was not until his father, who had be en a tutor,
wh e tted the boy' s interest in sc ien ce with simple experim e nts
at home, that he began to make progress in mathem a tics
and science . An experim ent which sp ecially intrigued him
co nsisted of pushing tumblers into a tub of water to show
the pressu r e of the air captured in th e glasses. So began a
study w hich was to include, in 188 9, the first photographs
of su p erso nic air jets.
Mach would believe that his name has to-day been used
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in connection with work that was comparatively trifling,
vet it is certai n that his name will continue to be uscd more
; nd more freq uently. This is at lea st true of the English
speaking world. j\1.ach does not lack the Russian dis
intere st which usually indi cates a scientist' s pl'e-eminence
in his field. In Russia the term is often "Bairstow number"
(after Prof. Leonard Bairstow, an English aerodynamicist)
ins tead of jVlach number. One of the people with whom
Mach differed philosop hi cally, you see, was Nikolai Lenin.

A Mid-Winter Tour to the
Mediterranean
FOREWORD
ISSUE of the NCWJ we reproduced a letter
received from Group Captain R. A. jVlcJ\1urtie, D .S .O., D.F.C.,
in which h e promised to let us have an acount of his proposed
midwinter flight: to the Mediterranean. Since then both
Group Captain Mcj\1.urtie and his wife have very kindly
submi tted theil' own individual stories . In vievv of the
fact that both of these can not be included in this issue, it
has been decided to publi sh Mrs. G. M. McMurtie's
acc ount, in two parts, and to punctuate this by additional
remarks made by Group Captain jV1cM urtie. It is fel t
that, for a change, it might be a goo d idea to give the
passenger's viewpoint. jV1rs . l\1cMurtie entitles her acco unt:
IN THE fEBRUARY

THE TALE (TAIL) OF "ITEM WILLI E"
PAin I.
IF THE flACK-SEAT PIL OT may presume to t ell t he tale, here is
what happened to "Item Willie" and the three who flew
it in seal'ch of sunshine in January. We planned to fly
across France, down the J\1editerranean coast of Spain to
Gibraltar, and thence to jV10rocco: but the best-laid plans
of mice and men .. ....... . . .
In France we we re greatly impressed by the kindness and
fr iendline ss of everyone we encountered; and their great
desire to be helpful was only equalled by their almo st
complete lack of knowledge of conditions at airfields other
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than th eir ow n. This latter point was the ca use of Our
flyin g to airfie lds which (a) no longer existed at a ll , (b) had
been blitzed and never repaired or re-opened, (c) were
co mpl e te ly wa t er-logged, and (d) had no petrol. All this
com bin ed t o give a n Alice-in- W onderlat' d touch to our
trip; one never kn ew what to expect next. Ho vvever, the
un expecte d is perhaps the "essence" of a rea l holiday.
1 think all our difficulti es, a nd certainly our only seeious
ones, ca me under the hea din g of lPeal/7 et" Cond/liono. I had
imagi ned th at once across the C ha nnel we should I eav~
behind th e fogs , ga les, and toeee ntial rains of our native
la nd, and a lmos t at once e meege into suns hine and cloudl ess
s ki es; but see how t he ta le unfo ld s itse lf.

Firsl Slap in Fran ce.
Group Cap /ain and Mrs. McMurlie clwll ing
with Ihe Cusloms Officer (avec bicycle/le) wh ilst "flem Willie"C is
refuelled 01 Renne., (51. Ja cque).

Nev ill e Rogers, owne e of "Item Willie, " flew do wn to
Southampton a lone, theoug h fog, ga les, and low clo ud s.
N ex t day h e picked up hi s co-pilot and back-seat pilot and
we left in bright s un sh ine. "This is i t, " I thought I From
Southampton to Cherbourg the sun s hone and the wea ther
was good; t he Channel ships heaved their way th ro ug h the
white horse s below us. We flew through a patch of dense
cloud and I watc hed, fascinated, as ice formed and built
up on our leadin g edges and made our windscreen lik e those
frosted bathroom windows .
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With a stop for lunch and refuelling at Renn es , we reached
Niort in the late afternoon. There, fog clamped dO 'wn and
we were obliged to kick our h eels and wear out our shoe
leather on its cobbled streets for two-and-a-half days.
After getting bogged only once ta xy-ing out, we were off
at the first possi ble mome nt. From Niort we beat and
bumped our way south over hilly ground towards the
Toulous e gap, landing at Bergerac and Toulouse (Blag nac).
The s now-covere d peaks of the Pyrenees formed a solid
barrier to the south. W e were by now pressing on hard
in the face of strong h ea dwinds, patchy low cloud, and the
shades of night, towards the Mediterran ean and Perpignan.
Of Niort , Group Captain /l1c.dfurtie JayJ:Tbe airport nIan a.ger anJ hiJ ,J1Jter were mOJt frlenJly anJ
belpful/ ou rd wad, I tbink, the only aircraft tbey baJ ,}een for
weekd. Tb cre had been another BritL}b one in December, but
we g atbered, and it Wad confirmeJ l aler, tbat Frencb ligM aircraft
go to grounJ for tb e ",inter. Our mOJedt lanJin.g fee of approxi
mately one dbi LLi!1fJ a J ay wbicb, if I remember rigbtly inclllJeJ
bangarage, co ulJ /?a(Je done liuLc to Jefray lbe expende of keeping
tbe airfieLJ open in ,v/nler. Tbede JmaLL cba rged we found applieJ
to aLL Frencb a irjieldJ , an d our own //:finidtl:y Inigbt weLL conJiJcr
tbid poillt dinee, ill rdurn, we cbat:ge (Jery much more.
Of airfieldJ in generaL:
We bad by tbid tim e diJcopereJ that a "SbeLL" airfield liJt
(VaJ [be beJt j'orm of briefing we coulJ ba(Jc,' if tf,iJ liJt dboweJ an
airfield waJ open, tben open it waJ, and ow' Camet wad Ollr padJPort
to frienJly de!'(Jice.
Of TOlllollJe:
Ibi J, our fOllrtb dtOp in .P1·ance, waJ tbe jirJt place wbae we
daw anotber aircraft eitb er 011 tbe grolllzd or in the air.

Soon after passing Carcassonne th e two pilots decided
it might be possi bl e to take a short cut, in the gathering
dusk, over the foothills of th e Pyren ees. Vlith this in
tention we fl ew up a rising and narrowing valley towards the
mountains, but found the clouds were right down onto
t hem. As I tried rapidly to make my peace with my Maker,
the pilot turned back down another valley away from the
mountains and, as it widened out around and above us, I
breathed again . After going the long way round we finally
reached Perpignan.
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Next day we were off again over the border into Spain.
With the brilliant blue of the Mediterranean on our left,
and range upon range of snow-capped mountains on our
right, we flew south.
We were beating into terrific
headwinds, and Hew over the sea most of the time, as, over
the olive groves on the hilly ground near the coast, it was
extremely bumpy.
And so to Barcelona, the great seaport and industrial
city. None of us spoke Spanish and none of the Spaniards
we encountered spoke English, but most of us spoke some
French, and so that was our common lang'uage. We
stayed a night in a comfortable hotel in the city ;nd ate a
late but hearty meal; the hotel dining-room did not open
till 9-0 p.m., by which time we were famished. \Ve found

The "Dol/ane" checked the fl/el going aboard at Perpignal1 (Llabeller)
before the flighl 10 Barcelona.

the people very well disposed towards us, though a surfeit
of policemen was noticeable and, for the only time on our
trip, our passports had to be taken by the hotel people to
Police Headquarters for examination.
By this time we realised that there was a great possibility
that the constant and very strong headwinds ,vould defeat
us, as, without long-range tanks, the distances between
airfields were too great. However, we decided to try, if
at all possible, to get to Valencia, Through the good offices
7
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of the Briti sh Consul we were given permission to land at
Rheus, a military airfield, to refuel. Here we caused con
siderable amazement to the crowd of Spanish troops who
quickly surrounded us. The back-seat pilot, to heL' great
embarrassment, caught her foot and dived head-first out of
"Item Willie" into the arms of an astonished Spanish
soldier, when alighting. None of the Spaniards spoke any
French, and so it was extremely difficult to explain that we
did not need petrol from them, having carried a pastic four
gallon bag with us in order to save co mplicatio ns. When
we proceeded to empty the bag into "Item Willi e's" tank,
they obviously realised that all they had heard about the
"mad English" was only too h·ue. Incidentally, the airfield
was devoid of aircraft-unl ess perhaps they quickly hid
them in the hangars before we arr ived I
An hour's flying further south, when we were reaching
our point of no r eturn and were not nearly half-way to
Valencia, we reluctantly admitted defeat a nd turned back
again up the Spanish coast. Landing once mo re at Barce
lona we caused no s urpri se and, in fact. seemed almost to
be expecte d. Presumably they also thought that [he "mad
English" 'were quite unaccountab le . On the wings of the
wind we L'eached France a gai n, at dusk. The twinkling
lights of Perpignan passed beneath us and the airfield lights
guided us in to land.
N ext day we flew east along the Mediterra nean coast of
France. Almost all the way to Marseilles, mil es of salt
b eds la y beneath us. East of Marseilles the high ground
comes down to the sea in the manner so characteristic of all
th e Cote d' Azur. Looking inland from the coast the land
rises more and more steeply until it reaches the snow-covered
Maritime Alps, which form a spectacul ar horizon.
By the tim e we re ac h ed Nice we were learning a little
wisdom in the matter of how to spend-or how not to spend
- a ll our francs. So we did nol take a taxi and de mand to
b e driven to the "best" hotel. We went by bus and looked
around till we found a good hotel with reasonable charges.
Surprisin g though it may seem, we lived more reasonably
at Nice than a nywhere else in France.
At Nice we attai ned our object of finding the sunshine.
The sun shone brilliantly , the sea was inten sely blu e, and
th e mimosa was just coming into bloom . Bill it w as cold!

8

/

Winter woollies a nd greatcoa t s could not b e discarded,
although the m e n of our trio n eede d dark gla ss es a ll the
tim e . Our SlImmer clo th es lay unused i n th e bottom of our
b ags. We fo und the co mbin atio n of bri ght sunshine and
coo l air most invi go rating. We ate enormously at amusing
littl e restaurants we found; we walke d a great deal, and
w e all fe lt v ery f,t .
vVe e xplored other famous pla ces along the Rivi era:
Cannes, with its lovely harbour ; Antibes ; St. R a pha el,
where th e damage caused by inva s ion was still v ery eviden t;
J\1ona co, with its Prince's Palace a nd its comi c- opera
policemen in the fa scin at ing old walled city perched hi g h
above th e harbour. And JY10 nte Carlo we liked very much.
I was am azed and som e\.v hat aw ed by th e heavy air of

"!r em Wi!1ie" al Nice Airj7eld, where il fva s parked during Ihe slay at
(h e COl e c{ 'Azur.

resp e ctability of its famous Casino. On e felt one must say
"Pardon " if one inadvertently dropp ed an " h" in its
vast chambers.
On e day we 'we nt up into the M ar itim e Alps to V a lberg,
where w inter sports were in full swing. It was a U very
colourful, and the d ee p snow, with its blue shadows, a nd
the e n c irclin g mountai~ s attracted us grea tly. \Ve found
w e co uld h av e stayed t h ere ve ry r easonably bul ou r clothes
w ere cho se n for flyin g to JVlol'occo and not winter sporting
in the Alps; so w e relu ctantl y left Valberg.
Afte r t en days at Ni ce w e s tarted back lip north . And
here agai.n wealher be came the main issue. W e delayed our
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departure for twenty-four hours t o allow the Mi stra l ,
blo wing at 40 m.p.h . down the Rhone Valley, to die down.
A t my re que st we were returning via the Rhon e Valley
d espite th e mutterings of our R.A.F. type a bout it b eing
"the graveyard of French aviation." An houl" or tw o later
I co uld see what he meant. B y that time we ha d descended
10'vver a nd lower over the river, with the clouds covering the
tops of the mountain s which e nclose thi s n arrow valley.
We overshot J\tlontelimar airfield, where we shou ld h a v e
la nded to refu el, and w e la nd ed instead a t V a len ce -Chabe uil,
a sma ll fl yi ng club, a nd replenished an almost empty tank.
(con tinued on page 16)

Indian Air Force Eighteenth Anniversary
India 's Auster Concessionaire, re ports t hat the
Indian Air Force Display held a t Willingdon A erod rome on
the occasion of their eighteenth a nniversary was a most
excellent a ffair. In the ex hibition se ction Au sters a nd
other aircraft attracted mu ch attention, and evidence of
thi s ca n b e see n from th e folJowing photographs.

MR . SU N DRA,

An Auster of the indian Air Force being scrutinised by a sectioll
of the crowd.
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Visitors millillg aro und, and in, aircraft lined up all Willingdol1 A.erodrom e

f.A.F. police stand by while visitors throllf{ aro l/lld th e Exhibition lellis

Service Bulletins
of S ervice Bull etin No. 19 in the April New.},
there have b een no furt he r deve lopments or servicing
hints to announ ce.

Sl1\CE THE ISSU E
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Ph)'! Weir
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Auster Personalities
No.9.

PHYL WEIR

FEYL WEIR, a member of the Denham Flying Club, is a girl
who holds a pilot's lice nce, yet, for some reason, seems to
prefer parachute jumping. She was a pupi l of T. W.
"Dumbo" Willans. On her first jump, lack of nerves
would hav e done credit to far more seasoned parachutists;
she jumped from 1,500 feet and hit Denham airfield d ead
centre. On that first occasion A. J. Harri s on was dl'opped
to check drift for her.
Phyl's initial d rop ,vas made from a Dragon because it wa s
necessary to carry a pa r achuti st "drifter" and an instructo r,
but all subsequent d ro ps h av e, and will be, made from an
Au ster Mk. 5. The Mk. 5 is c onsid ered to be th e best
ai rc raft for parachuting at D e nham, and it has been selected
becau se of its c omfort, excelle nt downward visibility when
the starboard door is removed, its slow-Dying c haracter
istics and good exit.
As a relief from parachute jumping, Phyl works as a
clerk in a London Insurance Office, although perhaps, on
second th oughts, the converse applies. In any eve nt the
two would app ea r to go hand-in-hand !

Starting Up Light Aircraft
NOW THAT THE MAI N FLYING SE ASON i s upon us again it is
perhap s an opportune moment to r epeat th e conte nts of the
1Vlinistry of Civi l Avi a tion Information Circular No.
96 / H)50, which deals wit h th e starting of light aircraft.
1. Since June, 1948, three accidents to light civil aircraft
have been caused by lack of care on the part of the pilot
when starting up. The following fe atures are common to
all three acc ide nts :
(a) The engine was started by hand- swinging of
the prope ll er.
(b) The cockpit was unattended.
(c)
The whee ls were not chock ed.
In addition, two of the airc raft were not fi Hed with a
parhng-brake, and in the third th e parking-brak e failed.
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On each occasion the aircraft could not be prevented from
moving forward when the engine started, with the result
that the aircraft was extensively damaged.
2. In the most recent case the pilot was convicted for
operating his aircraft in a negligent manner in contra
vention of Rule 10 of Schedule II to the Air Navigation
Ot'der, 1940, and 'was fined £10.
3. Having regard to these facts, pilots are reminded that,
other than in exceptional circumstances, aircraft engines
should not be started unless the cockpit is occupied by some
one capable of stopping the engine in an emergency. At all
times during starting operations the wheels of aircraft not
fitted with a parking-brake should be suitably chocked,
and on other aircraft the parking-brake should be used with
addition of chocks where possible .
1. Although these measures are particularly important
when starting an aircraft engine by hand-swinging of the
propeller, the use of chocks and parking-brake is equally
desirable when s tarting aircraft engines from inside the
cockpit.

Puzzle Corner
WHAT IS IT?
PHOTOGRAPH is of something very well known, but
hazard a guess at it before looking at the answer on page 16.
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A FRAME-UP?
a certa in a mount of doubt in geom etry
when combine d with a pair of scissors . For e xampl e,
try drawing a squal'e 8 inches by 8 inches. which, according
to m ost ac cepted th eories. gives an ar ea of 64 square inch es.
N ow cut th e square into four pi eces. as sho'wn in Figure 1,
and arrange th e m as shown in Figure 2. Obviously the
s hape is no longer square . Howeve r, m easure th e s id es
(or count the squares) and they will be found to be 13 inches
THE RE SE E MS TO BE
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Fi g u re I
Figure Z

by 5 in ches. Now get out a slide -rule, s e ven-fig ure book
of log tabl es. m echani cal calculator or comprehensive r eady
reckoner and it mi ght b e conclude d that th e a re a is 65
squar e in ches. Of course many b,·illiant mathematici a ns
can work out such problems in th eir heads , but we ordina ry
mod:als are often dubiou s about this mental arithm etic
busin ess. Now it may not worry you unduly, but it must be
admitted that for 64 square inches to grow into 6 5 s quar e
in ch es for no appar e nt reason is something a bit qu ee r.

In Lighter Vein
I LIK E WORK,

it fascinates me, I can sit and look at it for

hours . ~J erome

Je

J erome.

JT' S A GOOD THING to g iv e credit whe re credit is du e , but i t is
far better to be pa id in cash.
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jVllD-WINTE R

TOUR (continued from page JO)

vVc were cleared for "visua l" flight to Lyon (Bron), but
by the time we h ad flown f urther on up t he vall ey to Lyon
the vis ibili ty was extremely poor. We knew we were
bo und to locate L yon if we fl ew just over t he river all the
way and so, in fact, we did; but t hen to End t he airfield out
sid~ t he city was not so easy. W hen we had circled all
round Lyon and failed to find it in t he murky gl oom, we
ca lled t h e Control Tower and to ld them we wer e over a
race track on which we had made o ur approac h, th inking it
was t he a irfield. Th ey then kept unseen airliners stacked
up above us w h ile we came in under V.F . R.
(To be concluded )
Pu zzle photo allJwer. - The p hotograph was taken by Ranald

Porteo us from an AUTOCRAT when Hy ing almost directly
over th e crater of the volcano V cSllvius.

"S"

WEYBRIDGE

• 119 htj ld the best
come to the worst?

SAFETY

F4BRIC COVERED

AN'D SHEATHED

CELLULOSE
SHEET COVERE D

STRENGTH
Have it preserved,
packaged and pilfer
proofed by

..

COVER I NG

SERVICE
The Weyb r idge . S' Covering is undoub t edl y the
finesl f inish avai lable fo r wooden p ropellers .
The'S' Coveri ng gives the tho roug hl y efficien l
Weybr idge b lades ex t ra strength to go on giving

PACKALL LIMITED

stays' airworthy' t h rough constant flyi ng i n t he

worst conditions.

PAC K AG I NG

Another A irscrew 'Service to

Aviation .'

Old Humberstone Leicester
Tele phone

safe service for longer periods wit hout ma,nten 
ance .
t t seals out mois ture, resists abrasion anc

280 1 2

THE

AIRSCREW Co., & JICWOOD Ltd.
WEYBRIDGE, SU RREY .
T el: Weybridge 1600
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Crams: Airscrew . W~f b r i dg ..

,

,: rRRUS engint:s have
a lo n g: r c\': on~ I)f SU C<': ~'iS
in man y c.:oun[ril.:s ;l n d 111 a
g r~:l t varit:ry nf lig h t li rcra f .
nnd nrc: no\': ..; h ~ \\ ing
th e ir \vonh in rhe n ' v.:
light civil p lanes o ~~ng bu il t b:
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If you have any difficulty in obtaining supplies of Minix (A)
Aero Oils, or if you feel you would like to know more
abo ut the Ragosi ne Service an d the quality prod ucts of an
old-esta bl ished an d pioneeri ng organisation of lubrication
specialists-

Please write to

. GO INE OIL · . t d.
at
IBEX HOUSE, MINORIES, LONDON, E.C.3
or at
MINERVA WORKS
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