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in a readily upderstandable

senting

necessary to know before it is possi

bridge. |

The minimum an

of this type would e constructed,
taken as representing finality in this

The question of the number and
span is a very debatable one. One
borne in mind.  To ensure an even

cable it is necessary to attach a sling
it follows that an odd number of sl
sequently an even number of bays

must not be 19
is usually determinid by the lengt
road-bearers, etc., the lengths sugg
which have been ptoved by practi
results in the span under considerd

important point an |

Passing from this| point to the le

noticed that in no case is the length
than 3 ft., though it is in some cas

for the variation is %to be found in
of Pier.” For the purpose of this
as the distance betv\feen the ground
the cap-sill on which the cables re€
experience that it 15 not practicable
and to so attach the diagonal brace
stability if the height of the pier be
height is the sum Qf three measurg
and length of centre sling, and the
fraction of the span do not permit
tion must be brought about by the

Attentionis also drawn to thelast ¢
those dealing with fthe length of c3
cable. In the former case suffici¢
the turn round the anchor log and

NSIONS FOR
DLEHURST, R.E

I
thbles have been

d maximum spang
‘been chosen as representing the more

wo col
ble red

h
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SUSPENSION BRIDGES.

(T.), B.A. (Cantab.}, AM.IC.E.

compiled with a view to pre-
brm tHose details which it is
ble to|construct a suspension

£

180 ft. and 200 ft., have
saps over which a bridge
no sense are they to be
On.

, Viz.
usual
but in
directi i
size of| the bays for any given
point however must always be
dress throughout the suspending
at its lowest point. From this
ngs must be employed and con-
must| result. This is a most
st sight of. The length of bay”
h of the material available for

i

oy

ngth of sling required it will be
centre sling taken as less
than this. The reason

€S Mo ‘e

| has been established by
to give the necessary head-room
s as to| give the necessary lateral
an 15 ft. Now since this
namely, the dip, camber,
first two of these for any given
of varlation, the necessary addi-
lengthening of the sling.

mns in each table, namely,
uired and the size of that
nt 1enJgth'has been allowed for
the sdizing but a slightly longer

ments
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length may be taken with advq
permit of this,
- In the latter case it will be nqg
nearest $in.; in practice, altho
employed throughout, the next
example, if the calculation gives 1
It must be clearly understood
the supposition that due care hag
site, anchorages, etc., and that o
can be drawn on. The utmost c
of a doubtful nature is employed
 The formulee, etc.,, on which {
given in the Manual of Military I
alll results may be taken as accura

A,

INEER|

ticed t
ugh a

that a]

nateria
are shg
in the
hese fi
‘nginee

ntage

larger
he size

been

te to

S JOURNAL,

[AuGusT
if the stores available will

hat the size is given to the
large ““ factor of safety " is
should be employed. For
> as 8'5 in. employ a 9 in,

1 these figures are based on
exercised in the selection of
I of good average standard
uld be taken that nothing
construction,

gures are based are those
ring, Parts 34 and 3B, and
the second decimal place.
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BRAKESMAN BRIDGE.
- By Lt.-CoL. G. F. WILKINSON, Directo of Engineers, Australia.

Tur accompanying plate and drill detaj] demonstrate the use of
R.E. tool carts for light bridging purposes.

A bridge as described was constructed|by Lieut. C. J. H. Keeley
djlring the training of Engineer reinforcements at Seymour, Vic-
toria. It was put together on dry ground and pulled into position
by a team of six horses across a river of an average depth of 4 ft. 6 in.
It was used for the passage of infantry,

GENERAL PRINCIP ES.

The bridge will be formed by the brakesmen of the double tool
carts and the G.S, waggons of Engineer i

Stores —Baulks, 5 ft. X3 ft., 18, 21 fit. in length,
Chesses, ordinary R.E.
Lashings, 13 4—6 fathoms.

Prepare to Form Bridge.~—Tool carts are lined up in column of route,
full interval.

Prepare to Dismount—Dismount, unhook.
Brakesmen ¢f tool carts dismount on off sides of tool carts,
Brakesmen of waggons on off and near djdes respectively,

Unload Stores—Brakesmen of tool |carts isengage iron section of
tool carts and run back same about 18 ft. G.S, waggon brakes-
men unload stores, the near side |man doubles round and covers
off side man. Baulks are unloaded from off side of waggon and
placed on off side of tool carts, near side stores on near side, chesses
are placed three to each bay on near side. Two spar€ men
detailed as gear men place the lashings for baulks, poles, and
chesses, in their respective positions.

Form Bridge.~Poles of rear cart are extended to full length. Baulks
are placed in position on top of tool|carts, which are held horizontal
to the ground to facilitate the lashing securely of the baulks to
either side guard rail,

The poles are lashed up taut with a V-shaped lashing to the
baulks, which is done by the spare men (or men who are providing
the lashings). »

Anchors—Three or six men where necessary are detailed to

make anchors from crossed pick heads and helves to which they
attach the cable,
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Prowision for Entry iio and Exit from the ]
place
roach
d into
he usy
» oil up
Walk March—The site being selected befo
when in position the command

“before mounting drivers ; rear apj
Prejpare to Mount.—Teams are hooke
brakesmen prepare to mount in {
pount in the centre of bridge and ¢

baulks, chesses, ar;F lashings being

follow No. 1 to selected position,
“ Halt ”” will be given.

Anchors.—Spare men will cast anchors an
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Ai MEETING called by the Aeronautical \Institute was held in the
Institute’s Rooms on March zznd.| Sir William Cospatrick Dunbar,
Bart., c.B., was in the chair. The meeting was convened for the
reading of a Paper by Colonel B. R. Ward on the problem of per-
manently securing the best and most abundant supply of officers
for the Scientific Services of our |Imperial Fighting Forces. The
Paper (a summary of which by the courtesy of the Editor of 47, the
official organ of The Aeronautical |Institute of Great Britain) was
read in the absence' of the author, who had telegraphed his regrets
at|being unable to be present, at the same|time expressing his desire
to'associate himself with any Committee of the Institute which
might be formed to promote the objects outlined in the Paper

he Author set forth:—

J: The fundamental idea put foryward consists in the conception
that the Scientific Services of our fighting forces can preserve the
- highest standard of efficiency, prestige and) personnel only by main-

taining direct contact with the great profes ional engineering organi-
. 7ations of civilian life, and by maintaining practical connection with

the vast and varied engineering and scientific work of civilian national
life!

2, The verdict of history shows that, if divorced from the whole
bodty of engineering practice and experience|in general, the Scientific

Services must inevitably become atrophied,|and decline in power.

34 A casein point is furnished by the history of the Corps of United
States Engineers, previous to the Panama |Canal undertaking.

Only quite recently the prestige of \the Corps had fallen to a very
low ebb. More than six years ago, however,|the officers of the Corps
were placed in charge of the Panama Canal Works, undoubtedly the
biggest engineering job that has ever been| tackled by a corps of
mlhbary engineers. Their prestige at the present moment, there-
fore, is distinctly high in the American Army ; ‘but it rests on the
execuition of a civil engineering work.

Years ago, before the American Civil War, 18611865, the prestige
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Medical Corps, the R.A.M.C. as we now
ing its present high position and prestige. .

- 6. In 1907, the Military authorities in|Canada, influenced by such
considerations as outlined in Par. |3, approved a scheme for interest-
ing, practically, the engineering students of various Canadian
Universities in the military side of the engineering profession.

- 7. Undoubtedly ~ without the support!|of the civilian engineering
professions, it would be very difficult for our Corps of Royal Engineers
to retain in the twentieth century the prestige which it had gained
during the nineteenth. That prestige is due to certain special cir-
cumstances. First and foremost, pperhaps, is the fact of the expan-
sion of the Empire during that period. [This expansion gave scope
tp engineering officers and companies to/develop colonies whilst in
an embryonic condition, and gave |them ¢pportunities which, owing
to the high developments in the dominions beyond the seas, are
now entirely closed to them. :

' 8. The absolute necessity for having men of high standing and
honour in a corps like the R.E. will be appreciated when it is con-
sidered that the responsibility for the |expenditure of enormous
syms of money falls upon them continually.

{9. Looking at the whole question from the wider national point
oii view, and with the experience of the last two and a-half years of
war, it is now more evident than ever that the country can never
put forth its full strength unless|and until all civilian engineers
(including Mechanical, Electrical, Aeronautical, Automobile, Rail-
way, Mining, Constructional Engineers, etc.) are definitely organized
in|connection with the various corps of the fighting services, whose
work is of an engineering nature. |War now is a war of engineers,
ironworkers and chemists to a degré¢e never dreamt of before,

ro. The practical thing, therefgre, is‘Tto organize the civilian
engineering profession in such a manner that, whenever war breaks
out, every engineer will know in what branch of the Army, Navy
or Flying Services his work will be|required.

11. This result can probably be best attained by arranging that
young civilian engineers should be| attached to military units for
occasional courses, and that young pfficery of the Royal Engineers,
the Flying Services, etc., should be lattached to Engineering Estab-
lishments, Railways, Aeronautical Works, \etc.

12. With this end in view the author approached the Institution
of Civil Engineers, between whom and the Corps of Royal Engineers
an ‘arrangement already existed whereby |the latter body is sup-
plied—under control of the War | Office—with Special Reserve
Ofﬂcers. It is satisfactory to be able to state that Mr. C. L. Morgan,
of the London, Brighton and South Coast Railway, and Capt.
Sankey (late Royal Engineers) have brought the whole matter to
the notice of the Council of the Institution pf Civil Engineers, and a

now it, succeeded in attain-
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small Committee is o be formed with
Council with a view tg establishing clo
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AIRCRAFT AND MOTOR CAR ENGINE DESIGN.
By MR. Louls COATALEN,

/}T a period when the management and equipment of our aircraft
-.;Tarvices is attracting public attention throughout the length and
readth of the land, as well as in the theatres of war in which British
arms are engaged, more than ordinary interest attaches to the paper
oi Mr. Louis Coatalen, delivered to the rri\embers of the Aeronautical
Society of Great Britain on the above subject, in that he stands in
the unique position of being a signally successful designer and con-
structor of both types of engines, besides being the only motor car
njanufacturer in these islands wha had eady and standardized at
the time war broke out more than one model of aircraft engine of
original design and of sufficient power to|be of use for the needs of
oﬁ}r air services during the War, in the course of which he has also
cvolved, at the request of the authorities, a wider variety of prac-
tmral standardized models than any const uctor in this or any other
country.
Ir. Coatalen opened by Qaymg that our national habit of decrying :
ou& own achievements and praising that pf foreigners, notably the
(}drrnans, was never more in evidenge than|in the case of the aircraft
engine problem ; nor was it ever lesg justified. The case of the Jatest
6-cylinder Mercedes engine to be captured by the Allies might be
taien by way of illustration. Without water and radiator it weighed
3% 1bs. per horse-power ; whereas |the latest British water-cooled
aircratt engine in the same conditien weighed x 1b. less per horse-
power. As regards efficiency, he claimed that this country had pro-
duced engines that were out and away superior to anything which
out enemies had employed in the campaign to date. He pointed
out that the belief which appears to obtain in some quarters to the
effect that the design and production of aircraft engine is akin
to that of a motor car one is erroneous. Flexibility, silence, and cost
of production are governing factors in desighing a motor car engine ;

- they are practically of no consequence in the case of an aircraft one.
On the other hand, weight, a very high brake mean effective pressure,
the capability to work at full power [for long periods, and compara-~
tive great horse-power output—reckoned in terms of hundredsinstead
of tens--are of prime importance in aircraft|engine construction and
of comparative unimportance in motdor car engine design and pro-
duction.  On this, and sundry other grounds the lecturer detailed,
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certain limits on design. Sometimes this may concern the overall
dength of the engine, particularly when|in waging war in the air it
is essential to lose the minimum time in altering the attitude of the
achine from a diving position to|a very|steep climbing one. Again,
ome series of air craft call for the minimumn head resistance but are
ess imperative as to overall length. Hence six cylinder types would
pe suitable for such service, whereas V-shaped varieties might not be.
| At this period it is impossible to lay down any arbitrary rules as
to any one type of aircraft engine being suitable for the needs of all
aircraft service. Those needs are almost as various as are the de-
mands for special varieties of steel and alloys. Moreover, they are
I?kely to multiply with the lapse of time., Aircraft engine design
resembles motor car engine production in this particular, that it is
all the time a question of compromise, The most successful de-
sﬁigner is he who exercises the soundest judgment in weighing a hun-
dred and one factors of the hou and who makes the shrewdest
estimate of the value of each.
Continuing, Mr. Coatalen said that in the circumstances of bemg
11}1 mid-campaign it was not possible to state definitely the size of
ajrcraft engine which would most |likely be adopted as standard in
tiue near future. Experience gained by our aviators at the beginning
of the War, together with the demands for|the engineer to meet their
eVer—growmg needs, have called for continuous evolution in the de-
-sign of aircraft, which has inspired corresponding enterprise in re-
gard to engine construction and production.
' For short flights the rotary type|of engine generally, and the air-
Aoled varieties, have shown up to|advantage to date, though with
them the consumption of fuel and lubricating oil may be compara-
tiYely high ; this is offset by the relative|lightness of their starting
weight. But for longer flights, in qonnection with which petrol and
oi‘ consumption have to be reckoned|with as part of the engine weight,
water-cooled stationary type engines have proved most suitable.
Speaking broadly, as regards weight per horse-power, progress in
the design of the ordinary water-cooled type of aircraft engine has
beén very marked. In the brief period| of two years Sunbeam-
Coatalen aircraft engines of this type have been reduced in weight
from 43 lbs. per horse-power to [2°6 1bs. per horse-power. The
de$1gn of the engine head, cylinders, the valves and the.valve gear
is one of the cardinal features of successful dircraft engine production.
Pot water-cooled aircraft engines Mr. Coatalen favours two over-
he#d exhaust and two overhead inlet valves per cylinder, a conclu-
sion which would appear to be justified by the horse-power obtained
froin engines designed and standardized |on this principle. Inci-
dentally, it allows of the best sparking plug position, namely, in the
cen«tre of the cylinder head 'in the vertical position. Three valves
per1 cylinder, namely, one inlet and two exhaust valves, have been

B
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HYDROLOGY OF THE ISTHMUS OF PANAMA.

By BRIG.-GENERAL HENRY L. ABBOT, United States Army, Retired.
%[HE following paper kindly forwarded to us by General Abbot,
ate Corps of Engineers, U.S.A., was recently read before the National
Academy of Science.
i The Panama Canal being now ¢pened|to traffic, there remains for
tudy only one important hydraulic problem—-the sufficiency of the
vailable water supply to meet the needs for lockage, for mechanical
ower to operate the canal and railroad, |and for the electric lighting
f the Canal Zone. It should not be forgotten, however, that if a
larger volume of water be desirable for these and other uses, the plan
roposed by the New French Company to supplement the volume of
its smaller projected lake is still available; namely, the construction
of a masonry dam near Alhajuela, where a/good site exists for creating
ain upper lake to hold back the surplus water which during the rainy
onths now runs to waste through the spillway.
| The Canal Zone lies between the ninthland tenth degrees of north
latitude in a region of exceptional rainfall ; where the sun, closely
followed by rain clouds raised from the ogeans in his annual journey
between the tropics, exerts a controlling influence upon the volume
oflocal rainfall. 'When near his southern limit, in January, February,
arch and April, precipitation upon the Isthmus is at its minimum ;
December and May are usually intermediate in volume; in the
remaining six months, when near his northern limit, heavy down-
p¢urs are the rule. Furthermore, the ldocal annual rainfall is not
uniform across the Isthmus. As one passes from the Atlantic to
thk Pacific coast, the volume falls off gradually from about 130 inches
at|Colon to about 70 inches at Panama. It will be noticed that even
the latter is more than double the ushial downfall in the United States,
a fortunate circumstance for our great artery of commerce. Another
local advantage is the fact that the atmosphere of the Isthmus is
nearly saturated with aqueous vapour, which largely reduces the
logses by lake evaporation., Our hydraulic problem seems there-
fore to be specially concerned with Isthmian rainfall and outflow,
and the relation between them.
Io determine accurately the average annual rainfall at any locality,
the records should cover at least half a century. Although the
Isthmus has been known to civilization for|more than 400 years, the
ﬁrq‘t annual rainfall records date frgm 1863, when they were begun
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by the agents of the Panama Raﬂroad Campany. As to the out-
flow from the Watershed the records are gven less complete. The
volume received from the clouds, after r¢duction by evaporation,

y plant growth, avjE by possible infiltration, represents the avail-

able flow at the dam site. To determine|to what extent existing
daﬂa throw light upol this quantity,
ary interest. |

The earlier recordg? are given in a [paper published in the Monthly
Weather Review in May, 1899 ; they inclufle those of the Railroad
company, and those|at that date collected [by the ‘two French Com-
panies and the Liquidation. A gapof a few years in the former is
supplied by a paper by Mr. A. P. published in the T'wenty-
second Annual Report of the United States Geological Survey for
1900-190I. These gﬂata are supp]%rnente and discussed by the
writer in papers published in the Monthly| Weather Review of Feb-
Tuary, 1904, and of June, 1908, together with some later data collected
by the American engineers. In March, 1913, Mr. Caleb M. Saville
: contrlbuted a valua?e paper upon |the Hydrology of the Canal to

as segmed to me to be of prim-

the transactions of the American Sodiety of|Civil Engineers, bringing
the records up to 1910. The Annual Repotts of the Isthmian Canal
Commission, of course, cover the . an operations. The first
»poitnt for consideration is, how thes ican best be grouped for
study ? '

[he narrow limits to which the eaxlier obgervations were restricted
suggest that the basin of the Chagr¢s River above Bohio should be
adopted until Gatun| Lake began to|fill early in 1910. Its area has
bedn accurately determined by recent surveys to be 779 square miles.
The early rain records were mostly restricted to Colon and Gamboa.
Fortunately, Colon i$ situated near the Atldntic Coast line where the
rainfall is largest, and Gamboa well represents the Pacific limit of
the watershed. A cla{reful analysis of the more ample records of recent

meric
data

years (1898—1907) as shown that the average rainfall in the basin
-abdve Bohio is about 89 per cent. of that 4t Colon, 124 per ceut. of
that at Gamboa, and|52 per cent. of the aggregate of the two stations.
‘To: avoid a change |in the standard, thesg ratios have been used
throughout the follo{gving table to es 1mate ghe annual rainfall in the

basin ; and where a ffew dry months are migsing in the early railroad
records the vacancies have been supplied by the mean values of the
missing months. i aJh

The Chagres River is a torrentlal stream, and the first French
‘Company early established a fluvipgraph| at Gamboa to register
»contmuously the heights of the water. This record has been care-
fully kept since I88¢lg ; until the rige of the lake in 1910 began to
.affect the local water level. At the times df freshets the oscillations
-are, so sudden that Ttheir number and dufation are readily noted,
and they furnish valuable checks upon |the discharge estimates.
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For this study they are assumed to begi
above low water, which is rarely exceeded.

| Accurate measurements of discharge 'were inaugurated by the
]..I%quidation and the New French |Company, the continuous record
d

and end at a stage 10 ft.

ting from 18go. . The annual outflow is given in the tables under
the forms of cubic feet per second and depth in inches upon the water-
ﬂ]ed; the latter to permit a direct comparison with the rainfall.

ears of great floods are also indicated, with the same object in view.

The first table is intended to present, for the basin above Bohio,
all available hydraulic data prior| to the date when Gatun Lake
began to fill, with sbme later figures added for comparison with those
of the second table, which includes|the entire watershed above Lake
Gatun during the filling of the lake. In| future studies this latter
bégsin will doubtless be adopted, as the net outflow is easily deter-
mined and rainfall measurements are now made at many stations.
For the second table I first adopted the mean of the rainfall records
at|nine stations—Colon, Gatua, Trinidad, Camacho, Empire, Culebra,
Gamboa, Alhajuela and El Vigia—as well representing the average
volume falling upon the lake watershed near the Canal Zone. Seven
new stations then unknown to me had been added, and the figures
now given are taken from the noteworthy paper by Mr. Willson in
th%a Transactions of the International Engineering Congress at San
Francisco.

\

|

1
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I;E{YD-ROLOGY oF THE WATERSHED ABOVE [BOHIO ;| 779 SQUARE MILES.
: PRECIPITATION, IN THE BASIN ABOVE BOHIO. F‘;;':;g:s‘ ’
Year. ; Colon, Gamboa, Rainfall, Outflow. Annual Izil:)‘;la' Authority.
i Inches. Inches. Inches. Ft.-sec. Inches. No. Hour,s.
1863 | 134'3 120 Panama Railroad Records.
1864 | 123°4 110
1865 | 107°4 96
1866 = 129'7 115
1867 : 120-8 108
1868 | 1200 107
1869 | 114°8 102
1870 1496 133
1871 996 81
1872] 1685 150
1873 87«1 78
18741 1377 123
1875, 947 84
1876| 124'5 111
1877; 115°5 103
1878, 867 77
*1879; 1642 130
1880 1364 121
1881 1023 895 100 de Lesseps French Cie,
1882 124°1 796 10
1883 115°3 76:6 10 41 20I
1884 865 959 9 45 334
#1883 1463 97'5 127 47 437
1886 137'z 102°9 12 43 437
1887 1549 1362 151 46 709
#1888 1026 127 29 596
188 757 T Collapse. Liquidation.

1891 1247 797 105 4,476 781 to 115
1897 1453 1044 13 6,513 1136 24 269
*1898 1319 1178 130 7,081 1233 12 220
1894 1537 90-6 127 6,098 106°4 25 263

*189 154'3 1050 13E 6,304 1100 34 308

189}5 151'5 135 4,482 782 7 54| The New French Cie.
1896 131°5 117 4,216 73'5
18g7 1380 1078 128 4,830 842 16 157

1898 1155 82:6 103 3,944 688 8 5I
18q9 1330 800 11l 3,384 390 |8 57
1900 116°1 787  IOI 3,509 61-2 12 84
1991 1077 916 104 3,855 672 13 107
1992 1126 977 109 4,¥79 729 5 37
1993 1263 993 If7 3,058 69.0 Iz 94
1904 126°9 84-5 110 4,110 71'7 13 94 U.S. in charge.
1905 1154 822 103 2,800 488 6 44 ‘
*1906 138'I 978 123 4,169 727 12 174
1907 1256 781 106 3,597 627 11 69
19p8 1377 77°5 TI2 3,732 651 |14 13
*1g9pg 1834 1221 150 7,335 1280 27 46
19Fo 1500 1160 138 6,340 110°0 15 7y Lake began to fill.
1gir 1128 706 95
g1z 1176 8g9'1 107
1613 1312 863 113
1914 13277 774 109 ‘
HyYDROLOGY OF THE WATERSHED Anove LAKE GATUN ; 1,320 SQUARE MILES.

[ IN THE LAKE WATERSHED.
Year. Lake Above Mean Rainfall, Net

utfow. .ake Evaporation,
} Sea Level, Feet. Inches. Fopt-Seconds Inches. Foot-Seconds.
*¥1909 363 162°42 10,704 110°I
! 1910 13°07 149-66 11,938 1229
S (<} 3¢ 1515 9841 5,710 58:8
¢ 1912 3124 102-83 4985 513
1913 5787 10240 5,272 543 © 484
1914 8526 10054 5,118 527 704
[ 1915 8617 11817 7,106 802 733

¥ Great flood of the Chagres River.
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~ An inspection of these tables %hows satisfactory correspondence
* between the observed annual rainfall and the outflow and river
i oscillations as indicated by the number|and duration of the freshets.
| There is, furthermore, a suggestion of |a tendency to a progressive
tannual change between years|of maxima and minima in these
|quantities, which is worthy of notice. If future records confirm
'this suggestion, it will be needful to study the reason for it, as is now
]the case with sola spots, aurora borealis, and other natural
|phenomena. As to the second table, if must not be forgotten that
it covers a period when the area of the lake was gradually increasing,
lcausing a variable loss due to evaporation. The values given for it

or the last three years are taken from| the official reports, and are
F)ased probably on direct measurements

. The tropical conditions of thﬁjganal Zone are so different from

fthose in the Continental United $tates that it is interesting to com-
pare them. This may be done from Rafter’s tables, in his valuable
aper published as the Water-Supply and Irrigation Paper, No. 8o,
gf the Geological Survey. It is done in |the following table :—

| AVERAGE RAINFALL,
|

UN-OFF, AND DIFFERENCE.

LOSSES.
Watershed. Area, Period, Rainfall, By Outflow. By Evap., Etc.
Square Miles. Years. Inches. Inches. Per Cent. Inches. rer Cent.

uskingum River ....... 5,828 397 131 33 266 67
enessee River .......... 1,070 4&-3 14°2 35 26°1 65
roton River ............ 339 4904  22°8 46 266 54
ake Cochituate ......... 19 47'1 20°3 43 268 57
udbury River .......... 78 4611 226 49 235 51
ystic Lake ........ e 27 441 200 45 24'IT 55
eshaming Creek ........ 139 4716 23I 49 245 51
gerkiomen Creek ........ 152 4810 236 50 244 50
ohickon Creek ......... 102 5011 284 57 217 43
éudson River ........... 4,500 4412 233 53 2009 47
equannock River ....... 64 4618 268 57 200 43
Connecticut River ....... 10,234 4310 220 5I 21°0 49
agres River ........... 779 11891 82-1 69 360 31
Q‘atun Lake Basin ....... 1,320 1199 750 63 283 24

Coast of the United States. Considerably more than double the
volume of rainfall is available,

cent. as against 50 per cent. of that volume. As stated above, it
remains’ to be determined by the gbservations of many future years
whether there is a tendency to a nrrmal ariation in annual rainfall

upon the Isthmus, as seems to belsuggested by the figures already
oﬁ record. ‘ v o

|
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|
REVIEW.
THE YEAR BOOK OF WIRELESS TELEGRAPHY AND
' TELEPHONY|, 1917

The Wireless Press, Ltd. (Marconi Houge, W.C|), have recently published
the Trifth Annual number of The Y ear Bogk of Wieless Telegraphy and Tele-
phony ; the high standard of the previous issugs of this useful handbook
is fully maintained in|the current number. [Although the size of the

me has been increased to 928 pages,
cost of production‘l nevertheless thg
rais¢ the price of this

I{ is pointed out in|the Preface that
affetted the completeness of the referer
and| other particulars ‘relating to Land
this|information has been brought up t

Tihe Wireless Map of the World ins
been enlarged intoa d plicated Mercaf

volu
the

and

is ajso provided with g series of photog raphic
of hiistorical interest and with portraits
in the field of wireless telegraphy.

“4The Record of the Development
phony ” with which the volume opens
1916, entries record that  during the
United States during February wirg
used for train despatching, as the teleg
that “ the determination of the diffes
and Washington with| the aid of wirel¢
progress since Octobeql, 1913, was comp
in terms of time, being 5 hours 17 0
prabable accuracy of the order of -oI $econd
the newly-established Trans-Pacific W
States and Japan was celebrated on Wednes
interchange of messages between the ikado

Under the heading  National and |Intern
Regulations ”’ a brie%
bring about an efﬁci!tnt control of wireless
tothe inter-communication by wirdless te
ungler the control of the various Powers.
fagt that despite the War at present raging,
tinues its distribution of information.

he texts of the International Radio-Tele

Igiz, and of the International Conv ntion
January, 1914, have oth been reprinted in
regulations of the British dependenties an
indluded ; a number of these have been auJ
of the Year Book and in consequence the sy
has been carefully revised and brought up

course

leted i

of som

of Wir
is brou

less te]
raph w

rence i
xss tele
ninutes

reless §

review is given| of the

hnd thd War must have increased
: publi
olume which remains at 3s. 6d. net.

questions of public policy have
1ce section devoted to call letters,

ers have decided not to

ip Stations. Otherwise

o date and is-thoroughly reliable.
brted i) the present number has
or, Shov
East as reached both by the Eastern and Wes

/ing Australia and the Far
ern routes. The volume
eproductions of apparatus
of the prominent workers

1

sless Telegraphy and Tele-
vht down to 1916. Under
bf a severe blizzard in the
legraphy was extensively
res had been destroyed ' ;
longitude between Paris
raphy, which had been in
May, the result expressed
3567 seconds, and has a
>+ that ““ the initiation of
ervice between the United
lay, November 5th, by an
and President Wilson.”
stional Wireless Laws and
legislative steps taken to
elegraphy -and in relation
egraphy between stations
Attention is called to the |
the “ Berne Bureau ”’ con-

n Safety of Life at Sea of
his volume. The laws and
d of foreign countries are
nended since the last issue
bject matter of this section
to date. These laws and

3{&phic Convention of July,
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. ‘regulations are preceded by a copious index which greatly facilitates
reference to the matters dealt with in them. This section of the work
covers 255 pages. '

An increase has taken place in the numbers of both the Land Stations
land the Ship Stations ; the former now occupy 62 pages of small print
and the latter 141 pages of small print. |The number of Land Stations
Ishown as having a normal day range exceeding 2,000 nautical miles is
mow seven, 4.e., Sayville, N.Y. (4,500 nautical miles), Tuckerton, N.J.
I(4,000 nautical miles), Bolinas, Cal. (3,500 nautical miles), Glace Bay
‘(3 215 nautical miles), S. San Francisco |(2,500 nautical miles), Island
of Oahu, Hawaii |(one station wit rang of 2,500 nautical miles and
hnother with range of 2,200 nautical miles). The stations at Iquitos

nd San Cristobal {Peru) have both|a night range of 2,400 nauvtical miles.
he number of Ship Stations having a night range of 1,000 nautical
iles and more has increased to 64|, of these three have a range as high -
s 1,500 nautical miles.
In an article entitled “ The Fleming Valve and De Forest Audion
articulars are given relating to the veny important and interesting
atent action brought by the Marconi W reless Telegraph Company of
America against the De Forest Radip Telephone and Telegraph-Company
nd Lee de Forest, before Judge Mayer and the United States District

ourt. The suit was in respect of|an infringement of claims 1 and 37

f U.S. Letters Patent No. 803,684, for [ Instrument for Converting

lectric Currents into Continuous Currents,” filed April rgth, 1903, and
;Esued November 7th, 1905, to plaintiff, 4s assignee of John Ambrose

leming, of London, England. as a counter-claim by de-
fendants on various claims in ten patents of Lee de Forest.

The case was thoroughly threshed out in Court, important witnesses

e1ng called by both sides. Judge Mayer delivered his op1n1on on the
case in extremely lucid language ; it is well worth study in the original.

he learned judge points out that ‘“ whatever differences may exist

etween men of science in respect of| the theories by which they account
for the movement and action of unsgen for¢es about which so much has
been testified and argued in this case, the solution of the points of the
controversy with a single exception is hot difficult. This, because
courts in an art of this kind, place their decisions upon things demon-
strable and cannot speculate as to theories'in regard to which there is
not a common agreement among recognized authorities.”

“In endeavouring to resist plaintiff’s attack, defendants have pro-
ceeded on the theory that beginning with his present patent No. 979,275
antedating Fleming, de Forest gradually déveloped his first conception
u,i;til finally it found practical exemplificatign in the two so-called three
electrode Audion devices to which the plaintiff has confessed judgment.
In line with this plan of defence, defendants have elaborately built up
an unsteady theoretical structure and uppn this have superimposed
aﬁ observatory from which they ca i
which they call “ Audion ™ action.
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i
tJudge Mayer then dealt exhaustively with the subject of detectors,
and proceeded to dgscribe the nature of Dy. Fleming’s invention. He
continued :- ‘“ Whether right or wrgong in| his theory, the result of

Fleming’s inventiorﬂ was to give the art

. new, valuable and easily

obtainable detector, which has gone into |important commercial use.
This Fleming detector is highly sensitive, quickly adjusted by an operator
of even inferior skill] and only momentarily disturbed by static or strong
signals. The thoro!ughness and earnestness of this litigation is its most

significant testimonal.”

- In the absence of a well-accepte
merely some physi

of the physical devige itself, at a time whe
stantly endeavourir{g to bring forth an a

theory of operation which needed
al embodiment and, in|the absence also in the art

men of great skill were con-
ance in this branch of the

art, the contribution of Fleming was cleagly invention and is entitled

16 liberal interpretation and consideration,

less impeded by de Forest.”

| The learned judge next examines de Fprest’s patents and skilfully
ekplains the differences between de| Forestfs invention and that of Dr.

Fleming. He summarizes the sitpation
“‘ Within the limits| of an opinion it| is, of

in the following words:—
ourse, impossible to analyze

at length a mass of experiments, teéfts and|theses and an infinity of de-

tail necessarily involved in the testirgony of

experts in an art of this kind ;

but, if plaintiff’s theory that his gwn deyice and that of defendants

operate on the same principle has ngt been

proved (and I think it has as

far as such proof is yet possible), at least defendant’s theory has not
been satisfactorily| demonstrated, jand ﬁnIally, the physical facts all

support plaintiff’s ¢laim.”
¢ The learned judge declared his opinion
No. 1 of the Fleming patent is infringed.”

In conclusion, he stated “ De Forgst in

o be that ‘“ the broad Claim

s three-electrode Audion has

undoubtedly made|a contribution gf great|value to the art and, by the

confession of judgment thereof, def
results of this confribution ; but,

company may enjoy thejust .
ther hand, Fleming’s inven-
and is to be treated liberally

and not defeated eﬁther by unconfizmed theory or by association in ap-

i
1

can be employed.”

Under the heading ““ Heroic Wi
achievements of ships’ telegraphis
face of extreme peril. The portraits of si
pfficial recognition are published in the j
the publishers thara ““ it is always invidious
all are meritorious|: it is especially{so whe
tions amongst those who have ‘ quitted
dark hours of danger.”

A leading feature of the Year Book from
series of articles on scientific and other st
guished and prominent workers in| the fig
telephony. A number of such afticles
review. The first |of them by Dr.|J. A. K
Electric Arc as a Qenerator of Persistent I
article it is pointed out that the|necess

ght how other useful adjuncts

eless Qperators ”’ are recorded the

performed their duty in the
¢ wireless men who have won
rolume. It is recognized by
to make any selection where
n one attempts to make selec-
themselves like men ’ in the

its earliest days has been the
itbjects contributed by distin-
ld of wireless telegraphy and
appear in the volume under
leming, ¥.R.s:, treats of “ The
lectric Oscillations.” In this
ty of obtaining some simple




732 THE ROYAL ENGI\FJEFRS JOURNAL. [AucusT

nhethod of producing high frequency pers istent or undamped electric
oscillations for the accomplishment lof wireless was evident at an early
stage in the development of radio communication, It was first in 19oo,
hen Duddell described his so-called musical arc, that the power of the
dgrect current arc to become a gen rator of high frequency persistent
o$c111at10ns was generally recognized. - Duddell appreciated the fact
“l{uat in order to produce such oscillations the arc itself, as a conductor,

ust have a falling characteristic curve ; that is to say, it must possess
a|quality such that if current through the arc is increased, the potential
difference of the carbons is decreased, and wice versa. Laler Prof.
Ppulsen, of Copenhagen, made the important discovery that if the arc
be formed in an atmosphere of or hydro-carbon vapour,
and be struck between electrodes of carbon (negative) and copper (posi-
tive), oscillations of great energy and| frequency of the order of a million
ot so could be created in a suitable dondenser-inductance shunt circuit.
It| was subsequently found that a strong transverse magnetic field across
the arc was of great assistance. | Poulsen applied, in 1903, for
patents covering the apphcatlon of his discoyery to wireless telegraphy '

LDr Fleming examines, in his article, the processes taking place in
the arc-oscillation generator in the ight of the electron hypothesis of
electricity. He calls attention to the fact that in a gaseous conductor
the current does not increase steadily with|the potential difference of
the electrodes, but tends towards a ‘flimiting value”” and that ““as the
ions are moved towards the electrodes, unless these latter remove
them or absorb them sufficiently quickly, the accumulation of negative
ions near the positive electrode and of positive ions near the negative
electrode will diminish the potential differenceof the electrodes and create
a condition in which ihcrease of current—thatis the increase in migration
of Fons—causes a decrease in the potential difference of the electrodes.”

In this case there exists a falling characteristic or volt-ampére curve.
hen the two carbons of an electriq arc arg first brought together to
start it, the contact resistance causes their tips to become incandescent.
When the arc is started a continual liberation of electrons takes place ;
these ionise the carbon vapour and liberate more ions. The potential
difference of the carbons causes the positive and negative ions to migrate
in opposite directions. If the currejt increases, the accumulation of .
ions reduces the potential difference of the icarbons, and the result is
a falling characteristic curve. ‘
In an electric arc there is a double transport of matter. The positive
carbon ions are heavier and slower in movement than the negative and
the result is that an erosion of the positive pole takes place, a crater being
formed in it, whilst a less rapid wear of the negative pole takes place, or
even carbon may be deposited thereon, produging the ““ mushroom’’ tip.
here an arc is formed in air an oxidation of the incandescent carbon
takes place and many of the positive|carbon ions are prevented from
reaching the negative -electrode, being oxidised on the way. The char-
acteristic curve is not very steep, and an increase in the current does
not result in a sensible decrease in the potential difference of the elec-
trodes. If, however, the arc is formed i{n an atmosphere of hydrogen or
hydro-carbon, which excludes oxygen |from reaching the arc, then the
removal or re-composition of positive carbon ions does not take place
and a characteristic curve with a steeper downward slope is obtained.
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ential that the negative

descent ; at thd -same |time, it is an advantage
increasg in the steepness of the

is arc between a carbon

rod as the negative electrode and a water-cgoled copper rod as the

positive electrode.

Dr. Fleming gives a brief explanation
chargcteristic curve is ¢f advantage and

showing why it is that a steep
how this is utilised in the case

of an arc shunted by a|condenser and inductance to transform a direct
into ;an alternating current and to obtain thus oscillations of high
frequency possessing considerable energy. Poplsen’s discovery enabled

oscillations of a frequency of the order of
Suita‘lble for radio-telephony, to be obtai
lations is increased by the use of a stron

this field has the tendency to make the arc uns

or destroyed. Itis poidted out that the
devige is not a very efficient one.

Some practical details of the Poulsen
original article, as alsg a brief description of

generator.

The work of other experimentalists in|
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mionic generator employing a double anode g

junction with a Flem"ng incandescent
best| results. He recognizes the possi
connection with radio-telephony, if onl

of creating an absoluteﬂy steady arc: Itisac

ned.

an. atmosphere 1

at least 20 or evyen 4o0.
we obtain oscillations in the shunt circy
Unfortunately the carbon arc generator pos
features of unsteadiness and liability to discon
in the steady flow of q!scillations. It is impos
phony under these conditions. Dr. Fleming is
telegraphy some mechanical means of creating

arc cony

arc ap

this fig
necesss
telepho
ot con
unt cir
nit shal

reckong

it suitd

one mijllion or so, and thereforé
The energy of these oscil-
g trangverse magnetic field, but

able and easily ruptured
sidered as a transforming

paratus are given in the
Dr. Fleming’s own arc

1d is also referred to and
ry for obtaining oscilla-
ny seem to be that the
aining oxygen, and that
uit shall be so adjusted
1 not be less than about
koned in centimetres or
d in centimetres or elec-
Under these conditions
ble for radio-telephony.”
esses the unsatisfactory’
tinuities or interruptions
sible to secure good tele-
of opinion that for radio-
losely sequent or uniform

ore simple, efficient and easily

the ar
some 1

cathod
bilities
y some

generator and that for
nodification of the ther-
r grid and plate in con-
e in vacuo promises the
of the arc generator in
means can be discovered

ase for an extended and a

thorpughly scientific re%earch into the physical phenomenon attending the

production and maintenance of the arc bg
Mr. Alfred Noyes contributes an

Drama.”” He points gut that “ the Yorld at

immense changes which have been wr
ventfion of wireless telegraphy.” He
romance of wireless is ;probably the
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i Attention is drawn to the fact ﬁhat in | the Admiralty records of ships
\-attacked by the ““U” boat a large number of masters report that the
. enemy’s first attempt has been to destroy) the wireless aerials by gunfire,
1‘ also that the adventures of the v\fireleSS operators are among the most
\ stirring tales of the world-war. The experiences of one of these opera-
i tors is related by Mr. Noyes. |

" The third article deals with “ Ipmc Valves ”” and is from the pen of
‘Dr. W. H. Eccles, who points out that the vacuum tube as uvsed in
‘modern wireless telegraphy is one of the most striking examples of
\applied physics, for here some quite recondite regions of molecular
\physms are carried into actual manvfacturing processes. In order to
iunderstand the uses of these vacuum tubes, and especially to plan new
developments, some acquaintance | with molecular theory is required.”
As an introduction, Dr. Eccles points out that great diversity exists
in the nomenclature of these tubes and that no term is universally
accepted. It is suggested that the term “ ipnic valve” is general enough
to include all types. He then explains that the ion does not usually
‘come into notice in the operation of valves|unless, and vntil, it is charged
electrlcally The pr1nc1pal kind of ion, the atom of electricity, is usually
called an electron ; it is a disembodied megative charge qulte devoid
of matter. Posmve ions, on the other hand are, so far as is yet ascer-
ained, molecules of matter minus an electron. For simplicity, Dr.
ccles starts on the supposition that the jonic valve to be studied first

s perfectly evacuated and that the|solid parts—i.e., the glass and metal
t—are perfectly frée from occluded or absorbed gas. In such a tube
ontaining a hot filament and one or more other electrodes, the whole
3>f any current that is passed through the tube from a positivé electrode

”»

o the filament, which acts as the negative glectrode, is conveyed &y tons
at are oll electrons. )

“ Thermionic theory,” Dr. Eccles tells us, ‘shows that if tbe
incandescent filament is absolutely clean, and if the vacuum is

erfect, the rate of emission of ' lectrons from each unit of area
f filament surface can be calculated from the molecular theory
f gases and the electron theory of conductors. On this latter
?eory, every conductor always contains a large number of free elec-
trons interspersed between its molecules, The electrons are much
smaller than the molecules, but share with them the irregular vibratory
otion which we call heat. The electrons @are at ordinary temperatures
almost perfectly confined to the inside of the conductor by the inward
attraction that exists at the surface|of all solids. But as the tempera-
ture is raised the vivacity of the motion of both molecules and electrons
increases till at 1,000° C. large numbers of electrons are continually
breaking their way through the surface of the metal. The process
is|very analogous to the evaporatlon f a liquid, but in that case material
m«olecules are escaping from the surf flce and forming vapour.”

The dimensions of electrons are touched upon ; their diameter has
b en estimated at 3-7X107"3 cm. whereas the diametier of a molecule of
hydrogen is 2:7 X 1078 cm., i.e., 60,090 times greater. It has been esti-
mated that the number of free electrons in a cubic cm. of cold metal is
about 10”. Whena tungsten filament!is raised to a temperature of 2,300°

| . .
C., 43X 10" electrons escape per square ceptimetre of its area, repre-
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senting a current of |0-67 ampéres.

d is next examined by Dr.
volt the speed gained by
ermionic calculations the
etal at high temperature
55 than 5l5th of a volt. In
ean metal plate or cylinder
the glowing filamentary

Eccles. He tells us [that in rising through
eldctrons is 6,000 cﬂn./sec. According to

thermionic valves the anode is as a .
plhced at a distancé of a cm. or |
cathode. J

iD1. Eccles descril%es what takes place i
‘“ The electrons escaping from the hot cat
eléctric field established by the baftery
arlode and cathode, [and they gather |speed

such valves as follows :—
ode find themselves in the
hich is connected between

tial difference, whatever the distance between the places, by the time

they reach the anode, which is a matter o
tliem enter the anode and, it is ths
along the external wires, flowing, o
to the nominal direcjion of the current. Somne are reflected at the anode,
but if no other conductor is near ax
* * * *

" The cloud of flying particles ex
their motion, magneétic force also.
regarded in practicdl applications, but the electric force has important
cpnsequences. It affects the potential gradient across the space between
the two electrodes, }with the result that the current is not proportional
to the voltage as might at first sight be ekpected, but is proportional
e.” :
on the above principle act
ents, for when an E.M.F. is
applied to the terminals of such tube: the complete wave produces
a considerable flow|of current, whil her half of the E.M.F. wave
produces no current, and therefore|the regult is a pulsating unidirec-
tional current. When a tube is to be used as an amplifier, the method
in use consists in adapting a third glectrode in such a manner as to in-
fluence the distribution of potential in fhe electron stream between
anode and cathodé‘, which in turn|alters the value of the previously
steady current thrpugh the tube. |The mjost efficient arrangement of
this third electrode, in the case of the pure electron discharge, appears
tio be that in whiclj it is placed between cathode and anode in the form
of a grid. Further details concerning these grids and sketches of some
types of ionic valves are given in the original article. An expanded
explanation of the [action of tbe third electrode is also furnished by Dr.
Eccles.

' A description, with diagrams, is|given fin the original article of the
“ Circuits used with Valves.” This part of the article deals with (@) the
valve as generator of oscillations ; (b) valve circuits for receiving (use of
&alve as a detector|and use of valve as amplifier) ; and (¢) use of valve in
Beat Reception. |
The fourth artiqle is entitled ““ The Indyctance Capacity and Natural

Tubes provided with eleetrodes arrange

the ot
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Frequency of Aerials”; it is contn uted by Professor G. W. O. Howe,
Who points out that an aerial may b regar ed from two different stand-
points ; from one it is an oscillatory circuiit, from the other an open
t{ansmisswn line. He considers th latter the more accurate and in-
structive point of view.

| The subject is treated mathematlcally and cannot therefore be use-
fqlly condensed.

\The fifth article is from the pen \of Professor E. W Marchant and

d¢alq with ““ The Heaviside Layer.” |
It is pointed out that many expttanatlo s were forthcoming in the
early days of long distance wireless telegraphy to account for the fact
that with an antenna, a few hundrqd feet high, signals could be sent
round or over a wall of water and earth nearly 100 miles high, between
the transmitting and receiving statioyts “ Two obvious theories,” says
Professor Marchant, ‘“ were advanced—the first, that the transmission
was not really effected by electro-magnetic waves at all, but by currents
didtributed over the surface of the earth or|water, a theory which had
many facts to support it, the most notable of which was that the signals
were transmitted more readily over sea-water than over land.
This theory still deserves con51derat1qn as it seems likely that some of

th«? energy recelved at a station may\be tra smitted by such means.
* * * * *

he second, and perhaps more obv1¢us, th ory is that the waves were

diffracted round the earth’s surface ; and calculations have been made,
and the theory of such transmission Worked out, notably by Professor
H. M. McDonald.” ‘

rofessor Marchant refers to the s ggestlo put forward in 1900 by
Heaviside that there existed in the upper regions of the atmosphere a
permanently ionised layer capable of reflecting electro-magnetic waves ;
it is|to this that the expression ““ Heaviside layer " has been applied. The
fact| that recently signals sent from TPckert n, N.J., were received by
the |s.s. Ventura when 530 miles S.W, of Samoa, 7.¢., at a distance of
approximately 8,000 miles or nearly one-third the earth’s circumfer-
ence from Tuckerton, has naturally increased interest in the subject.
““ The Heaviside layer,” Professor Marchant ftells us, ““is supposed to
consist of a mass of ionised clouds or fog in the upper regions of the at-
mosphere, at a height of about 50 miles, which acts as a reflecting shell
and |behaves like an outer corona or ipheric 1 envelope to the earth,
against which the electro-magnetic ‘fvaves which transmit wireless.
signals impinge and from which they are reflected in much the same way
as a, hollow sphere with the inner surface made reflecting would re-
ﬂectjcjl light produced inside it. Although the earth and the Heaviside

layer| by this analogy might be regarded as equivalent to a polished
ball with an outer concentric shell, having its inner surface polished,
the phenomena occurring in wireless cannot be compared exactly with
that pxisting in the space between the %nner and outer spheres of such
a model.” ‘

Professor Marchant refers in his artlole to the investigations carried
out by Mr. L. F. Fuller, the remarkable results in connection with which
were recently communicated by the latter to the American Institute of
Electrical Engineers, and in conclusion summ
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NOTICES OF MHAGAZINES.
REVUE MILITAIRE SUISSE.
, No. 4—April,| 1917. ’
J ON CAVALRY.
Thp article begun in the Revue for February, 1917, is concluded in the
number under review (see R.E.J., June and July).
The writer of the original article expresses the opinion that Von Kluck
madd excellent use of the large cavalry (force under his command. He
certainly placed great confidence in the [fighting qualities of his cavalry

for itj was on this arm that he relied to mask hi
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1914,
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that independent cavalry may have to undertake is that of “ seizing or
guarding points or sectors possessipg strategic or tactical importance.”
But what was not foreseen was the fact that a task of this kind might
involve operation$ on so extended|a front and last for so long a time as
they did in September, 1914. The lessons learnt will, it is expected, not
be lost sight of in the future. Oél}e of the most important tasks likely
to be assigned to the larger formations of cavalry in future will be that
of moving with rapidity to fill up|large gaps in the battle front. The
tactics employed on the Marne will no doubt be copied in such cases.
The writer of the original article feels the time is past when a large
body of cavalry can hope to be able to deliver an effective charge, and
cavalrymen must| therefore become reconciled to the idea that their
arm must fight dismounted to a great extent. Small bodies of cavalry,
he thinks, may still be able to deliver a charge and cavalry should
therefore always be on the look-out for an opportunity to do so; the
present War affords many examples of| charges being dehvered by
small bodies of ca{falry He does not agree with those who argue that
he *“ cavalry spirit ” will be adversely affected by the employment of
his arm extensively in dismounted action. Indeed his own view on
the subject is that the more cavalry is called upon to fight dismounted,
he better mounted will it become and the| better prepared will it be for
ounted action. !By employing c¢avalry| thus the spirit of offensive
ction will be encouraged, a dispopition to arrive at prompt decisions
ill be developed|and a tendency to handle cavalry boldly will be
inculcated. It is urged that cavalry should do its utmost to perfect
itself in both kinds of fighting, and that| it should devote more and
ore attention to that kind which is the n west and one in which it can
o the most for its|side. “‘ Let us learn,” says the author of the Revue
rticle, ““ to cover great distances acrass country in such a way as to arvive

It is further urged that the troopers should individually be taught to

ecome good marksmen and that machinesgun teams should be taught
become adepts in handling their weappns in small groups, to run

risks where the occasion requires and not to seek for protection too
xiously. To fulfil these duties with success, however, cavalry must

be employed in force. | ““ 4 weak cayalry force,” says the author of the
evue article, *“ serves no useful purpose whatever.”

The use of large formations of cayalry alone without the addition of
infantry units, it is suggested, will rarely be resorted to in the future ;
the tendency is towards the employment of combined detachments. It
iy suggested that it was largely due to the fact that battalions of Chas-
seurs and batteries of |artillery accompanied the German cavalry that -
it met with s6 much success in the present War. If at times the rate
of advance of cavalry was slowed down by the addition of the less mobile
troops accompanying it, on the othepr hand)when cavalry was held up
the presence of these less mobile troops shortened the delay brought
about by the resistance of the enemy.

It has been suggested that the G&erman cavalry have on occasions
made a misuse of their| Chasseurs. Infdntry have, in some cases, been
started off two to three hours before the tavalry for the purpose of
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The' Revue article is illustrated| by diagrams showing in sectional
levation the different sectors of the two|fronts (as below) and also a
ketch map showm{g the Trentino region. [The two fronts have together
n extent of appraximately 373 miles, from the Guif of Trieste to the
telvio Pass, and may be considered as be'ng made up of the following
ve sectors ;—-

I.-——The Julian Allps Sector (from |Gulf o Trleste south of

Monfalcone to M. Cergnala)’ 62 miles.
II.—The Carnic Alps Sector (from M. C rgnala to Cra di
| Casa Vecchia) 75 .
III1.—The Cardoria Sector (from Cr di Casa Vecchia. to Val
Sugana, south of Strigno) 93 .
V.—The Dolomites Sector (from Val Sugana to Rlva on L
Garda) .. 62,
—The Judlcarla Stelv1o Sector (from ‘Riva to Stelvio
Pass) U . .. . . .. 81

The sectional elevations of these s*&ctors yublished in the Revue bring
home very vividly the very difficult pature jof the theatre of operations
in| which the Italian|Army is engaged. . :
Attention is drawn to the fact that the theatre in which the Italian
and Awustrian Armies are at grips at the present time has on many pre-
vipus occasions been the battle ground on jwhich nations have endea-
voured to settle thelr quarrels ; to mention |but a few dates the author
of the Revue article mentions the ca paigns of 1796, 1797, 1799, 1805,
1848, 1859 and 1866.
n all these campaigns the main idea has|/been to seize the Trentino
and the upper valley of the Adige. |For it/ has always been felt that
an/army that obtained mastery of these regions obtained, at the same
time, domination ov% the plains of Lombardy and the Po Valley.

he Italians have always looked upon the possession of the Trentino
region as being of extreme strategical 1mp rtance in relation to the
defence of their country. This reglqm is the key to the defence of
the Po Valley and its possession e‘a} cludes |the possibility of a flank
attack on any Italian Army in the Venetian theatre; from the Tren-
lines of advance diverge on to \the front Vlcenza Verona-Brescia
(abput 70 miles in extent).

he region is equally important fr&m the Austrian point of view as
providing a suitable ¢entral position irom which Austrian Armies ean
advance to meet their enemies on hostile tergitory. .
hen Italy came into the War in 1915, he Trentino had not lost
any| of its former importance. It was rumoured during the winter of

ﬁ? and 1916 that the Austrians intended to Jaunch an offensive, in the
gra

d old style, into the plains of Lom\,bardy irom the Trentino, hoping

thus to threaten the Italian Army in the Venetijan zone. Such an opera-
tion is one attended by certain dlfﬁClﬂtleS owing to the fact that the
Trentino is excentrically situated from \the point of view of the railway
communications of the Dual Monarchy ; only two railways are avail-
able| for the transport of troops and supplies to this front, viz. :—those
in the Eisak and Puster Valleys which converge on Franzensfeste
Railway Junction and lead thence to Trent (55 miles further south).
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The Austrians attacked the Italjan po 1t10ns to the north of Asiago
n the 26th May ;| H the Italians in |their tprn counter-attacked and the
perations in this region then came to a}standstill also.

The author of the Revue article considers the operations on the Tren-
ino front of special interest to the Swiss Army as containing valuable
essons in mountain warfare of th kind |which this army might have
o undertake.

The success which attended the; ﬁrst push of the Austrians was the
atural sequel to the decision taken by them to launch the offensive
t a time selected by themselves and in accordance with a programme
repared by themselves. The whole campaign bears the stamp of
aving been worked out with great exactness. The formidable Austrian
ffensive was met with skill and energy by the Italians in their defensive
ositions. Without losing sight of the necessity of holding the Austrians
in the mountain fregions, the Italian High Command concentrated
field army in the plains, ready tq play its part should it be required
o do so. Some idea of the magnitude of| the task carried through by
he Italian GeneraliStaff may be gathered from the fact that it involved
he movement of half a million men, 75,000 animals and 15,000 vehicles,
ithout taking into consideration the transport of enormous quantities
f food supplies, stores and ammunition.—(To be continued).

THE INSTRUCTION OF INFANTRY IN BATTLE TACTICS.
Inst%ction.

The article begun in the numbe# of the Revue for March, 1917, is
concluded in the issue under review |(vide . Journal for July).

The author of the original a.rtlcle\conmd rs that the basis of instruc-
tion in the Swiss Army should be kinlls rather than manceuvres. To
leave no doubt as to what he means a definition clause is added by him :
“ITo drill is to repeat a movement/ an evelution, a deployment, until
perfection in execution of the samq is obtained. To manceuvre is to
apply in practlce the lessons learnt at drill.”

What, in Switzerland, is referred to as| ““ company drill ” consists,
atcording to the author of the original article, as a rule in giving out
some general idea, which starts with an| advance guard or outpost
s¢heme and develops into an extension for|the attack or the execution
of a deployment. A criticism on the exercise follows ; this criticism
ay be sound but does not, it is suggested, teach either the men or their
leaders how to correct the mistakes made. It is stated that all the
failings of the Swiss| infantry arlse from theffact that they are not suffi-
ciently well drilled. -
Every situation arlsmg at manosuvres requires a long explanation,.
whereas what is wanted is a series of short episodes, which can be re-
peated until the machine works quickly and correctly. The author
gives schemes of instruction for the|individual soldier, the group, sec-
tion and company. ' The prmc1pal pom’cs o which attention is drawn
are the following :—

L. The Instruction of the Indwzdual Soldiey.— Practical and theoretical

¢
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is more necessary than ever

urges that even in combined
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ace in
ns to meet the latest s
to that last mdntione
> armistice conc

t guar
large
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elt that practically the
as Geneva was menaced,
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support the centre and
Chaux de Fonds). On

the dispositions of the
tuation on the frontier.
information had been
etween the belligerent

In order to
irds (found by the local
An agreement was, at
erzog and Clinchant in
s also on his side of the

odies of deserters and

thatel and arrangements were

The infectious cases were taken to Neu
‘# quarantine station, under the

at once made for the es ablishment of a
Swiss Military Authoritigs, at Verrieres t¢ deal ith future cases.

On the morning of th% 31st January the officer in command at Ver-
rieres received informati{on that Von Manteuffd] declined to recognize
the armistice as applyin% to the French Army qf the East, and from a
second message he leardt that a long cqlumn ¢f French artillery was
advancing on Verrieres and had already : o within 3 miles of the
frontier. He at once biocked the roads nilways by placing his
troops in position ; at the same time, he gent an jorderly officer to inter-
view the French Commander ; the French column was then within a
, quarte# of a mile of the ﬁrontier. A French offiger (of high rank) came

up to the frontier to meet him and stated hat he|had received no orders
as to entering Switzerland, or not, fron highen authority ; - however,
he halted his force, in orqgler that instructions might be sought from the
Headquarters of the Swiss Army. Shortly afterwards instructions
were received from General Herzog stating that if the French troops
were driven back by theé Germans they |were to be allowed to enter
Switzerland, but they were to be required immediately to lay down
their arms. The French [Commander on the spot hesitated to give the
necessalry undertaking to disarm his men. Whijlst these negotiations
were 11}1 progress, General Clinchant’s sénior AD.C. arrived on the
scene and asked to be t Ken to the senior Swisg officer at the nearest
Headquarters. He cameto enquire on behalf of his Chief whether in
the event of the French_}Army retiring into Switzerland, it would be
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i possible for the Swiss Authoritigs to féeed these troops. During the

between the Frénch and Germans was| in progress only a few miles
distant.—(To be continued).

| |

interview the roar of artillery couF be distinctly heard ; an engagement

W. A. J. O'MEARA.

RIVISTA DI ARTIGLIERIA E GENIO.

éi)ctobef', November, and :ecember, 1916.

| RESUME OF MILITARY OPERATIONS FROM AUGUST TO SEPTEMBER, I9I6.

The capture of M. Sabatino and of M. $. Michele being assured it only
remained to possess the brldgehead of Gorizia and complete the storm-
ing of the 1mp051qg rampart on the he1gh£s immediately west of the city.
The battles, sangulnary and 1nce$sant ere continued up to the 8th
August. The broken and intricate naturg of the ground, the numerous
and powerful lines of defence ere}cted by the enemy, the’vicinity of
Gorizia, a conspiduous centre for|the enemy’s resources, facilitated a
tenacious defence, and assisted thelﬁ;n in making violent counter-attacks.

Step by step at the price of great|sacrifiges, the Italian infantry, with
unceasing co- operhtlon of artillery, gained the whole of the difficult
ground, storming one by one the numer us trenches, surrounding and
ompelling the surrender of the enemy, and repelling violent counter-
ttacks.
The Tuscan Brlgade (77th and 78th Regiments) and the 143rd and
44th Regiments o; the 48th Division distinguished themselves by man-
uvring in rear of the enemy’s lines on|T. Peumica and on the hill
verlooking the v1ltllage of Peuma, thus determining its capture. Other
ot less heavy counter-attacks of the ememy, preceded by powerful
ombardment, were repulsed by the braye defenders of M. Sabatino
nd M. S. Michele. ,
On the aftern()on of the 8th August owing to the v1ctor1ou<; action of
he Italians all theLlhe1ghts to the %ght ofithe Isonzo, with the bridge-
ead of Gorizia and the M. S. Michele on [the left of the river, were in
ossession of the Italians. The lines of the Isonzo and the valley of
Tolmino were entirely assured. At dusk, |detachments of the Brigade-
asale and Pavia passed on to the Isonzo Ford, the bridges of which the
enemy had damaged. A column of cavalty and of bersaglieri cyclists
as sent in pursuit, Under the enemy’s fire detachments of engineers
speedily constructed bridges, and repaired those damaged by the enemy.
On the morning of the gth August the Italians entered Gorizia while
al column of cavalry and cyclists traversed the plain around the city,
dispersing the last resistance of the eénemy. | On the roth Italian infantry
occupied the western slopes of the heights'near Gorizia, and the lines
of Vertoibizza more to the south.
The capture of Gorizia deserves to be considered as one of the finest
ilitary operations jof Italy. In three days, the most important of
thle enemy’s fortifications on the Isonzo front fell into her possession.
It may be opportune to relate that during peace time Austria had always
guarded Gorizia with the greatest care, especially during the time of
Itelian neutrality. Its value had been increased with defensive works,
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‘t:ontinued with notable success to the Italjans, who broke through lines
f trenches east of Nad Logem and on the westecrn slopes of M. Pecinka.
fter this, the Operations, here as well asin the zone of Gorizia, were carried
n in a methodical manner, owing to the negessity of reinforcing the troops
nd services, and systematizing the defe ice of the occupied positions,

arranging positions for the artillery, and improving the communications.

he work was disturbed by frequent storms which rendered difficult
he conditions of camp life. During the operations from the 4th to the
5th August 18,758 prisoners, of whom! 393 were officers, 30 guns,

3 bomb throwers, 92 mitrailleuses, 12,225 rifles, 5 million cartridges,

;000 rounds for artillery, 60,000 bombs, and a rich booty of war material

f every kind were |captured from the enemy.

If the capture of the bridgehead of the town of Gorizia constituted.
military event ofithe first order, the storming of the zone to the west

f the lines of Vallone was of no less importance. The plain of Carso

oriziana dominated the smaller plains of the lower Isonzo up to Cor-

ous and Gorizia, ¢n the one side ap far as the sea, and on the other to
formidable position protected by the deep depression of the Isonzo,
proved on the flanks by the formidable bfilwarks of S. Michele a Nord,
osich, Debeli and |Quota 121 to the south. The surface of the higher
ground, broken by numerous shell holes, and undulatmg thus, created
intricate netwonk of trenches, deeply excavated in the rocks, and
furnished with nurﬁlerous lines of Barbed wire, which gave rapid and
secure positions to {the troops on the defensive. It was said that the

ustrians considered that it was impossible” for this complete and.
perfect position to be captured.

Operations on the Remaining Fronts.

During the period under consideration small operations of a diverse
nature took place on the Stelvio with a view of improving the local
o¢cupations and preparing for a vast offerjsive. Those of greater im-
portance were carried on in the steep and |elevated mountainous zone
between Avizio and the T. Vanoi-Cismon.
On the 21st the Italian columns advanced in the direction of Cima
Cece and captured the important heights of Quota 2354 further to the
south. On the night of the 23rd the enemy, by a violent attack, suc-
ceeded in retaking the position, but our dounter-attack finally drove
them out. Further to the south-west, Alpine detachments of the Feltre
and M. Rosa Battalions, supported by a mountain battery, commenced
an attack on the mountainous crest at the head of T. Vanoi (Cismon-
Brenta). Overcoming the difficulties of the steep ground, the enemy’s
sttong defences, and, the bad weather which often prevented artillery
action, they succeeded on the evening of the 27th August in storming
the summit of Cauriol between steep rocks, at a height of 2,485 metres.
the following days the operations were extended along the crest
north-east of Caurio]l. The enemy soon concentrated a violent fire of
artillery against the Italian positions and on the 3rd September launched
two violent attacks. The Alpines of the Vallg Brenta Battalion arrested
the attacks each time, and finally broke thrpugh the trenches and dis-
persed the enemy, inflicting heavy losses.

wing to the altitude and the steepness of the ground, the offensive
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earth to settle and the smoke to vanish ; when factories have to be blown:
up it is necessary to wait a little to avoid accidents that might occur
from falling material such as beams, stones, etc. These however would
be of shght importance in view of the losses that would be incurred from
the enemy’s fire, especially of mitrailleuses, if he should be left time to
recover from the surprise of the explosion )

The attacking infantry should be accompanied by bombers with the
usual scope of overcoming the eventual resistance on the part of the
adjacent trenches; and to constitute defences for the flanks.

4. Premature Fiving of Mines—It is necessary to be careful to avoid
firing mines before the moment at ‘which hey would have good effect ;
otherwise, the eneiﬁy would not be phsconcerted and would agam occupy

he craters formed. The frequeqt explosion of the enemy’s mines
" executed prematu?ely when they were stil] at a distance from our lines,
re stated, perhaps rightly, to have been caused by panic and demorali-
ation.

8. When the enémy has exploded a mine prematurely, possibly from
ervousness, or it|may be to rend[er the \ground unusable for mining
ork, the best method is to direct a gallery towards it so as to gain
ossession of the crater, and to turniaroun /it and proceed.

9. When the en my has exploded two mines at a certain distance
rom each other, it is best to wali until he pushes forward a gallery
etween the two (‘taters in this dase it is advisable to arrange small
ines in the branches of the gallery that may be formed in that direction,
nd to proceed w1lt‘"1 the work of excavation of the main gallery.

10. Listening Sevvice.—The man ,on gu d, listening in the galleries
should be free from all equipments, experience teaching that it is neces-
sary to avoid the smallest sounds which 1 ight be mistaken for worlk
far from the mine. | The listening service should be carried on at deter-

ined intervals and amidst absolute silence, and 1mmob1hty of everyone
found in the gallery.
11. It should not be forgotten that afte the explosion of a mine the

allery leadmg to it remains still utilizable up to 2 or 3 metres from the
crater ; in occupying a crater formed by the explosion of the enemy’s.
ine it is advisable to be content with h Iding the extremity nearest
to our positions, until listening galleries can be pushed forward.

12. It may be necessary for the list'eni g services to excavate deep
pits with short brarches for listening galleries ; in other cases the con-
struction of blind galleries is sufficient.
13. Wheén it is known that the enemy is ngaged on mining work but
hpas no indication of the direction of the attack, the listening galleries.
should be connected laterally at about 20 metres from our trenches.

14. In all the listening galleries when it is known that the enemy

is working at mines or countermines in the vicinity, holes should be
perforated about 15 to 25 cm. in width and 4 to 5 metres in depth for the-
purpose of placing and exploding charges of from 22 to 44 kg. of explo-
sives. For this purpose there should always be about 100 kg. of ex~
plosives in readiness, \

15. Listening galleries should never be le it without sentries.

16. Long galleneé may be excavated to|a length of about 270 m.;

where galleries have to be made of this length it is preferable to make
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them jdeep, so as not to run the risk of]
mines, or of sustaining losses from the fiy
17.iIn long galleries 4 small binary sh
acceldrate the removal of the earth.

18. | Where it may be necessary to abar
gallery it is necessary to place and exj
enemy from breaking through, and the s
be closed by sandbags so arranged that ¥
he clgses the circuit of an alarm bell
explogion of the charge.

19.| A straight gallery on a level plang
an ureven gallery with | turns; in a we
tilatot every 30 m. is sufficient, while in,
similgr ground a ventilator is required a
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meeting the enemy’s counter-
e of guns of heavy calibre.
ould be used with little cars to
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the best plan is to make smooth the ﬂoof of the gallery and to draw the
bags of earth algng this by ropes attached to small cars up to the shaft
where a man can liberate the full sacks from the ropes. This system
avoids all noise and reduces the number of men employed in the gallery
and gives greater rapidity of worl;} than By the passage of the sacks from
hand to hand. | g ’

2%. Borers—Boring instruments—‘‘ Burnside "’—noiseless, for per-
forations of 15-cm. diametér can'be used where the ordinary system of
opening out galleries is not convenient gwing to the small depth of the
excavation, or for want of time ; from the more advanced point of the
gallery several perforations are made at|suitable angles to arrive under
the enemy’s trenches. With thesejboring ‘nstruments perforations of g m.
or more can be made with a rate of progress of from 1°8 to 2'4 m. per hour.

28. German Mine System. ——The German system does not differ
greatly from ours, but they make great¢r use of borers of which there
are two types but with these they are| not able to perforate beyond
17 m. owing to the inclination of the Bore to the horizon being such
that a greater distance is not feasible. :

i

Suggestions from the Experience of the Present War.

29. Mine Galleries —It is preferable tp attack points of the enemy’s
trenches between the openings of two communication trenches. Such
points should be ascertained and the galleries directed towards these
points and then 1f there is time the heads of the two galleries should be
connected with another transverse gallery and the charges placed in
diverse points unlder the enemy’s trenchgs. The mines that correspond
with the positions of the communicati n trenches should be first ex-
ploded so as to 1ﬁ)reven’c the arrival of ;elnforcements It is essential
that this work should be placed i in the h pds of skilled sappers.

30. C ounteymwfes —Men should be sele¢ted for the purpose of listening
for the work of tHe enemy s miners ; they should be practlsed for listen-
ing in our own mining works. 3

In tracing listening galleries, it is well to remember that the probable
direction of the enemy’s gallel ies is towardls our communication trenches.
Countermining work requires more skill than mining work ; attempts at
the former work made by less practised niiners have not been successful.

| Examples of Mine Exploding. ,

A.—Depth of shaft 4°8 m. ; length of gallery about #r m.; distance
of mine cavity from the enemy’s trenches from 1°5 to 3 m. ; the charge
is about 450 kg. of guncotton, placed in a mine cavity of 9oXgoXgo
cm. at the head of the gallery; the tamping consisted of a first solid
banking of sandiegs of about 2 m. in thickness and a similar second

one distant 1'5 m. from the first and about 45 cm. in thickness. The
explosion destroyed 72 m, of German trenches.

B.—Depth of shaft 4°8 m.; length of| gallery about 66 m.; charge
292 kg. of gunpowder, in a cavity of Gox9oxgo cm. The tamping
consisted of threé¢ bankings ; the first 2'fo m. in thickness, the second
distant 1°'2 m, ffom the first 1'5 thickj the third 1°5 m. from the
second, 1'5 in thickness. This effected the destruction of the mouth
of the communication trench and overturhed the trench for about 27 m.

E. T. THACKERAY.
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