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TABLE OF DIME~SIONS FOR SUS, ENS ION BRIDGES.
I I

By LIEUT.J. E.SWINDLEHURST,RE (T.), .A. (Cantab.), A.M.Le.E.
I

I

THI~accompanying tt'bles have been comp ed with a view to pre-
senting in a readily u derstandable [ rm t ose details which it is
nec¢ssary to know b fore it ispossi Ie to Iconstruct a suspension

, ' I

brid,ge. I !

The minimum and ~aximum span, viz. :' -80 ft. and 200 ft., have
been chosen as repre~enting the more usual aps over which a bridge
of this type would ~e constructed, ut in 0 sense are they to be
taken as representing finality in thi~idirecti n.

The question of 4e number and size ofl the bays for any given
span is a very debat~ble one. One point owever must always be
borne in mind. To ~nsure an even" ress t OC'oughoutthe suspending
cable it is necessary to attach a sli% at its owest point. From this
it £ollows that an odidnumber of sh gs m ft be employed and con-
sequently an even l;1umber of bay must I result. This is a most
important po"int an~ must not be 1 st sig ~ of. The length of bai'
is usually determin~d by the lengt of t, e material available for
road-bearers, etc., t4e lengths sugg sted .' the tables being those
which have been p~oved by practi al ex erience to give the best
results in the span iunder consider tion.

Passing from this! point to the Ie gth 0 sling required it will be
noticed that in no cftse is the lengt of th : centre sling taken as less
than 3 ft., though ilt is in some ca. es mo 'e than this. The reason
for the variation is ito be found in he coli mn devoted to " Height
of Pier." For the purpose of this able t is measurement is taken
as the distance bet'teen the ground level 0 the bank of the gap and
the cap-sill on whi¢h the cables r st. I I has been established by
experience that it is!not practicable to giv' the necessary head-room
and to so attach th~ diagonal brae s as to Igive the necessary lateral
stability if the heig4t of the pier bless t an IS ft. Now since this
height is the sum ~f three measur ments namely, the dip, camber,
arid length of cent¥ sling, and the first t 0 of these for ap.y given
fraction of the spaq do not permit of var ation, the necessary addi-
tion must be brou§ht about by th lengt' ening of the sling.

Attentionisa,lso drawn to thelastt 10 col mns in each table, namely,
those dealing with Ithe length of c ble re iuired and the size of that
cable. In the for~er case suffici nt Ie ~th' has been allowed for
tJh.eturn round the! anchor log an< the s ~zingbut a slightly longer

I

!

I
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length may be' taken with adv ntage if the stores available willpermit of this .

. In the latter case it will be n ticed hat the size is given to the
nearest tin.; in practice,_ altho gh a large "factor of safety".is
I:mployed throughout, the next larger should be employed. For
bample, if the calculation gives he siz as 8'5 in. employ a 9 in.
' I t must be clearly understood hat a 1 these figures are based on
the supposition that due care has been xercised in the selection of
$ite, anchorages, etc., and that ateria of good average standard
Can be drawn on. The utmost c re sh uld be taken that nothing
of a doubtful nature is employed in the construction.

The formulre, etc., on which hese gures are based are those
given in the Manttal of Military ngine ring, Parts 3A and 3B, and
~ll results may be taken as accur te to he second decimal place.
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of Engineers, Australia.

BRAKESM

By LT.-CoL. G. F. WILKINSON,

THE accompanying plate and dr'll det il demonstrate the use of
~.E. tool carts for light bridging urpos s.

A bridge as described was const ucted by Lieut. C. ]. H. Keeley
during the training of Engineer einfor ements at Seymour, Vic-
t6ria. It was put together on dro grou d and pulled into position
by a team of six horses across a riv r of an average depth of 4 ft 6 in.
T t was used for the passage of infa try.

GENERAL P INCIP ES.

The bridge will J::>eformed by t e braI esmen of the double tool
cajrts and the G.S. waggons of Eng neer ompanies.
St9res.--Baulks, 5 ft. X3 ft., 18, 21 ft. in I ngth.

Chesses, ordinary R.E.
1~ashings, I~ 4-6 fathoms.

Prepare to Form Bridge.---Tool carts are li ed up in column of route,
full interval.

Prepare to Dismount.-Dismount, u

Brakesmen cf tool carts dismoun sides of tool carts.
Brakesmen of waggons on off an ides respectively.

U1iload Stores.-Brakesmen of tool carts isengage iron section of
tool carts and run back same ab ut 18 t. G.S. waggon brakes-
rpen unload stores, the near side man oubles round and covers
dff side man. Baulks are unload d fro off side of waggonand
placed on off side of tool carts, nearfside st res on near side, chesses
are placed three to each bay 0 near side. Two spare men
detailed as gear men place the lashing for baulks, poles, and
chesses, in their respective pOsitio1s.

Form Bridge.---Poles of rear cart are E1xtend d to full length. Baulks
are placed in position on top of tool~,arts, hich are held horizontal
to the ground to facilitate the las ing s curely of the baulks to
either- side guard rail. I

The poles are lashed up taut w~th a -shaped lashing to the
baulks, which is done by the spare I1nen(0 men who are providing
the lashings). I

Anchors.-Three or six men wheri nee ssary are detailed to
make anchors from crossed pick h ads a d helves to which they
attach the cable ..



Provision for Entry ~o and EX1:tfro the ridge is made by extra
bflulks, chesses, an~f!lashings bein:. place, on front bay of bridge
b fore mounting divers; rear ap roach [aid on bank of river.

prtare to Mount.-- ,earns a.re hook d into Ifront carts. D,rivers and
b akesmen prepar to mount in he us al manner, anchor men
:ount in the centrf of b~idge and oil up eady for castin? ancho.r.

Wa'ZkMarch.---The s~te bemg select d befo ehand team drIvers wIll
follow No. I to seiected position, hen~. position the command
" Halt" will be giyen .. II

Anchors.-Spare me~ will cast anchbrs an' will temporarily belay.
Un!wok.---Leading btakesmen will r lease t 'aces of wheel horses and

allow horse team ~oget clear. I

Sh~re Bays.--The h~o front brake;; en ,11push out the landing
l:l>ayand lash. T~e two rear br: esme' will push out rear bay
for entry to bridg¢ and lash same.

M~ke Fast.--Belav{anchor men w 11bel,. cables and brakesmen
till make fast allraShingS, and se ew br I"kesdown tight.
, I DRILL D -TAIL. I '

I '

Brakesmen Disl1ww1t. I

U~Zimber.-~Brakesq.en of front allId rear i carts unlimber and run
rear cart back 181ft. No. I take hold pf pole. No. 2 takes out
rear pin and fixe~ front pin in w en po ~ is extended.

BauZ~s.-Bra~esme' take baulks Ind pl,ce them on carts with
IrS-m. bearIngs. I i

LCfshings.-Nos. I o~each sub-sectio lift p ,:le,Nos. 2 make V-lashing.
The two lashing *len deal with s are b s.

Lish Bearers.-On ~ear sections of e rts co: mence with a clove hitch
standing part ins~de V stay of r iI, ma ,e a figure of eight lashing
:around baulk an\i guard rail an finis' off with a clove hitch.

P@Ze.-Bight of doJble rope throu h hole 1 of pin of front cart back
to pole and then~e to baulks finished I~tha round turn and two
half hitches back!to pole and finith off. Ii

Front ol Cart.-·Co¢mence with a agnu' hitch on bearer, then to
stay of rail· and c:ontinue round 1aulk d wn to top support of car-
,riage front, finis~ off on the stan ing pi rts with half hitches.

Chesses.---These anI placed diagon: ly acr' ss bearers connected with
,timber, hitch anq four turns, and finishe, on road bearer with clove
hU~., 'I '

! This bridge has ~een run across a riv r by a team of six horses
(rpedium draught) 1 and been buil in s !ven minutes by partially
t*ained men. Thel bearers are las ed in iuch a way that the bridge
dm be completely !turned around' its 0 n length. In deep water
i~.',has been float:d I' y filling the 10, er wel ,,~fto,01~arts "'ith kerosene
t~ns. A deep rIve can be spanne by fi mg a hne to pole of front
tepolcart connecti g same throug 1 a p ~ley block on the far side
and attaching horsi s to pull same on the Ishore side.

,:.,.'.····
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By COWNEL B. R. WARD, R E" C.•. G, MEMB. AER. INST.

MEASURES FOR REINFORC NG T E SUPPLY, PRESENT
AND FUTURE, OF OFFI JERS FOR THE SCIENTIFIC
SERVICES OF THE AR Y A D NAVY, [NCLUDING
THE IMPERIAL AIR SERVIC '5.

\AI MEETING called by the Aeron utical Institute was held in the
bstitute's Rooms on March 22nd. Sir \ illiam Cospatrick Dunbar,
Bfirt., C.B., was in the chair. Th, meet'ng was convened for the
rdading of a Paper by Colonel B.. Wa d on the problem of per-
manently securing the best and lost a undant supply of officers
for the Scientific Services of our Imper al Fighting Forces. The
p~per (a summary of which by the onrte. v of the Editor of Air, the
o cial organ of The Aeronautical Instit te of Great Britain) was
re d in the absence of the author, vho h d telegraphed his regrets
at being unable to be pre~ent, at th saine time expressing his desire
to \associate himself with any Co mitte of the Institute which
mi~ht be formed to promote the ob'ects 0 tlined in the Paper.

The Author set forth:- .
~. The fundamental idea put for ard c nsists in the conception

that the Scientific Services of our ghtin forces can preserve the
hig~est standard of efficiency, presti e and personnel only by main-
taiI\l.ingdirect contact with the great profes ional engineering organi-

. zations of civilian life, and by maint ining ractical connection with
the\yast and varied engineering and s ientifi work of civilian national
life!

2; The verdict of history shows tl at, if ivorced from the whole
bod~ of engineering practice and exp rience in general, the Scientific
Services must inevitably become atr phied, and decline in power.

3.1 A case in point is furnished by the histo y of the Corps of United
Sta~es Engineers, previous to the P nama Canal undertaking.

Only quite recently the prestige of the C ps had fallen to a very
low ebb. More than six years ago, ho "lever, the officers of the Corps
werE\placed in charge of the Panama Canal 'orks, undoubtedly the
bigg~st engineering job that has eve been tackled by a corps of
milit,ary engineers. Their prestige a the resent moment, there-
fore, i. is distinctly high in the Americ n An y; 'but it rests on the
exec1lttionof a civil engineering work.

years a~o, before the American Civil War, 861--I865, the prestige

[AUGUS'f6
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of th~ Corps of the U']'E' was very hi hind .. d. The officers 01 the
Corp$we"reemployed i several branch s Of,ci I' il engineering, and HIe
head I boy of the Wes Mount Militar Aca emy almost invariably
joinell the Corps of E gineers on com leting he four-year cour~e.

od the outbreak o. the Civil War all e gineering officers were
taken for field service. i '

Tile Corps consisteq of about 150 fficers I and the proportion of
distinguished generals I drawn from tl is bo was very great. At
the Id of the War all1heengineeringj bs of hese officers were being
run y civilians; an when the U.S. Army was re-organized after
the ' ar, the Corps of Engineers was 1 able get back more than a
veryl small portion of the civilian en ineeri g work that they had
prevIOUSlYdone. In addition to th ir wo of barrack and fort
cons ruction and repa r, they had chi ge of ational parks and har-
bourl works. The D.•. Military Autl orities, after a time, began to
thin* it was not nee -ssary to retail these as they were civilian
engi~eering jobs. Pr ssure was, no oubt, ~eing brought to bear,
all the time, by civil'an engineers i orde' that they should get
control of these works.1 In order to re ain na 'onal rarks and harbour
wor~s as part of the ~ork of the Co ps, th U.S. Engineers recog-
nize~ that they woul have to fight or th lselves, as no one eise
was ~ikely to do it for them. What t ey di was to join the Ameri-
c,'anfl,Stitute of Civil Engineers in a ody; and they succeeded in
gett" g one of their embers elected resid nt.

B this policy of a Teeing with an adver ry quickly whilst they
wer~ in the way with im, they undo btedl saved themselves from
pra4ical extinction IEven this polic was nable to save the Corps
of Engineers from cqnsiderable low ring 0 prestige as compared
with its former high position before the W ir, and had it not been
for the execution ofl the Panama fanal, 1more drastic measures
would probably have I been necessary fin ord r to keep the Corps of
UnHed States Engine~rs as a body oflreal v lue to the country.

4.[ Obviously an Eingineer Corps ",hose officers are· not highly
qua~fied engineers mJst eventually r cruit . lower type of personnel
tha4 would b.e the c~se if they were men 0, recognized standing in
their profession, I I

5.: Our Royal Arm~ Medical Corps fiers I parallel example to the
hist~ry of the UnitedlStates Enginee s, and Ishowshow the backing
of the civil professiol1 is necessary fo a mi 'itary technical body to
obtain its proper statvs and high effi iency 'p the Army.

M[edical Officers u~ed to be atta hed t I Regiments, and were
und~r Commanding pfficers of Reg'ments I and Battalions. They
had no strong centrall organization 0 their wn, and their interests
wer¢ liable to be lost I sight of, or pu:; led onl one side, by the higher
military authoriti~s~L!t was not un il the !civil medical profession
as a' body demanded ~rmy rank, tha the c ntrally-organized Army

•



Medical Corps, the R.A.M.C. as w now now it, succeeded in attain-
ing its present high position and restig.

6. In 1907, the Military author ties in Canada, influenced by such
¢onsiderations as outlined in Par. 3, app oved a scheme for interest-
ing, practically, the engineerin stu ents of various Canadian
Universities in the military side f the ngineering profession.

7. Undoubtedly without the s pport of the civilian engineering
~rofessions, it would be very diffic It for 0 r Corps of Royal Engineers
to retain in the twentieth centur the p estige which it had gained
quring the nineteenth. That pre ·tige i due to certain special cir-
d,umstances. First and foremost, perha s, is the fact of the expan-
sion of the Empire during that pe iod. his e\pansion gave scope
tp engineering officers and compa ies to develop colonies whilst in
aInembryonic condition, and gave them pportunities which, owing
to the high developments in th domi ions beyond the seas, are
nDWentirely closed to them.

8. The absolute necessity for h ving en of high standing and
honour in a corps like the R.E. w 11 be ppreciated when it is con-
si!,dered that the responsibility f r the expenditure of enormous
s1jlmsof money falls upon them co tinual y.

19. Looking at the whole questi n fro the wider national point
o~ view, and with the experience 0 the 1 st two and a-half years of
w1rr, it is now more evident than vert at the country can never
pljlt forth its full strength unless and nti! all civilian engineers
(i~cluding Mechanical, Electrical, eronutical, Automobile, Rail-
w~y, Mining, Constructional Engin ers, et .) are definitely organized
in: connection with the various cor s of t e fighting services, whose
w6rk is of an engineering nature. War ow is a war of engineers,
ironworkers and chemists to a degr e never dreamt of before.

JO. The practical thing, theref re, is \to organize the civilian
engineering profession in such a m ner t· at, whenever war breaks
ou~, every engineer will know in v hat br neh of the Army, Navy
or Flying Services his work will be requir d.

:tr. This result can probably be est at ained by arranging that
young civilian engineers should be attacl ed to military llllits for
ocqasional courses, and that young officer of the Royal Engineers,
th~ Flying Services, etc., should be attach d to Engineering Estab-
lis4ments, Railways, Aeronautical Torks, etc.

]2. With this end in view the au hor a proached the Institution
of Civil Engineers, between whom aI d the orps of Royal Engineers
an '.arrangement already existed w ereby the latter body is sup-
plied-under control of the War Office -with Special Reserve
Offiicers. It is satisfactory to be able to stae that Mr. C. L. Morgan,
of the London, Brighton and Sou h Co st Railway, and Capt.
Sanlkey (late Royal Engineers) hav brou ht the whole matter to
the Inotice of the Council of the lnsti ution f Civil Engineers, and a
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small Committee is to ~e for~ed with luthor)y to approach the Army
coUP,'cil vvitha view t~establiShing clo er reI ions, o.n certain definite
line~,between the Ins itution of Civil ngine rs and Royal Engineers.

1j1. The author has urged similar a tion 0 the part of the Institu-
tion of Mining and ~1eta1lurgy and he R 'yal Institute of British
Architects, for the s*pply of constr ctiona engineers to the Corps
of Royal Engineers. I A further sug: estion !embodied the idea that
the$e Institutions sh~uld subsequentl set u a central co-ordinating
Committee among t~emse1ves, to h ndle e whole matter in the
mo$t simplified form,1and to co-oper te moJt helpfully with the War

I I •

Offlce. I '14. In order to pJrsue the subje t to it: conclusion, the author
proposes that the II~stitutions of 1'\echani al Engineers, Electrical
Entineers, Automobhe Engineers, t e Aer nautical Institute' with
othi.l.erorganizations ~pable of dealin with he training and employ-
meht of Mechanical· ngineers in ci il life should-·first separately
and then in combin<tion-organize syste 1 for feeding a proposed
Coups,of.Mechar:icallEngineers for he be ~fit of the Army, Navy,
and I~lY111gServlces'i '

i5. The author s ggests that thi prop ~ed Corps of Mechanical
Engineers may be lost efficiently .o-ordi ated under the present
Mihistry of Munitio s, which, in 1110t esse tial respects, is the lineal
su4cessor of the old oard of Ordna ceo e new Ministry of Muni-
tio~s seems to be th best organizati n to ve to the newer scientific
Setvices of the Ar y, Navy, and J ir Org nizations the same kind
of ;assistance which the old Board of Or nance gave to the older
Scientific Corps: tIle Royal Engine rs an . the Royal Artillery.

J:6: Only by mears of some sue: sche .e as the one outlined in
the Paper would thE)Ministry of Mu itions I or some other organiza-
tion of similar scopt and independe t auth: rity-be .able to mobilize
the entire mechanic[J engineering ~;rengt~ of the country.

I
I!
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AIRCRAFT AND MOTO CAR ENGINE DESIGN.

By MR. Lou S COA ALEN.
I11' a period when the managemelt an equipment of our aircraft

.srrvices is attracting public atte tion hroughout the length and
~readth of the land, as well as in t e thea res of war in which British
arms are engaged, more than ocdi ary in~erest attaches to the paper
o~Mr. Louis Coatalen, delivered t the m\embers of the Aeronautical
Spciety of Great Britain on the a ove s bject, in that he stands in
t~e unique POSition. of being a sig ally s ccessful designer and con-
syuctor of both types of engines, eside being the only motor car
njanufacturer in tliese islands wh had eady and standardized at
tlje time war broke out more tha one odel of aircraft engine of
o¥ginal design and of sufficient po 'er to be of use for the needs of
o~r air services during the War, in the curse of which he has also
c~olved, at the request of the aut oritie , a wider variety of prac-
ti4al standardized models than any canst uctor in this or any other
cO~ll1try.

~1r. Coatalen opened by saying that our ational habit of decrying
our own achievements and praisin that f foreigners, notably the
G~rmans, was never more in eviden e than in the case of the aircraft
enkine problem; nor was it ever les iustifi d. The case of the Jatest
6-qylinder Mercedes engine to be c pture. by the Allies might be
ta~en by way of illustration. With 11twater and radiator it weighed
3~ I, lbs. per horse-power; whereas the I test British water-cooled
airj::raft engine in the same conditi n wei hed I lb. less per horse-
po~er. As regards efficiency, he cIa med t at this country had pro-
du¢ed engines that were out and a\ ay su erior to anything which·
ou~ enemies had employed in theampai n to date. He pointed
out! that the belief which appears to obtai in some quarters to the
effect that the design and producti n of aircraft engine is akin
to that of a motor car one is erroneou. Fl xibility, silence, and cost
of production are governing factors i desig iug a motor car engine;
they are practically of no consequen e in t e case of an aircraft one.
On the other hand, weight, a v(oryhig brak mean effective pressure,
the capability to work at full power for 10 g periods, and compara-
tive, great horse-power output----recko ed in erms ofhundreds instead
of t¢ns-n are of prime importance in . ircraft engine construction and
of cbmparative unimportance in mot r car engine design and pro-
dudion. On this, and sundry othe groun s the lecturer detailed.
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the 4esi,gn of the two ypes must star frem undamentally opposite
points of view.

T~e aircraft engine roposition call, nota ly, for the exploitation
of n~w methods of ahieving lubrica ion, i that the system that
suffi4es for alCar prove inefficient for (ircraft engines of high output,
whic~ are alone usef I in warfare to day. The lubricant becomes
too hot, therefore too fluid, resulting n the eduction of pressure to
the main bearings, he~ce the evolutirll of t e dry sump system for
lubricating aircraft e~gilles.

" We must not lose Isight of the like ihood hat the rapid evolution
of the aircraft engine!during this wa and (he extraordinarily wide
manufacturing expedmce which is th outc ~1eof that, will at some
futujre time exercise rbore than a tern orary ~ffect on the design and
mariufacture of engin¢s for car service," he sid. He held that there
wasi a closer analogyl between the I otor r engine designed and
built specially for ra~ing before the ar d the wartime aircraft
eng~,'ne,than there waf between either that t lye of car engine and the
standardized car mo~or, or, again, t e starV.lardized car motor and
the aircraft engine of to-day. For nstan&, the racing car engine
resEjmblesthe latest ~viation types in that a Ivery high mean effective
preJsure has to be o*ained with it. As t e problem in both cases
is ppwer for weight ah.d engine volu " e, and Inot silence and low cost,
great freedom is a110~ed the design l' of a bcing car engine as re-
gar~s piston clearanc~s, valve timing, camp ssion, largeness of valve
area, strength of valfe springs and a fort I' the particulars in this
conpection approximlating much mo e to a iation than to standard
carl practice. I I

lhe chief desiderata in designing ircraf I engines are light weight
combined with low fuel and oil con~,Impti r per horse-power; also
with r,eliability. Mihor desiderata, hich ave already been largely
realized, embrace simplification to the u ost in face of aircraft
engines being place1, for the most Iart, in Ithe hands of semi-skilled
tale"nt whether as regards actually ust'ng or erely maintail,ling them.
Hence the demand 101'that quality which lis generally called " fool
prcj)of" ; ,for accessi~ility, particular y in f 'ce of the fortunes of war
rertdering it necessanr on occasions 0 repl ce the most vital parts;
and suitability of ex~erior form that the p vel' plant may be accom-
modated cmweniently in the aircr ft an occasion the minimum
displacement. I I

For the first time lin the story of otm ~gineering we are making
aiIJ,Craftengines .of h~'gh output, in se' iesin. ead of some half-a-dozen
exftmples at a tIme. "

[here are strict li its to the size whic 'are practicable for radial
en~ihes, whether of the rotary or tatio ry types. In regard to
ei~her vertical or V-~ype engines, th natu e of the particular service
tal which each ind,vidual machin is to be put likewise imposes

",
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\certain limits on design. Somet'mes tl is may concern the overall

~

ength O.fthe engl....ne, p.articul ad Wh.en in waging war in t.he.a.irit
's essential to los~ the minimum ime i altering the attitude of the

achine from a d]ving position to a very steep climbing one. Again,
orne series of air craft call for th mini Ull1head resistp,nce but are
ess imperative as to overall lengt, He ce six cylinder types would

pe suitable for such service, where s V-s aped varieties might not be.
i At this period it is ~mpossible 0 lay own any arbitrary rules as
to anyone type of aircraft engine being suitable for the needs of all
aircraft service. Those needs ar alma t as various as are the de-
I1nandsfor special varieties of ste I and Hoys. Moreover, they are
l~kely to multiply with the lapse of ti e. Aircraft engine design
*sembles motor car engine prodl ction n this particular, that it is
all the time a question of camp omise The most successful de-
s~gner is he who exercises the SoUldef,t j dgment in weighing a hun-
dred and one factors of the hou and who makes the shrew'dest
eftimate of the value of each.

i Continuing, Mr, .Coatalen said t lat in he circumstances of being
iIl!-mid-campaign it was not poss'ble to tate definitely the size of
a}rcraft engine which would most likely be adopted as standard in
t~e near future. Experience gaine by a r aviators at the beginning
of the War, together with the dema ds for the engineer to meet their
eter-growing needs, have called fa contiuousevolution in the de-

. si~n of aircraft, which has inspire corr sponding enterprise in re-
gtrd to engine construction and pr ducti n ..

,For short flights the rotary type of en 'ne generally, and the air-
c~oled varieties, have shown up to adval tage to date, though with
n,em the consumption of fuel and lubric ting oil may be compara-
tiyely high; this is offset by the r lative lightness of their starting
w¢ight. But for longer flights, in onnecfon with which petrol and
oi~consumption have to be reckoned with a part of the engine weight,
w<tter-cooledstationary type engine have roved most suitable.

'ppeaking broadly, as regards wei ht pe horse-power, progress in
th¢ design of the ordinary water-c oled t pe of aircraft engine has
bebn very marked. In the brief period of two years Sunbeam-
Co\atalen aircraft engines of this ty e hav been reduced in weight
frqm 4'3 lbs. per horse-power to 2'6 Ib . per horse-power. The
de$ign of the engine head, cylinder, the alves and the. valve gear
is <Jmeof the cardinal features of succ ssful 'rcraft engine production.
For water-cooled aircraft engines r. Co talen favours two over-
he;j.d exhaust and two overhead inl t valv s per cylinder, a conclu-
siop.which would appear to be justi ed by he horse~power obtained
frorn engines designed and standa dized on this principle. Inci-
deI).taHy,it allows of the best sparki g plu position, namely, in the
cenitre of the cylinder head in the ertica position. Three valves
peri cylinder, namely, one inlet and two ehaust valves, have been

..~
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found practicable for ¢ertain varietie~, of wor. He holds that more
than four valves per tylinder is an t ndesir ble scheme as it seems
har~,lYpo"ible to pla4e them. so as to leave n even jacket all round
eachJvalve without t~e employment f very complicated gear. We
have., an example of yhis in. the Ma:y ach ( erman) aircraft engine
which has three exhafst and two inl t valv s per cylinder. In this
little water space is tPrOVided betw en th I valve seats, while the
sparJk.:ing plug is, besi es, set horizon' llyon tbe side of the cylinder
barrel. I

Niot only h<;tsthere been much imp ovem :nt in cast iron available
for cylinders; alumi~ium alloys emp oyed 'ith knowledge and skill
for that purpose ha~e been found, esides I of great advantage, of
coutse, reducing weiglht per horse-po er to n extraordinary extent.
Thq...•Ugh we are mer1ey on th.e thresl old of ealising the possibilities
of ciluminium alloys or cylinder cast ngs, i cannot be doubted that
within a very brief eriod they will be re gnized as the standard
materials for this w Irk, cast iron th ncefo ard being discarded in
favbur of them. FEr two years r. Co talen has standardized
aluininium alloy Pis~ns with excelle t res ts.

It is to note, furth r, that air-cooli g is co ing into favour increas-
ingty. The introdu tion of alumini m all 'y in the manufacture of
the cylinders has exe cised a marked ffect i regard to this tendency.
In 'the near future ir-cooled engin s of g eater power may be ex-
peqted to materializ. Tests on Su beam Coatalen aircraft engines
haVE;shown the pe rol consumptio 1 of ' I~pints per horse-power,
pe~ hour and the oi consumption, f '22 ~nts per hOl:se-powerper
ho~r, representing a!distinct advan age in I consumption by engines
using ordinary type lcarburettors so recent y as at the beginning of
thtt War Neverth~less, there is ro m fo ! a deal of improvement
yet. Whereas at th~ beginning of t~e War ~hemayimum mean effec-
tive pressure was' nb6'135 lbs., to-day it as been increased to 134
lbs. per square inc~ measured frOl the ake horse-power and, in
so~e cases, actual~y through the reduc ion gear. In regard to
m~thods of engine t~ting, M~. Coa CJJ~n tshes to prop~se that ~he
horse-power per U~l1tcapaCIty 01 tamed! from any glVen engme
should be taken as t~e standard for repar' g the different" duties"
of aircraft engines. I The capacity aken ,ould be the capacity per
cy,linder multiplied ~y the number of cyli ders, and by the number
of complete cycles ~er minute. To serve jheaimin view, the horse-
power per litre engine capacity pc thou land cycles, otherwise per
two thousand cran~shaft revolutio s per inute, is proposed.
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\ HYDROLOGY OF THE STH US OF PANAMA..
i

~y BRIG.-GENERAL HENRY L. A BOT, nited States Army, Retired.

IrHE following paper kindly for arde to us by General Abbot,
iate Corps of Engineers, U.S.A., w s reee tly read before the National
~cademy of Science.

1 The Panama Canal being now pened to traffic, there remains for

t
tudY only one important hydrau ic pro lem--the sufficiency of the
vail able water supply to meet th need for lockage, for mechanical
ower to operate the canal and ra lroad, and for the electric lighting

~

the Canal Zone. It should no be f rgotten, however, that if a
I rger volume of water be desirabl for t ese and other uses, the plan
roposed by the New French Com any t supplement the volume of

i s smaller project~d lake is still a ailable ; namely, the construction
qf a masonry dam near Alhajuela, here a good site exists for creating
ar upper lake to hold back the sur Ius w ter wh~ch during the rainy
~onths now runs to waste througl the s illway.

! The Canal Zone lies between th ninth and tenth degrees of north,

~

titUde in a region of exceptional rainf II; where the sun, closely
fllowed by rain clouds raised fron the 0 eans in his annual journey
b tween the tropics, exerts a cont oIling nfluence upon the volume
o local rainfall .. When near his so thern Imit, in January, February,

arch and April, precipitation upo the I thmus is at its minimum;
D1eceinber and May are usually i term diate in volume; in the
re~aining six months, when near his no thern limit, heavy down-
p~urs are the rule. Furthermore, the I cal annual rainfall is not
uniform across the Isthmus. As ne pa ses from the Atlantic to
thie Pacific coast, the volume falls 0 grad ally from about I30 inches
ati,Colon to about 70 inches at Pana a. t will be noticed that even
thi~latter is more than double the us al do nfall in the United States,
a ~ortunate circumstance for our gre t art~y of commerce. Another
lo{al advantage is the fact that t e atm sphere of the Isthmus is
ne~rly saturated with aqueous va our, hich largely redu.ces th.e
lo~ses by lake evaporation. Our hydra lic problem seems there-
fo~e to be specially concerned wit Isth ian J;'ainfall and outflow,
and the relation between them.

to determine accurately the avera~e ann al rainfall at any locality,
th~ records should cover at least half a century. Although the
Ist\hmus has been known to civilizat'on formore than 400 years, the
iir~,t annual rainfall records date frcm I863, when they were begun
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by the agents of th~ Panama Rail oad C mpany. As to the out-
flow from the water~hed, the recor s are 'ven less complete. The
volume received frotn the clouds, Her I' duction by evaporation,
by IPIa.nt growth, a~'d by possible i filtraton, represents the avail-
abl~ flow at the da site. To det rmine to what extent existing
da~a throw light upo this quantity, as se ed to me to be of prim-

• I Iary mterest. i
The earlier record~ are given in a paper ublished in the Monthly

Weather Review in l\;\:ay,18gg; the, inclu e those of the Railroad
co:rp.pany,and those !at that date co lected y the 'two French Com-
pal1liesand the Liqutdation. A gap of a f w years in the former is
supplied by a paper I by Mr. A. P. avis, ublished in the Twenty-
second Annual Repqrt of the Unit']d Stat's Geological Survey for
IgOO-IgOI. These 1ata are supp]~mente and discussed by the
wriJter in papers pu~lished in the 1 onthly! Weather Review of Feb-
TU~.ry,Ig04, and of J~ne, Ig08, toget erwit 'some later data collected
by Ithe American eIl~ineers. In Ma ch, I II3, Mr. Caleb M. Saville
co~tributed a valuaile paper upon the H drology of the Canal to
thEjtransactions of t e American So iety of Civil Engineers, bringing
th1 records up to Ig 0. The Annua Repo ts of the Isthmian Canal
Commission, of COUfe, cover the meric in operations. The first
poibt for considerat'on is, how the:; data Ican best be grouped for
stup.y? !

The narrow limits 0 which the ea lieI' ob ervations were re:;;tricted
:su~gest that the bas~n of the Chagr s Riv ~ above Bohio should be
ad~pted until Gatunl Lake began to fill ea y in IgIO. Its area has
be~n accurately detetmined by recen surve s to be 779 square miles.
Th~ early rainrecor4s were mostly estrict ,d to Colon and Gamboa.
Fortunately, Colon i~ situated near t e Atl 'nticCoast line where the
Tai~fall is largest, aIild Gamboa wel repre ents the Pacific limit of
th~.watershed. A c~reful analysis of the m e ampl,ereco:ds of rece~t
ye""rs (I8g8-Ig07) ~as shown that he av age ramfallm the basm
ab~ve Bohio is about 8g per cent. 0 that t Colon, 124 per cent. of
th~t at Gamboa, andlS2 per cent. of t e agg egate of the two stations.
To avoid a change !in the standar , thes~ ratios have been used

•

,thr',.o.ughout the fOllOW.•ing table to es imate'f' ~e,a~nual rainfall ~n the
ba5m; and where a ~ewdry month~;are ml, smg m the early raIlroad
records the vacancie;;;have been sup lied 1, the mean values of the
missing months. I I

The Chagres Riv~r is a torrenti; 1 stre ,and the first French
COl!llpanyearly est~blished a fJ.uvi graph I at Gamboa to register
cOrltinuously the heilghts of the wat r. T is record has been care-
ful~ykept since 188£; until the rife of t e lake in IgIO began to
aff¢.ct the local watet level. At the imes f freshets the oscillations
are! so sudden that Itheir number ; nd du ,ation are readily noted,
,and! they furnish v~luable checks upon ~he discharge estimates.

I I

I
I
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110rthis study they are assumed 0 begi and end at a stage ro ft.
albove low water, which is rarely e ceede

i Accurate measurements of dis harge were inaugurated by the

~

iqUidation and tl!1eNew French Comp , y, the continuous record
d ting from r890. I The annual 01:1flow i given in the tables under
t e forms of cubic feet per second a d dep h in inches upon the water-
4ed; the latter to permit a dir ct co parison with the rainfall.
Yjears of great floods are also indic ed, wi. h the same object in view.

t
The first table is intended to pr sent, or the basin above Bohio,

a 1 available hydraulic data prior to th date when Gatun Lake
b gan to fill, with sbme later figure adde for comparison with those
o the second table, which includes the en ire watershed above Lake
G~tun during the filling of the la e. In future studies this latter
b4sin will doubtless be adopted, a the net outflow i.s easily deter-
m~ned and rainfall measurements re no made at many stations.
F r the second table I first adopte the ean of the rainfall records
at nine stations-Colon, Gatun, Tri idad, amacho, Empire, Culebra,
G mboa, Alhajuelaand ElVigia- s wel representing the average
v ume falling upon the lake waters ed ne r the Canal Zone.. Seven
ne stations then unknown to me ad be n added, and the figures
nOr given are taken from the note orth paper by Mr. Willson in
thl Transactions oj, the Internation l Enineering Congress at San
Frflncisco.
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Liquidation,

Authority,

Lesseps French Cie,

U ,5, in charge,

Lake began to fill,

The New French Cie.

Collapse,

779 SQUARE MILES,

anama Railroad Records,

51
5
8

3
9

19,
4

17
6
13
46

7
,

I

10

201

12
II

14
27
15

4
o

12

13
5
12
13
6

5 334
7 437
3 437
6 709
9 596

16
8
8

308
II5

4 269
112 220
15 263

7 54

lIO'O

78'1
II3'6
123'3
106'4
78'2

73'5
84'2
68,8
59'0
61'2
67'2
72'9
69.0
71'7
48'8
72'7
62'7
65'1

128'0
IIo'6

6,3°4
4.476
6,513
7,081
6,098
4.482
4,216
4,830
3,944
3,384
3,509
3,855
4,179
3,958
4,110
2,800
4,169
3,597
3,732
7,335
6,340

*1909
1910
19II
1912
1913
1914
1915

¥YDROLOGY OF THE 'fATERSHED ABOVE BOHIO;
, I G MBOA

PRECIPITATION. IN THE nrSIN ABOVE ROHIO. FR SHR'IS.

Colon, Gamboa, Rainfa~~t Outflow. Ann\! 1 ~.ura .•
Inches. Inches. Inches. Ft.-sec. Inches. I'o. H

lon
,ours.

1863 134'3 120
1864 123'4 IIO
1865 1°7'4 96
1866 129'7 II5
1867 120'8 108
1868 120'0 1°7
1869 114'8 102
1870 149'6 133
1871 99'6 81
1872! 168'5 15°
1873 i 87'1 78
1874 I 137'7 123
1875: 94'7 84
18761 124'5 III'
1877 II5'5 1031

1878, 86'7 77!
*18791 164'2 13q

~~~~I~~~:; 89'5 ~~i~
188i 124'1 79'6 10
188j II5'3 76'6 10
1884 86'5 95'9 9

*1885 146'3 97'5 12
1886 137'2 102'9 12$
1887 154'9 136'2 15t

*188$ 102'6 12f

*~~~t 154'3 l~r~13i'
189~ 124'7 77'7 10
189~ 145'3 1°4'4 13

*189B 131'9 II 7'8 do
189~ 153'7 90'6 1217
189~ 151'5 d5
189.6 131'5 d'7
1897 138'0 107'8 1~8
1898 II5'5 82'6 1<13
1899 133'0 80'0 X:\I,
1900 II6'1 78'7 1<IlI
19()I 1°7'7 91'6 1'1>4
1942 112'6 97'7
19<1>3 126'3 99'3 ~I'~
19<1>4 126'9 84'5 I °
19<1>5 II 5'4 82'2 I 3

*19<1>6138' I 97'8 I 3
191:>7 125'6 78'1 It6
1908 137'7 77'5 II2

*19~'9 183'4 122' I 1,59
19 ° 15°'0 II6'o 1138
19,u II2'8 7°'6 95
19:12 II7'6 89'1 11°7
19'13 131'2 86'3 ~3
1914 132'7 77'4 °9

HYDROLOGY OF TH WATERSHED Ano E LAK GATUN; 1,320 SQUARE MILES.
I IN THE LA II WATER HEn.

Year. Lake Above Mefin Rainfall, Net utflow. Lake Evaporation,
Sea Level, Fee~.. Inches. Fo t-Second Inches. Foot ..Seconds.

3,63 i 162'42 10,704 IIO'I
13'07' 149'66 II,938 122'9
15'15 98'41 5,710 58'8
31'24 102'83 4,985 51'3
57'87 102'4° 5,272 54'3
85'26 100'54 5,II8 52'7
86'17 1 lI8'17 7,106 80'2

~ Great flood of th Chagr S River,

Year.
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An inspecti~ll" of these tables ~hows satisfactory correspondence
between the observed annual ,ainfall and the outflow and river

i oscillations as indicated by the umber and duration of the freshets,
!i There is, furthermore, a sugges ion of a tendency to a progressive
'! annual change between years of m xima and minima in these
'! quantities, which is worthy of otice, If future records confirm
:this suggestion, it will be needful to stu y the reason for it, as is now
'ithe case with sola spots, au or,,!- orealis, and other natural
phenomena, As to the second ijable, i must not be forgotten that
',it covers a perio.d when the area f the I ke was gradually increasing,
Icausing a variable loss due to ~ aporat on. The values given for it
~or the last three years are take from the official reports, and are
Ibased probably on direct measur ments

I, The tropical conditions of th~canal Zone are so different from
~hose in the Continental United tates hat it is interesting to com-
:pare them, This may be done f am R fter's tables, in his valuable
raper published as the Water-Su ply a d Irrigation Paper, No, 80,
rf the Geological Survey. It is d ne in the following table :-

! AVERAGE RAINFALL, UN-OFF, AND DIFFERENCE,

! LOSSES,
Watershed, Area, Per ad, Rai fall, By Outflow, By Evap" Etc,

Square Miles. Ye rs. Inc es. Inches. Per Cent. Inches'. t'er Cel1t.
uskingum River ,.,.,'. 5,828 3'7 13'1 33 26,6 67
enessee River"., ,., '" 1,070 4d'3 14'2 35 26'1 65

Iroton River" '. , , , ,,' '. 339 49'4 22'8 46 26'6 54
ake Cochituate ",' .. ", 19 47'1 20'3 43 26,8 57
udbury River '.'" ,j,. '. 78 46 I 22'6 49 23'5 51
ystic Lake"."" .',.,., 27 44'1 20'0 45 24'1 55

~

eShaming Creek,. " . , . ,139 476 23'1 49 24'5 51
erkiomen Creek ", ..' .. ,152 480 23'6 50 24'4 50

iOhickonCreek ,.,.",., 102 50 I 28'4 57 21'7 43
udson River, , , , , , . , , , ,4,500 442 23'3 53 20'9 47
equannock River ,."", 64 46 8 26,8 57 20'0 43

Sennecticut River ,' .. ", 10,234 430 22'0 51 21'0 49
vp.agres River, , , , .. , , , '. 779 lI8 I 82'1 69 36'0 31
9atun Lake Basin ,'.'", 1,320 lI9'4 75'0 63 28'3 24

'I

':An inspection of the last four c lumns will show how much more
ftvourable to the operation of a (anal a e the hydraulic conditions
Ifevailing upon the Isthmus than those existing near the Atlantic
qoast of the United States, Cm sidera;>ly more than double the
~olume of rainfall is available, and th losses from evaporation,
p~ant growth, and percolation are epresmted by only about 30 per
cent, as against 50 per cent, of t at va ume. As stated above, it
r¢mains to be determined by the cbserva ions of many future years
~hether there i.sa tendenCY.to a nrrmal ariation in annual rainfall
upon the Isthmus, as seems to bel sugge ted by the figures already0* record, . \

I' I

" I,
1
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T¥E YEAR B001K OF WIRE ESS ELEGRAPHY AND
: TELEPHON~, 191 I'

T1e Wireless Press, LId. (Marconi HOll e, W.C I, have recently pUbliShe.d
the~ifth Annual numb r of The Year Bo k of W eless Telegraphy and Tele-
pho y,o the high stand rd of the previo s issu s of this useful handbook
is f lly maintained in the current nu ber. lthough the size of the
volUjmehas been increa ed to 928 pages, nd th War must have increased
the ~ost of productionl nevertheless th publi ers have decided not to
rais+ the price of this ~olume which rel ains a 3S. 6d. net.

I~ is pointed out inlthe Preface tha quest' ns of public policy have
affeped the completeness of the refere ce sect on devoted to call letters,
andlother particulars Irelating to Lan! and ip Stations, Otherwise
thiS....information has bten brought up t date nd is.thoroughly reliable.

Jihe Wireless Map f the World in~; rted i the present number has
beel/l enlarged into ad plicated Mercat r, sho ing Australia and the Far
Eas as reached both y the Eastern a d Wes ern routes. The volume
is a so provided with "I- series of photog aphic eproductions of apparatus
of 'storical interest aIh.dwith portraib; of som of the prominent workers
in e field of wireles~telegraPhY. 1

" The Reco.rd of t e Development of Wir less Telegraphy and Tele-
ph py " with which t e volume opens 's brou ht down to 1916. Under
1911,1.6'entries record t~at " during the !course f a seve.re blizzard in the
Untted States durin February wir1less t egraphy was extensively
usep. for train despatc ing, as the tele!, aph w res had been destroyed" ;
thalt " the determina ion of the diffe ence i longitude between Paris
and Washington 'withl the aid of wire] ss tele raphy, which had been in
pr~gress since Octobe~, 1913, was com leted i May, the result expressed
in ~erms of time, be~ng 5 hours 17 inutes 35.67 seconds, and has a
prdbable accuracy of Ithe order of '01 econd '; that" the initiation of
thEjInewly-established.;Trans-pacific W reles.service between the United
St~tes and Japan wa celebrated on Tednes ay, November 5th, by an
int~rchange of messa es between the ikado and President Wilson."

Under the headingl " National and Intern tional Wireless Laws and
Regulations" a brie{ review is givel of th legislative steps taken to
brirg about an effici~nt control of w reless elegraphy .and in relation
to I the inter-commu~ication by wir ess te egraphy between stations
unp.er the control o~ the various Po ers. (Attention is called to the
faqt that despite the iWar at present aging, ~he " BerneBureau " con-
tijeS its distribution of information.

he texts of the I~ternational Rad'o- Tele aphic Convention of July,
19 2, and of the In[rnational Conv ntion n Safety of Life at Sea of
Jaruary, 1914, have oth been reprin ed in is volume. The laws and
reg.'ulations of the .ritish dependenlies an. of foreign countries are
indluded; a numbe of these have een a ended since the last issue
of the Year Book an in consequence the su ject matter of this section
has been carefully ~evised and brollpht up to date. These laws and

I
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regulatians are Pt. eceded by a cafiOUS i dex which greatly facilitates
reference to. the rnatters dealt wit in th m. This sectian af the wark
cavers 255 pages.

An increase has taken place in tte num ers af bath the Land Statians
'land the ship Statians; the farme naw ccupy 62 pages af small print
and the latter 141 pages af small . rint. The number af Land Statians
,shawn as having a narmal day ra ge exeeding 2,0.0.0. nautical miles is
naw seven, 1:.e., SayvilIe, N.Y. (4,50.0. na tical miles), Tuckertan, N.].
1(4,0.0.0.nautical miles), Balinas, C 1. (3,5 a nautical miles), Glace Bay
1(3,215 nautical mpes) , S. San Fr ncisca (2,50.0. nautical miles), Island
pf Oahu, Hawaii ((ane statian wit rang af 2,50.0. nautical miles and
~nather with range af 2,20.0. naut cal mi s). The statians at Iquitas
~nd San Cristabal (Peru) have bath a nigh range af 2,40.0. nautical miles.

he number af Ship Statio.ns ha ing a ight range af 1,0.0.0. nautical
iles and mare ha~ increased to. 64; af th se three have a range as high·

s 1,50.0. nautical miles ..
In an article entitled " The FIe ing V lve and De Farest Audian "

articulars are gi~en relating to. he ve. impartant and interesting
atent actian brou,ght by the Mar ani W reless Telegraph Camp any af
merica against the De Farest Radi Tele hane and Telegraph Campany

t
'nd Lee de Forest; befare Judge lV ayer a d the United States District
aurt. The suit was in respect af an inf ingement af claims I and 37
f U.S. Letters Patent No.. 80.3,6 4, far 'Instrument far Canverting
lectric Currents into. Cantinuaus urrent," filed April 19th, 19a5,and

i~sued Navember ith, 190.5, to. pIa ntiff, 'S assignee af Jahn Ambrase
Fleming, af Landan, England. here as a caunter-claim by de-

!ndantsan variau~ claims in ten p tents f Lee de Farest.
The case was thdraughly threshe aut i Caurt, impartant witnesses

. eing called by ba~h sides. Judge Mayer delivered his apinian an the
c~!asein extremely IU.cid language; i is wel warth study in th e ariginal.

he learned judge paints aut tha "wh tever differ:ences may exist
etween men af science in respect af the th aries by which they accaunt

f r the mavement and actian af nns en far es abaut which so.much has
bieen testified and argued in this 'ca e, the alutian af the paints af the
c ntraversy with a single excepti n is at difficult. This, because
curts in an art af this kind, place heir d cisians upan things deman-
s rable and cannat speculate as to. hearies in regard to. which there is
n t a earnman agreement amang re agnize autharities."

" In endeavauring to. resist plain iff's a tack, defendants have pra-
ceded an the theary that beginning ith hi present patent No..979,275
a*tedating Fleming, de Farest grad ally d velaped his first canceptian
utttil finally it faund practical exem lificati n in the two. sa-called three
elpctrade Audian devices .ta whicl1 t e plai itiff has canfessed judgment.
II} line with this plan af defence, de endans have elabarately built up
a* unsteady thearetical structure nd up n this have superimpased
a~ abservatary fram which they ca see i the mind's eye anly that
w~ich they call " Audian "actian. Theref re, in these circumstances,
it lis desirable, in arder to. avaid cantsian, a cansider first the patents
inl issue and then tfue question af i fringe ent; far when their true
v<\Jueis assigned to the patents, the! antra oersy as to. the infringement
wl1l be better under$taa.d. - The pat~nts de :1 with thase instrumentali-
ti~s which, in the art, are aptly name~ dete tars."
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IJudge Mayer the* dealt exhausti ely wi h the subject of detectors,
-and proceeded to dtscribe the natu e of D . Fleming's invention. He
c~ntinued: "Whe1Jher right or wong i his theory, the result of
FJeming's inventioJ was to give teart new, valuable and easily
,o1J>tainabledetectorJ which has gO!e into important commercial use.
This Fle.min~ dete~ttr is highly sensit ve, ~u' ~dy adjusted by ~n operator
of even mfenor skill and onlymomE: tarlly isturbed by stahc or strong
signals. The thoro~ghness and ear estnes of this litigation is its most
'S~gnificant testimon~al.".. f' ...." I'll the absence, f a well-acceptE: theor of operation which needed
merely some physi aI, embodiment nd, in the absence also .in the art
of the physical devipe itself, at a ti e whe men of g,reat skill were con-
stantly endeavourij~ to bring fortI an a ance in this branch of the
art, the contribut~' n of Fleming w s clea y invention and is entitled
tb","" liberal interpret a ion and cons~der tion, less impeded by de Forest."
; The learned jud e next examine de F rest's patents and skilfully

elxplains the differe ces between de Forest s invention and that of Dr.
Fleming. He su marizes the sit ation in the following words:-
"_Withi!l the limits I of an opinion it is, of ourse, impossible to analyze
at length a mass ofl experiments, tE:ts and theses and an infmity of de-
tail necessarily invo1ved in tlle testir onyof xperts in an art of this kind;
but, if plaintiff's t~eory that his wn de ice and that of defendants
operate on the sam~ principle has n t been roved (and I think it has as
fiar as such proof ~s yet possible), t leas defendant's theory has not
lPeen satiSfactoril1 demonstra, ted, and fi ally, the physical facts all
support plaintiff's laim."

The learned jud e declared his CI inion 0 be that " the broad Claim
No. I of the Flemi g patent is infri ged." I

In conclusion, h stated" De For st in s three-electrode Audion has
lllndoubtedly mad;1 a contribution f great value to the art and, by the
¢onfession of judg ent thereof, def ndant ompany may enjoy the just
results of this con ribution; but, n the ther hand, Fleming's inven-
tion was likewise 4 contribution of value nd is to be treated liberally
and not defeated e~ther by unconfi med t eory or by association in ap-
paratus where laten developments h ve tau ht how other useful adjuncts
, d Ican be employe ."i ' .

Under the head~ng "Heroic W' eless perators" are recorded the
achievements of s?ips' te1egraphio, s who performed their duty in the
face of extreme peril. The portrai s of si wireless men who have won
}lfficial recognitio~ are published i 'the olume. It is recognized by
the publishers tha~ " it is always i vidiou to make any selection where
all are meritoriousi: it is especially so whe one attempts to make selec-
1tions amongst thqse who have ' ( uittedhemselves like men' in the
dark hours of dan~er." I

A leading featur~ of the Year Eo k fro its earliest days has been the
series of articles o~ scientific and ther s bjeds contributed by distin-

g,. uished and prom~nent workers in the fi d of wireless telegraphy and
telephony. A nUfnber of such a tides ppear in the volume under
review. The first iof them by Dr. J. A. leming, F.R.S., treats of" The
Electric Arc as a qenerator of Pers stent lectric Oscillations." In this
article it is poinffd out that thE: necess ty of obtaining some simple
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niIethod of producing high frequen y pers'stent or undamped electric

~

Cill~tiOnS for the accomplish~ent of wir .les~ was evident at ~n early
s age III the development of radIO co mum ahon. It was first III 1900,

lhen Duddell described his so-calle music I arc, that the power of the
d~rect current arc to become a gen rator f high frequency persistent
o~cillations was generally recogniz d. D ddell appreciated the fact

jat in order to produce such oscill ions t, e arc itself, as a conductor,
ust have a falling characteristic cu ve; t at is to say, it must possess

a ,quality such that if current throug the a c is increased, the potential
d~fference of the carbons is decrea ed, a d vice versa. Later Prof.
P ulsen, of Copenhagen, made the i porta t discovery that if the arc
b formed in an atmosphere of ydroge or hydro-carbon vapour,
a d be struck betwef:)nelectrodes of arbon (negative) and copper (posi-

o so could be creatM in a suitable onden er-inductance shunt circuit.
It was subsequently found that a str ng tra sverse magnetic field across
.t e arc was of great assistance. Pouls n applied, in 1903, for
pa;tents covering the. application of h s disco ery to wireless telegraphy. '

Inr. Fleming examines, in his article, th processes taking place in
th' arc-oscilIation generator in the ight of the electron hypothesis of
el ctricity. He call~ attention to th fact t at in a gaseous conductor
th current does not increase steadil with the potential difference of
th electrodes, but tends towards a ' limiti g value" and that "as the
io s are moved toWards the electr des, u less these latter remove
th m or absorb them sufficiently qui kly,th accumulation of negative
io s near the positive electrode and f posi ive ions ,near the negative
ele trode will diminish the potential di 'erencof the electrodes and create
a crndition in wbich increase of curren -thais the increase in migration
of tons-causes a decrease in the pote tial d'fference of the electrodes."
In ,~his case there exists a falling cha acterisic or volt-ampere curve.

~

hen the two carbons of an electri arc ar first brought together to
sta tit, the contact resistance causes heir ti s to become incandescent.
W en the arc is started a continual Ii eratio of electrons takes place;
the e ionise the carbon vapour 'and l~berate more ions. The potential
di erence of the carbons causes the po~itive a d negative ions to migrate
in pposite directions. If the curreqt incr ases, the accumulation of
ion reduces the potential difference pf the arbons, and the result is
a f lling characteristic curve. i

I an electric arc there is a double tfnspo t of matter. The positive
car on ions are heavier and slower in ove ent than the negative and
the result is that an erosion of the posit ve pol 'takes place, a crater .being
for ed in it, whilst aless rapid wear f the n gative pole takes place, or
eve carbon may be deposited thereon,1produ ing the" mushroom" tip.

here an arc is formed in air an oxi4ation f the incandescent carbon
tak's place and many of the positive (carbO! ions are prevented from
rea hing the negative electrode, being oxidise on the way. The char-
act ristic curve is not very steep, an~ an in rease in the current does
not result in a sensible decrease in th potenial d,ifference of the elec-
tro es. If, however, the arc is formed n an a mosphere of hydrogen or
hyd o-carbon, which excludes oxygen from r aching the arc, then the
rem\wal or re-composition of positive ~arbon ions does 'not take place
and a characteristic curve with a steep~r dow ward slope is obtained.
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To form or maintain~' an electric' arc t is es ential that the negative
electJrode shall be inca descent; at th .same ime, it is an advantage
to cool the positive ele trode where an 'ncreas in the steepness of the
characteristic curve is ~esired. Poulsen ormed is arc between a carbon
rod a.s the negative el~ctrode and a ater-c oled copper rod as the
positive electrode ..

Dr. Fleming gives a prief explanatiOl showi g why it is that a steep
char~cteristIc curve is 4f advantage an how t is is utilised in the case
of an arc shunted by ~condenser and i ducta ce to transform a direct
into Ian alternating c rrent and to 0 tain t us oscillations of high
frequJency possessing c nside:t;able eneq;. Po Isen's discovery enabled
OSCilIia.•.tions of a freqUen!cyof the order 0 one m llion or so, and therefore.
suitaible for radio-telep ony, to be obtai ed. he energy of these oscil-
lattohs is increased by he use of a stro g tran erse magnetic field, but
this field has the tende ,cy to make the rc uns able and easily ruptured
or destroyed. It is poiJited out that the rc con idered as a transforming
devi¢e is not a very effibent one. I

Some practical detaiJs of the Poulsel arc a I aratus are given in the
original article, as als4 a brief descriJ tion 0 Dr. Fleming's own arc
generator.

The work of other e:x!perimentalists il this fi Id is also referred to and
it is 'pointed out that !" the conditiom, necess ry for obtaining oscilla-
tionsof a frequency s~itable for radio- elepho y seem to be that the
arc shall be formed in Ian atmosphere ot con aining oxygen, and that
the rapacity and indu;tance in the sh nt cir uit shall be so adjusted
that I. the natural frequ ncy of that cire it sha 1 not be less than about
250,$00, whilst the raro of the induct nce re koned in centimetres or
elect~o magnetic units Ito the capacity eckon Id in centimetres or elec-
trostatic units shall be! at least 20 or e en 40. i Under these conditions
we obtain oscillations ip. the shunt circ it suit ble for radio-telephony."
Unfortunately the car~on arc generator pos esses the unsatisfactory
features of unsteadiness and liability t disco tinuitiesor interruptions
in t~e steady flow of qscillations. it i impo ible to secure good tele-
phony under these con{litions. Dr. FIe ing is of opinion that for radio-
telegraphy some mech~nical means of cr ating losely sequent or uniform
mus~cal spark dischar$'es provides a lore si pIe, efficient and easily
controlled transmitter Iappliance than the ar generator and that for
radi~-telephony over ~hort distances orne odification of the ther-
mionic generator emplbying a double node grid and plate in con-
junc~ion with a Flem~ng incandescent catho e in vacuo promises th.e
besti results. He recqgnizes the pOS~ibilities of the arc generator in
conrtection with radio-~elephony, if onl some means can be discovered
of cJ!eating an absolute~y steady arc, t is a (' se for an extended and a
thoroughly scientific refearch into the p: ysical henomenon attending the
production and mainteJ!lance of the arc b tween olid and liquid electrodes.

M,t. Alfred Noyes }ontributes an -article entitled "The Wireless
Drallla." He points lfut that" the ~ rId at large hardly realizes the
immense changes whi<jl1have been wr ught' its own life by the in-
ven~ion of wi:eless ~~l~graphy." He think that the centre of the
romance of WIreless I~ (probably the appar tus on the roof of the
Adlllliralty in London ~nd hopes that, orne d y it may be written.
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Attention is drawn to the fact ~hat in the Admiralty records of ships
attacked by the "u" boat a large nu ber of masters report that the
enemy's first attempt has been t01,estrothe wireless aerials by gunfire,
also that the adventures of the ireless operators are among the most
stirring tales of the world-war. ,he ex eriences of one of these opera-
tors is related by Mr. Noyes.!

The third article deals with " I~nic VIves" and is from the pen of
Dr. \V. H. Eccles, who points qut tha, the vacuum tube as used in

,modern wireless telegraphy is 0* of t e most striking examples of
l,applied physics, for here some 'uite r condite regions of molecular
iphysics are carried into actual m nufac ring processes. In order to
!understand the uses of these vacu m tub s, and especially to plan new
developments, some acquaintance with olecular theory is required."
As an introduction, Dr. Eccles pints 0 t that great diversity exists
in the nomenclature of these tu es an that no term is universaIly
accepted. It is suggested that the erm" i nic valve" is general enough
',to include all types. He then ex lainshat the ion does not usually
kome into notice in the operation 0 valves unless, and until, it is charged
lelectrically. The principal kind of ion, th atom of electricity, is usually
!,called,an electron; it is a disem odied egative charge quite devoid
pf matter. Positive ions, on the o~her h d are, so far as is yet ascer-

~

ined' molecules of matter minds aFl e ectron. For simplicity, Dr.
ccles starts on the supposition th t theonic valve to be studied first

s perfectly evacuaited and that the solid p rts-i.e., the glass and metal
t-are perfectly free from occlude or ab orbed gas. In such a tube
fontaining a hot filament and one or mo e other electrodes, the whole

!fany current that is passed throu h the ube from a positive electrode
o the filament, which acts as the n gative lectrode, is conveyed by ions
at are {!.llelectrons ..
"Thermionic theory," Dr. Ecc es tel s us, "shows that if t1>e

i candescent filament is absolut ly cle n, and if the vacuum is
erfect, the rate of emission of lectro s from each unit of area
f filament surface can be caleu' ated rom the molecular theory
,f gases and the electron theor of onductors. On this latter

t~eory: every conductOl alw~ys co tains large number of free elec-
trons mterspersed between Its m lecule. The electrons are much
saller than tbe molecules, but shae with them the irregular vibratory

otion which we call heat. The el ctrons re at ordinary temperatures
a most perfectly confined to the ins'de of he conductor by the inward
a traction that exists at the surface of all olids. But as the tempera-
t re is raised the vivacity of the mo ion of oth molecules and electrons
i creases tilI at 1,000° C. large nu bers .f electrons are continually
b eaking their way througb the su#ace 0 the metql. The process
is,very analogous to the evaporation ~f a liq id, but in that case material
molecules are escaping from the surf~ce an forming vapour."

I The dimensions of electrons are t,ouched upon; their diameter has
b~en estimated at 3'7XIO-I3 cm~whfreas t e diameter of a molecule of
htdrOgen is 2'7 X10,..8em., i.e., 60,oqo time greater. It has been esti-
m ted that the number of free electr~ns in cubic cm. of cold metal is
a, out 1022• When a tungsten filament!is raiSEd to a temperature of 2,300°c.; 4'3 X 1019 electrons escape per sq~are centimetre of its area, repre-
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senting a current of !0·67 amperes. The e ission from earthy oxides
Wh...•.en heated is mUCh~greater than th t from metals, and therefore Hm.e-
oCo~tedfilaments are ometimes used' cert n types of valves.

frhe motion of ele trons in an e1ec ric fie is next examined by Dr.
Eccles. He tells us that in rising through volt the speed gained by
·eldctrons is 6,000 c~./sec. Accordi g to ermionic calculations the
-electrons escaping f*om the surface of a etal at high temperature
halve an average sp~ed correspondi] to 1 s than -loth of a volt. In
thermionic valves th1eanode is as a T Ie a c an metal plate or cylinder
pl~ced at a distanc~ of a cm.or I ss fro the glowing filamentary
calthode. I

IDI. Eccles descri~es what takes lace i such valves as follows :-
"[fhe electrons escC\ping from the ot cat ode find themselves in the
electric field establi~hed by the b8, tery hich is connected between
anode and cathode, land they gather speed orresponding to this poten-
tia.•I difference, what~ver the distanc betw en the places, by the time
they reach the anoqe, which is a atter 10m,ifO second. Most, of
them enter the anolie and, it is th, ught, j in the current that passes
along the external wires, flowing, () cours, in the direction opposite
to the nominal direction of the currel. t. So e are reflected at the anode,
but if no other conductor is near ar draw back by the electric field."

* • * * * *, I

" The cloud of flying particles ex rts el ttric force and, in virtue of
tll1eir motion, magn~tic force also, he la -er, it is found, may be dis-
regarded in practic~l applications, 1 ut the· lectric force has important
<c~nsequences. It affects the potenti I grad nt across the space between
He two electrodes, !with the result hat th current is not proportional
tltl the voltage as 1ight at first sig: t be e pected, but is proportional
to the square root lff the cube of tb volta e."

Tubes provided ~ith electrodes; ange on the above principle act
-,31S very perfect rectifiers of alterna 'ng cu ents, for when an E.M.F . .is
applied to the termibals of such tube half 0 the complete wave produces
.a considerable flowlof current,whil the 0 her half of the E.M.F. wave
produces no curreqt, and therefore the re ult is a pulsating unidirec-
tional current. W~en a tube is to e use as an amplifier, the method
ill use consists in a~apting a third lectro . in such a manner as to in-
fluence the distribrtion of potent' al in he electron stream between
a1node and cathod~, which in turn alters the value of the previously
Slteady current thrrugh the tube, The ost efficient arrangement of
t!his third electrod~, in the case of he pu electron discharge, appears
~o be that in which) it is placed bet een c hode and anode in the form
df a grid. Furthe~ details concerni g the grids and sketches of some
~ypesof ionic valVes are given in the or ginal article. An expanded
{lxplanation of the jadion of the thi d elec ode is also furnished by Dr.
Eccles.: !

A description, ~ith diagrams, is given n the original article of the
II Circuits used wit~ Valves." Thi part 0 the article deals with (a) the
valve as generator :ofoscillations; b) val circuits for receiving (use of
-Valveas a detector land use of valve as amp ifier); and (c) use of valve in
Beat Reception. I

The fourth artic~e is entitled" TIe Ind dance Capacity and Natural
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lfrequency of Aerials"; it is contri~.uted y Professor G. W. O. Howe,
",ho points out that an aerial may b regar ed from two different stand-Pt'ints; from one it is an oscilIato y circ it, from the other an open
t ansmission line. He considers th latte the more accurate and in-
s ructive point of view. "

"The subject is treated mathemad,cally a d cannot therefore be use-
f~lly condensed. "

',The fifth article is from the pen lof Pro essor E. W. Marchant and
d~als with" The Heaviside Layer.":, •

lIt is pointed out that many exp~anatio s were forthcoming in the
ea!rly days of long distance wireless ~elegra hy to account for the fact
thiat with an antenna, a few hundr~d feet high, signals could be sent
round or over a wall of water and earth ne rly IOOmiles high, between
thr transmitting and receiving statio~s. " wo obvious theories," says
P~ofessor Marchant, "were advance<tl-the first, that the transmission
wc\s not really effected by electro-magnetic aves at all, but by currents
di~tributed over the surface of the e~rth or water, a theory which had
mtny facts to support it, the most notable 0 which was that the signals
were transmitted more readily over ~ea-wat r than over land ....
Th~s theory still deserves consideration, as i seems likely that some of
th~ energy received at a station maYI',be tra smitted by such means.

I * * * *, * * *

~

he second, and perhaps more obvi~us, th ory is that the waves were
di racted round the earth's surface ;~nd ca culations have been made,
an the theory of suCh transmission ivorked out, notably by Professor
H. M. McDonald." I .

~rofessor Marchant refers to the s~:ggestiO put forward in I900 by
He viside that there existed in the u per re ions of the atmosphere a
pe.rr,anentlY ionised layer capable of r flectin electro-magnetic waves;
it is to this that the expression" Heavi ide laer" has been applied. The
f~ct that recently signals sent from Tfckert n, N.]., were received by
the~s.s. Ventura when 530 miles S,Wf of Sa oa, i.e., at a distance of
app oximately 8,000 miles or nearly lone-thi d the earth's circumfer-
enc from Tuckerton, has naturally ii··crease int.erest in the subject.
"T e Heaviside layer," Professor Ma chant tells us, "is supposed to
conS~'stof a mass of ionised douds or f g. in t e upper regions of the at-
mos here, at a height of about 50 mile~, whic acts as a reflecting shell
and behaves like an outer corona or $pheric 1 envelope to the earth,
agai st which the electro-magnetic raves which transmit wireless.
sign Is impinge and from which they an~ reflect d in much the same way
as a, hollow sphere with the inner surface ade reflecting would re-
flect~. llligh~ produced in:i<ie it. AlthoJ1gh th ea~th and the Hea,,:iside
laye by thIS analogy mIght be regatqed as qUlvalent to a polIshed
ball I' ith an outer concentric shell, halving it inner surface polished,.
the J.:lhenomena occurring in wireless cap-not b compared exactly with
that 'rxisting in the space between the ~nner a d outer spheres of such
a moF1el." I.

Pr~fessor ,Marchant refers in his artiqle to t, e investigations carried
out b~ Mr. L. F. Fuller, the remarkable ~esults n connection with which
were recently communicated by the latt'irr to t e American Institute of
Elect~ical Engineers, and in conclusion 'summ izes the history of the
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Heaviside layer theoryand some of th prop .sitions that have been put
forward to explain its existence. " 11th evidence now recorded,"
PrOfessor Marchant l' ells us, "suppo ts the view' that the Heaviside
layer exists, and that it exercises an i porta t influence on the strength.
of kireless signals recrived over very ong di ances."

]n the sixth articl~ entitled" Wire ess to he Rescue" Mr. H. J. B.
Ward makes a few temarks on the chiev ents of radio-telegraphy
at sea. He points ou~ that" it was n ,t until ireless telegraphy had for
nearly eighteen years/been demonstra ing its tility for sea-going vessels
th~t the BritisD Government issued, (I the 2 th of July, 1916, an Order
in r:.0uncil insisting ulpon the provisio of a ireless installation in the
ca~e of " every Brih~h ship of 3,000 tons g ass tonnage or upwards."
Thie numbers of resc es effected annu lly at ea by the instrumentality
of Iwireless telegraph, have been, he furth points out, increasing in
a ~eometrical and no~ an arithmetical atio. table is given of " Timely
Rdscues "; it cover~ more than nine closel printed pages of the Year
Eo,ok. ! .

In the seventh art,cle Mr. C. H. T; ylor d scribes" Some Features of
the Long Distance Stations of the meric Marconi Station" in an
in~eresting article in rhich a great nn bel' a technical details are given.

In the eighth artiqe Mr. W. P. Ha ris dea s with" The Achievements
of Wireless Telegra*hy." He expro ses t opinion that in spite of
" widespread interest in the science; d the onstant record of progress
which is brought un4er the eye of th intelli ent newspaper reader, it is
safe to say that very! few members of the ge eral public fully realize the
uqiquityof wireless, t.ts reliability an, the e ent to which it has contri-
buted to the world's ,progress." I

The important par~ wireless telegra hy is laying in this War, both on
land and on the sea, lis briefly touche upon. But, as Mr. Harris points
out, wireless is best iknown for its se vices a mercantile vessels in the
happy days of peac~. He als6 info ins us hat the wireless service is
now handling businqss messages at r tes wh ch are in all cases substan-
tially lower than thpse of the cable, the arconi Trans-Atlantic rate
between London an~ New York, fa exam Ie, being 3d. per 'hard for
ordinary telegrams ~s against IS. pc word by cable. These messages
ar~ transmitted diriectly and with ut reI ying between the British
shJores and the coastl of America by ay as ell as by night.

Mr. Harris sums ~p the present ~;tuatio with regard to wireless in
thie following words :~" It is now po ! ible t work regularly day or night
over thousands of $liles; automati duple hig-h-speed working-once
thought by most telegraph officials a be In absolute impossibility in

w. ireless-is now firr. ly established; auto atic recording of messages
is! carried out daily at many long distan receiving stations; . the
al?paratus on both s~ip and shore st tions, nee delicate and erratic, is
nOw thoroughly str~ng, reliable an fool- oaf, and manufactured to
standard specificatipns. Accurate alcula ions of range and power
has taken the place !of the methods f trial and experiment, and if it is
de.·.Siredto erect a Pt'ir of stations to comm ,.icate over 2,000 miles, the
specifications can b drawn up and the st tion erected with certainty
tHat they will fulfil 11requirements. '

There are, it is poirted out, one or wo au ~tanding problems requiring
, I

i
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t be solved, but it is hoped that t e exp rts who are tackling them
w II soon find an answer to the riddl s Nat e has set the world.

In an article entitled " Internati nal T 'fie and Weather Signals"
t e opinion is expressed that wireles telegaphy will playa great part
in days to come in regions of activity of whi h at present it only touches
t e fringe. Promin'~nt among such future spheres of action is likely
to be world-surveyirl.g. Through ra io age cy the differences of longi-
t de between Paris and many Fren h tows have already been estab-
li~ed, as well as the difference of Ion itude etween Paris and Washing"-
to , as stated earlier in this review!. The Commissioners engaged on
th Franco-Liberian and FranCO-G]man f ontiers resorted to wireless
te egraphy for the purpose of deter ining he longitudes of the boun-
d ries, and a similar use was made of wir less on the occasion of the
re tification of the frontier line betwe n Bra il and Bolivia. It is further
e ected that very considerable use ,'ll be ade of wireless in the future
in connection with time signalling a.lPdmet orological services. Part i-
cu ars are given of the nature of thd wirele s time and weather signal.
se vices which have b.een provided by the arious countries hitherto.

n an artide givimg " Particularslof Wi cless Telegraph Patents in
19 6" it is stated th,at though far fr~m reac ing the pre-War standard,
th number of patent applications filed durig the past year is few short
of 18,700. APPlicati .•ons with refere~e toireless telegraphy and tele-
phony, however, have exceeded by 50 th total number of similar
ap lications filed in the year 1913, m king i all 190 applications."

ttention is called to the fact tha a sys em of compulsory licences
ha been introduced to enable Britis, firms!to work enemy patents on
pa ment of royalties, such royalties b~ing hed in trust for the patentees
by the Public Trustee. ~

ists are given with brief descri tions f the British and United
St tes applications for wireless\paten s duri g 1916.

, Definitions of Terms used in Wir~less" re included in tre volume
un er review. These have been co~piled 'y Dr. J. Erskine Murray
fro the Report of the Committee of Stan 'ardization of the Institute
of adio Engineers and from other so~rces.

" Dictionary of Technical Termsl( in fi e languages, viz., English,
Fr nch, Italian, Spanish and Ger an an "Useful Formulc:e and
E ations" both specially compiled u der th supervision of Dr. Erskine
M rray are contained in the Year Eo k.

nternational units and symbols, 0 her u eful data, particulars can-
Cer ing the leading c<Dmpaniesengage in th commercial development
of wireless telegraphy, biographica notic s of prominent workers
i.ilJh e wireless field, t.•he literature of ~ireles telegraphy and. telephony
an· directories of wireless societies a1d Llod's Signal Stations are also
inc uded in the volume and add veryl consid rably to the usefulness of
a aluable and well-got-up handbook, thich ught to have its place with
ot er leading hooks of reference in th1 busy an's office or library .

. 'I W. A. J. O'MEARA.

!
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RE UE MILIT AIR SUI SE.

I No. 4.-APril, 1917. i

! ON CAVAL Y. I

i

Th~ article begun in the Revue for Fe ruary, 917, is concluded in the
num~er under review (sfe R.E.]., June nd Jul ).

Th~ writer of the ori~gnal article expre ses th opinion that Van Kluck
madq excellent use of t e large cavalry force del' his command. He
certa~.nly placed great onfidence in the flghtin qualities of his cavalry
for i~ was on this arm t at he relied to ask h' movements, to prevent
the ~nemy from penet ating into the g p cre ed in the German front
on t~e morning of th~ 6th September 1914, and to frustrate, under
exce~sively difficult cir,cumstances, the hostil enveloping movements.

Tl1e important role vlayed by the G rman avalry at the Battle of
the Marne comes hom~ to us when it L reme bered that it was at the
time!that Van del' Marwitz made it kno 'n tha he could no longer keep
the ¢nemy in check th~t definite order for th retreat were given. It
was ~he breaking point in the enduranc of th cavalry that constituted
the ~ecisive factor in t e situation.

Tlh.ewriter of the ori inal article can iders t at the two factors which
enaWed the German avalry to perfo m the task allotted to it with
suc~ success were first the lack of ene gy an push in the handling of
the (British Army, an secondly, the act th t the two cavalry corps
und¢r Van del' Marwitz and Van Richth fen co posed really a combined
forct of some magnit de and one cap ble of acting independently on
a wilde front. It consi ted of 12,000 sa res, 6 a 8 battalions of infantry
andl72 guns, together. ith a large nun er of achine guns and cyclists.

I~ should be noted tJfhatit was by di' aunt d action that the German.
cav~lry obtained nea ly all its succe ses. a those who argue that
infajntry could have ~'Chieved results. imilar a those obtained by the
G.erkn....an cavalry, the a thaI' of the origi al arti es replies" Yes, perhaps."
He iis, however, of op nion that unde circu stances similar to that in
queption, no other ar has quite the s me v ue as cavalry. Infantry
mi~ht have been able ita do as much a the c valry, but, he thinks, it is
ver, probable that it w~uld have actually done le s, owing to its comparative

. lac4 of mobility. Inf~ntry could not ave re forced threatened points
Vi ittJ. ~he sa~e rapjdi~y that the Gem an cav lry succeedeCl i~ doing.

]

IS consIdered th~t the use that Van uck made of hIS cavalry
du .ing the Battle of the Marne afton a mo t interesting study in the
tac ical employment tf that arm .

.n no previous oc~asion in actual warfa has cavalry been called
up~n to play exactly the same role t at Va Kluck's troopers played.
No~ that the principl involved ·was e tirely ew, for Article 481 of the
Swass Regulations, it!is pointed out, 1 ys it own that among the tasks
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that independent cavalry may ha\(e to u dertake is that of " seizing or
guarding points or...sectors possesslj:g stra egic or tactiral importance."

But what was :qot foreseen was he fact that a task of this kind might
involve operation$ on so extended a fron and last for so long a time as
they did in Septerpber, 1914. Th~lesson learnt will, it is expected, not
be lost sightof in the future. 0 e of te most important tasks likely
to be assigned to the larger forma ions 0 cavalry in future will be that
of moving with rapidity to fill uP\large.aps in the battle front. The
tactics employed on the Marne wil~no do bt be copied in such cases.

The writer of the original artic! feels he time is past when a large
body of cavalry qm hope to be a Ie to d liver an effective charge, and
cavalrymen must therefore beco e rec nciled to the idea that their
arm must fight di$mounterl to a gr at ext nt. Small bodies of cavalry,
he thinks, may still be able to eliver charge and cavalry should
therefore always be on the look-o t for n opportunity to do so; the
present War affords many exam les of charges being deliven~d by

ilmallbodies of caYalry. He does ot ag ee with those who argue that
he " cavalry spidt " will be adve sely a ected by the employment of
his arm extensiv¢ly in dismount d acti n. Indeed his own view on

I he subject is that. the more cavalr is caled upon to fight dismounted,
he better mounted will it become nd the better prepared will it be for
ounted action. ~By employing avalry thus the spirit of offensive

i11 be developed 'I and a tendenc to h ndle cavalry boldly will be
·nculcated. It is urged that cava], y sho ·ld do its utmost to perfect
'tself in both kinqs of fighting, a d that it should devote more and

ore attention to tihat kind which i the n west and one in which it can
o the most for itsl side. "Let us earn," ays the author of the Revue
rtide, " to cover g~eat. distcmces acr ss cou try in such a way as to arrive
t the decisive point 'be} re the enemy. oes so, in order that we may surprise
im, attack him and h rass him by ~anging on to his flanks."

It is further urged t at the troop~rs sho ld individually be taught to
ecome good marksm n and that rrjachine gun teams should be taught

~

become adepts in and ling their weap ns in small groups, to run
rsks where the occas on requires 4nd no to seek for protection too

xiously. To fulfil t ese duties ,ith su cess, however, cavalry must
be employed in foree. "A weak cdpalry} rce," says the author of the

evue article, "serves a useful purppse wh .ever."
The use of large for ations of cayalry a one without the addition of

i fan try units, it is. su gested, will ~arelye resorted to in the future;
t e tendency is towar s the emploJfment f combined detachments. It
is suggested that it wa largely due t~the act that battalions of Chas-
s urs and batteries of artillery acco~pani d the German cavalry that
it met with so much s ccess in the pres en War. If at times the rate
o advance of cavalry as slowed down by t e addition of the less mobile
t~ops accompanying i , on the ot:h~it"hand when cavalry was held up
t e presence of thes..e e.ss mO.bile. tt.oo.p..s s ortene.d the delay brought
a out by the resistance of the enemy,

It has been sugg¢st d that the German cavalry have on occasions
m de a misuse of their Chasseurs. Infantr have, in some cases, been
st rted off two to thr e' hours befote the avalry for the purpose of
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" ct aring the road." There is much 0 be s id for employing the in-
fan ry in this manner, but the author f the evue article considers that
inf ntry should, as a ule, be employe to su port the cavalry, to hold
im ortant points in r ar of the adva dng c valry, either to keep the
rou e open or in order hat such points ay se ve as pivots of manreuvre.
Th infantry may als be' with advan age e ployed to hold an enemy
in ront whilst the ca aIry is busy sw epingound its flanks.

he art of handlin a combined det chmen is not something to be
ac uired by instinct alone; like oth r braches of the art of war it
reqjuires study. ,

$0 far as reconnais
l

ance duties are concer ed, the experience of the
firs~ two months of w~ar on the West rn Fro t teaches no new lessons.
Th're is not sufficie t evidence ava.'lable t to' say whether better
res Its can be obtai ed by employil g a w ole squadron, or whether
by employing smallet' groups of cava ry, for reconnoitring purposes.

he heliograph h s proved itself an i dispensable part of the
eq ipment for cavalr .

he attachment o~ cyclists to the cavalr reconnoitring squadrons
ha also met with co siderable succes on th Western Front. The use
of laeroplanes and 0 ser:vation bal~o( s has not, in ~he opinion of the
author of the Revue I arhcle, matenal yaffe ed the Importance of the
re40nnoitring duties, formerly and till u ertaken by the cavalry.
D~tailed information! cannot be obta ned b airmen; nor are they of
mwch use in misty j\veather and in oode country. Reconnaissance
d~y on. the battlefietd, however, falls ,exclus vely in the province of the

aI~ serVIce. ±So far as march a d manreuvre fo matio s are concerned it is more
th~n ever necessary 0 avoid massing he me ; cavalry should move in
echelons of squadroJs and of troops ith as reat a distance separating
the several units or I groups as the s'tuatio will permit; attention is
called to Colonel Cat1rere's Cavalerie s n Em loi dans la Guerre Moderne
(liavauzelle, Paris, rbr6). Further i forma ion on this subject can be
01tained from the pfges of the volur e refer ed to.

The author of the Revue article in onclu on states that he has dealt
m~re particularly wi h the German c: aIry b ,cause he was able to obtain
mpre information cOlllcerning it than, oncern g the cavalries of the other
b~lligerent Powers. l.:I0wever, he ree gnize9 that many valuable lessons
a~e to be learnt frotl_1a study of tJ part layed by the French, the
Bblgian and the Bri~ish cavalry in th early perations of the War. He
isiconvinced that thFle still remains usefl role for cavalry in modern
w~r and quotes a fJassage from Ge eral B nnal's Les Condition~ de la
Gf.terre Moderne whi~h fully bears 0 this 0 n contention that cavalry
is! far from being in ~ bankrupt cond tion blt is still well able to under-
i~ke the obligation lof paying its w y to f me and glory in a modern
i~eatre of war. I

~ I
1 II I
, II, THE LT~LO-AUSTRIAN T EATRE OF OPERATIONS.

! The present Ital -Austrian theat of 0' erations, it is pointed out,
.c~nsists of two dist'nct regions, viz. :-The Trentino or Alps front and
ile Carso front. I,

'.'._----+--------+------
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The Revue article is illustrated by di grams showing in sectional
Jevation the different sectors of t e two Jronts (as below) and also a
ketch map showin~ the Trentino r gion. The two fronts have together
n extent of apprqximately 373 m les, fr :mthe Gulf of Trieste to the
telvio Pass, and may be considere as be'ng made up of the following
ve sectors ;-

93

62

62 miles.

;;

I.-The Julian AilpsSector (fromGulf 0 Trieste, south of
Monfalconeto M. Cergnala)', .. ,

n.-The Carnic Alps Sector (from M. C rgnala to Cra. di
I . Casa Vecchia) 75 "

I 1.- The CardoriaSector (from Cr . di Ca a Vecchia to Val
Sugana, sOlithof Strigno)

V.- The Dolomites Sector (from V 1Sug a to Riva on L.
Garda) .. ,

.- The J udicaria-Stelvio Sector (from Riva to Stelvio
Pass) 8r "

The sectional ele~ations of these sfctors .ublished in the Revue bring
h me very vividly tP....e.very difficultf,atureof the theatre of operations
in which the Italian,Army is engage ..

Attention is drawn to the fact th t the heatre in which the Italian
a d Austrian Armies are at grips at he pre ent time has on many pre-
vi us occasions been, the battle gro nd on which nations have endea-
v ured to settle their quarrels; to entionbut a few dates the author
of the Revue article tnentions the ca paign' of 1796, 1797, 1799, 1805,
18 8, 1859 and 1866.

n all these camp*gns the main i ea has been to seize the Tr.entino
an the upper valley of the Adige. For it has always been felt that
an army that obtaintd mastery of t ese re 'ons obtained, at the same
ti e, domination ov r the plains of ombar y and the Po Valley.

he Italians have ,lways looked u on the possession of the Trentino.
re ion as being of extreme strategic~l imp rtance in relation to the
de ence of their country. This regi~n is t e key to the defence of
th Po Valley and its possession exicludes the possibility of a flank
att ck on any Italial!l Army in the '{enetia theatre; from the Tren-
tin lines of advance diverge On to 'Ithefr nt Vicenza-Verona-Brescia
(ab ut 70 miles in extent). "

he region is equally important frdm the Austrian point of view as
pro iding a suitable ~entral position from w, ich Austrian Armies can
ad ance to meet their enemies on hostile ter Hory.

hen Italy came into the War in ",1915, he Trentino had not lost
an of its former importance. It wa~ rumo red during the winter of
1915 and 1916 that th~ Austrians inten'Fed to aunch an offensive,in the
gramdold style, into the plains of LOIDibardyTom the Trentino, hoping
thu to threaten the Italian Army in th~ Vene ian zone. Such an opera-
tion is one attended by certain diffiClHties0' ing to the fact that the
Tre tino is excentrically situated from ',thepo· t of view of the railway
com unications of the Dual Monarcht; onl two railways are avail-
able for the transport of troops and supplies 9 this front, viz. :-those
in t e Eisak and Puster Valleys w~ich co verge on Franzensfeste:
Rail ay Junction and lead thence to trent ( 5 miles further south).
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The Trentino front {'rom the Adige 0 the al Sugana has an extent
of ,Iearly 4S miles, as the crow flies. It is t a considerable distance
fro the Isonzo front nd provides nei her sh ter nor food for an army.
Ext nsive preparation must therefore be un ertaken in this region by
ar 'es intending to oPferate thereiv, an little ecrecy can be maintained
in r lation to the mili ary measures w ich m y be put into execution.

e Italians have stimated that l e Au rian Army concentrated
in he Trentino conSl':sted of 18 divLions a d 2,000 guns of various
cali res, including 40 12-in. guns, 4 s-in. IllS and 4 16·s-in. guns:
a tgtal force of appro imately 400,OO( men.
llhe Austrian artill ry attack began on the 14th May and reached its

mafimum intensity n the following day; towards the evening the
inf~ntry joined in the fight, which wa of th character usual in moun-
tai ous countries, ea h side fighting or th possession of the highest
gro nd. '

n Austrian offens ve for the poss ssion the plains of Lombardy
an Venice affords t e greatest chane of s cess if combined with an
off nsive from the ea t against the Is nzo fr nt.

he Austrian offen ive of 1916 wa confi d to the Trentino front;
in onsequence, the I alians were give an 0 Qrtunity of concentrating
th 0 bulk of their arm on this front.

!lthough the Itali n left had at li st to etire in the Adige Valley
un~er the intense A1strian artillery fire yet nally it was able to hold
up !the Austrian adv nce at Ala (on t e Adi e) and at Pasubio further
easi" The Italians t us remained rn sters f the routes in the Adige
va,ley leading to Ve ona. The Itali n cent e, between the Terragnola
an, Astico Valleys, as at one time n extr me jeopardy. The inten-
sit' of the Austrian artillery fire ca sed t e Italians to give ground
an whilst they wer doing so Austri n inf try deployed in consider,
ab e strength and fo~ced the Italiano, to con inue their retreat; on the
19 h May, 19I5, thef reached Cimo e, nor h of Arsiero. The retire-
m nt was continued towards the end of the month, and the Austrians
ve y nearly succeed d in reaching t e plai s. However, the Italians
in ~pite of the violen~e of the further Austri n attacks held on to their
gr~und and checked Ithe further adv: nce of he enemy.

pn the high plateau of the seve] com nes north of Asiago, the
It~lians were also o~liged to abando their rst-line defences. On the
2I~t May, they retirEjd to their secon line a Mont Verena on the Cam-
po~ong summit and lrter to the slopes of the al d' Assa and those north
of! Roana. The A strians were no,t able to continue their attacks,
SO,!that the Italians finally establisl ed the selves on the line Monts
P~u and Magnabosc i and the heig ts sou and east of Asiago. The
sitjuation which was ' critical one for he Ita ians changed for the better
O~he loth June, I 'IS. The posses ion of he region about Asiago by
th Austrians woul have enabled t em t turn the Italian positions
al ng the Val Suga a and to cut 0 all c mmunication between the
p sitions in questio and the plain 1 etween Thienne and Bassano.

he Italian right as astride the al Su ana, in the neighbourhood
oflRoncegno. Here also the Italians gave g ound gradually and retired
atl first to their sec9nd line, Civaron Telbe. On the 2Sth May, just at
tJ:~etime when the :qodici summit w: saban oned by the Italian centre,
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their right was withdrawn still fU1t~er to he eastward of the second line
last referred to. I

The Austrians ~ttacked the Ita an po Wons to the north of Asiago
n the 26th May;1 the Italians in their t rn counter-attacked and the
perations in thisiregion then ca e to a ,standstill also.
The author of t~e Revue article onsides the operations on tqe Tren-

ino front of speciltl interest to th Swiss Army as containing, valuable
essons in mountatn warfare of th kind which this army might have
o undertake.

The success which attended the ,first p. sh of the Austrians was the
atural sequel to the decision tak~n by hem to launch the offensive
t a time selected by themselves and in ccordance with a programme
repared by theD1selves. The w40le ca paign bears the stamp of
aving been worked out with great xactn $S. The formidable Austrian
ffensive was met ~ith skill and ene gy by· he Italians in their defensive
ositions. Withou,t losing sight of he nec ssity of holding the Austrians

'n the mountain regions, the It lian H'gh Command concentrated
field army in th~ plains, ready t play 'ts part should it be required

o do so. Some idea of the magni ude of the task carried through by
he Italian General'Staff may be gahered rom the fact that it involved
he movement of half a million men! 75.00 animals and I5,000 vehicles,
ithout taking into consideration the tran port of enormous quantities
f food supplies, st0res and ammun~tion. (To be continued) .

THE INSTRUCTION OF INF~NTRY IN BATTLE TACTICS.

I nstr~ction.

The article begun in the number of th Revue for March, I9I7, is
c ncluded in the isOlueunder review'\(Vide ,.E. Journal for July).

The author of th~ original article consid rs that the basis of instruc-
t on in the Swiss Armv should be klrills r ther than manreuvres. To
I aveno doubt as to what he means ~ de fin ion clause is added by him:
" To drill is to repeat a movement,! an ev lution, a deployment, until
p rfection in execution of the. sam~ is obained. To manreuvre is to
a ply in practice the lessons learnt <it drill. '

What, in Switzerland, is referred to as "company drill" consists.
a cording to the author of the original ar icle, as a rule in giving out
s me general idea,. which starts w~th an ad vance guard or outpost
s heme and develops into an extenston for the attack or the execution
o a deployment. k\ criticism on the execise follows; this criticism

ay be sound but does not, it is suggested, each either the men or their
leaders how to conrect the mistakes mad. It is stated that all the
filings of the Swissl infantry arise from the fact that they are not suffi-
c' ntly well drilled.

Every situation arising at manc$vresequires a long explanation"
w ere as what is wanted is a series Of shor episodes, which can be re-
p ated until the machine works qljJickly nd correctly. T,he author
gi es schemes of instruction for thel indivi ual soldier, the group, sec-
ti n and company. The principal points 0 which ,attention is drawn
a e the following :--r-

I. The Instruction of the IndividualSoldie .-Practical and theoretical

,.
,,
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instruction must pr1ceed simultane, usly s examples in practical
instruction the SOldil should be taug t:-

(a...•.). To make the b st use of the fe; tures 0 the ground and to handle
pioneer tools for the urpose of assisti g him n the a:dvance.

(p). To make the·b st use of his wea ons at short ranges so as to assist
him in the advance. I .

(c). To acquire skill, in the use of th bayo et.
(&). To throw handjgrenades proper y.
U. The Instmetion Qj the Group.-So e vari .ty, it is suggested, should

be ~.:ntroduced in the i instruction noy given by introducing incidents
frorp the present War

1Ajs examples the following exercise are s ggested:-
W· A group of bO~bers may be m de to dvance, under the protec-

tionj of the fire of th~ remainder of he se ion (imaginary), and on
arriyal within throwi~g range, the roup hould make a bombing
attajck on the enemy. i

(~'). The group maYtbe supposed to belong to the second wave and
sho .ld be made to ta e cover, so as t avoi casualties from artillery
fire irected at the firs wave.

(3~. The grol'P ma~~ be employed n a "cutting out" adventure
against imaginary hid en enemy mach ne· gun .

(4). The group may be supposed to be nea ly cut off in an isolated
commanding position ~nd should be ' ithdra n into a less dangerous
posi~ion. so as to gain ~ime for the reI ainder Of the company to come
mto :actlOn. ,

(51. The group may be employed on "snipi g" expeditions.
lIt .... The Instr.~tetion~1of the Section. The oints requiring special

attention, in the opini n of the author f the riginal article, are :_
(a). The need for ra idity in taking p exte ded order formations.
(b)!. Skill in utilizingjthe features of he gro nd during an advance.
(c). Fire discipline. I

(d). The delivery of ~he assault.
(e) i In defence practices, the main thi g is to each a section to remain

conc~aled as long as ptssible, and then sudde ly to pour in heavy fire
against a flank of an iqIaginary attacki g fore .

IV. The Instruction 01 the Company.-- Small ncidents or short phases
of a lpattle should, it is Euggested, be co tinuall practised. The points
requiring special attention are the same s thos I stated above in relation
to the instruction of th~ section.

The author of the Re~lue article gives etails f a number of incidents,
etc., which may be pra9tised.

V .. Co-opel'ation with V'dachine Guns.- ation between infantry
and rp.achine~gun deta~hments is of th utmo. importance. Instruc-
tion s!hould be afforded ~n the co-operati n bet en a section of infantry
and a, machine~gun det~chment (a) duri g the advance from long and
medilfm ranges and (b) ir fire discipline.

Sin1ilar instruction sfuould also be p ovided in relation to the co-
operation between a c~mpany of infal try an machine-gun detach-
ment~. i

VI.! Co-operation of t~e Several Arms of the ervice.-Owing to tbe
importance of very cl?selco-operation bet een t e several arms in actual
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bar, the nec'essity for combined training is more necessary than ever
efore. The author of the Revue larticle urges that even in combined
raining, the exerdises carried outJ'hOUld e in the nature of drills and
hould -not consist! of manceuvres. Diffe nt phases of the attack, the
ounter-attack an~ the defence of osition ..should be executed as drills,
ull use being madf for the purpose of all he most modern devices with
vhich armies are to-day equipped.;

NOTES AND N WS.

International News.-A reference is mae to the entry of the United
tates of America ~nto the great cdnflict f arms that has now been in
rogress for nearlyl, three years. Itl is felt that the entry of the United

. tates of America ~nto the War is li~ely to make the position of neutral
witzerland at a Peace Conference lone of considerable difficulty. The
ational conscience of Switzerland ib torn y two conflicting forces, one

i lpelling the'Swis$ to act honouraply by their treaty obligations and
t e other demandiJllg that steps shall be t '.ken to safeguard the future
i terests and exis~ence of the Corfeder tion. Some anxiety is felt
t at the Europeall States may not, in I 18, so readily accommodate
t emselves as theyl did in 181;5, to lackno ledge the state of Perpetual

eutrality by which Switzerland fe~ls her elf bound.
It is suggested trat now Russia Ihas go rid of an autocracy to the

dvantage of her Reople and the ljrnited tates of America has come
i to the conflict fori the protection of the ri hts of her people, whilst the
-russian Governmept has had to a<f1it a heck in relation to measures

under discussion concerning the pr~me rig ts of the Prussian citizens,
t e signification of the Great War b~comes dearly visible. It is a War
f r the emancipation of democracy~ It is rapidly becoming apparent
t all in Switzerlanfi that in the de~eat of the Central Powers lies the
s ety of the Swiss 'Confederation

The opinion is expressed that we' are in sight of the end of the War
d also that the Central Powers have b en virtually defeated. The

Tar represents a conflict between bureau racy and liberalism, and it
i bureaucracy thatmust go under. '

It is pointed out that President Wilson i above all things a pacifist,
b t now that his cOl1ntry has been fGrced i to the War he is determined
t employ all the r~sources of the Aimerica Continent to fight not the

erman people but ~he German Gov~rnmen. He typifies the perfectly
1 gical man. Presi~ent Wilson's at~itude, r rather his pacifism, forms
a interesting and comforting contrast to th. t of the Russian extremists.
T le former's pacifism is that of an leducatd person, familiar with the
lessons of history, ~ho does not allow his h manitarian instincts to lead
11 m to adopt a lin~ of conduct wh~ch wOlld completely overlook the
r alities of the situ~tion, that is to 'say a acifism which would make
h m an accomplice· of evil doers. The p cifism of the Russian ex-
tr mists, on the other hand, is the paCifism f ignorami. The intentions
o these extremists may be of the be$t, but hese extremists are steeped
in mysticism; and h1ysticism never:yet w born of good sense. It is
fe t that the Russian extremists bdlong t that category of pacifists
w ich wrecks nation6 and brings do¢n misf rtunes on their own heads
a d numberless others in a position similar 0 their own. This kind of
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paqifismhas been see~ in different guis s in F ance, where it contributed
to the lack of prepar tions existing in 1914,' spite of the teachings of
I8~o, Great Britain did not escape f om its wiles, and pacifism might
hare brought about the downfall of the B tish Empire had' not the
Getmans themselves applied the wJ 'p to he British conscience by
in~ading Belgium. istory teems v 'th rec rds of the mischief done
byi a certain kind of pacifism. Pad sm is good or bad, according as
it ik the attitude of a erson with a cl ar brai and educated intelligence
or lhat of a person w~lthan illogical an unre soning mind,

. I

I SUPPLEl ENT.

}\ further part of the Supplement e titled 'Occupation des Frontieres
par les Troupes S1~isJes en 1870-187 is iss ed with the number of the
Reruue for April, 1917.

. hapter III. relat{' g to the Defens' e Per' d (January and February,
18 I) is continued i this part, Thi chapt r deals with the" Occupa-
ti n of the Wester Frontier." Th Fede al Council seems to have
£0 med the opinion hat Bourbaki w uld w thdraw his Army into Bel-
£0 t, On the 17th January, 1871, he av 'lable troops of the Swiss
5t Division were c lIed up for ser ice; ne of its infantry brigades
a9~ one of its artille y brigades had lready been incorporated into the
3rt! Division. The eadquarters of the 5t Division were established
at' Basle. On the olIowing day th Com ander of the Swiss Army,
G neral Herzog, req ested the Feder I Coun il to send the troops of the
st Division to Ba Ie, and at the ame f e recommended that the
4t Division shoul be mobilized nd co centrated at Bienne as a
Te erve. The move of the 5th Divis' n to asle was approved, but the
F deral Council po tponed their d cision egarding the mobilization
() , the 4th Division. I

!Bourbaki had ab~ut this period rdered the French 24th Corps to
oqcupy the Lomontl Heights, in orcl r to ver the plateaus adjacent
t~the great loop 0\· the Doubs, A ter th battle on the Lisaine had
fi ished, fighting be weeJ;lthe Frend and G rman troops still continued
£ f some days in he region conti uous 0 the Swiss frontier near
Pi rrentruy, and, in I consequence, on the n' ht of 18th January, 1870,

i*e French peasant~ in this region' ed fro their homes into Switzer·
l~nd, I I

: On the following! morning thousa ds of efugees arrived at Porren-
t~ny, where they we~e lodged and ca ed for y the Swis~. The situation
~as, however, one ~hat caused mu~ emba rassment to the Swiss mili-
tfry authorities. i, ' ,I General Herzog, ThavIugesiabhshe hIS eadquarters at Basle on the
zpth January, imrjediately wrote 0 the wiss Government pointing0r:t that the objec~ the Germans h d in v ew in acting on Bourbaki's
l¢ft flank was to flce the French oops i to Switzerland.

I The troops of th Swiss 5th Divi ion co menced to arrive at Basle
n the 21st J anua y; at the sam time efinite information reachedit.e Headquarters f the Swiss Arr y rega ding Bourbaki's retreat. It
ecame clear that Ithe part of the Swiss rontier now most menaced
, as that in the re~ion of Neuchate: and t at there was no longer need

:for anxiety regard~ng the Basle ff ntier' in consequence, the Swiss



,

88 TI'IIE ROYAL ENGINEER JOURNAL. [AUGUST

th Division was rpoved, on the eyening ,of the date last mentioned,
t Laufon (half-waiV between BaSletand elemont).

The situation ha t now so comple ely altjered that orders were issued
f I' the Swiss 4th Dfvision to mobili e ; fOU",companies Of,Carb ineel'S (of
t e Vaud) and a cOFpany of Guide (of G lleva) were also called up.

The Headquarter

f
of the 4th Div sion w re established at Chaux de

onds (about 8 mi es north-west 0 Neue, atel), and the units of the
ivision were locat d at various po nts in he Franches Montagnes and

; the Jm'" nmth ° Neuohatel; therpo,;'iO' ,,,leoted heing all o,"upiea
y the 27th January. I

A collision now appeared imminept bet een a French Division that
h d arrived on th~ 20th January !at Pot-de-Roide (about 17 miles

est of PorrentruyJ and German re~nforce' ents which had arrived at
elle and Croix. llhe inhabitants of Abbe illiers, taking alarm, moved

i a body into Switferland. ! I

Precautionary st ps were taken,! on th 23rd January, along the
f ontier by the SWl,S military auth~ities i. antici?~tion of a fig~t be-
t 'een the French a d German troo s, but no colhsIOn occurred m the
n ighbourhood of t e Porrentruy fro, tier. ,

On the date last mentioned, thefSWiSS th Division was echeloned
a ong the Delemont Valley and on t e sam day General Herzog estab-
Ii hed his Headqua tel'S at Porrent uy. few days later Von Man-
te Hel, having occu ied Dole, cut t e dire. t communications between
B sanc;:on and Lyors. Reports re~ched t e Swiss Headquarters on
t e 26th January tq the effect that the wh Ie of Bourbaki's Army was
re iring on Ponta.r1ik The Comm*,nder f the Swiss Army at once

I

a opted measures tt meet this situ~tion. The situation was now be-
e ming critical and qrders were given '/01'the Swiss 4th and 5th Divisions
to move to their left! immediately, so!as to over the Neuchatel frontier
m re effectually. Tpese movements 'Iwereir .progress when information
a ived that a Frenc~ force, estimate<iJ.at ab 'ut 40,000 men, had arrived
at Morteau (about '12 miles south-t' est 0" Chaux de Fonds). Swiss
tr ops were in con~equence hurrie to t ,e neighbourhood of Lode
(n arly opposite to 1\1orteau) and ot er mOl'ements were, also 0,rdere.d.

On the evening of. the 26th J anua~y, the ederal Council warned the
C ntonal Authorities to arrange for the ac ommodation of 10,000 pri-
so ers of war in the barracks at certain pIa es named, and at the same
ti e issued instructions regarding their tr atment and the provision
of guards.

he movements qf Bourbaki's trqops w re from time to time met
alterations in the dispositions of'the S lss Army.
n the morning of the 28th J anual;'y, a st ff officer of the Swiss 12th

B igade had gone, irl plain clothes, to Pont rlier in connection with a
di culty which had ',arisen in relatioll to a c ntract for the purchase of
sa t by the Cantonfl1 Authorities of Neu atel. He naturally took
ad antage of the opportunity to glean what information he could. He
as ertained that there were 70,000 Frep.ch sol iers in and around Pontar-
lie under General CIinchant, who had succe ded Bourbaki. He formed
th opinion that somb of these troops were s ill in a condition to give a
go d account of them$elves. but that tlie great" I' part of them were utterly
de oralized. The view was, he found, gene ally held that this French
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forcel would march intb Switzerland. he in rease in the number of
Frenph troops on the ~riss frontier led the Ca tonal Authorities of the
Vauq. on the 28th J an~ary, to call out he Mil tia in the frontier towns
and~illageS of the ca~on.

a the evening of t e 28th January, GeneI' 1 Herzog received infor-
mati n that a force of 20,000 French oldiers was in and about Pont-
arlier! and that this force was marching outhw I'd on Mouthe with Von
Mant~uffel's troops on jts heels. It w: now elt that practically the
whol~ of the Swiss west rn frontier as fa south s Geneva was menaced,
but t~at the situation a Porrentruy and Franc es Montagnes had eased
consi<llerably. The co~mander of the Swiss Army, in consequence,
decidid to move troops from his right ing to support the centre and
left 0 the 4th Division (Headquarters, still at Chaux de Fonds). On
the 2 th January, the eadquarters of he Sw' s Army were moved to
Neue, atel, and, certain Ichanges took p ace in the dispositions of the
3rd, 4th and 5th Divisirns to meet the atest s tuation on the frontier.

",~?~i,e~ec~:~er~~~~iO:il t~r~~:~i~:s~o:: ~~~~e e~~~,:~i~~\~~~e~:~~
forces. In consequence orders were iss ed tho no French soldier was
under any pretext to e allowed to e, tel' S tzerland. In order' to
el1sur~ the execution of these orders str ng gu rds (found by the local
Militi1!-)were posted on I all the frontier roads. An agreement was, at
the s1me time, arrived lat between Gen rals H rzog and Clinchant in
this n1atter and the latter arranged to po t guar s also on his side of the
frontitr. However diffitUlties arose as large odies of deserters and
othersl" suffering from sm lIpox crossed, tl Swis frontier into Verrieres_
The ililfectious cases we e taken to Neu hatel nd arrangements were
at onde made for the es ablishment of a quara tine station, under the
Swiss Military Authoriti¢s, at Verrieres t deal ith future cases.

On the morning of tht 31st January t le offic l' in command at Ver-
rieresreceived informat~on that Von M nteuff declined to recognize
the armistice as applyin~ to the French rmy the E;ast, and from a
second message he lear~t that a long c lumn f French artillery was
advancing on Verrieres ahd had already; rrived a within 3 miles of the
frontiElL He at once btocked the road- and l' ilways by placing his
troops in position; at tIle same time, he ent an orderly officer to inter-
view tpe French Comm~nder; the Fren h col n was then within a
quarter of a mile of the frontier. A Fre ch offi er (of high rank) came
up to t!pe frontier to med him and stated hat he had received no orders
as to e, ntering Switzerlard, or not, fron highe authority; however,
he haUed his force, in or~er that instructi ns mi ht be sought from the
Headquarters of the SfiSS Army. Sh rtly terwards instructions
were r~"ceived from Gen ral Herzog stati g tha if the French troops
were c1Jrivenback by th Germans they were be allowed to enter
Switzdland, but they w~re to be requir d im ediately to lay down
their arms. The French I Commander on he spo hesitated to give the
necess~ry undertaking td disarm his me. W 1st these negotiations
were itlJ,progress, Gene41 Clinchant's s nior .D.C .• arrived on the
scene alnd asked to be taiken to the senio Swis officer at the nearest' I

Headq~arters. He camelto enquire on b half 0 his Chief whether in
the evdnt of the French I Army retiring i to Sw tzerland, it would be

!
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possible for the Swiss Authorities to f ed these troops. During the
interview the rOair,of artillery cout be d'~tinctly heard; an engagement
between the Fr~nch and Germa: s was in progress only a few miles
distant.'-:(To be 'continued).

i, \ W. A. J. O'MEARA.

I

R~VISTA DI AI+IGLIE IA E GENlO.

~ctober, November" and ecember, 1916.

RESUME OF Mn.I1fARY OPERATIONS FRO AUGUST TO SEPTEMBER, 1916.
The capture ofM. Sabatino and, of M. , . Michele being assured it only

remained to possess the bridgehe<jtd of Gf.,rizia and complete the storm-
ing of the imposi~g rampart on th~ heigh,s immediately west of the city.
The battles, san~uinary and ince$sant, ,ere continued up to the 8th
August. The brdken and intricat~ natur of the ground, the numerous
and powerful lin~s of defence er1cted b the enemy, the' vicinity of
Gorizia, a conspiquous centre for" the e emy's resources, facilitated a
tenacious defen,ce,l,and assisted the~ inaking violent counter-attacks.
Step by step at t~e price of great sacrifies, the Italian infantry, with
unceasing co-oper~tion of artiller" gain d the whole of the difficult
ground, storming bne by one the humer US trenches, surrounding and
ompelling the surrender of the enemy,nd repelling violent counter-
ttacks. '

The Tuscan Brigade (77th and 78th R giments) and the I43rd and
44th Regiments b~the 48th Divisi~n dist nguished themselves by man-
uvring in rear o~ the enemy's lihes on ,T. Peumica and on the hill

verlooking the viWage of Peuma, ~hus de ermining its capture. Other
ot less heavy C011llter-attacks of, the eemy, preceded by powerful
ombardment, wde repulsed by t)le bra e defenders of M. Sabatino
nd M. S, Michele., '

On the aftern60Il of the 8th AUg~'st owi, g to the victorious action of
he Italians all the\ heights to the r'ght of the Isonzo, with the bridge-
ead of Gorizia an~ the M. S. Mic ele on the left of the river, were in
ossession of the I'talians. The lines of the Isonzo and the valley of

. olmino were entirely assured. At dusk, ~etachments of the Brigade-
asale and Pavia passed on to the Isom;o Ford, the bridges of which the

e emy had damagl:1d. A column of caval y and of bersaglieri cyclists
as sent in pursuit~ Under the en~my's Te detachments of engineers

seedily constructed bridges, and repaired t ose damaged by the enemy.
On the morning 0f the 9th August the Ialians entered Gorizia while

a column of cavalry and cyclists traverse the plain around the city,
d spersing the last resistance of the enemy. On the loth Italian infantry
o cupied the wester:n slopes of the heights near Gorizia, and the lines
o Vertoibizza more to the south.

The capture of G(lrizia deserves to be co sidered as one of the finest
ilitary operations, of ~t;;tly. In t~ree d ys, the most important of

tl e enemy's fortific<jttions on the Isonzo fr nt fell into her possession.
I t may be opportunl:1 to relate that during p ace time Austria had always
g arded Gorizia with the greatest care, es ecially during the time of
Itrlian neutrality. Its value had been incr .ased with defensive works,



91s.

land the experience of he first months f the E ropean war had rendered
it fo midable. On the declaration of w r by I aly, strong and imposing
fore s had been conce trated at Gorizi by th enemy, who as attested
by he prisoners, wer under the ill1 ion t at the great endeavours
ma e by the Italians to arrest the A strian invasion in the Trentino
wou d for some consid rable time exh: ust th r offensive capacity.

I consequence the anreuvres by i ternallines on the Isonzo front
whi h were conducte with rapidity, precisi n, and secrecy, Were re-
spo sible, on the mor ing of the 6th ugust for the Italian offensive
bre king in full viole ce against an e emy orally unprepared. The
,effi acy of the counte -attacks on Mon alcone completed the surprise.

a the same date t e action of the Italia artillery showed a really
-cIas ical example of oncentration 0 fire ainst fortified lines. It
was most minutely stt~died and prepar d. T nks to the exploration of
the ground by aeropl.ilies, patrols, and ptical observations, the enemy's
pos tions were perfec ly known and rawn n the map; the targets
acc rately distinguish d in extension and in depth, and the range of
fire established with crupulous pred; on. I consequence, at a fixed
mo ent, a storm of ir n and fire was h rled u expectedly on the enemy's
pos tions, overthrowi g the defences, beatin down the parapets, de-
str ying the stations nd observatories and t us interrupting communi-
cat ons. The advanc of the Italian nfantr was magnificent. After
thr e days of unceasi g action under he co centrated and violent fire
.of he enemy;s artille y, mitrailleuses, and b mbs, they overthrew the
suc essive lines of t e enemy's resi~, ance, ayoneting the defenders,
an strongly sustaini g the intense b mbard ent and furious counter-
att cks of the enemy.

The stormil' g of the Lines 0 Carso beyond, Vallone.
n the day of the 6th August whil t on t e southern margin of the

,Ca so the Italians ca tured M. St. M chele i the zone of Montfalcone,
,an the 3rd and 4th attalions of be aglier' cyclists seized the heights
,of Quota 85, resisti g several viole] coun er-attacks of the enemy.
Du ing the following days, up to the 9th, t e enemy made desperate
.eff rts to retake the osition M. St. Mi hele; ut each time was energeti-
.cal y repulsed, and al 0 lost the villag Bosch ni strongly fortified on the
so thern slopes of t e mountain. F rther outh the Italian infantry
sto med some trench s near S. Martin del C rso. On the loth a vigor-
.ou assault was ma e against all' t e stro g enemy's lines between
Vi pacco and M. Co ich, which was crown d with full success. The
,en my in rout aband ned all the zone west 0 Vallone, maintaining only
str ng rear guards 0 the heights of ebeli nd of Quota 121. Several
ot er important pIa es were occupie by t e Italians. On the 12th
th crest of Nad La em, which was bstina ely defended, was stormed
by the valorous troops of the 23rd ivisio (Sardinian Grenadiers Bri-
.ga e), Lombardy Bri aden3rd and 7 th Re iments, Catanzan Brigade,
14 st and 142nd R giments. At t e sam time the Italian troops
se' ed upon Oppacc iasella and pus ed for ard to the occupation of
ab ut a kilometre ea t of that localit:. Fin ly, on the soutbern margin
.of the Carso, the hei hts of Quota LH and' f Debeli were captured by
th Italians. On th following days, up to he 15th. very sharp actions

1
~,

r
\;
r,

"

\,
J'

i

I,
t
~.

~. ._-L
:.,
i~



[AUGUST'tHE ROYAL ENGINEES JOURNAL.\92

'rontinued with notable success to the Ital ans, who broke through lines
f trenches east of, Nad Logem and on the western slopes of M. Pecinka.
iter this, the opel1ations, here as wEillas in e zone of Gorizia, were carried
n in a methodical:manner, owing to'.thene essity of reinforcing the troops,
nd services, and ',systematizing the defe 'ce of the occupied positions,
ranging position~ for the artillery,'! and i 'proving the communications.
he work was disturbed by frequ~nt stoms which rendered difficult
he conditions of camp life. During the 0 erations from the 4th to the
5th August 18,7$8 prisoners, of whom 393 were officers, 30 guns,
3 bomb throwers, 92 mitrailleuses, 12,25 rifles, 5 million cartridges,
,000 rounds for artillery, 60,000 bombs, an a rich booty of war material
f every kind were '!captured from the ene y ..

If the capture of the bridgehead' of th . town of Gorizia constituted
military event of the first order, ~he sto ming of the zone to the west

f the lines of Vall'one was of no less imp rtance. The plain of Carso
oriziana dominated the smaller plains of the lower Isonzo up to Cor-
ous and Gorizia, <1m the one side ap far a the sea, and on the other to
formidable positi'pn protected by the de p depression of the Isonzo,

i proved on the flahks by the formi<dable b. lwarks of S. Michele aN ord,
osich, Debeli and!Quota 121 to the sout The surface of the higher

g ound, broken by mumerous shell holes, dundulating thus, created
a intricate netwoJ.1k of trenches, qeeply xcavated in the rocks, and
f rnished with nu~erous lines of tjarbed 're, which gave rapid and
s cure positions to ~h6 troops on tIie defe sive. It was said that the

ustrians consider~d that it was iimposs'ble' for this complete and
p rfect position to be captured.

Operations on the Remaim
During the period under consideration s all operations of a diverse

n ture took place qn the Stelvio With aiew of improving the local
o cupations and preparing for a vast offe sive. Those of greater im-
p rtance were carried on in the steep and elevated mountainous zone
b tween Avizio and the T. Vanoi-Cismon.

On the 21st the Xtalian columns advanc d in the direction of Cima
C ce and captured the important heights 0 Quota 2354 further to the
so tho On the nigh~ of the 23rd the enem, by a violent attack, suc-
ee ded in retaking the position, but our unter-attack finally drove
th m out. Further to the south-west, Alpie detachments of the Feltre
a d M. Rosa Battalipns, supported by a m ntain battery, commenced
a attack on the mquntainous crest at the ead of T. Vanoi (eismon-
B enta). Overcomin;g the difficulties of th steep ground, the enemy's
st ong defences, and. the bad weather whic often prevented artillery
ac ion, they succeeded on the evening of th 27th August in storming
th summit of Cauriol between steep rocks, t a height of 2,485 metres.
o the following da.y. s the operations wer5 extended along the crest
no th-east of Cauriot The enemy s<l>oncOltcentrated a violent fire of
ar illeryagainst the I.talian positions and on he 3rd September launched
tw violent attacks. The Alpines of the Vall, Brenta Battalion arrested
th attacks each tirne, and finally broke thr ugh the trenches and dis-
pe sed the enemy, inflicting heavy losses.

wing to the altitude and the steepness 0 the ground, the offensive
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earth to settle and the smoke to vaJ;lish ; hen factories have to be blown
up it is necessary to wait a little to avo>d accidents that might occur
from falling mate~ial such as bear»s, ston s, etc. These however would
be of slight importance in view of ~he loss s that would be incurred from
the enemy's fire, especially of mitI1ailleus 5, if he should be left time to
recover from the s~rprise of the explosion _

The attacking ipfantry should b,e acco panied by bombers with the
usual scope of oVlOrcomingthe eventual esistance on the part of the
adjacent trenches;, and to constitut;e defe ces for the flanks.

?- Pr~matureFl~~ing of Mines.-ft i: ne essary to be careful to avoid
Bnng mmes befort the moment at IwhIch hey would have good effect;
otherwise, the ene~i~ywould not be rtisconcerted and would again occupy
he craters form~d. The freque* expl. sian of the enemy's mines
.xccuted prematu~ely when they ~ere stil, at a distance from our lines,
re stated, perhaps rightly, to havc: been c used by panic and demorali-
ation. ,

8. When the en¢my has e~plode~ a mie prematurely, possibly from

ervousness, or it l' may be to ren5..e.r the ....grOUnd unusable f.or mining
ark, the best me hod is to diredl a gall ry towards it so as to gain
ossession of the cr ter, and to turn ,aroun it and proceed.
9. When the en my has explod~d two mines at a certain distance

rom each other, i is best to wait until .he pushes forward a gallery
etween the two ctaters; in this clase it s advisable to arrange small
ines in the branc*.es of the gallery ~.:hatm;~.•.be formed in that direction"

nd to proceed witp the work of expavati n of the main gallery.
10. Listening Se~vice,--The man Ion gu d, listening in the galleries"

s auld be free from. all equipments"experi nce teaching that it is, neces-
sary to avoid the tmallest sounds ~hich ight be mistaken for work

Irfrom the mine. I.The listening sElrvices. auld be carried, on at deter-
in.ed intervals an4...amidst absolute s.ilence and immobility of everyone'

fund in the gallery.
II. It should no~ be forgotten that afte the explosion of a mine the

allery leading to it, remains still utiFzable p to 2 or 3 metres from the'
cater; In occupyiJ;1g a crater formed by .he explosion of the enemy's

ine it is advisable to be content with hIding the extrem~ty nearest
t our positions, until listening galleries ca be pushed forward.

12. It may be necessary for the Fst'eni services to excavate deep,
p'ts with short bra1}ches for listening galle 'es; in other cases the con-
s ruction of blind g<jtlleriesis sufficiel!lt.

13. When it is k11jownthat the enemy is ngaged on mining work but
h s no indication of the direction of the a tack, the listening galleries-
s. auld be connected laterally at about 20 etres from our trenches.

14- In all the listening galleries when i is known that the enemy
is working at mines or countermines in t e vicinity, holes should be
p rforated about 15 'ta 25 cm. in widtih and to 5 metres in depth for the
p rpose of placing qnd exploding charges a from 22to 44 kg. of explo-
si es. For this pu~pose there shou~d alw I s be about 100 kg. of ex-
p osives in readinessi.

IS. Listening gallhies should never be Ie t without sentries. ,
16. Long gallerie~ may be excav~ted to a length of about 270 m. ;

were gallerieshavei to be made of ~his len th it is preferable to make
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themjdeep, so as not t~ run the risk 0 meeti g the enemy's counter-
minesl, or of sustaining Ipsses from the fhe of gu s of heavy calibre.

17'1 In long galleries small binary sh uld b used with little cars to
accel~rate the removal f the earth.

18.1 Where it may be ecessary to aba porarily part of a long
gallerf it is necessary 0 place and ex lode charge to prevent the
enemy from breaking t rough, and the ide to ards the enemy should
be cloised by sandbags s arranged that hen t enemy removes them
he cl~ses the circuit 0 an alarm bell and a tomatically causes the
explo$ion of the charge.!

19. i A straight galled on a level plan requies less ventilation than
an ur~even gallery with I turns; in a w ll-cons ucted gallery one ven-
tilatot every 30 m. is s~fficient, while in a bad constructed gallery in
simil* ground a ventil tor is required a about every 1Z m.

zo.1 For rapid progres the first half or wo-th' ds of the gallery should
be I' 0 m. in height for about I m. in v 'dth at the base.

ZI. In the constructi n of a gallery n argi aceous dry soil, where
few barns are required to sustain the e rth, it ay be possible to give
an el 'ptical shape whic sustains itself ana th following system may
then e employed :--Ei ht miners work ora I' ief of eight hours alter-
natin by squads of fo I' each hour; i the s uad one digs, a second
splay~ the earth, and t~e other two fill the sa dbags taking it thus in
ttfrnSfO that the miner at the head bein freq ntly changed can work
with nergy. Fatigue arties of infantr carry I_hesacks to the mouth,
formi g a chain, and e ptying them i old t enches, in craters, etc.,
in pI ees concealed fro view, carryin back he empty sacks. The'
progr ss ot excavation iJ a little more th n 7 m tres a day with a maxi-
mum lof about 1Z m., a~d a minimum 0 5'5. hen it is necessary to
suppd t the excavation ~ frame should b place at each 1'ZO to r80 m.

22. It is necessary tol remember that xcava ion in blue argillaceous
soil I' quires little or nd framing, but a, tel' so e time the consistency
of th earth diminishes Jnd produces loos ness a d landslips where there
are n supports; wheI this process 0 disso tion commences great
move ents of strata may be produced. n yell soil this does not take
place to the same degret

23., Ventilation.-,In ~ong galleries ex eeding 90 m. when the air in
the gcj11eriesbecomesfo~l it is necessary rene the air by a ventilating
fan 0, ~,' bello,ws. Two ofl these,' instrumen s may be united by a tube for
conduicting the air and <tonnected by the necess ry metal joints. '

24. iWhen the gallery! is of considerab e leng , or more than 100 m.,
venti~.;ation may beinc~ased by means f a s,m II stove placed in a pit
at th1 end of the galler to promote a c rrent f air. In this case it is
neces ary to' ensure th t the smoke fro the tove should be carried
away outside by means,of a goodp.ipe 0 chim ey.

25, Mineshafts.-Wh n in progress" f mini g, as tor example an
attac on a salient, two Ilong galleries a1' pro vi ed; it is not advisable
to st rt both galleries from the same s aft, as the excavation for the
shaft equires longer ti~e and presents reater difficulties than that of
the g lleries. I

26. Removal of the E*avated Soil.-I good oil the excavation pro-
ceeds. more rapidly thap. the removal 0 the e rth. To facilitate this

I

I
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the best plan is f make smooth ~he floo, of the gallery and to draw the
bags of earth al ng this by ropes attac ~d to small cars up to the shaft
where a man ca liberate the fu I sack [from the ropes. This system
avoids all noise, nd reduces the "umber kJ,. f men employed in the gallery
and gives greate rapidity of war ,than y the passage of the sacks from
hand to hand. ~ '

27. Borers.- oring instrume4ts-" urnside "-noiseless, for per-
forations of IS-C, . diameter can 'be use where the ordinary system of
opening out galleries is not convenient wing to the small depth of the
excavation, or for want of time; from he more advanced point of the
gallery several perforations are made at suitable angles to, arrive under
the enemy's treIl¢hes. vVith theserboring nstruments perforations of 9 m.
or more can be m~de with a rate o~progre s of from 1'8 to 2'4 m. per hour.

28. German ttine System.- T!he Ge :rnan system does not differ
greatly from our , but they mak~ great' r use of borers of which there
are two types b, t with these tliey are. not able to perforate beyond
17 m. owing to ~he inclination df the are to the horizon being such
that a greater di~tance is no~ feasible.

Sugge~tions from the Experienc of the Present War.
29. Mine Ga1l1ries.--It is preferable t attack points of the enemy's

trenches betweeI). the openings of two c mmunication trenches. Suc,h
points should be, ascertained anq the lleries directed towards these
points and then H there is time t~e head, of the two galleries should be
connected with ~nother transverse gallry and the charges placed in
diverse points under the enemy's trench s. The mines that correspond
with the positio*s of the comm1.).nicati ~ trenches should be first ex-
ploded so as to prevent the arrival of reinforcements. It is essential
that this work shpuld be placed illjthe h p.ds of skilled sappers.

30. CountermiJtes.-Men should 'be sele ted for the purpose of listening
for the work of t~e enemy's miners; the should be practised for'listen-
ing in our own mining works.

In tracing liste~ing galleries, it is well 0 remember that the probable
direction of the e1l).emy'sgalleries is towar s our communication trenches.
Countermining work requires more skill t an mining work; attempts at
the former work made by less practised inershave not been successful.

ExamPles of Mine xploding.
A.--Depth of shaft 4' 8 m.; length of gallery about 71 m.; distance

of mine cavity fnDmthe enemy's trenche' from 1'S to 3 m. ; the charge
is about 4So kg. bf guncotton, placed i I a mine cavity of 90 X90 X90
em. at the head pf the gallery; the ta ping consisted of a first solid
ban,king of sandiags, of about 2 tn. in h, ickness and a similar second
one distant 1'S . from the first jand a put 4S em. in thickness. The
explosion destro , d 72 m. of Ger:thaI1tr ches.

B.-Depth of ~haft 4'8 m.; lemgth of gallery about 66 m.; charge
292 kg. of gunp~wder, in a cavity of :0X 90 X 90 em. The tamping
consisted of three bankings; the first 2', 0 m. in thickness, the second
distant 1'2 m. from the first 1'5 thick the third 1'S m. from the
second, I'S in t~ickness. This effected the destruction of the mouth
of the communica!tion trench and overtur ed the trench for about 27 m.

E. T. THACKERAY,
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