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ADVERTISEMENTS,

ALL BUILDING CONTRACTORS
MUST HAVE THIS NEW BOOK,

JUST PUBLISHED. IN 2 VOLUMES

Handbook of Building Construction

Editors-in-Chief{ GEoract A. Hoowr, Consulting Engineer ; Professor of
Structural Engincering, University of Wisconsin, and Namuax G
Jonxnson, Consulting Engincer, assisted by a staff of forty-six specialists,
Two volumes (not sold scparately). 1474 pages, 6xXq, flexible, fully ilhis-
trated, Per sef, £3.

Modern reference data for architects, designing and constructing engineers
and contractors. The bnok covers thoroughly the design and comstiiction
of the principal kinds and types of buildings with their mechanical and
electrical equipment. Every detail ob practical construction is considered.
This handbook is ¢complete amd thorough in every detatl.

CONTENTS—PART ONE—DESIGN AND CONSTRUCTION—L Ekments of Structural
Theory. I Designing and Detailing of Stroctural Members and Comaeetions, 151 Structoral
Data,” IV, Genetad Designing Data. V., Construction Methods, VI Construction Equipment,
VIL Building Materials, PART TWO—ESTIMATING ANTY CONTRACTING, L Estimating
Steel Duildings. 11, Estimating Concrete Paildings. [ Architectoral Fractice, 1V, Contracts,
V. Specifications. PART TUHREE -MECHANICAL AND ELECTRICAL EQUIPMENT, I
Heating, Ventilation and Power, [§, Water Supply Data and fquipment.  H1. Sewage Disposal.
IV. Vaterless Toilet Conveniences. V. Dinobing and Drainage, VI Dicectrical Hoguipment.
V11, Electric Lighting and Hiuniation,  VIIL Gas Lighting. [X. Gas Fitting. X, Llevators,
XI. Mechanical Refrigeration, X1I. Communicating Systems. NIIL Lighting Protection. NIV,
Vagpurn Cleaning Equipment.

McGRAW-HILL PUBLISHING Co., Ltd.

6 & 8, BOUVERIE STREET, LONDON, E.C4.

ESTABLISHED 1824.
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Oil-proof Factory Floors
which never need repairing

F you are building a new Factory take the
I precaution of having the floors Iaid with a
mixture of cement and “ Ferrolithic.” This
adds but little to the cost and is more than
justified by reason of the fact that subsequent
repairs are eliminated.  Floors laid with

CONCRETE HARDENER
FOR FLOORS

never wear inte ruts like ordinary concrete floors.
They are as hard as iron, and are wear, oil, and water
proof.  The most durable floors known and quite
dustless —an important factor where machinery is
installed. A ** Ferrolithic  floor will last the life of the
building,

Complete Specifications ave confained in vur Booklet, A postcard
seill bring it fo your desk by refurn.

A
BUILDING * PRODUCTS * LIMITED

Specialist in Awriliarios Jor Conepete Structures

55, Columbia House, 44-46, King’s
Road, Sloane Square, London, S.W.3.

Felegrrams: Telephone ;
Y Bvipronia, SLoaxg, Loxpos” VICTORIA 2550
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MONTGOMERIE PRIZE

ATTENTION is invited to the conditions under which this prize, in value
about 410, is offered for competition each year.

t. The Prize shall be awarded by the R.E. Institute Council in the
manner considered best or the encouragement of contributions on
professional subjects, by R.E. Officers, to the Corps publications, From
the beginning of 1920 it has been decided that the Prize shall be confined
to Officers on the Active List not above the rank of Substantive Major.

2. The Prize shall consist of {«) 2 book on Suevey, LExploration,
‘Travel, Geography, Topography, or Astronomy ; the boolk to be whole-
pound in leather, and to have the Montgomerie book-plate with
inscription inside ; (&) the remainder of the year’s income of the Fund in
cash.

3- The name of the recipient of the Prize shall be notified in the Corps
publications ; and copies of the contribution for which the DPrize was
awarded shall be presented to the representatives of the donors.

The following are suggested as subjects for contributions ;—

v

{a). Descriptions of works actually carried out in peace or war,
(). Inventions, .0
{r). Design (excluding works of defence). o
{e). Labour organization on work.
fe}. Scicatific investigations generally.
(/) Accounts of exploration work and survevs.

MILITARY WLNOWS FUND, BRITISH SERVICE INDIA.

Tue Military Widows' Fund, British Service, was established in India
in 1820 to alleviate the distress of families of officers of the DBritish
Service serving in India, and to enable them to return to England without
unnecessary delay. Whenever an oflicer of the British: Service, who is
a subscriber to the Fund, dics, his family receives at once the following
assistance, namely, six months maintenance allawance ranging from
Rs 2,400 to Rs 3,600 according to the rate subscribed, plus Rs 1,500 as
4 donation for the widow, plus Rs 500 or Rs 300 as a donation for each
child according to whether the child is over 12 and under 21 years of age
or under 12 years of age. These benefits are seccured by a small sub-
scription of Rs 4, 3 or 2 per mensem, which is regulated by the amount
of pay an efficer draws.  An officer, on becoming a subscriber, sccures
for his wife and children quite irrespective of his length of service in-
India, the full benefits of the Fund in case of his death after having sub.
scribed for fully three months. In the event of an officer dying within
that period, his case is specially considercd by the Committee of General
Management. Copies of the regulations of the Fund and other
particulars relating thereto can be obtained from the Secretary at Simla.
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1HE WORK OF THE ROYAL ENGINEERS IN THE
EUROPEAN WAR, 1914—1y19.

CHEMICAL WARFARE.

1. INTRODUCTION. _

TaE special personnel employed on this work during the late War
was formed into Royal Engineer units under the supreme direction
of a regular Royal Engineer ofiicer, and an account of the activities
of these units therefore properly belongs to the history of the Royal
Engineers in the War. In the following notes only a brief outline
will be given of the general organization, both offensive and defensive,
and of the work done. No attempt will be made to describe chemical
developments or technical details. o

Chemical warfare in the shape of the discharge of clouds of
poisonous gas was instituted without warning by the Germans early
in xy15. After full consideration it was decided to undertake a
similar offensive in retaliation, and Major C. H. Foulkes, p.5.0.,
RE., commanding the 11th Field Company, R.E. {later Brigadier-
General €. H. Foulkes, €.M.6., D.5.0.), was summoned to General
Headquarters to organize the necessary measures. He at once
prepared a report giving an outline of suggested tactics, etc—a
remarkable document almost completely borne out in after years.
He then went to England to examine cxisting resources,

2. First PERIOD.

Owing to the backward state of the chemical industry in the
United Kingdom before the War chiorine was the only gas available
for offensive purposes. Although easy to extemporise protection
against, chlorine was by no means ineffective as a battle gas.

The ontput in June, 1913, was, however, very limited, and the
existing plant had to be expanded and suitable receptacies, dischasge
pipes, etc., designed and manufactured. In addition suitable gas
personnel had to be enlisted, organized into units, and trained.
Four Special Companies were at first authorized, and civilian chemists
were specially enlisted as Corporals, RE. A similar number of
- svitable men were drawn from infantry battalions in the line, thus
Supplying the necessary practical trench experience.

Officers were obtained 1— _

(@) —By transfer in France of infantry officers with knowledge
of chemistry, and— '

(5)—By specially qualified civilians given commissions in
Englangd. :
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Men came ount slowly from England, but one Special Company,
RE. (No. 186) was formed in July, and the other three (Nos. 187,
188, 189) were in being at the opening of the Battle of Loos.

All four Companies were formed and trained at a special depbt
at Helfaut under Major Foulkes, whose title at this time was Gas
Adviser, and who had direct access to the C.G.S:, with whom he
chiefly dealt. ' _

Loos—September 25th, 1915.—Only seven weeks were available
for training, and the work of orgapization was not complete before
+he Battle of Loos, and 12 officers from infantry battalions resting
behind the line had to be borrowed to assist in the first gas attack
at this battle. There bad been no time to organize the systematic
collection of information, and in consequence the impression was
general throughout the Army that the results of this first gas attack
had been comparatively ineffective. That this was by no means
the case was acknowledged in the German official communiqué,
and was later proved by a quantity of documentary and other
evidence. - Altogether, considering 2ll the circumstances, it was
no mean performarnice on the part of the Trench Warfare Depart-
ment that gas was discharged at all on such 2 large scale only three
and 2 half months after the first decision had been taken by G.H.Q.

Developments during Winler, 1913-16.—Subsequently to the
Rattle of Loos the method of releasing the gas was considerably
improved by the sntroduction of rubber piping, and a number of
smaller attacks were carried out during the Autumn and Winter
of 1915, and early months of 1916. During this period phosgene
was adopted as the main battle gas; the 4in. Stokes mortar was
taken into use, and an apparatus was developed which showed a
marked improvement as regards range over the ** Flammenwerfer ”
first employed by the enemy at Hooge on July 3oth, 1915.

An expanded organization for a Special Brigade R.E.” put
jorward early in October, 19I5, Was approved by the War Office
on the 17th January, 1916, and formation began during the same
month. The organization was as follows 1—

Gas Adviser—O.C. Special Brigade
{Graded as Colonel).
1

! ! !
Brigade Major. Staff Capt. Brigade Artillery
. - Offcer.

|
Nos. 1,2 % 4 ISpeciai Battalions R.E. I Hd. Qrs. Special Companies, R.E.
0.C. Adjt. Qmr. 0. . Adjt. Qmr.
each consisting of four Special | Four Special (Mortar) Comparies,
{Cylinder) Companies, R.E., lettered | R.E., numbers I, 2, 3, 4.
ARCD/EFGH/JKLMNOPQ. :

H4. Qrs. Special Sections, R.E.
(o X 2nd. in Command.

F(I)u.r Sections.
Depot, Special Brigade.
0C.  Adjt. -~ Qm-
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Special éCsz’nder) Company, R.E. {letiered)—Armed with pistols
and bandoliers—organized in a headguarters and six sections—total
personnel eight officers, 256 other ranks. '

Special (Mortar) Company, R.E. (numbered) —Each armed with
with 48 4in. Stokes mortars—men equipped with rifle and bayonet—
organized in a headquarters and four sections, each section divided
into three sub-sections, each sub-section forming four mortar crews—
total Company, 18 officers, 310 other ranks.

Special Sections, R.E. (for Flame Projector).—Each section consisted
of three sub-sections each of which provided crews for two projectors
(these sections were never fully equipped or up to strength). The
Corporals of the first Special Companies were distributed throughout
the Brigade as a nucleus, and the additional personnel was obtained
for :— .

Cylinder Companies—

{#}.—Men with chemical qualifications transferred from infantry
battalions in France.
{6).—Men with qualifications or of superior intelligence and
good physique from England. :

Mortar Companies—

{a).~—40 young Artillery officers sent from England.

(b).—Men transferred from infantry or Trench Mortar Batteries
in France.

{¢).—Men from England.

Brafts from England arrived very slowly, and finally 1,000 R.A.
drivers were obtained from the Base in France during June, 1616,
which brought the Brigade up to something like strength. Most
of the officers were obtained from units already in France, the chief
qualification being practical experience in the front Jine. Tem porary
officers were transferred to RE.; SR. and T.F, were seconded.
Practically none were aliowed to be drawn from R.E. units,

A great many commissions were given to the original chemist
-Corporals. '

The Special Sections, R.E. were formed in England under Captain
Livens, R.E. Special Reserve, both officers and men being principally
drawn from the Royal Engincers. They arrived in France in July,
1916.  The armament was intended to consist of 24 large and 48
portable flame projectors. The former. required about 9o men
loads each ; while the latter weighed 160lbs. and were very bulky
and awkward to carry. Very little practical use was actually made
of thesc, but the special sections carried out a series of experiments
at Toutencourt throughout the Summer and Autumn of 1916, and
the well known Livens projector was first tried there.
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3. Seconp PERIoD.

The first Battle of the Somme provided the second distinct phase
in the evolution of chemital warfare. This was a period of cloud
discharges, mainly of white star gas, of which no fewer than 110 took
place. By this time & high standard of efficiency had becn attained, .
and subsequently to July 1st, practically all the discharges were .
_ carried out at night, a procedure which, while adding to the techmcal
difficulties of the attacks, greatly increased their effect on the enemy:.

The large flame-projectors were fifed ten times (two came into action

just before zero on July 1st), and the semi-portable type four times.
In September the earliest gas projector discharges took place
opposite Thiepval and Beaumont Hamel, ordinary oil cans being
used as mortars, and others of smailer diameters as bombs. .
In October a very successful cloud attack was carned out on the .
French front at Nieuport, -

4., THIRD PERIOD.
Considerable developments took place in the year 1917. During

the Winter, 1916-17 there was no general withdrawal of the Special =
Companies from the line, but the projector was developed and . -

greatly 1mpr0ved—large numbers were manufactured, and the 4
Brigade was trained in its use. L
In February, 1917, a reduction of about I5 per cent. of the strength
of the special Brlgade was effected in order to prowde persomzeé_ :
for gas defence in various formations.
The first projector operation on a grand scale was carried out on_-'.j'}_-'-_
April 4th at the opening of the Battle of Arras when 2 ,2068 drums
were fired. Many discharges todk place subsequently during 1917,___.'
as well as a few cloud attacks, and assistance was also rendered to
the Belgian Army by attachments of the Special Brigade. L
By April, 1917, sufficient supplies of bombs filled with lethals and-;_:—
lachrymatory gas, as well as with smoke and thermit, had been';’f
reccived in France, and all the mortars of the Bngade were centmu—;
ously engaged in carrying out gas bombardments or in co- -operating
in Infantry raids with smoke and thermit. Drums filled with oil,:
thermit, phosphorus, and “ stinks " were fired at times from the
Livens projector, in addition to its normal projectile—the gas drum.
0il drums primarily designed for incendiary purposes were fre:
- quently used when projectors had been installed, but when conditions :
made the use of gas uncertain or undesirable, and later drums fille¢’
with thermit were fired on several occasions. Drums filled Iocall\;.
with red phosphorus were designed to form smoke screens at pomt‘
beyond the range of the 4in. Stokes mortar; and use was made 0.
various chemicals which produced an unpleasant but innocucy
smell. Bombs filled with such ““stinks " were frequently used 1
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ralds and led the enemy to put on masks unnecessarily in the beh{,f
‘that they were being gassed.

Revised Organization. ~—During this year the (}rg'lm?atmn was
changed. The four battalion headquarters and the headqguarters,
Special Companies, each becoming Headquarters, Special Companies,
R.E. First-Fifth Armies. Cylinder Companies retained their lettering,
and used cylinders or Livens projectors according to circumstaices.
Mortar Companies retained their numbers and their Stokes mortars,
but gradually were instructed in the use of projectors. Special
‘Sections, R.E. became ' Z°’ Special Company R.E. (Projectors),-and
were also later instructed in the use of cylinders. Companies were
allotted to Armies as required by the tactical situation.

In July, 19¥7, a new departure was made by the production of a
gas warfare monthly summary of information, which was issued by
the General Staff and widely distributed up to the end of the War,

¥

5. FoUurTH PERIOD.

In December, 1917, the Special Companles after many months
.of continuous activity were withdrawn into G.H.Q. Reserve for rest
and training, and the opporfunity was taken to develop a new method
of cylinder discharge from retired positions. Great efforts were also”
made to overcome the main difficulty that had been experienced in
gas instaliation, namely, that presented by the shortdge of Iabour; -
and the use of light trench tramways was developed, and the Leeming
principle of aerial ropeway transport adopted.

- At the end of January, 1918, the first two American Gas Compames

were attached to the Special Bngadc for mstruction, and to complete .

their training.they took part in scveral of the actual gas attacks on
‘the British front.
. -Early in March operations were resumed against the enemy and
many of the Companies were involved as infantry during the great
German attacks. At onc period preparations were complete for
organizing them into an infantry brigade in case of need, but the
scheme was not actually put into operation,
“Ten retired cylinder operations on a large scale were carried out
-in nine cases-from railway trucks which were run up into position
d withdrawn immediately after the discharge, and no fewer than -
20 projector operations were completed. In fact, so well did the
mpanies adapt themselves to the new tactical conditions that,
spite of being 20 per cent. under strength, their activity in this
eriod ‘was actually greater than at any other time during the War,
nd infantry assistance could be largely dispensed with. With the
Velopment of the cloud method of attack, the provision of a satis-
tory design of percussion fuze for gas bombs {the 147), the arrival
.the I.eemmg ropeway, etc, offensive operations had reached
_ e1r ‘maximum of efficiency at the time the Armistice was signed.
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6. SuMMARY OF OPERATIONS.

Altogether during the War 768 gas operations {in addition to inany
smoke) were carried out as under :—

Cylinders FProjector 4-in. Stokes Flammen-
discharged. drums fired,  Mortar Bombs fired.  werfer fired,
1st period 8,045 . — - —
2nd” 42,359 290 3,754 gas 12
- T 15,936 smoke
3rd - 12,183 q8,102 100,532 gas o2
- o 14,800 smoke and
_ ) _ thermit
4th ,, 27,181 95476 gas 34,874 gas =
: ' ' 3,072 dummy |, 7,512 smoke and
oil and . thermit -
" smoke : ‘
Total ... 87,968 196,940 177,408 . 14

This represents a total of 5,700 tons gas discharged apart from 'snioke,-_ -
oil, and thermit.
The magnitude of these operations varied from the electrical :
discharge of 5,110 cylinders (148 tons of gas) to the firing of a few -_1-_
score Stokes mortar bombs from the outskirts of a partially Captured
village. The largest simultaneous discharge of projectoidrums took
place on 21st March, 1918, when 3,728 drums and 920 4in. Stokes
mortar bombs were fired into Lens and its outskirts. On another. -
occasion, March 19th, 1018, 2,950 drums were fired into St. Quentin.
The largest discharge of oil drums took place on June 4th, 1917, -
when 1,500 drums were projected into the woods on the slopes of the -
Messines Ridge. '
Nor do the operations tabulated above represent the whole of the!
work carried out by the Special Brigade; a great many othet .
operatxons were prepared, but were not completed owing to the
changes in the tactical situation, or for other reasons.. For instance.
286-tons of gas were ready for liberation in front and on the south
flank of ‘the Messines Ridge in June, 1917, but conditions were not’
favourable for discharge until after the successful advance, when tht
operation was abandoned. Very many smoke operatlons wefe -
also carried out which cannot be included in-the table, both b}
gin. Stokes Mortar Companies, and also by Cylinder Compame‘a
In one such operation just north of Armentiéres on Septembe:
28th, 1918, 15,000 smoke candles were lighted by a smgle Speuc :
Company. .
Surprise was always the essence of success in these operatloﬂ
and this combined with variety was constantly sought after, e¥ent
the extentof “v101at1ng the laws of gas warfare,” of which the enefil

actually complained. in a captured order’ It i1s an 1nterest1ng fa<
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that the surprise tactics of carrying out short concentrated bombard-
ments with lethal gas, which were adopted by all the Allied artilleries,
and later still by the enemy, were first practised by the Mortar
Companies,

In the intervals of their normal occupation the Special Companies
were constantly employed on various engincer duties such as bridging,
railway, road and trench construction, etc., etc. Table L. illustrates
the total amount of gas discharged on each night during the War,
Photograph 1. shows flame projectors in action; Phofo. 1. shows
Livens projectors being loaded, and Photo. I11. hombs from Lwens
prOjeCtOFS bursting. ‘

7. CASUALTIES INFLICTED ON THE ENEMY,

Gas officers of the various formations worked im close touch with
the intelligence branch of their respective staffs, and collected a large
" amount of information from time to time of the results of the various
~ gas operations, Evidcnce was obtained from the following sources,
which are arranged in order of value ! —

(a).—Observations and deductions made by our own troops.
{b).—Statements of prisoners and deserters.

(c).—Letters and diaries found on the battlefield.
(d).—Enemy official documents. :

The majority of the evidence that was collected related to the
losses of small units forming only a portion of the enemy’s troops
" known to have been affected, but casualties amounting to several
. hundred were frequently reported as the result of single operations.
" No information could be obtatned regarding more than half of these
attacks, and the only comaplete account ever received was volunteered

. by a deserter with reference to a clond attack carried out ori the

:- French front at Nicuport on October 5th, 1916. On this occasion
" nearly 1,500 of the enemy were reported to have lost their lives,

. though this particular operation was not thought at the time to

- have been very successful owing to the installation having been
.. discovered by a hostile raiding party some days previously. It was
. frequently reported, more especially in the later stages of the War,
" that German prisoners appeared to have received definite instructions
. from their officers to conceal their gas losses, and the existence of the
“ . necessity for re-assuring their troops was disclosed in a number of
" captured documents. For instance the following extract from a
statement issued by “Gas Services, Sixth Army,” dated zo0. 1. ¥7,
-was captured in August, 1918 '—
: & kS kS # ES Ed & . L kS -k

“Cylinder attack. In the evening (13. 1. 16§ a4 cylinder-
¢ . attack in two waves took place between 6.45 and § p.m. from the
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English positions from Blairville' to Ficheux on the boundary
between the First and Sixth Armies. The very derse wave,
principally chlorine, was carried by theé northwest wind at a speed

. of 2-3 metres per second a long way over the country, so: that
men at a distance of 50 kilometres from the point of dlscharge
smelt chlorine strongly, and were affected with coughing. There
were no casualties.”’ ) -

* # *® #* " * # * * ES

‘Another of our gas clouds had been previously reported bv a -
German officer to -have inflicted casualties 4t a distance of 36 kilo-
metres, but the improbability of the statement in the above report
that there were no casualties is obvious, especiallv as the effects of
this particular operation had already been reported from two quite
mdependent sources as follows ;—- '

““ Prisoner put the deaths at 2o per cent. of the Regiment due .
to the men having masks in which the screwing portion was old
and defective.” .

““ The Fusilier Regiment’s 1st Company had approximately 40
casualties, of which 25 eventually proved fatal.” - .

Both these regiments were in the front line.

It will be long before the influehce of these operations on the course. .
of the War can be justly estimated. Yrom the available evidence -
it was.considered by the Director of Gas Services that the enemy .
lost approximately one man from-every cylinder discharged, from
every five drums projected, and from every ten Stokes mortar bombs. - :
fired, and that the mortality amounted to at least 25 per cent. of.
the total casualties.

8. AccipEnTal LossEs rFrom (Gas.

Only on two occasions during the War did our own troops suﬁer'_':
any serious losses from- our own gas.
. The first was on September 25th, 1g15—on this occasion the
number of discharge pipes was insufficient, only two being available .
for each emplacement, so that they had to be connected to one.”
cylinder after another during discharge, a procedure which resulted
in a cerfain amount of leakage. Further escapes of gas were caused *
by the intense hostile artillery retaliation provoked; while in the.
northern part of the front of discharge the direction of the wind wa
- unfavourable, and although cylinders were turned off a few seconds **
after they had been opened, some of the bays were flooded with gas. =
The reports, current at the time, of the casualties, were fortumteiy

much exaggerated ; in actual fact the bulk of the cascs were very .,
'mild, and enly 10 proved fatal (including three of the gas personmel). -
The second accident took place on September 1st, 1916, opposite
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Messines, when for some unexplained reason the cloud blew back

over part of the front of discharge for a few minutes ; precantions to

prevent crowding of the trenches had been taken, and only 1g of

the casualties proved fatal; : :
The only other accidental casualties that occured were :—

{a}.—From projector drums falling wide, Only three or four
instances of this nature took place, and casualties were very
few, :

- {b}—From cylinders being burst 'while awaiting discharge in the
trenches. Careful records show that about thirty accidents
of this kind were reported. In about half there were no
casualfies at all, while in the whole of the remainder 29 fatal
cases of gas poisoning occurred, a very small number consider-
ing the extent of the front and the length of the period
covered ; (as many as 20,000 cylinders have been in position

"+ in the trenches at one time). '

The casualties among jbersmmei of _the'Special Brigade amounted

- during the whole War to 5,384, but those due to gas poisoning were

never high except on the two occasions mentioned above.

g. DEFENSIVE ORGANIZATION AND TRAINING.

Immediately after the fitst German gas attack in April, 1915,

* defensive measures were organized from the office of the Director

General of Medical Services, - . .
‘During June and July, 1915, officers were appointed at the Head-
quarters of Armies to direct anti-gas defence and training, a school

~ being established for this purpose in each Army. These officers,
“known at first as Chemical Officers, then Gas Officers, were finally
- given the title of Chemical Advisers.

.. -In March, 1916, both the offensive and defensive branches of Gas

Services were co-ordinated under the Director of Gas Services at
G.H.Q., who at once obtained official recognition of the appointment

of Gas Officers' at Divisional Headquarters, appointments which-

-had previously been unofficially filled by locally selected officers in

~.the case of certain Divisions only. . _
- Divisional Anti-gas Schools were placed on an established _basis,
-and six trained gas N.C.O.s, many of whom were drawn from the .

Special Brigade, were inchuded on the establishment of each Divisional
“Gas Officer,  Of these N.C.O.s one was attached to each Infantry
Brigade in order to check unit inspections and respirators, to super-
Vise the general state of gas defence in the brigade, and to report on
13s attacks or gas bombardments of any magnitude. Of the remain-
- ag three, one was attached for duty to the Divisional Artillery, and

tie other two acted as Instructors at the Divisional Anti-gas School.
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In March, 1917, the development of anti-gas work occasioned by
the increased use of gas led to the appointment of a Corps Chemical
Adviser to every Corps. Headguarters,

In November, 191y, Divisional Anti-gas Scheols were abolished
and Corps Anti-gas Schools substituted, with the idea of increasing
the centralization of training. This policy would have been still .
further extended during the Winter of rgi8 if hostilities had not
ceased, the intention being to form five €entral Gas Schools to take.
the place of the Army and Corps Schools as Anti-gas Wings of the
general Central Schools.

In all cases anti-gas training was camed out in accordance with -
a definitely laid down scheme which was defined in a pamphlet
_ issued by the General Staff *“ Defence against Gas ™ (S.S. 534.).

The average number of respirators inspected monthly by members
of the Gas Services as a check on unit inspections in Army areas

during the latter months of the War was well over a quarter of a
million. In many cases Divisional Commanders found it advisabie
to appoint unofficial Brigade Gas Officers, and this was done in about
75 per cent, of the infantry brigades in the line. In some cases
also unofficial gas officers were appointed for Divisional Artillery,
Corps Heavy Artillery, Corps Troops, etc. -

Training at the Bases—~-In January, 1916, a Chemical Adviser. -
was appointed to Ieadquarters L. of C. to co-ordinate respirator '

'issues, fitting, training, and inspections at bases. The work of train- -
ing reinforcements and casual§ was carried out at six Base Anti-gas
Schools under the control of the Chemical Adviser L. of C.; during "
the year 1918 alone no less than 1,557,809 all ranks passed through_.’_i
these Base Schools.

Central Laboratory.—The Central Laboratory was first established
in April, 1415, at St. Omer, and subsequently moved to Hesdin: In
addition to miscellaneous work undertaken for various departments
and not connected with the subject of gas, the laboratory carred” -
out all analyses made in France of enemy gas shell filling, German. ©.
respirator containers, contaminated earth, water and clothing, as:
well as periodical examinations of British respirators and contamera.'
withdrawn from general service. :

The final organization of the whole of the gas services in Francé ;
as existing at the end of the War is given in the Appendix.

10. NOTES onN ExEMY Gas SERVICES.

Althougn the enemy had a considerable start in chemical warfare‘;
it is certain that he very soon fell behind in both offensive and .
defensive methods and tactics. His defensive measures always:
appeared to be inferior to our own, though the thoroughnes& of
collective protection varied greatly with formations. It is, however;
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not intended here to outline the history of the evolution of enemy
~ gas warfare ; two specific illustrations are given below, as being of
interest. '

The first known employment by the enemy of projectors similar

to our own was on Ioth-irth December, 1917, opposite Cambrai
and Givenchy. Just before the great offensive of March, 1918, a
demonstration was reporfed to have been given with new German
projectors—these consisted of iron tubes specially made resernbling
open gas cylinders, and were built into the ground close together.
As far as the informant knew no base plates were employed and
on discharge the projectors sank about three feet into the earth.
A thousand H.E. projector drums were reported to have been
fired by the enemy at the opening of the offensive on the 2¥st
March. : _ .
' Photo. 1V. shows an enemy projector installation that was
captured at Boisleux-St. Marc on August 21st, 1918, 123 projectors
were dug in, in three parallel rows, and were practically completed
for firing at the moment.of capture. Plate 1. gives details of the
ordinary German Flammenwerfer.

In June, 1918, a grenade was found by the French which was
similar to the ordinary German stick grenade, was marked with
a ‘G’ and labelled with instructions, of which the following is the
translation .—** Gas hand grenade, time fuze—only to be thrown in.
the direction of the wind or in a current of air. Cloud formed on
explosion.”

In addition to the explosive effect the grenade produced a gas
effect similar to that of biue cross shell.

Origin of Flammenwerfer.—The following transiation of an extract
 from the Hambuiger Nachrichien is interesting '—

E * & = * * % Y *

< “ Our Flemmenierfer troops owe their origin to 2 mere incident.
Their present commander, Major R., when an officer of the Reserve,
received the order, during peace manceuvres, to hold a certain fort
at all costs, During the sham fight, having employed all means
at his disposal, he finally alarmed the fire brigade unit, which was
under his orders as commander of the fort, and directed the water
jets on the attacking force. Afterwards, during the criticism of
operations in the presence of the Kaiser, he claimed that he had
subjected the attackers to streams of burning oil. The Kaiser
thereupon enquired whether such a thing would be possible and
he received an answer in the affirmative.

“ Long series of experiments were necessary before Engineer L. -
succeeded in preducing a combination of various oils, which mixture
is projected as a flame on the enemy by means of our present-day
Flammenwerfer.
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“ Major R. occupied himself in peace time with fighting fire as
commander of the Munich Fire Brigade. The ‘ Prince of Hades/’
as he is calied'by his  fire spouters,” enjoys great popularity among
his men as well as among the troops to whose assistance he may be
called. C o
He can look back on an important development of his units.

~Whereas in January, 1915, Flammenwerfer troops consisted of a
group of 36 men, to-day they constitute a formation with special
assault and bombing detachments, and are furnished with all
requisities for independent action. _

In reading Army commumques we often find mentlon of these
troops. If difficulty is experienced in clearing up an English or

French infantry nest, the ‘ Prince of Hades’ appears with his

hosts apd smokes the enemy out.

- That conditions of membership of this unit hardly constitute

* a life insurance policy is obvious; mnor is every man suitable.

Special men who are physically adapted and who have given proaf

of keenness in assault are necessary for such work.”

® * % * % % % * Y
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THE DEFENCE OF TSING-TAU, 1914.
By Bric.-GENERAL ]. E. EDMONDS, C.B., C.M.G.

TiE despatches of the late Brig.-General N. W. Barnardiston, who
commanded the small British force which took part with the Japanese
in the operations against the late German Colony of Kiao-Chao, are
very brief. Including the mentions, they cover less than seven
columns of the London Gazette of 25th May, 1916, and they tell us
practically nothing about the sicge. A Japancse General Staff
account, in four volumes it is said, is not yet available in England,
Though as a rule the Germans write about nothing except “* victories,”
no success no story, as has been said, an account of the defence of
the naval fortress of Tsing-tau has just been published.* Its author
is Konteradmiral Waldemar Vollerthun, who took part as Chief
Intclligence Officer. In August, 1914, he was a Captain, and as
head of the Colonjal Section of the Admiralty, under which Kiao-
Chao and certain other German oversea possessions were
administered, was on a visit of information in China. His book is
based on his diary and the official records which have been placed
at his disposal, and has all the features (orders of battle, lists of
batteries, maps, diagrams, etc.) of the usual German official accounts
of operations ; though as far as can be judged it contains fewer of
the half truths which make these accounts the greatest works of
military fiction in the world.

The German secret service seems to-have been entirely mistaken
as to the feeling in Japan in the early days of August, 1914 :——"* The
“attitude of the Japanese people and particularly the army was
“ described as distinctly full ofenthusiasm for Germany . . . the
“ people of Bushido had not only the wish,.but the hope that the
““ unsurpassable German Army, the never-to-be-forgotten instructress
" of Japan, would finally triumph over all its foes.” The disillusion
was particularly unpleasant, and the Admiral can hardly find words
to express his disgust of a people who could deceive poor Germany
so: " Germany to whom Japan owes practically all it possesses of
‘ progress in Kultur in the Evropean sense.” He can never forgive
her “ brutality ”’ for using the same words in the ultimatum as
Germany used to her over Port Arthur in 18g5. But he has a strong

* Der Kampf um Tsing-tan, Leipzig, Hirzel, 30 marks,
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suspicion that “ London was the originator of the form of this
““ wonderful document.”

As regards the fortifications of Tsing-tau, he says, ™ they were
“ never intended to withstand the formal attack of a large besieging
‘“army for a long period. Their design was based on the supposi-
“ tion of a defence’against European powers and Chinese rebels.”
Tt will be seen however that in most matters the defences were
up-to-date and superior to any fortification that the Germans had
to tackie in Belgium, France, or Russia. .

The town of Tsing-tau is built on a promentory at the south-west
corner of an area, roughly a square of some I3 miles side, which

*projects southward from the south-west end of the Shan-Tung
peninsula, * Our Shan-tung,” as the Germans used fondly to call it
On the east side of the square is the Yellow Sea, and on the west the
land-locked Bay of Kiao-chao, with a three-mile wide entrance
opposite the town of Tsing-tau.

The coast defences covered the outside anchorage between two
headlands, south of the town, and the cntrance to the Bay of Kiao-
chao. They consisted of (1) one battery of four 8-inch (21 cm)
long guns, (2) one of four 5.9 inch {15 cm.) guns of most modern
construction, (3) one of two 9.2 inch {24 cm.) and three 5.g inch long
guns,{4) one of four I inch (28 cm.} howitzers on the Bismarck-berg,
a hill a little over a mile from the sea, {5) minefield batteries.

Batteries (1} {3} and (4} were concrete-built closed works, with
shell-proof magazines and living casemates. The others had only
shell-proof magazines, Batteries (1) and (4) could fire towards the
landside as well as seawards. All the guns were in open battery,

On the land side of the town, cutting off the SW. corner of the
square and the projection on which the town stands, are four groups
of hills running N.W. and $.E., separated by deep valleys ; the hills
forming each group are similarly divided. The groups are narrower
in width the ncarer they are to the town. On the nearest group
consisting of the Tltis-berg, Bismarck-berg, Moltke-berg, were most
of the land batteries, with a line of Twydall redoubts from sea to
sea on a subsidiary ridge below them. The upper and lower Iltis
batterics had two 4-inch (xo.5 em.) QF guns, and six old 4.5 inch ;
the 4-inch guns had splinter proof shields ; close by, cut in the rock,

© were shell-proofs, and there were also spacious shell-proof concrete

magazines and living roons.

The ri-inch howitzers on the Bismarck-berg have already been
mentioned. Left of them lay a new battery with two 8-inch guns.
Next came a shell-proof casemated batteryfor eight 5.ginch howitzers,
but with only three available. All the above batterics had been
built at great expense in concrete, and werc shell-proof, which was
not the case with one 4.5 inch, four 3.5 inch and six 1.5 inch batteries,
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and three improvised batteries of naval guns, including two 5.9 inch.
“ In all, omitting the light pieces, 1.5 inch and 1.8 inch, there were
“ not less than 94 guns available for the defence . . . The most
“ cificient protection which most of the batteries had was their
“ concecaled positions.  Shell-proof armour was altogether lacking ;
*“and no batteries were in closed works defensible against infantry
“attacks.” The total number of batteries of all calibres was 41.
Ammunition for the small calibres was plentiful ; for the heavier
_ natures therc was “ no superfluity ' ; the figures given are: For
11 inch howitzers, 260 rounds ; g.2 inch, 230 ; 8-inch 320; 5.9 inch
guns, 450 ; 5.9 howitzers, 300. There were 71 machine guns and
four million rounds of S.A. ammunition.

The five Twydall redoubts in front of the batterics, closed, as
has been said, the isthmus, where it was 3.4 miles (5.5 kin.) across.
They had been completed before war and were so well sited as to be
practically invisible. They were of various sizes according to
tactical requircments. 'The flank ones, 1. and V., werc the largest,
and II. and II1. the smallest. The plan which is given in the book
has ne dimensions on it except the width of the sunken wire entangle-
ment which is 32.8 feet (To m.} ; taking this as the scale, the face is
I31 feet (40 m.) and the flanks are 82 feet {25 m.). There were a
double storied casemate under the central parados, and shelters
under the parapet, designed to resist 8-inch, but which without
exception kept out all calibres even 11-inch, the roof being 4.9 inch
{1.5 m.) ferro concrete, the same thickness used for * pill-boxes ” in
Irance. The garrison available for each redoubt was 260—2g0
men, but *“the larger ones could have sheltered 1,000.” The
armanlent was 4—10 machine guns, a number of trench-mortars,
and about six clectric light projectors. A continuous wire entangle-
ment ran in front of the works from sea to sea.

The author comments that the design was found unsatisfactory :—
* The O.P. werc not sufficiently protected, and the machine guns fired
over the parapet without any cover, there were no covered ways
from the casemates to the parapet, and the open passage ways were
soon blocked. * But the greatest weakness was the lack of a good
““deep ditch with strong concrete escarp and counterscarp, well
‘ flanked from galleries.”

The total garrison of the fortress, in round figures, counting the
reservists, etc., who arrived from up-country, was 144 officers and
3,600 men. The warships in barbour, which assisted in the defence
from the bay were the gunboat Jaguar, with four 3-inch guns,
torpedo boat N go, and the Austrian cruiser Kaiserin Elizabeth,
with six 5.9 inch.

There being abundance of Chinese labour, the improvement of
the defences was carried on without pause. Between the infantry
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redoubts several lines of strong points connected by traffic trenches
were dug ; and to give the position depth a system of splinter proof
blockhouscs was built behind the intervals of the redoubts. Six
batteries of two 3.5 inch guns were also constructed to cover these
intervals with fire, and another pair of these guns was mounted on a
truck on the railway which passed through the left of the line ; and
machine gun nests and short lengths of trench were scatterced over
the ground in well-concealed posifions.

Further, two advanced positions were prepared on the nearest
two lines of hills in front of the main position :—The f{irst from Sha-
tzu-kou Bay to Tsang-ku, 12 miles from the town, where the peninsula
is about 1T miles wide ; and the second from Fu-shan to Ku-shan,
six miles from the tewn, where the peninsula is about 7] miles wide.
“ Originally hasty fire-trenches, they had become strong ficld positions
*“ with wire cntanglements, minefields, dummy positions, emplace-
“ments for ficld batteries. The Tsang-ku heights were specially
““ well defended,” as they covered the appreach reads on the left.
** The right of the second line was particularly strongly provided with
*artillery,” and an important observatory with an all-round view
was constructed on Fu-shan. '

On the evening on the 25th Avgust there was a terrific typhoon
rainstorm which did an immense amount of damage to the defences,
made a breach in the dam of the waterworks at Litsun outside the
main defences, and flooded the machinery room of the bombproof
watcrworks, for war use, at Hai-po. DBut the effect on roads
and communications placed such obstacles and difficulties in
the way of the advance of the attackers that the destruction
done by the storm was, taking it all round, greatly in favour of the
Germans. .

The Japanese commenced landing on the 2nd September at Lung-
kou on the northern side of the Shan-tung peninsula, 112 miles north
of Tsing-tau.  The force was belicved to be a division, under General
Kamio.

By the 1yth they had rcached the frontier of the Protectorate,
16 miles from the town., Admiral Vollerthun complains of * the
slow march of the Japanese and their careful, from-all-surprise-and-
ruse-cnterprises-free, pedantic methodical ways,” and abuses them as
“ yellow dwarfs ” {gelbe Zwerge). On the 18th however the Admiral
should have been satisficd with their enterprise, for they made a
surprise Janding at Lau-shan Bay on the eastern side of the Pro-
tectorate, and not far outside the right flank of the outer defences.
" Qur weak patrols in the plain before Lau-shan had soon to clear
“ out in order not to run the danger of being cut off by superior
“force.”” Lau-shan now became the main Japancse base, and the
British contingent, the 2nd South Wales Borderers from Tientsin,
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fanded there on the 25th September, followed on the 22nd October
by a half-battalion of the 36th Sikhs.

The Germans put up a poor fight in their advanced positions.
The Japanese commenced their forward mevement on the 26th
September, with apparently two columns from the north and one
{rom the cast, against the first position, and the Germans immediately
retreated to the second. In this they made a short stand, with the
assistance of the guns of the war ships on the left flank. But the
ships were driven off by Japanese acroplanes, and as the japanese
commander was making preparations for assault, in which the British
contingent was to have taken part, the German governor gave the
corder for retreat into the fortress. Admiral Vollerthun now
complains that the enemy was guided by Chinese, who pointed out
where the mineficlds were, in fact marked ecach mine with a white
stone. In these preliminary moves the Germans lost less than 100
men, including z officers and 50 men captured in the forward lookout
station. 'FThe author considers the shooting of the Japanese infantry
was of small account (minderwertig) ; he admits later on however
that they were superior to the Germans in night operations.

The Governor now appears to have lost heart, although he had
received a wircless message :—* His Majesty has ordered that
“ Tsing-tau is to be defended to the last,” He had * three great
“ yawning pits dug, one in the cemetery, and the others right and
“left of it, They were mass-graves for the expected casualtics ™'
and he began to think of the irreparable loss it would be to Kuliur,
if all the Germans who had intimate knowledge of China trading
were killed. The torpedo boat was ordered to escape and ran itself
ashore, the other ships were sunk at various dates, the Kaiscrin
Elizabeth on the 15t September.  Meanwhile under constant fire of
the guns of the defence the Japancse prepared batteries for their
28 cm. howitzers; the Germans had only one acroplane at their
disposal, but this at any rate was more than Gencral Leman of
Lidége possessed.

The bombardment began at daybreak on the 21st; the infantry
redoubts were ** knocked out of recognition and usefuiness
great breeches were made in the wire . . . the bleckliouses were
nearly all destroyed.” Only one open but well concealed 5.3 inch
battery remained undamaged and undiscovered. On the night of the
3oth September-1st October a first parallel with approaches te a
second was made by the Japanese. On the night of the 1st-2nd the
second parallel was dug. An attempt to storm infantry redoubt I'V.is
said to have been repulsed.  Meantime the bombardment continued
and on the 4th it was extended to the town, warships assisting from
the south west, under protection of Cape Jischke. On the same
day the advanced works on the right and left of the line and the
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waterworks defences were captured (the garrison was then reduced
to well water) and sounds of mining in the rock under the infantry
redoubts were heard. On the night of the 5th-6th attempts of the
Japanese to break through on the left of infantry redoubt IV. and
over the mudfiats of the inner bay on the extreme left are said
to have failed. On the night of the 6th-7th the Japanese made a
general assault :—Redoubt II1. was captured at 2 a.m., IL and IV,
by 5.30 a.m. ; at 6 a.m. the storm of I. was commenced, and artillery
fire concentrated on V. At 6.20 a.m, the white flag was scen to be
hoisted on the Observatory and Signal Station, but it was 7.30 a.m.
before the last shot was fired.

The author claims that the Japanese losses were over 5,000, and
declines to believe the official figures of 1,800 killed and wounded.
The total German losses were, he says, 199 killed and 500 wounded,
16 per cent. of the garrison. There is the usual curious whine of the .
defeated German that his opponents were drunk ; in this case kefiig
unter Alkohol stehend when they entered the town, and that they
plundercd and stole.  The final picce of spitefulness that this German
officer indulges in to relicve his feelings is that * the Japanese officers
spoke of their English allies in a contemptiuous way. For the
attack they always sought the safest places.”

From various sources it is stated that the besieging army consisted
of 50,000 men and the artillery of six 17-inch howitzers, six g.x inch
howitzers, 36 field guns, 18 mountain guns, four 4.7 inch and four
5.9 naval guns, and that during the seven days bombarding 43,500
shells were fired at the fortress. :

The defence of Tsing-tau as regards both its conception and
execution is not a creditable episode to German arms, and in no wise
comparable with the resistance of Liége, Maubeuge, or Antwerp.
Tsing-tau was a modern fortress, its 4.9 feet thick concrete shelters
were, as the author boasts, shell proof against the Japanesc 11-inch
howitzers, and even against 12-inch. A 12-inch shell struck the
“ concrete of a magazine at the extremely steep angle of about 60°.
““ The cover was only 4.9 feet thick and yet the force of the explosion
“ could not destroy it. There were only radiating cracks made,
* and a crater shaped hole outside about 20 inches decp.” At Liége,
Maubeuge, and Antwerp there was not a single shelter that was shell-
proof available even for headquarters that would resist the German
16-inch (42 cm.) shells. At these three old fortresses the attackers’
batteries outranged the defenders’ and could not be touched, whilst
at Tsing-tau the German guns, the author again boasts, not only
engaged but knocked out the Japanese.

At Liége a Zeppelin commenced the bombardment on the night
of the- 4th-5th August (sec German General Staff account) and the
heavy artillery on the 6th-7th ; the last fort did not surrender until
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the 17th ; therc was at least 10 days’ bombardment. At Mauabeuge
the bombardment with 16-inch and 12-inch howitzers was opened
on the 2gth August, and the foriress capitulated on the 7th September
{von Zwehl) ; there was at least uine days’ bombardment ; Antwerp
held cut 12 days (28th September—gth October).  Tsing-tau with
its superior protection and armament held out only scven days
against howitzers of only 11-inch calibre, just as long as the entirely
obsolete fortress of Longwy {22nd-28th August, vide Stegemann),

Until the exact number of heavy howitzers employed and the
amount of ammunition fired is known, a final opinion of the defence
made by the Germans cannot with fairness be given.

It would be of interest to know what reception the Governor
received from his superiors when he returned to Germany.
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PROFESSIONAL NOTES.

QUALIFYING EXAMINATION FOR THE MECHANICAL
SCIENCES TRIPOS, CAMBRIDGE UNIVERSITY.

Tue following synopsis of the examination and two specimen
papers arc published by pcrmission.

SYNOPSIS.

MaTuiMaTIcs,—3 HOURS.

Use of slide rule and graphs ; elementary algebra, including the use
of the binominal theorem, the exponential thecorem, and logarithms.
Elementary trigonometry, including the solution of plane triangles.
Representation of directed quantities by vectors. The rudiments of
plane analytical geometry, including the simpler properties of conic
sections referred to rectangular axes, but excluding the general equation
of the second degree.  Use of the elements of the differential and integral
calculus, elementary applications to plane curves, mayima and minima
of simple functions of onc variable, easy arcas and volumes, expansions
of simple functions.

AMEcHANICS.—3 HOURS.

(It is necessary to satisfy the examiner in both Slatics and Dynamies
separately).

Units: composition and resolution of forces, treated analytically
and graphically 1 conditions of equilibrium ; force diagrams: friction.
Graphic methods of representing motion, including varying acceleration.
Force, momentum, work energy, power: conservation of momentum,
conscrvation of encrgy; efficiency of machines: uniform circular
motion : simple harmonic motion : moment of incrtia: rotation and
oscillation of solid bodies about a fixed axis,

Note.—In both papers it is usual to set from 12 to I5 questions of
which answers are only required to 1o.

Papers set at a vecent Examination,

MATHEMATICS.
Answers are not expected lo move than ten questions.

1. For use in solving certain problems, a slide rule is constructed
with an extra top scale, the nummbers on which give the values of the
numbers immediately under them on the bottom scale raised to the
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power of 1°4. If the bottom scale reads from 1 to To0 and is 10
inches long, calculate the distance between the divisions marked
4 and 6 on the extra top scale.  Also explain how you would obtain
the valuc of 0'2"* by means of such a slide rule.

xt{xt 4 1)

2. Express :
(fF 1) &+ 1)

in Partial Fractions.

3. Find graphically the positive value of x which satisfies the
equation

3sin x + cos x = x.

4. The motion of a car is assumed to follow the law xy = a — *
where y is the rate of increase of velocity with distance and x is the
velocity, 2 and b being constants. Observed values of x and 3 are
given in the following table :

P ] 63 |15 | 141 § 176 | 197

y 1204 | 33 Logn [o23 | oos

Allowing for errors of observation, find by a graphical method the
most probable values of the constants g and b .

5. Write down the expansion of {r 4 #)” in ascending powers
of x and show that when x and v are small,

(1 4 ="

W = 1 -+ nx — my approximately,

: o
The profits of a mill are found to be proportional to I}): where

N is the number of machines and P the number of workmen employed.
Find approximately the percentage increase, in profits when the
number of machines is increased by 1 9 and at the same time-the
number of workmen is decreased by 3 9.

6. InaAABC, 4B = 12", 4C = 10" and the - BAC = 15° 14",

Find the length of BC and the remaining two angles, TFind also
the magnitude and nature of the error in the calculated value of
BC which would arisc from an error of 1 % in the measurement of
AC. '
7. Prove that tan {6 — ) =M.
I +tandtand

Hence find the angle between the straight lines whose equations
are3x + 4y + 5 =cand2x—3y + 6 =o0.
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8. Differentiate with respect to x:

{1} tan"' {¢" cos ax},

() loga) 25 %

T+ cosx

3 (§—f~§~) "

g. Prove that for the parabola y* = 4az, the subnormal is of
constant length.
to. In a submarine tclegraph cable, the speed of signalling is

found to vary as x*log I where x is the ratio of the radiusof the core
X

to that of the covering. 1f the radius of the core is } inch, find the
radius of the covering in order that the greatest specd of signalling
possible may be attained.

11. Prove thatif y = Ae™* cos (pt + B) where d, B, p and k are
constants, then

&y Y '
,'g?+ 2k = L'y =0,

where n? = P + A

12. Integrate with respect to x:

. r . -
{1) X F 6x + 8 {2} N/x"I’ (3} x tan™" x.

13. The generating curve of the inside of a barrel consists of a
parabola whose equation referred to the centre of the barrel as origin
and a maximum radius as axis of x, is given by 3* =% (a — x), where
% is constant, Prove that if the internal length of the barrel and
the radius at cither end be # and b respectively, the volume of the
inside is given by

ks o 2
i 184" + 4ab + 3%} A
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MECHANICS.

Candidales are not expected to show 1 P soludtions to morc than ten gues-
tions, but suust satisfy the examiners in both parts of the paper.,

Part 1. Startics.

I. A uniform plate in the form of an cquilateral triangle of side
3 ft and mass 6 Ibs. is free to swing in a vertical plane about a fixed
axis through the mid-point of AB. To 4 and C are attached strings
of lengths 2 ft. and 2! ft. respectively whose other ends are attached
to a mass of 4 lbs.

Find grapically or otherwise the angle which 48 makes with the
vertical in the position of equilibrium.

2. Fig. (1) shows the end view of a roof.

On the planes AC and DE wind pressures of 10,000 lbs. wt. and
3000 Ibs. wt. respectively are acting, whose lines of action may be
taken as normal to the plancs and passing through their mid-points,

Fia, 1,

The roof is symmetrical and weighs 20,000 1bs., the dimensions
in fect being as shown.

If the reaction at 4 is known to be vertical, find the magnitude and
dircction of the reaction at B.

(A graphical methed of solution is preferred),

3- Draw a diagram to show the stresses in the bars of the loaded
framework in Fig. (2), consisting of light rods pin jointed at their
extremities and hanging from /A and B.

The reactions at A and B are vertical,

Mark the rods which are in COmMPpression,

[Transfer the figure by pricking through.}

4. A uniform bar of length 15 ft. and mass 6o 1bs, rests on a rough
peg with one end against a rough vertical wall. The angle of friction
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between the surfaces in contact is 10°. Find graphically or otherwise
the two distances which the peg may be from the wall, if the bar is
just in equilibrium when making an angle of 50° with the vertical,

5. A heavy cubical box of side 3 ft. is dragged at a uniform rate
along a level passage with vertical walls just over 3ft. apart. The
box weighs 100 lbs. and its centre of gravity is ¢ inches from a wall
of the passage.”

A B
LA LI LA L ELL L L LT P LA L LA S L LA

20/bs. 201bs.

30/bs.

Fra, 2.

Find the pull requircd if it is applied horizontally in the central
vertical planc of the passage. The cocflicient of friction between
the box and the floor or walls of the passage is 0°3.

6. Distinguish between the ' instantancous efficiency” and
‘“ average efficiency ” of a mechanism.

The crank AB in Fig. {3} is driven counter clockwise forcing the
cross-head C, which slides on the guide DE, against a thrust I© of
5000 lbs. wt. acting in the direction CA. The coefficient of friction
between cross-head and guide is 0°3.

Fis. 3.

Find the efficicncy of the mechanism in the position shown in Fig.
{3), neglecting friction in the bearings at A and B.
7. Find the position of the centre of gravity of the sheet of metal
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in Fig. (4). The diameter of the circular hole is 2ft., and its centre is
11 ft. from the ncarest sides.

— 0 >
A
4 N
2
¥
F < 4 >
F1G. 4.

Part II. Dyxawmics.

8. Show that if ¥ be the speed and S the distance travelled from
some fixed point in the path of a moving body, the slope of the graph

of Yﬂpiotted to a base of S gives the acceleration of the moving body
2

along its path.
Observations of velocity and distance from the starting point of
a carare as follows .
|4 | 0 g 120 |
)
5‘10 30 05 Izoo |160 ]230 300 I ft.

Find the initial acceleration, and the i.p. bung excrted at 160 ft.
from the start if the car weighs 1 ton and resistance to motion is
100 Ibs. wt.

g. A balloon weighing 1200 1bs. is found to be descending and in
two consecutive minutes the distances fallen are calculated to be
240ft. and 600 ft. respectively. Find the amount of ballast that
must be suddenly released in order that it may rise 240 {t. in the
next two minutes. The acceleration may be taken as uniform both
during descent and ascent.

10. The bar of a goal is 10 {t. above the ground level. A ballis
kicked from a distance of 30 vards so as to leave the ground at an
angle of 30° to the horizontal. Neglecting air resistance, find the
least initial velocity which must be given to the ball in order that it
may just clear the bar.

11. A machine gun is fired backwards from the rear of an
armoured car at the rate of 600 rounds per minute. The mass of

i
|
I
|

167 ‘ g 2 lz 2 |23'6 ff.s.
|
i
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each bullet is 1 oz. and muzzic velocity 2200 . 5. Tind the driving
power added to that of the car when the car is travelling at 40 m. h.

12. A football player weighing 10 stone and running at 15 m.h.
overtakes and collars another weighing 13 stone, and running at
12 m.h., the angle between their directions of motion being 30° at
the moment of collaring. Find the magnitude and direction of
their common velocity immediately after the impact, and the impulse
which either reccives,

13. A bullet, of mass 3 oz., moving with a velocity of 2200 {.s. strikes
a ballistic pendulum of mass 15 Ibs. and remains embedded in it.
Calculate the percentage of kinetic energy converted into heat, and
the average resistance to penetration if the bullet comes to rest after
penctrating 3 inches.

14. Define Simple Harmonic Motion.

If a point moves with s.i.M., show that the graph connccting its
velocity with distance along its path may be represented by a circle,
if a particular scale is chosen for the velocity ordinate,

Show also that, during motion from one end of the travel to the

other, the mean velocity with respect to the distance isz % the

maximum velocity, and with respect to the time is - X the maximum
m

velocity.

15. Two cog wheels, having respectively 50 and 100 tecth and
moments of inertia 10 and 50 1bs. {t.? units, are in gear. The larger
wheel is driven by a light spiral spring which exerts a torque of
o'5 1b. ft. per revolution through which it is twisted.

If the spring be wound up through 1o turns initially, and the
system be then let go, find the maximum speeds which the wheels
would attain if they ran smoothly and without friction.

TeEXT Boors RECOMMENDED BY THE STATFF OF THE ENGINEERING

LABORATORY,
Qualifying Examination and First Year Tripos Course.
Subject. - duthor, Title. Publisher, Price.
Mathematics Perry, . Elementary Practieal Macmillan Vi
Mathematics
- Thompson, Calculus made easy  Macmillan 3/-
5. P
a Carslaw, An Introduction to
H.S. the infinitesimal
Calculus Longmans 6f6
Statics [ Fawdry, Statics, Parts I, and G, Bell and
R.C. i1 Sons 5/-
iMechanics | Landon, Elementary Camb. Univ.
and ¢ 1w, Dynamics Press 10/6
Mechanics | Duncan, J.  Applied Mechanics
of for Engincers Macmillan 10{6
Machines
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Subject.
Electricity
Properties
of Materials,
Surveying

Drawing

Subject.
Mathematics

Mechanics

Heat

LX)

Electricity

Theory of
Structures

Propertics of
Steel

Hydraulics
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Author. Titls. Publisher,
Yorke, J. Applied Eleetricity  Arnold
Paley
Charnock, Mechanical Constable
G T, Technology
Whitelaw, Surveying ' Crosby
I jun, Lockwood
Spooner, Machine Design,
H. J. Constructional
Drawing Longmans
Second and Thivd Year Tripos Course,
Author. Title. Publisher.
Lamb, H. Infinitesimal Camb, Univ.
Calculus Press
Duncan, J.  Applicd Mcchanics
for Engincers Macmillan
Worthington, Dynamics of ,
A M. Rotation Longmans
Inglis, C. E, Examples in Appliecd Camb. Univ,
Mechanics and Ele-  Press
mentary Theory of
Structures
Ewing, J. A. The Steam Engine Camb. Univ.
 and other heat Press
Engines
Wimperis, The Internat Com- Constable
H E. bustion Engine
Peel, T. Examples in Heat Camb. Univ.
and Heat Engines Press
Hay, A. Cortinuous Current
Engineering Constable
James, Alternating Currents  Camb. Univ.,
W. H. N, in Theory and Press
Practice
Lamb, C. G. Notes on Magnetism Camb, Univ.
Press
Lamb, C. G. Examplesin Applicd Camb. Uniyv,
Electricity Press
Gill and Examples in Electric-
Teago al Engineering Arnold
Ewing, J. A. Streagth of Camb. Univ,
Materials Press
Edwards, = The I’hysico-Chemical
C.A. Properties of Steel  Griffen
Lea, F. C. Hydraulics Arnold
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16/~
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MEMOIR.

BRIGADIER-GENERATL SIR FRANCIS JAMES ANDERSON,
K.B.E.,C.B.

Sir Fraxcis JAMES ANDERSON, K.B.E., C.B., of Ballydavid House,
Rossduff, Waterford, whose loss the Corps has to deplore, at the
comparatively early age of 60, was born in Edinburgh on the 17th
February, 1860.  He was the fourth son of Deputy Inspector General
of Hospitals Robert Carew Anderson, of Suir View, Kilkenny, of
the family of the Andersons of Gracedieu, Co. Waterford, descended
from the Andersons of Wester Evrederbeck, in Aberdeenshire ; and
of his wife, Jane Wallis, daughter of the Rev. Henry Bolton, vicar
of Dysart Enos, Queen's County.

Anderson was educated abroad and passed into the Royal Military
Academy at the age of 16} in September, 1876, He passed out
tenthon the listin July, 1878, his commission in the Royal Engineers,
as was then the custom, being antedated to the 31st January, 1878.

While at Chatham he was an enthusiastic member of the R.E.
Yacht Club and made many cruises in the old Buccancer and
Violet, crossing occasionally 1o Irance and coasting round the
south of IEngland. He was keenly intcrested in navigation and
wrote a pamphlet on Elementary Lessons in Nautical Astronomy,
The fortification tour on which his batch was taken while under
instruction necessitated visits to the Portsmouth and Isie of Wight
defences and the batch hired a yacht for the visits to Yarmouth,
Hurst Castle, Southampton and Ryde, the navigation being under-
taken by Capt. Bogle and Anderson,

On quitting the SOLE., Anderson, after the usual leave, was
posted to the 18th Company, R.E., and, amongst other duties,
served with the Cork flying column from January to April, 1881, in
the suppression of the Mitchelstown disturbances,

In 1881 he volunteered for service on the Indian Establishment
and embarked at Queenstown in the Malabar on the roth
Deecember. The monotony of the voyage out was relieved by
detention for two days in the Suez Canal, a liner ahead having gone
aground. There was a pack of hounds on board going out to the
Peshawar Hunt and these were taken ashore on the sandy banks of
the Canal on Christmas Day for a jackal hunt. Therc was no sport,
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but the exercise was refreshing to both houndsand men,  Un reaching
India Anderson was attached to the st (K.G.O.) Sappers and Miners
first at Roorkee and afterwards on detachment at Rawal Pindi, until
posted to the Military Works Department, which he joined in June,
1882, at Peshawar. In November, 1884, he was transferred to the
2nd Queen’s Own Sappers and Miners at Bangalore, being posted to
B Company. On the outbreak of the war against Theebaw in 1885
he was sent with C Company, which he was then commanding, to
Rangoon in October, and procecded with the river column and was
at the taking of Fort Minhla and of Mandalay in November, 1885.
The company was employed thereafter in varous flying colummns
sent out to pacify the country. For this campaign he received the
[rontier medal with clasp.

In December, 1885, he was appointed Adjutant of the znd {Queen’s
Own) Sappers and Miners, but was prevented from taking up the
appointment immediately by a dangerous attack of Peshawar fever
which confined him to hospital for three months and necessitated nine
months’ sick leave to England. During his leave he married Frances
Alce, daughter of Major O'Gorman, of the goth Light Infantry,
sometime M.P. for Waterford. On the termination of his leave
Anderson and his wife sailed for India in December, 1886, and he
took up his duties as Adjutant, Coloncl A. F. Hamilton bcing at
that {ime Commandant.

In 1888 Anderson, having completed his seven years on the
Indian Establishment, reverted to home duty and was posted to
Porttand as Division Oilicer in December, 1888. He was promoted
to Captain on the 18th of that month.,  His work there brought him
into touch with convict labour, which was employed on the defences
and barrack building under his charge and caused his large heart
to take a kindly interest in the troubles and history of some of these
unfortunate men, cspecially in the case of young fellows who had
been tempted and bitterly regretted what they had done.  Anderson
spent much of his leisure time while at Weymouth in his favourite
pastime of yachting. He owned and sailed thie Gazania, and
madc many vovages round the coast east and west, occasionally
running over to Havre and Cherbourg.  The crew on these occasions
consisted of himself and one deck hand.

Anderson’s mathiematical and analytical brain drew him early
m life to a deep study of cryptography in which he became an expert
and an authority. In 1887 he published a pamphilet, *' Remarks on
a method of deciphering Cryptograms,” and also contributed articles
on the subject to The Pronccer, and had besides written many
notes and collected much information on this interesting subject.
He was the means, while at Weymouth, of discovering and preventing
an outbreak in the convict prison at Portland, by reading a cypher
which had becn intercepted. He used to amuse himself by answering
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cypher communications in the agony columns of the papers to the
extreme annoyance of the people who put them in, His work was
known to the military authorities and led to his being asked to serve
from time to time, while at Weymouth, on commiftees of the
Intelligence Division engaged on examining systems of cryptography
and compiling code and handbooks for military use.  His knowledge
was later to prove of immense value to the country in time of war.

In 1892 Anderson was offered and accepted the post of Deputy
Colonial Engincer at Penang, and, in 18g4, President of the Municipal
Commission at Georgetown, the late Sir Henry MacCallum being
at that time Colonial Engincer of the Straits Settlements. While
at Penang it fell to Anderson’s lot to ascertain the cause of, and to
remedy a serious leak in the great reservoir at Waterfall. This he
accomplished with success.  During his tenure of office a scheme for
the harbour improvements af Penang was in course of preparation
and he was responsible for the improved design for the new pier which
was adopted on his advice and recommendation.  Under his direction
the detailed survey of the territory was advanced and improved and
complete new revenue sheets were prepared and issued.  He designed
and built a bungalow for himself on Penang Hill. Later in his
service 1n the Straits he acted as Colonial Engineer during the
absence of Sir Henry MacCallum and was sworn a member of the
Evecutive Council on the 18th March, 1896, He was also a member
of the Legistative Council. :

His promotion to Major came on October roth, 18¢6, and in
Angust, 187, he returned to duty in England and was posted to
Aldershot, when lic was employed on barrack reconstruction and on
the electric lighting of the barracks. Colonel Pitt, his C.R.E, at
that time, writes . —

" He was an extraordinarily capable man all round and an unusually
good mathematician.  Whilst he was at Aldershot we were getting
out a large scheme for the clectric lighting of the whole place,
incinding the design for the generating station and laying all the
cables, as well as wiring all the buildings.  This invoived a great deat
of highly complicated calculation which Andersen entered into
cow @more and carried out most successfully. The * three wire’
system was adopted and, as no adequate text-book was forthcoming,
he had to work out his own formule.”

In 1899 Anderson was transferred to Clonme! and served there
and at Waterford as reconstruction officer of the Cork district. His
stay in Waterford with his family was a happy and uneventful time,
His service there covered the period of the war in South Africa, In
the course of these operations cypher messages from the Boer Govern-
ment were infercepted and Anderson's speciol knowledge was
requisitioned with a result that the Boer code was discovered ard
the messages de-coded.  For his success on this and other occasions
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he was rewarded with a gratuity of f100—though brevet promotion
was refused,

In jume, 1904, he was promoted Licut.-Colonel and again ordered
to India, and, landing at Bombay in Iebruary, 1903, proceeded to
Secunderabad for a few weeks until he took up the command of the
2nd Queen’s Own Sappers and Miners, of which he had been Adjutant
seventeen years previously.  This was a busy and a happy time for
him, as the Command was one for which he was well fitted, giving
scope to his inexhaustible encrgy, initiative and cheerfulness. e
did much during the four years he held the Command to improve the
military and technical training of the Corps.  He started a provident
fund for the widows and orphans of the British Warrant and N.C.
Officers attached to the Corps. He was instrumental in {orming
classcs of instruction in military enginecring for officers of other
arms of the Scrvice, for which there were exceptional facilities at
Bangalore.

This was the period of Kitchener tests, and Anderson was fully
alive to the importance of sapper companies being exercised during
training and mancuvres in conjunction with other arms, He did
much to assist in the framing of training programmes and to instil
reality in the schemes for the annual training of the Bangalore
Brigade, A portion of one year's Brigade training was devoted to
an unusually complete lesson in entrenching. The corps was inspected
by Lord Kitchener during Anderson’s tenure of the Command.

His rccreation during this time was shooting, and at weck-ends
and whenever work allowed he would bicycle for miles in the heat to
his favourite snipe jhecls and covers for a day in the open air with
his gun.

Major-General Sir Francis Bond writes :—'* Ior’ some years it
was my privilege, as D.G.M.W. in India, to inspect my old Corps,
the Queen’s Own Sappers and BMiners, when Anderson was in
~ command, and I am always glad {o think that I was instrumental,
knowing of Lis exceHent reputation, in getting him his appeintment,

I can testify to the ability and zeal with which he commanded

the Corps, and actively supported its high reputation. Beloved by
his officers and men, he never failed to keep up a vivid interest in
the technical and field work, and hc always encouraged real
comraderie with other troops in the Bangalore Brigade. With him
work and fun went hand in hand, and amongst his many official
dutics and intcrests, time was always found for runmng a merry
little paper, called “ Camp Pie,” which created much laughter
amongst his comrades and friends in the Corps and the Brigade.
Later onin the days of the Great War, we were together in the War
Office, and Anderson’s rcady assistance and wunfailing grasp of
sanitary conditions and up-to-date methods; immensely cased the
strain ¢of the Quartermaster General's branch which was charged
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with the housing and billeting of all troops, and the provision of
camps and hospital accommodation for the United Kingdom. In
every part of this work, we consulted Anderson and his committee
and always with advantage.

All this time he was conducting other work of intensc value to
the Intelligence in his General Staff capacity, and all with the same
marked ability and thoroughness, maintaining the same admirable
spirit as ever amongst his collcagucs and friends. He took a keen
interest in the R.E. Charitable Fund, and his loss to that committee
as well as to the wider interests of the Corps, is very great.

Anderson’s work throughout the time I knew him was full of
energy devoted to the betterment of the interests ot others, and the
public service. He never thought of himsclf, or nrged claims of his

own.”

An Officer (Major Berkeley Hill, LAM.S.) who served with him at
Bangalore writcs :—* General Anderson was one of the most gifted
and delight{ul men 1 have ever known. He was my first C.O. and a
better, kinder, or more lovable C.O. no man could have had than
I had in the Commandant of the ©.0. Sappers and Miners. His
loss will be decply felt by all those whose privilege it was to work
with him or under him, and among such mourncrs will be many
Indians as well as Europeans.”

On the termination of his period of command in June, 1909, he
returncd home, being promoted substantive Colonel and appointed
AD.FW, at the War Office in August of that year.  He also became
ex-officio member of the Army Mcdical Advisory Board. Among
other duties at this time he was cngaged in compiling a memoranduin
on cryptography and codes and many of his suggestions were adopted
in the official handbook.

In January, 1913, he was appointed Chief Engineer of the Eastern
Command with the honorary rank of Brigadier General. e was
serving in this Command when the war broke out; and he was at
once recalled to Army Headquarters and attached to the General
Staff as Chief Cypher Officer for cypher and code work, for which his
unique knowledge and wide experience in cryptography so eminently
fitted him. He had to raise and train the persennel of the crypto-
graphic bureau and to organize its work. In addition to his normal
work in the burcau he instructed various naval officers in crypto-
graphy.

At the same time he was also appointed Chairman of the Army
Sanitary Committee. Sir Alfred Keogh, then Director-General of
Medical Services at the War Office, writes, regarding Anderson’s
appointment.: " When in 1914 I was recalled {o the War Office to
reassume the direction of Army Medical affairs the necessity for a
central organization for co-ordination of effort in the domain of
disease prevention was at once apparent. The extraordinary efforts
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which were subsequently made in the various theatres of war only
emphasized this necessity. If ingenuity in improvisation of sanitary
details was in the main the prevailing characteristic of the workers
in the field, opposing principles of action were often discernible.  The
efforts of the various centres required correlation, newly acquired
knowledge needed diffusion.  The application of scientific discovery
to discase prevention in war specially concerns the engineer officer
and it was the recognition of this fact which made it a matter of
concern that the President of the reformed ad hoe Sanitary Committee
should be an officer of the Royal Enginecrs; an officer, not only
possessed of special knowledge in his own sphere, but well acquainted
with the factors concerned in the origin and dissemination of the
diseases of armies. I succeeded in securing Brigadier-General
Anderson for the post. It was one which required not only special -
knowledge but special qualities and the Army was fortunate that
the duties appealed in a special degree to this officer.  Astuteness,
sagacity and power of discernment arc quahties as essential to success-
ful administration, as frankness and power of conciliation. All
thesc qualities Sir IFrancis Anderson possessed in a remarkable degree.
If he was tenacious of his own views, he was open to conviction, for
he could always sce the other point of view. This is not the time to
set forth, even in the briefest manner, the services rendered by the
admirable body over which Sir Francis Anderson presided, but when
the work of the Committee is recorded, the share which he took in
limiting the ravages of discase in the varions campaigns of the Great
War will be found to have been large.  In a position of great difficulty
he was eminently successful.  His success was in great measure due
to his personal qualities, for his was a lovable disposition.”

In a letter to Lady Anderson Sir Alfred writes :—

“1 had the greatest admiration and respect for him, but in
addition T owe him a decp debt of gratitude for, at a time of great
personal anxiety, he was good enough to come to my aid to relieve me
in one department of my work of a great anxicty and responsibility.
I trusted to him so completely that I nover had the least anxiety
after he took over the committee which under him did so great a
work which only the initiated could fully appreciate. He was a
truly good and great public servant.”

In another letter the following occurs :—

“I am so conscious of your husband’s great services to the
State. . . .

Sir Frederick Treves, writing to Lady Anderson, saye :—

“ General Anderson had an extraordinary knowledge of his
profession In all its technical details.  He had a very receptive mind
and was always anxious to get hold of new ideas. He was most
liberal in his views and most indulgent to the views of others, Ie
made an excellent chairman, just, judicious, business-like and a
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model of courtesy. Outside his work he was the most genial
companion possible, kind, considerate, unselfish, His humour was
remarkable and as a conversationalist few could equal him. It was
always a great pleasure, and indeed a great privilege to be associated
with him in any ‘ mission '—or tour of inspection. His heart was
in his work and what he did he did well. 1 should imagine that he
had not an enemy in the world. Possibly one of his most marked
characteristics was his quite astonishing ingenuity.”

Sir Arthur Newsholme, a member of the committee, writes :—

“ As a member of the Army Sanitary Committee I had, espectally
during the earlier period of the war, almost weekly opportunities of
meeting General Anderson and of admiring and appreciating his
courtesy to all his colleagues and to the many officers and men whom
we met in our visits of inspection ; of realizing his resourcefulness in
emergencies and the practical character of the advice he gave and
his broadmindedness in giving due weight to medical as well as fo
the enpgineering considerations. It was on the duc balancing of
these two aspects of the subject that the success and results of the
work of the Army Sanitary Committee depended, and of the import-
ance and value and success of the work of that committee there can
be no-doubt. In the instances in which the counsel given by him as
to the drainage arrangemcnts, ctc., of camps was not adopted,
subsequent events showed that much financial loss had resulted
therefrom. The stupendous task of securing elementary sanitation
for the hundreds of thousands of men who were rapidly aggregatingin
immense camps was only rendered possible by active and continuous
co-operation of military and civil authoritics, and on the military
side it was largely owing to General Anderson’s work that this was
rapidly and successfully accomplished., His colleagues will always
remember with admiration General Anderson’s exceptionally fine
mental qualities and with gratitude his geniality and kindness and
his helpfulness on every occasion.”

The Star and Garter Committee of the British Red Cross on
forming an cxpert commitiee to advise on the class of patient to
occupy the Star and Garter Home at Richmond sought Anderson’s
help as a member of the committee. Anderson was a Fellow and
also Vice-President of the Royal Sanitary Institute and a member
of the Army Hygiene Advisory Committee.

He was continued in employment beyond the date of the Armistice,
and only retired as lately as the Ist November, 1919, after nearly
42 years' service.

For his services in the YWar he was appointed a Companion of the
Bath in January, 1917, and made a Knight Companion of the British
Empire on the King's birthday, in 1919.

There is no doubt that the gresat strain of the War, coupled with
the incessant travelling both in the United Kingdom and in France
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entailed by his duties on the Army Sanitary Committee, together
with the gricf at the loss of his gifted and beloved younger son, Major
. Saintlill Anderson, anc.,, R..A., killed in action in France, in
August, 1918, undermined even his strong constitufion for with
scarcely any warning he died suddenly of heart discase on the 6th
March last.  He was on the point of moving with his family to
Ballydavid, Co. Waterford, a place which he had recently acquired
with the intention of establishing his home in a neighbourhood he
had known since childhood. 1is body was taken to Ballydavid
Housc and he was buried at the Abbey Church of Waterford, the
funeral being a military one.

Besides his great interest in cryptography he devoted muck
atfention to mechanical aids to mathematical computations and
produced a ** Gunners’ Slide Rule ** for which he received the thanks
of the Sccretary of State for War. Anderson’s patent Improved
Slide Rule is also well-known. At the time of his death he had taken
out a patent for an ingemious ““ Abacus,” or circular calculating
machine. This is a circular form of the slide rule.

Anderson was a keen dMason and was a member of the Waterford
Lodge and when at Bangalore was clected Worshipful Master of
Lodge United Service at that station,

Anderson's character was a peculiarly lovable one. He was the
staunchest of friends and always ready to help lame dogs over stiles.
Many must remember with thankfulness his gencrous help in time of
trouble. His retentive memory and ready wit made him the best
of good company. His activity of brain and body was exceptional
and this activity he rctained to theend.  His death came as a surprise
and shock to his many {riends who grieve for the carly passing away
of one of the best of fcllows.

W.H.
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REVIEW.

THE PROJECTION OF MAPS*

The subject of map-projections has always been a thorny one, mainly
because the writers who have investigated the theory have dwelt in
diffcrent spheres from the map-makers who have had to make practical
usc of the projections. The two classes have possessed morcover-no
weights and measures in common @ the mathematician estimates the
valuc of a projection by means of different systems of errors; the
map-maker’s ideas of value are governed Dby such considerations as
simplicity, cconomy, uniformity with his other projections, possibilities
of future expansion, and the general utility of the finished map. Itis
at times a question whether to subordinate utility to mathematical
accuracy or vice versa.  The problem has been deemed worthy of study
by some of the most eminent mathematicians of history, but the
surveyors who work upon maps have neither the power nor the leisure
to scrutinize theories. The co-operation of two different classes of men
is thus required. The projection of maps may be lkened to the ercction
of a column in architecture ; the mathematical theory forms the base,
the map forms the capital. The base by itsclf is useless, the capital is
the architect's aim.

Although the subjeet of map-projection has been exhaustively dealt
with by numerous writers, there are very fow books that can be said
to have successfully bridged the gap between the mathematician and
the map-maker, between the base and the capital. Authors harass
students with descriptions of numerous projections that have no practical
use ; they do not sufficiently explain the particular employment for
which cach of their many projections may be considered svitable ; and
they close their investigations before they have crossed the border-line
between theory and practice.

The anthor of the book under review was Deputy Surveyor General
of {he Malay States, and the map-maker would cxpect to receive from
him a helpful exposition. But Mr. Young is a skilled mathematician,
and his book leans more to the mathematical side than to the practical.
As an investigator Mr. Young deserves to rank with the eminent author-
ities of the past; his knowledge of theory is exceptional, and he is one
of the few living authors who can be fairly regarded as experts. But
his absorption in the scientific side of the problem, and his plcasure in
grappling with mathematical difficulties have led him to curtail the
practical side to such an cxtent that the professional map-maker will
derive little advantage from his book. This is te be regretied; the
map-maker is in want of a post-war exposition of useful and employable
projections, and it would be difficult to find an author more qualified
by experience to write one than Mr. Young. '

Mr. Young has displayed much originality in his new trentment of the
conical projections, but his descriptions of his ewn original steps are so

* Some Investigations in the Theovy of Map Projections, by A, E. Youxg; published
by the Royal Geographical Socicty, rg20.
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abbreviated that he will not receive the credit he deserves.  His plan of
altering the scale error at the centre of the map in order to reduce the
average scale error s the most valuable contribution that has been made
to the subject for years,

Many surveyors have to work with rectangular co-ordinates and to
consider the convergency of meridians : Mr. Young’s references to these
points are too brief. His new method of reducing the errors of the
Cassini projection is useful and shows a grasp of the subject, but its
novelty is not sufficiently emphasized.

An illustration of the want of unity between mathematicians and
draughtsmen is to be seen in the comscrvative retention of Mercator's
projection in modern atlases. Whilst the mathematician has been
discussing the complexitics of obscure projections, the draughtsman has
continued to employ a projection which falsifies geography and which
ought never to have been used for educational purposcs.

The chicf practical difficulty of the past has been due to the great
number of projections, which have been thrust before the map-maker
for his selection. He will therefore be astonished to learn frém Mr.
Young's book that the very best projection of the conical class wasone
invented in 1758 by the Rev. Patrick Murdoch and which has been
subsequently forgotten. Whilst this projection possessing all the virtues
has been allowed to sink into oblivion, many projections without any
virtues at ali have been continually brought to notice.

Another feature of Mr. Young's book will come as a surprisc to map-
makers. The latter class have always accepted the results presented
to them by eminent mathematicians without guestion. But MMr.
Young repeatedly points out mistakes in the mathematics of the highest
autherities. According to Mr. Young (page 2) Sir George Airy ** made a
slip in his solution ”” and “ Airy’s erroncous tables have unfortunately
been incorporated in Iater publications.” Mr. Young also shows
{page 4) that Clarke made an crror in his calculations, and {page 72) that
Jordan’s formula was wrong, and {page 75} that even Helmert's formuke
for convergency were incotrrect.  Each of these mistakes may have been
individually unimportant, but their cumulative effect is disconcerting.
All these mathematicians were surrounded with computers, and their
work could have been checked before if was published,

No discussion of map-projections is new complete unless it refers to
the changes which the views of geographers have undergone since the
cnd of the ninetcenth century, when the Paris conference issued its
recommendations for an International Map of the World.  Old-estab-
lished mapping offices were then led to look into the projections which
they had inherited and which they had bitherto reverenced as the mystic
symbols of ancient wisdom. Their examination showed that a want of
understanding had separated the mathematicians and map-makers of
the past. The atility of 2 map had too often been subordinated to
mathematical difficultics. A peographer now realizes that he only
requires three projcctions in order to make good maps of a whole con-
tinent ; he requires onc projection for his smali-scale geographical maps,
anothm for his topographical maps on ail their various scales, and a
third for his revenue surveyors who hove to work with rectangular
co-ordinates.
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The definite recommendation of the polycenic projection by the
[nternational Conference brought more light to mapping offices than the
technical treatises had done. This projection is becoming widely adopted
- for maps on various scales, The advantages of having maps on the
larger scales all fitting into the smaller are great ; projections are becom-
ing unified, margins made coincident, overlaps climinated. Co-operation
in a map of the world is moreover teaching a surveyor to look beyond
his own borders ; he can no longer give to his projections such final
limits, as his predecessors were apt to do ; he must allow for possibilities
of expansion.

Mr. Young discusses the ** best '’ projection for a long narrow country
like Italy ; by ' best '’ he means the projection that will show a minimum
error.  But a question, that will occur to many map-makers, is whether
any map of Italy will be found satisfactory if it exciudes the Alps, the
Adriatic and Sardinia ; if these arcas are included, Italy can no longer
be regarded as a narrow strip.  Moreover the Ttalian Survey has already
adopted the polyconic projection for its maps on the scale of 1fmillion,
and this step mav render the same projection conveniént for other
scales,

In discussing the ** best ” projection Mr. Young docs not mention the
scale of the map, which he is contemplating. The problem for the best
projection of a given arca is dependent to a certain extent upon the scale
of the forthcoming map. One projection may suit a wall-map on a
scale of thirty miles=one inch, and another projection may be more
suitable for a large scale map (one mile=onc inch) published in
numerous sheets,

The conical projections, as they are generally undersiood by geograph-
ers, have their pole corresponding with the pole of the Earth, so that
meridians of longitade arc directed towards the pole of the projection.
Dr. Hammer has suggested conical projections, in which the pole of
the projection does not correspond with the Earth's pole.  An artistic
cattographer will dislike the mathematical conception of a cone placed
askew on one side of a sphercid, and his objections will have Mr. Young's
support. The latter writes that '* when the pole has a skew position
the map has an ugly appearance,” and that the only * useful ”* position
is when the pole corresponds with the Earth’s pole. Hammer's idea is
thus vetocd on practical ground:.

S. G. BURRARD,

65 R.E.
A SHORT RECORD OF THE SERVICES OF THE 63ty FieLp Co., R.E..
(Cambridge, W. Ieffer and Sons, Ltd. 1920).

This is the record of the services of an R.E. Unit of the New Army,
from its formation in 1914 fo its demobilization in 19x9. It served in
Gallipoli, Salonica and Palestine, and was one of the R.E. Companies
in the retreat from Serbin in 1915.  The record is most instructive from
the fact that it records the personal experiences of officers and men which
will never appear in any official hisory, and gives an insight into the
life and trials of the human units of an R.E. Coy. which is invaluable,
The book is well illustrated by photographs, but it is o pity that there
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are no maps. A feature of the book is the list of names and addresses
of old members of the Unit given in the appendix.  The final page of the
record shows the family fecling that existed in this and, I believe, all
good R.E. Units. Onc of the photographs contains the picture of a
fox terrier dog—Jumbo. Jumbo was a dog of large expericnce—he
was picked np by the Headquarters of C.R.E, 27th Division at Mericourt
on the Somme in September, 1913, He was then starving and attached
himself to us. T can remember one day there was a scare of mad dogs
in thearen and the edict went forth that all dogs were to be destroyed.
All dogs but Jumbo disappeared, though I imagine that camouflage,
not execution, was the cause.  Jumbo was parsona grata at Divisional
Headquarters and I remember that much amusement was caused by his
being found in the Divisional Commander’s private office some days
after the edict for the execution of dogs had gone forth.  Jumbo attached
himsclf personally to Captain Noble, D.S.0., my adjutant, and followed
him everywhere, even into the front trenches ; one of his amusements
being to jump over the parapet and to run about amoengst the wire.
Noble took him to Salonika when he went out and kept him with him
everywhere, What happencd to him ultimately I do not know, but I
trust he is at peace wherever he is ; he was a very nice dog.

G, WaLkeR, Colonel.

1o7te FIELD COMPANY, R.E.
{Darlington, Wm. Dresser and Sens, 41, High Row. 1920).

The book ander review is the sccond volume of these recoliections.
It has been compiled by the Editor, Captain M. J. Rattray, with a view
to providing asouvenir for the late members of the Unit and their friends.
The book is well Hustrated with photographs and there arce useful maps.
The experiences of this Unit commenced on 25th November, 1914, when
it was formed under the command of Captain Fustace, R.E. at Chatham.
It went to France in the 26th Division in 1915, This Division was put
into the 12th Corps and went to the line on the Somme in September,
19135, From thence it went to Salonika with the rest of the 12th Corps
in November and December, 1913, The book gives a very good account
of the Salontka campaign from the point of view of an R.E. Ficld Com-
pany, and further interest atiaches 1o the account from the fact that the
107th was the only R.E. Company to cross the Danube and cnter
Roumania, after the collapse of the Bulgarians and Turks. The Com-

- pany was disbanded in the Balkans when the 26th Divisionwas brokenup,

G. Warker Colonel,

CLD EUROPE'S SUICIDE.

By Bric.-Gexcrar C. B. TroMsox. ({George Allen and Unwin. 5/,
This little book contains a clear and delightfully interesting acconnt
of recent history-in the Balkans.
F.EGS.
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NOTICES OF MAGAZINES

MILITAR WWOCHENBLATT,

No. 23.—Studv and Criticism of Military History.—General Ludendorff
contributes an article on the study and criticism of military history. He
first of all points cut the importance which has been rightly attributed
to it in the German Army, and then proceeds to indicate the Jines which
should be {ollowed.

Since human nature does not change, the study of all campaigns,
however far distant in time or place, is of value, but for the purely
technical military side, the most modern have a greater value than the
older ones. Not only do the constant developments in armament and
equipment make this the case, hut strategical ideas are continually
growing and must be kept pace with.

The study of the world war is a task that should be undertaken not
only by soldiers, but by every German man and woman, so that the
degree of political education reached by their enemies, which gave them
the victory, may also be attained by Germans. He declares that only
by this means can Germans cease to be an unpolitical nation of
unpractical dreamers and acquire the will to power, so strongly developed
in the tough and stiff Angle-Saxon race.

He repeatcedly emphasizes the need for strict and impartial accuracy
in compiling history, but would have it combined with warm patriotic
feelings. The examination of official records will, he regrels, be heid
up by all governments for many years, but he hopes that, meanwhile,
all that is possible will be done to place on record accounts of cvents,
obtained from those who actually directed or took part in them. While
war diarics have a certain value, he does not think too much reliance
should be placed on them, because there was so often not enough time
to compile them properly. He admits that he never locked at the
G.H.Q. diary, nor did he take any spccial steps to have his telephone
conversations recorded.

Private diarics and the reports of returned prisoners of war must be
studied and the scope of the history must be enlarged to include such
subjects as the economic situation, the U-boat campaign, the relations
between the Army and the people, and the cffects of propaganda ; but
above all he demands scarching examination as to the truth of all state
ments, so that legends, many of which have been purposely circulated,
may be climinated, and acenracy, which is the foundation for all useful
criticism, unfoilingly ensured.

The Marre Campaign of 1914 is General von Kuhl's account.  As chief
of the General Staff of the 15t Army he has special knowledge of events
and he recounts them clearly and well.  He brings out particularly, how
the Schiieffen plan of an overwhelmingly strong right flank was spoilt
by those who tried to combine this with strength elsewhere, and thus fell
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between two stools.  The st Army was too weak and G H.Q. wished
its weakness to be compensated for by mobility. The most important
decision made by the 15t Army was that of the cvening of the 2nd
September, when it was determined to attack the flank of the Freach
Army falling back in front of von Bulow, and when this decision was
adhered to, in spite of the protests of G.H.Q. This movement
undoubtedly lightened the task of Manoury and the British, although
the st Army, by its quick move back to the Oureq, got well out of
a disadvantageouns position without much loss. The reviewer thinks
that the leading of the 1st Army in Aungust and September was, on
the whole, a first rate performance.

The Revolutionary Arimy—The Communists have got as far as pub-
lishing a book entitled The Revolwlionary Army wherein are laid
down the principles to be followed in the Army which is to arise after
the establishment of a communistic state. The organization of this
Army is to follow that of the old fmperial force, but the recruit is to
be tanght his tradein from 11 to 2 months, with short refreshing trainings
in subsequent years.  The leaders are to be drawn from personnel so
trained, and not from any professional class of soldiers. The writer
quite sees that such ap army will probably have to give ground before
its enemies in the first place, but inds definite advantage in this {act,
by reason of the guerilla war which will spring-up behind the backs of
the invaders. The M. V.8, thinks that the invaded population would
probably prefer the rule of their cnemies to that of the Communists,
and wonld wish that the anthor could go through the test of war with
his precious army, were it not for the slavghter of his innocent followers
that would be involved.

Cost of War Material—Among other cxamples of prices in 1914 and
G20 are the following :-—

1G14. 120,
Rifle ... 30 marks. Soo marks.
Tield gun e 12,300, 164,300 ,,
4.z howitzer shell v 50 ' 865 v

In view of these the LIV, B.is no longer surprised at the Reichswehr
estimates.

No. 24.-—Studv and Criticism of 3Military History (contintedy. —
General Ludendorff concludes his remarks on military bistory, He
warns the critie against {rying to prove theories, but advises him to
follow the canses of failure down to the last detail.  Tf this brings him
up against the reputation of any individual, he must proceed with
cauntion, so as not to wound susceptibiliticos mnneecssariy, but all the
same he must face his facts, and no military leader should fear impartial
and well considered examination of his actions. On the other hand
one-sided and destruetive eriticism, based on prejudice, can only serve
o undermine authority, and must be steadfastly avoeided, cspecially
m these days when 0 many bad influcnces are abroad. The words of
the old training manual must be remembered, ** Neglect and omission
are more blameworthy than mistakes in choice of methods.”” The
reader of criticism must also welgl up his author, to see whether he is
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really equal to his task, and not take all that he reads as infallible,
merely because it is in print.  Lostly Genecral Ludendorff wishes to
see the great deeds of the Armv brought well to the front, so as to give
its cuemics no cause to rejoice iu the downfall of that of which they still
ztand in fear.

No. 25.—The Roumanian Campaign.—The first volume of General
von Falkenhayn's account of the Roumanian campaign is published.
After mentioning the embarrassment which the hesitating attitude of
Rowmania caused the central powers, who wanted the country, both on
account of its resources and for aceess to Turkey, he describes the form-
ation of the gth German Army, which was destined to free the invaded
Hungarian territory,  The battle of Hermannstadt is rated as a second
Tannenberg, on a smaller scale. In both cases an encircling atfack
was conducted against one army, while a second, which if rightly handled
would have brought the Germans to disaster, was successivlly held off.
The battle was full of very critical moments, as the Ist Austrian Army
failed and Roumanian attacks threatened to crush the weak German
left flank. In spite of all danger, von Falkenhayn pushed his plan
through and in four days, from the 26th to the 2qth September, disposed
of the 15t Roumanian Army. The {ollowing davs were, however, full
of anxiety for the Germans, but Falkenhayn’s determination never to
be forced into the defensive, which he says he conld never have success-
fully maintained with his numerically inferior forcez, was justified.
In 18 davs his army advanced 200 kilometres, fought three battles, and
beat two armics, in spite of almost impassable mountain tracks.  Von
Falkenhayn complains that G.H.Q. interfered in some cases, without
proper knowledge of the situation, but it is admitted that on the whole
the higher command gave him every assistance possible in view of the
critical situation on the other fronts.

The Bavarian Heavy Artillery.—This, belore mobilization, had a
strength of only.about 4,000 officers and men, aud 300 horses.  In the
spring of 1918 the continual demands for heavy artillery brought these
figures to 46,000 and 22,000 respectively.  In  killed alone, losscs
amounted 1o 234 officers and .f,600 other runks. The 3.3V B. states
that the greatest testimony to its performances lies in the fact that the
Allies have determined to abolish it,

Arnpy Orders.—The way in which N.C.Os and men can qualify for
commissions is laid down. Selected candidates have first to pass a
general knowledge exnmination, and next an officers’ qualifying test.
They will then be allowed to go, in Octaber, 1921, 1o the Schoot of Arms,
where there are further obstacles to be overcome before they can get
their commissions.

The 30.5 em. Austrian Howitzers.—1It is stated that neither these nor
the 42 cm. German howitzers were the invention of the Skoda works.
Their development was entirely due to a military technical committee,

Bridge Building in {he Enghish Army.— A short note extracted from
a Swiss military guarterly review, is given on the Bridging School at
Aire. It is stated that the activitics of the R.IL in bridgiug were of a
wide scope.  In 1918 they built 1,200 bridges with a total Iength of
8,100 metres.
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In Batile Undefealed is the title of a book contributed to by all the
famous German fighters, from Hindenburg to Richtholen. It is com-
piled in populur form, and, asits title indicates, is intended to raise the
confidence of the Gennan people.

No. 20,—Inerease of Pensions.—The Reichstag has voted an increase
in the pensions of all on the old scale.  Present prices had placed the
old pensioners in a very hard position and the increases which are quite
substantial, will be welcomed.  As the cost 1o the State is put at 300
million marks, it has been decided that income from other sources shall
be taken into account, and a reduction in pension be made if a limit of
total income is execceded,  With the exception of this clanse and of one
or two others, the M. 1W. B, approves of the measure which may therefore
be considered as {nirly generous. Some examples of pensions under
the new scale are as follows :—

Marks.
Licutenant with 1o vears’ service e 5,090
Captain o 25, . we  ILB77
bajor . 30, . e, 15,328
Colonel R { S . veo 21,420
Mai.-Gen. . 40, . e 28,420
Lt.-Gen. w40, . e. 33,420
G.0CinC. , 40 o ee 41,420

These figures include a bonus for high cost of living.

The Policy of the Entente Powers towards Russie. —The writer begins
by stating that the Entente abandonced the Czar as soon as the danger
of his concluding a separate peace arose, and goes on to say that, as soon
as the war ended, divergencies in Endenie policy began to appear. The
one main point, on which all agreed, was that Bolshevism must not be
allowed to spread.  Views as to the best way fo prevent it doing so are,
however, so varied, that very little is actually cffected.  In France the
main object is to save the 25 milliards advanced to the Czarist govern-
ment.  She must therefore always try to upset a government which
repudiates this debt, and, to do so, bas in turn supported Judenitch,
Denikin, Petlura, and Wrangel. The only assailant of the Soviets
whom Fraunce did not support was Bermondt, the reason being that he
did not advance the sccond French object, namely to separate Germany
and Russia as much as possible.

Poland was always sure of France’s support because she {ulfilled both
her requirements.  Even the senseless Polish attack on Kiefl was lent
every possible assistance on the off-chance that thereby the Bolsheviks
might be brought down. August, 1920, was a time of danger to IFrench
interests ; Poland seemed on the point of collapse before the Red armies,
and the only solution of the difficalty appeared to lie in the understanding
with Russia, which England wished for.  In such a case the 25 milliards
were lost, hence redoubled support to Poland with, so far, svceessful
resulis. DBut the future does not look bright. If only the Soviet
government would recognise the pre-war debt, England and France
could advance, side by side, but this the Bolsheviks will not do and
England has little interest in pressiug the point {1}, If England concludes

4 -
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a trade agreement France will openly stand aside from it, but wili
encourage private trading, so as not to be out of the bunt for Russian
custom altogether,

All the same she will always be on the watch for a chance o upset
the Bolsheviks,

England's chief interest, as mistress of the scas, lies in keeping Russia
shut off from them. Her other objects are, to have a share in exploiting
Russia economically, and to keep Bolshevik ideas out of British Asiatic
spheres of interest. British policy has been accused of inconsistency
even more than French, but the accusation is only well founded as
regards the methods with which it is pursued. Her support of Kolchak
and Denikin was coptinued ouly so long as the plan of clesing the scas
to Russia was thereby forwarded. As soon as there seemed to be a
prospect of a new Great Russia arising through the downiall of the
Soviet government, British support lost its object. It became more
advantageous to hold Bolshevik and anti-Bolshevik balanced against
cach other, since a united Russia would certainly seek re-union with
the border states and thereby access to the sea. England therefore
supports the border states, but cares no longer for shutting off Russin
from the Black Sea, since, by the treaty of Sevres, she has the key of
that outlet in her pocket.

As regards England’s other two objectives, she hopes to make the
opening of commercial relations with Russta conditional on the cessation
of Bolshevik propaganda in Asia, As this condition appears likely to
be fulfilled, and as the closure of theseas is satisfactorily assured, England
may be said to have achieved her objects. Official recognition of the
Soviet government is only a formality and of Iittle importance.

America’s aititude has been one of aloofness. She cares only for
econotpic relations as soon as the Bolsheviks fall from power, an cvent
which she thinks will soon take place.

Japan, like England, wants to kecp Russia from the sea.  She, there-
fore, favours the establishment of East Siberian buffer states, which
shall be under her thumb. At the moment the Chita government is
very Bolshevik, so Japan holds fast to the Pacific ports.

Italy wants commercial relations, but fear of Bolshevik infection, and
of her allies, has so far prevented her from effecting them.

Russia fully appreciates the advantage she gains from the differences
between the Enfente powers and openly mocks their disjointed attempts
te bring her government to the ground.

Attack and Counter Attack on Officers.—The Munich branch of the
German Officers’ Association has attacked the Verwarts for speaking of
the ** contemptible corps of officers,” and also Scheidemann for saying
in the Reichstag ' The officers have to thank the self-restraint of the
men for the fact that on the gth November, 1618, they lost no more
than their epaulettes and badges.” The Vorwaris replies to the attack
by accusing the officers’ corps of the murder of Liebknecht, Rosa
Luxemburg and sailors, of the Kapp ** putsch,” of ill-treating their men,
and of looting and atrocities.

L. CHENEVIX-TRENCH, Major, RE.



ke

154 THE ROYAL ENGINEERS JOURNAL. farcen

-

REVUE MILITAIRE GENERALE.
August, 1920.

Falkenhayn. The Breach and its Exploitation, by General Lavigne-
Delville.—General von Talkenhayn in his book *“ The German Suprenic
Command and ifs Essential Decisions (1914-10)"" gives inleresting
information on the problem of breaking the enemy’s line, on the con-
dition necessary for its accomplishment, and on its utilization by the
strategic rescrves, and primarily by the larger cavalry formations.
Falkenhayn shows that the problem is solvable, was in fact solved on
seven occasions during his tenure of command, but failed on six other
occasions. It should be noted that the attack on Verdun is represented
as undertaken only with the object of exhausting the French, and not
with any design of effecting a breach, and he over and over again insists
that on the Russian front the defcat of their armics, and destruction of
their offensive capacity for the time being was all that was aimed at,
and not the annpihilation of their forces, as much owing to the inferior
offensive capacities of the Austro-Hungazian army as to the Ruseian
~ facility for slipping out of a trap. Talkenhayn shows that to effect a

breach two conditions must obtain ; preponderating superiority, greater
than was thought nccessary before the war, in men and materials on the
side of the attacker, and moral inferiority on the side of the attacked.
In the cases of the seven successiul breaches both these conditions lield,
in the six unsuccessful attemptsone or otherwas absent. As regards these
deductions it may be remarked that the encmy must stand to receive
theattack. Hemight refuse the battle and withdraw to another position,
but this procedure has limits. The Allies fell back in 1914 and saved
themselves from envelopment, but at the price of abandoning the
richest regions of France, On the other hand the Russions never
hesitated to fall back, the immense size of their Empire allowed of it,
but it is questionable whether that action did not sap the moral of the
army and also of the whole nation, and the same remark holds good of
the German retreat in 1g18. A local retirement may be made on two
conditions, that a strong position cxists in rear, and that te ritory of
little value is given up, but a general retirement would probably mean
abandoning resources necessary for carrying on the war, and to retain
these the last man must be sacrificed. It is to be hoped that in future
France will have an army capable of carrying on a war from the outset
on enemy territory, and not run the risk again of losing her fairest
provinces. The breach once effected it vemains to cxpleit it. The
higher formations of infantry are asscmbled to widen the gap, and hold
it open for the passage of the higher formations of cavalry. Not one of
the breaches mentioned was exploited, and in cach case the failure to
reap the full fruits of the victory was due to lack of troops, but in some
of the cases the possibility of such a success had not been anticipated.
Two may be advantageously studied more closely, thosc effected by the
Germans against the Russians at Tarnow in May and June, 1915, and at
Lublin-Cholm on 16th July, 1615, both of them desired and prepared for
by the German G.H.Q. In May a German and an Austrian Army were
engaged (16 divisions infantry of which 7 were German), There was an
Austrian cavalry division with each army. The breach made in the
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Russian lines extended for 160 kilometres, and the troops on each flank
were badly shaken on a total front of 350 kilometres. Thus cach diviston
in the attack operated on a front of 10 kilomctres, too extensive an
extension, but deemed by Falkenhayn a sufficient density in view of the
small value of the opposing force. The attack exhausted the infantry,
and there were no fresh troops to push the advantage. Italy was about
to enter the war, the attack halted, and the Russians formed a new
defensive line.  However the Germans determined to follow up their
advantage althongh unable to count on strong help from Austria now
gccupied also on the Italian Front, Twoinfantry divisions {from France,
and two from Poland, were hastened over to Russia, a renewed attack in
June was again successful, and Lemberg fell.  Inspite of a strong rumour
of an Anglo-French offensive Falkenhayn determined to push on, but
could send few reinforcements, and the force was now, owing to losses,
inferior to that cngaged in May and June. However, another cavalry
division was added. Ile was not sanguine of continued success, and
considered the country beyond the Bug unfavourable for further
offensive operations. The Russian front was again broken on 16th July,
and up to gth August great results might have been expected, but again
the attack was exhausted, and by gth September the Russians reformed
their linc after a vetreat of 300 kilometres in 35 days, and losing 650,000
men in prisoners. In consequence, Falkenhayn broke up Mackensen's
command, distributed his troops to other fronts, and sent him fo com-
mand against the Serbians. \Why was the cavalry distributed between
the two armics and not concentraied as a rescrve, to expleit the breaches
successively made? Mackensen does not seem to have realized the
necessity for such a concentration, or was withheld by higher orders
from arranging it, but that docs not eXcuse Falkenhayn who was in
supreme control of the war, and responsible for the distribution of
troops on the various fronts. Again the group of armices of the East
under Ilindenberg comprised 3¢ divizions of infintry and 81 cavalry
divisions. Allor part of the Iatter might apparently have been employed
as exploitation troops either by Mackensen or Hindenberg. At the end
of April Hindenberg's was the largest mass of cavalry which existed
during the war on any front. His orders were to attack the north wing
of the Russian Army, and by making a display of force along his whole
front to mask the despatch of units to Galicia, and to organize an exten-
sive cavalry raid behind the Russian front. The raid failed ; based on
the idea that the Russian dispositions had not been changed after the
winter campaign in Mazuria, it encountered the Russian reserves in
refused cchelon behind their threatencd flank. Cavalry could not
attack unbeaten troops, and another reason given by Falkenhayn for
the failure is that the cavalry advanced split up to such an extent that
some fractions were mere patrols, too scattered for efficient unity of
command. The cavalry retired, and formed a screen before an enemy
little disposed to be aggressive, but as it was too late to employ them
otherwise, they were left where they were, and Falkenhayn claims that
they fulfilled the mission given to them. This is doubtful, at any rate
they would have been employed to greater advantage in exploiting
Mackensen's successes, 1t was possible to have transported them to
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Galicia in spite of Falkenhayn’s assertion that the German railways on
tire East were insufficient for the execution of any lateral movements to
any particular sector of the Russian front. The rcason for the non-
cmployment of the cavalry must be sought elsewhere, cither in lack of
influence of the supreme command over certain of their subordinates,
or in a false conception of the uses of cavalry. The German high com-
mand had a remarkable grasp of the constitution, employment, and
distribution of reserves, and its partition of them amongst the various
fronts was masterly. There may have been a crisis of authority.
Leaving aside difficulties with Austria-Hungary, mainly political, it was
a question of the subordination of the German Army Commanders,
and no doubt the victor of Tannenberg was not an accommodating
subordinate. It is to him perhaps morc than to others that Falkenhayn
addresses an impersonal reproach accusing them of considering their
own particular task the most important, and the troops allotted to them
as their own property, and certainly on one occasion Falkenhayn had to
invoke the Emperor’s orders to induce Hindenberg to part with certain
troops required by the supreme command for a general reserve.  How-
cver this may be the German High Command scems to have misunder-
stood the services that cavalry can render.  Of the three essential roles
of the higher cavalry {ormations, reconnaisance, screcning, and exploit-
ation, a study of the war secms to show that the High Command was
able in certain cases to dispense with the first, utilize the second, and
did not believe in the third. (The arguments in favour of the first two
deductions are not reproduced here as they do not bear on the subject).
As regards the third, had von Moltke after the French defeat at Charleroi
sent in pursuit a strong force of cavalry held in reserve for that purpose
it may be said at the very least that the re-organization of the units
would have been less easy and slower, that the sadly large losses in
prisoners would have been far heavier, and that the stand wounld not
have been on the Marne, but further south. Morcover if von Moltke
had, ihstead of sending Marwitz in between the armies of von Kluck and
von Bulow, employed his force in front of the IVth Corps operating from
4th September on Dammartin, Claye, and Lagny, he might at least
have delayed the arrival of the French VIth Army, or rendered its action
less cnergetic.  Again on 21st March, 1918, when connection between the
British and French lines was severed, the great gucstion asked was
*“ Have the Germans any cavalry ? By 27th it was known that they
had none. Also on 27th May a German irruption crossed the Chemin
des Dames, the Aisne, and the Vesle, a great gap was made in the French
line, and hardly closed by hastening up cavalry reinforcements, but no
German cavalry appeared to press the advantage, and their infantry
advance gradually lost power. Had German cavalry been available it
is questionable where the French lines would have been re-established.
Thus Falkenhayn only followed the example of von Moltke, and preceded
Hindenberg, in underestimating the third role of cavalry., It may
therefore be concluded that this was the German doetrine. On the
other hand, wherever the French anticipated making a breach, a reserve
force of cavalry was always at hand to utilize it profitably, but unfortun-
ately the opportunity did not occur. Which theory is correct is proved
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by the victory, but to this ncgative proof positive proofs may be added.
On four occasions during the war operations have resulted in the final
annihilation of an enemy, the two Serbian campaigns, and those in
Roumania and Palestine,  Of the first two full details are not available,
but it may be noted that after the battle of Dobropelis the French
cavalry carried out a pursuit towards Monastir, and one as far as Bel-
grade. In Roumania Mackensen constituted two corps of cavalry and
after the battic of Targu- Jiu, in which he had hoped to effcct a breach,
he sent his cavalry into the plain to exploit the victory. Though
hindered by the numerous water-courses of Wallachia this cavalry
entered Bucharest on 5th December, having covered 400 kilometres in
18 days, taking numerous prisoners, and opcning the way for the
Infantry. In Palestine in 1918 the battle on the front Jaffa-Jerusalem
was undertaken to open the way for the British cavairy (accompanied
by some French squadrons), who passed through a-breach opened and
kept open by the infantry. In twe days these corps arrived at Naplus
in rear of the enemy, in six more days had reached the Jordan, and three
days later Damascus.  The result was the capture of two Turkish armics
with artillery and transport, and General Liman wvon Sanders only
escaped owing to the speed of his motor-car, while his papers and part
of his staff were captured.  Judging from the ene-sided evidence which
alone is available to the public on the conduct of the late war it may be
said that complete success is only obtainable when there is cavalry at
hand to ensurcit. Who knows that the fear of cavalry exploitation may
not have had its influence in deciding the German Colossus to save his
life by unconditional surrender. More fortunate than the French, the
Italian cavalry was able at theend of their campaign to exploit complete-
ly the victory of Vittorio-Veneto. On 2gth the Austro-Hungarian front
was pierced in the centre, the Plave crossed, and the first exploitation
unit reached Vittorie, 20 kilomctres from the front, that cvening.
The breach having been widened and kept open, the cavalry corps of the
Count of Turin (3 and soon 4 divisions) anticipated the enemy in his
second position on the Livenza if he had wished to make a stand there,
and even in the third, the Tagliamento, if he could bring his Iast reserves
there. On 3oth the cavalry corps crossed the Brenta, on 315t was at
Sacilc on the Livenza. On 3rd November it crossed the Tagliamento on
a front of 4o kilometres. On 1th, coliccting prisoners by the way, and
even whole units of the staff, the Italian cavalry was in sight of the
Isonzo, 50 kilometres from the Tagliamento. There was cavalry where-
“ever it was required on a front of 100 kilometres, and no reorganization
on the part of the enemy was possible. The armistice stayed further
action. The writer here cnters a plea for the maintenance of a strong
force of cavalry in the French army of the future, and closes with an
exhortation to his countrymen to face the cost of the insurance premium
which is paid in the maintenance of an army, warning them that the
expression la vevanche once used with bated breath in France, is
now openly spoken in Germany, and that the latter may be able to draw
on the resources of Russia, in spite of the obstacle of Poland,

A. R. RevyoLDs.
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PROBLEMS

A corresroNDENT has sent the following extract from the Morning Pust
and enquires why the Problem is considered to be of such great imipor-
tance ;—

A series of nine public lectures on *f Problems in Science ™ are beiny
delivered at King's Colleye on Wednesdays at five o'clock, and the first
of these was given by Professor [, W. Nicholson yesterday on the subject
of * Mathematics."”

Dre. Nicholson said that it was not easy to make mathematics a simple
subject to understand for the lay mind.  Yet it was all-important, for it
figured in all the three facultics of arts, scicnee, and engineering. Many
problems remained to be solved. The solution of one of thewm would
gain a prize of £50,000 from the Academy of Science at Vienna, Brielly
it might be cxplained as follows :—

If a larger number (N} is broken up into smaller aumbers, find for all
cases a.proof for the formula

N==Pn+qn+ ?.:\__!__

where p, ¢, 7, etc., are different numbers, and 2" the same index for
all the different numbers.  About 1oo solutions a vear have been sent in
regularly for the past 2o yeurs, none of which have bean right.

Proorrs 14 {Colonel C. L. Youong)

Each player plays once with and twice against cach other player;
devise an arrangement satisfying these conditions. How many such
arrangements are there ?  The following games are given for 8 players,
ABCD EF G Hi—AB«e.GH; EFv CD; AC2 BD;
EGw.FH; ADoEH; BCoFG; AE« CG; BFw DH;
AFwBE,; DGwCH; AGeDF; CE«BH; AH«CF;
B (G« DE. Total, 14 games. How many other possible arrangements
of partners are there under the above conditions ?

_ ProsrLEM 20 (Solution).
If the steaight Hne /x4 my 4+ 2 =0, meet the conic
ax’+ 2y i 2o +2fr+e=0

in the points P and Q, find the equation of the pair of lines HP, HOQ, the
co-ords of H being &'3".
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Co-ords of H are 'y
Let Lo be any point and 2™ its co-ords.  Consider any point X on
HL and Jet the ratio HIX : XL=A:1p,
Then co-ords of X are
}m" + Ax” ;1_3" + A"
_1—:{-;: | ’ f\‘l‘}l )
Now if X is on the conic

ax*4eic. =0,
The ‘ollowing equation must be satisfied : —
a (A" + x4 2 (A" 4+ ) (A ) ete. =0
which is equivalent to
NS 20T +?8 =0 s {1).
Where  S'zmax™+ 2880+ B b 2gx" - 20 4o
S = ax? 4 2/ 4 ete.
T=i"(ar + +g)+2" (R + o'+ frgx’ + ' +e
Similarly if X be on Ze+my + 1, then
L+ pal) +m (A ) u (A py=0
must be satisfied, which is equivalent to
M pll =0 . e e {2}
Where L'={& +nny' +0-
U=l mv" +m.

If then X coincide with eilher P or O both equations I and 2 are
satisfied,

If \ 1 g« be eliminated between I and 2 we get
L2842 TR L+ L8 =0 e {3

Now eguation 3 gives a-relation between the co-ords of any pointz"y”
on the lines HP, HQ and 23, :

If then we write oy in place of »"»" in 3 we get the equation of
HP, HQ, which accordingly is

S8 LT L+ 128 =0,
Where
S=maa + zhzv+ B+ 2gu - 2fy + ¢
leslet+my+n
B T=xlar'+ iy + ) +3 0 + B+ 1+’ + 5 +c.
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Proprem 23 (A, F. S. Hills, Esq.)

It is regretted that n mistake has been made in the statement of this
problem. . The following is correct :—

In the following long division sum all the figures, except those shown,
have been replaced by crosses. The division s complete, Z.e., the divisor
goes into the dividend without remainder, Show that there are four
solutions.

KX RXIX XX xg{®gxx
X X X

X X 4 x
X X X X

Prosrey 24.

Correct selutions have been received from Lt.-Cel. Allan J. C.
Cunningham, Major C. R. Satterthwaite, 0.8.5., Major P. G. H. Hogg,
p.s.o, and Capt. F. Buero (Secretary, Academia de Ingenieros, Spanish
Arnmy).

New problems will be found in the SUPPLEMENT To Tuz R.E. Jourxar.
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Expanded Steel Sheet Reinforcement for Concrete.

‘*“ Exmet "’ Reinforcement for Brickwork.
Expanded Metal Lathings for Plaster Work.
Expanded Metal Sheets for Fencing, Guards, etc.
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R.E. INSTITUTE.

As & result of the greal increase in cost of Libour and materials, it has beea found
necessary o raise the subsrriptions of Members, and this will take effect from
18t January, 1921, subject ta approval by the vext Corps Meeting.

The rales of subscription will then be as under :—

General Officers, Colonets, and Lt.-Colonels . L o
.'\Iajor§ . 153 ©
Caplains ... . 110 ©
Lieutenants, zud Lientenants, and Quarlermasters i 5 O

The subscription for Associate Members will remain as before.
The yearly rates to Non-Members of the R.E. Institute for the following publications
will e as undey :—
CRUE Jowraad ... e A
Suppierent
R.E, Ouarlerly List and Yearly Alphabeticol List ...
Qr, if ali three be taken, £1 100
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The “Military” Luminous Watch.

AS ILLUSTRATED s . FULL HUNTER,

£5 7s. 6d. — £5 0s. 0d.

THE * Military © Luminone Watch illustrated is folly lomineus at wight, snd is

contained in & one-piece volid silver screw case that makes it dust and demp-

proof: itis fitted with & patlent covar to protect the glkas, An accorate timekeeper, this

wateh is indivpensnble for Naval or Military Service, being of highest quality swd of
provad reliability.
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GOLDEMITHS & SILVERSMITHS
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HOBSON & SONS

ESTABLIGHED 1850,

POLG RACING Gold lLacemen

HUNTING JODHPUR
Breeches “and Legging

Naval, Military
and

Muftl Tailors. Regimental Colours.

and Makers of

] Makers.

4, Prin_ces St., Hanover Square, W.L

We make and supply Outfits for every branch of His
Majesty’s Service on the shortest possible notice, con-
sistent with cur world-wide reputation for good sound
work extending over a period of nearly 70 years,

ESTIMATES FURNISHED AND A PRACTICAL REPRESENTATIVE

SENT TO ANY UNIT IF DESIRED,
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CUIRASS WATERPROOFS EVERY TYPE OF ROOF.

RUST-HOLED IRON

Any Leaky Felt

WATERPROOFED.

CUIRASS

Applied cold with brush is enoughs

Py

5 PRODUCTS, LTD,,

Q/ 69, Victoria Street,
London, S.W.1.

CUIRASS RUST PAINT—for any climate—
No Renewals in § years,

Carson’s Painits

S VIR AXLINEL.”

The Washable Water Paint. Sanitary & Durable,
’ In 32 Artistic Shades.

CcVIURAPERINVME.”

A Priming for Muratine and all Washable Water Paints and
Distempers. Stops suction on porous plaster walls and also
ensures the fixing of colours on wall papers prior to distempering.

Patterns, Prices, and Full Particulars Post Free.

WALTER CARSON & SONS,

GROVE WORKS, BATTERSEA, LONDON, S.W.ii.
Irish Depot: BACHELORS WALK, DUBLIN.

Telophonaes : Cables: “Carsons, London.”
Battersea 1830 (2 tines} Codes: A.B.C. Ath & Eth Editions.
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