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ON THE RELATION OF TECHNICAL EDUCATION AND
ENGINEERING IN SWITZERLAND.

By Arxorp EmcH, PH. D., PROFESSOR OF MATHEMATICS,
KANTONSSCHULE, SOLOTHURN, SWITZERLAND.*

Considering the fact that only a small part of Switzerland is
accessible to economic and profitable agriculture, it is not surpris-
ing to find the principal energies of the country concentrated upon
trade, manufacture and the tourist industry.

If the goods manufactured in the little Alpine Republie com-
pete favorably in the world’s market with those of the surround-
ing great powers we naturally ask for the reason which makes
such results possible. The answer to this question seems even
more difficult on account of the fact that Switzerland has no
mineral riches to speak of and that coal and raw iron have to be
imported from Germany, Trance and Belgium. But those ac-
quainted with the tremendous industrial progress of the United
States and Germany during the last twenty years will answer cor-
rectly that suceess not only in Switzerland but also in other eoun-
tries is due to progressive scientifie and technical education.

Science must be taught not from a purely philosophical stand-
point; it must be taught in view of its ultimate applicability.

At the head of technical or engineering education in Switzer-
land stands the Polytechnikum at Zurich. It is a government
institution, and its annual running expenses, excluding the cost
of new buildings, amount to nearly $300_,000. Its different schools
comprise all fields of agricultural and industrial aetivity; it is a
polytechnic in the true sense of the word. Connected with their
respective departments are a number of government stations, like
the federal testing laboratory, the meteorological station, the
experiment stations for agriculture and forestry, ete. All depart-

* Formerly Professor of Mathematics, University of Colorado.
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ments are equipped with up-to-date laboratories, the depart-
ments of chemistry, physies, astronomy, mechanica! . clectrical
engineering, agriculture and forestry, strength of » rterials, all
have their own buildings, while the others are housed ‘1 the large

main building.
Probably the most impressive laboratories are i we of me-

chanical and electrical engineering. In the turbine laboratory
more than half a dozen different types of full sized hy.raulic and
steam turbines may be studied and tested in actual operation and
in econneetion with dynamos and electric motors, The water
power is furnished by a large canal from the eity water works
which leads directly into the laboratory. It is hardly necessary

to state that enough steam power is produced in the b ulding for

any laboratory purpose. The men at the head of these depart-
ments are Professor Prasil and Professor Stodola. One is known
all over the world as an authority on hydraulic turbine:. the other
as a steam turbine expert. It may be well eonceived ihat for a
country without any natural coal deposits a most thor (ch study
of the problem to produce electrie power by hydraui. turbines
is of the utmost importance and this may be called t! !teystone
of prospective engineering in Switzerland.

I shall confine myself to these two departments 1. ' hecause
the others are less important, but on aceount of the lisviitions of
this paper.

Next to the Polytechnikum are the so-called ‘17 huikor,”’
technical schools belonging to a number of Cantons, States.
The difference between these and the Polytechnikum hat the
latter requires for admission graduation from a technic:! college,

or from the industrial division of a eantonal college. ["vom this
it is seen that instruction at the Polytechnikum starts from a high
level. The purpose of the ‘‘Technikor’’ is to train on tl.c line of
least resistance practical engineers, architects, chemists, «ie. The
graduates of these institutions are expected to carrv out certain
detail work in engineering. Originality and ability to plan and
work out difficult pieces of engineering are not primarily aimed
at in these schools. Beside the higher technical schools there are
a great number of special schools for agriculture, mechanics,
artisans, wateh makers, silk weavers, commerce, etc., which are
supported jointly by the federal government, the cantonal gov-
ernments and by the communities. In all these schools the r_ule
is a general education with a subsequent intensive special training
for the chosen profession or trade. A
In order to demonstrate the value of technical education it is
sufficient to state a few faets concerning the present status of
engineering in Switzerland.
~ While the marvelously aceurate results of the survey of the
Simplon Tunnel, earried out by Professor Rosemund of Zurich,
are still in the minds of engineers, the Swiss government has just
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010§ed a contract with the firm of Brown, Bovery & Co., of Baden,
fSWltzerle_md, to operate electrically all trains through the Simplon
0‘1‘0¥n Brieg to Iselle by June 1, 1906. It is the intention of the
government to operate uItlma‘gely all trains of the Swiss railway
system by electricity. For this purpose a commission consisting
of the technical representatives of the government, of the profes-
sors of electrical engineering and hydrography at Zurich, of the
firms of Brown, Bovery & Co., the electric companies at Orlikon,
Basel and Geneva, ete., was appointed to study the important
question. The report of the commission is not quite ready, but
enough has been given to the press to show that the proble.m can
be solved. In fact the available hydrauliec power of Switzerland
exceeds one million H. P., a power which is and will be sufficient
for all purposes of traffic and manufacture.

The contract with the firm of Brown, Bovery & Co. to operate
the Simplon Tunnel electrically is a preliminary arrangement.
Steam locomotion over a tunnel length of 13 miles, on account
of the smoke, is extremely obnoxious to the passenger traffic. It
was therefore very desirable to have electrie locomotives, and as
no other firm was able to make the necessary installations within
the given short time, the contract was closed for two years, in
December, 1905, with Brown and Bovery, because by means of
the ¢hree-phase system and their already available electrie locomo-
tives they will be able to run regular trains by June 1, 1906. This
contract, of course, does not mean that the one-phase system, as
proposed by the electric company at Orlikon, is inferior to the
three-phase system. Orlikon had no completed engines available
and could for this reason not compete within the given short time.

Thus, the Simplon Railway, which has caused the engineers
many extraordinary efforts for the solution of intricate prob-
lems, will soon be open to the world. One thing of which Switzer-
land may justly be proud is the fact that the leading engineers
engaged in the construction and operation of the Simplon Tunnel
are gradunates or former students of the Polytechnic of Zurich.

“From these examples we can see that under the influence of
engineering the world is progressing everywhere. As In the
iea and other enlighted countries, power
nly through the channels of

United States of Amer )
and industrial progress come mal
scientific and technical education.




TRANSMISSION AND DISTRIBUTION SYST IM RECORDS.

By Epwagp P. Dirion, B. S. (E. E.). 1899

methods of
sement is

: The tendency of modern business is to systematize
doing work. The obvious aim of this systematic a
to get the greatest results from the least amount of - rk, or, in
other words, to so arrange each man’s work that he may, ﬁ;ith
his quota of energy rightly directed and expended, cover the
greatest possible field for his employers.

There is an almost unlimited variety of systems on the market
today for various kinds of accounting work, for the clerical foree
of any kind of an establishment.

The suggestions contained in this article have, on ilie other

B T ——

hand, to do with the records that an engineer may find himself
called upon to devise and compile in connection with the ~neration |
of any central station distribution or transmission svstem. At )
times it is difficult to determine to what extent a comnany can .'1
afford to go into detail in keeping records of its production, dis-
tribution, ete. But the engineer who desires to have = {rm grip
on the entire system cannot trust much to memorv, 2nd there-
fore must resort to load sheets, maps and such oth ta as he \
may have at hand. It is hard to conceive of a sys small
that some records are not warranted.

Let us assume, for example, a system having a main generat- »

tations }

ing station or stations, a transmission system and sul
from which radiate the distribution system feeders.
GeNErATING STATION.—The general load sheet is of prime Im- |
portance. This should show a daily record of the performance of
the plant, the time of cutting in and out each unit, a full record :
of all switching, and the record of the output of the plant in kw. !
for the day, including such data as the peak load, minimum load, |
average load, load factor, etec. Each attendant’s signature should '
appear, showing the time of his shift. All unusual acecidents |

should be noted. Further reports may be arranged, showing coal
burned per day, water used, or a full record of adjustment of ‘
gates, ete., if a hydrauliec plant. l

The same ideas will hold good concerning sub-stations and |
distributing points. All employees should be trained to carefvflly
note all facts pertaining to the operation of the station during j
their particular shift. A ; .

In addition a log book is an excellent thing in all stations m
which is noted all unusual occurrences, with the time and full
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detail written out. Such a record is often i
aftor o subisct lias Growiinold: often invaluable for reference
) duticasen Eohis houd b caeuly mapeed nd
, such as special crossings over railroads, rivers,
roads, telephone or telegraph lines, deep gulches, high ridges, or
any important topographical feature. All poles should be num-
bered, and a careful record kept of the number of poles. If the
transmission lines come together at various points the map should
show positions of the various wires on the poles, so that the
phases may be kept correctly, in order to tie two lines together, as
is often necessary. An excellent rule in checking wire of a three-
phase system is to “‘stand under the line with back to the ‘Gener-
ating’ station and signify the wires as Left, Middle or Right, as
they occupy the relative positions on the pole above.”” This
scheme is valuable in bringing two sections of line together at a
distance from the plant.

_ DisTrIBUTION Tanges.—If the eommerecial distribution lines com-
prise a number of circuits, it is almost necessary to have these cor-
rectly mapped. A good scheme is to assume a uniform secale and a
sheet of a uniform size. Obtain a loose leaf binder to hold the
sheets. The map of the circuit may then be drawn on the loose leaf
sheets, taking several to a circuit if necessary. Tracing cloth is
convenient to use for the maps, as the map is easily copied on a
new sheet should any portion of a cireuit be altered.

These maps should show the pole position of each particular
feeder on the pole, the size of wire at frequent intervals, the loca-
tion and number of each transformer and any other important
data that may seem advisable. This appears to apply directly to
primary alternating current feeders: but it may be equally well
used for direct current.

TraxsFoRMERS.—If the system entails the use of transformers
for distributing feeders, too much cannot be said of the value of
an adequate transformer record. This record can be either in the
form of a loose leaf ledger, or it can be devised as a card scheme.
Either way has merits. The record should show a complete
deseription of the transformer, the Company number, manufac-
turer’s number, type, size, ratio, number of eireuit on which
located, number of transformer it replaces, date of installation,
return,—if destroyed, its cause, in fact all matters of vital import-
ance in the history of each particular transformer.

Then, in addition, should be shown the name, address, number
of lights—whether meter or flat—of each consumer fed by the
transformer. From this can be kept an accurate record of the
connected load and the demand on each transformer. The con-
sumers’ record should be kept up from day to day, as connections
and disconnections are made.

By this means an accurate record can be kept of the duty on
each transformer, and the size of the transformers can be adjusted

-

|

)
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to the load, preventing large transformers, low all efficiency
or small transformers and heavy overload, remﬂm 2 U rremature
ageing of cores, high core and copper losses, , burnt o iransform-
ers and poor service.

Arc SysteEms.—If the street lighting system is sories arcs,
considerable economy can be effected by proper records of this

portion of the system.

The are lamps should each be given a company niumber and
its record ke pt, showing the location of the lamp and the causes
for which it is changed, if at all.

The colored tl('lx sohe me is an easy means of sh wing the
course of the cirenits. A map of the city stretehed board
of soft pine is necessary. Using a different color tack for each

eireuit, the tacks are then put in the map at the location of each
are lamp. Silk thread of the same culm' as the tacks for each
eircuit is then run in on the map, following the same roite as the
wire of the eireuit. This scheme is very valu.!]alu in siding the
trouble shooter in locating an open cirenit, as, by vefereree to the
map, he ean familiarize himself with the exact roni: of each
cireunit. It is also a great help in planning extensions 1 install-
ing new lamps, and may be used to great advant: 1ge i planning
changes in circuits, often affording a great saving in

The use of properly constructed maps and records cutlined
and suggested, together with a ]udlcums amount of :i:'1 ‘nspee-
tion and observation will enable the engineer to get a v % thor-
ough and minute grasp of his entire ])lant :

Each system is a problem in itself and requires speeiiic :‘-T-jidy,
and the engineer in charge must devise means to L.]i.!_} care of the

-individual features. However the suggestions outlined may be

of interest and help in the practical handling of central sixtion or

transmission work.

—_——

|
!




NOTES ON MODERN GEOMETRY.

S, ErsTEEN, Pr. D., AssisSTANT PROFESSOR OF MATHEMATICS.

1. The chief object of this paper is to supplement, in some
particulars, the chapters on the Theory of Inversion and Coaxal
Cireles in Casey’s text book on Modern Geometry,* pages 95-126.

If P is any point in the plane of a given cirele whose center
is the point O and whose radius is r, and if @ is taken on the ray
OP so that OP. 0Q=r", the points P and ¢ are said to be inverse
to each other with respect to the given circle. Casey attributes the
invention of this theoryt to Dr. Stubbs and Dr. Ingram in 1842.
As a matter of fact, papers on this subject had been published by
Queteleti in 1827, and by Magnus in 1832.

9. In the first proposition the connection of the Theory of
Inversion with that of Concave Mirrors in Geometrical Opties is
brought out.§

Let C be the center of the concave spherical mirror of radius
9r, F' the principal focus, () a point on the prineipal axis AF, I its
image point. Let 40=r,, Al=",, then by the well known formula
of Geometrical Opties

\
Fic 1
* Sequel to Euclid, John Casey, L. D EoR. 5, Longmans, Green and Co.,
London, 1900. : N LT
"Q"I,‘he Theory of Inversion has important ”1‘1"”‘"'.‘“',‘?;?, in the stu
induced electricity on conductors. See Clerk Maxwell's “Electnaty,
chap XL :
T Quetelet, Acad. de Bruxrll_;\w. ‘;",
Reine und Angewandte Mathematik. vol. ». o RS
§ See E.nMasmt's Traité D'Optique, vol. I, p. 75, Gauthier-Villas
Paris, 1889.
|| This formula

small angles.

4—Magnus, Crelle’s Journal fii

is not strictly valid. It is approximately correct for

I ==
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FiG. 3,

being orthogonal to these lines must be eireles having the lines as
diameters. Denote their radii by £, R’. Sinece the laiter two
circles are orthogonal

R* 4 R’* = square of distance between centers =
Henee R” = Rv/-1.

6. In connection with proposition 3 and its four corollaries,
pages 115-116 (Casey), the following theorems are easily demon-
strated :

Turorem V. Let A, B be two extremities of a diameter of any
circle ¥ which is orthogonal to a given circle X, center 0. Jom 4, B
with O, intersecting Y again in D, E. Join DB, AE, intersecting wn C.
The triangle ABC will be self-polar (self-conjugate) triangle with
respect to the circle X. ;

By the proposition, 4 is the pole of BD. Since AERB is a right
angle, and OE. 0B=0D.0A=r*, it follows that B is the pole o
AFE. Now the polars of 4 and B pass through the point C, \‘_\-'hlc_h
is therefore the pole of the line 4B. Hence the triangle ABC 18

self-polar.

0.

o R S T A S it e S 8 S
o

R TR,
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TaeoreM VI. Given a coazal system of circles and any point A,
The locus of the inverses of A with respect to the coaxal system 18 a
circle through A which meets the system orthogonally.

Designate the circles to the left of the radical axis by

LA e and those on the right of the radical axis by
X,, X’y ...., the limiting points by L and IS TR AN
be the inverses of A with respect to X, p PR D Draw a ecircle

through 4, L, I/ it will be orthogonal to every circle of the
system. Let B be the point of the cirele A I.L" diametrically oppo-
site A. Join the center of X, to 4, the point A, is the intersection
of this line with the cirele A LBI . Tt follows in exactly the same

’ ’ . .
manner that A4, A, .... 4, A, .... lie upon the same ecirele.




SETTING THE D-SLIDE VALVE.*
J. H. WALLACE, B. 8., INSTRUCTOR IN ENGINEERING DiAWING.

Let the problems be given to set the D-slide valve [or oiven ad-
missions ; given cutoffs ; given releases : and given compressions. By
““admission,’” “‘eutoff,’” ‘‘release’’ and ‘“compression,’’ is meant
the regulation of steam in the eylinder of the steam engine, by the
valve, as those terms would imply. By ‘““given’’ admission, ete.,
is meant the position of the piston in the eylinder corresponding
to those events in the two ends of the eylinder.

In any engine the length of the erank is equal to one-half the
total movement of the crosshead. The length of the connecting

rod is equal to the distance between the crosshead ceiifor (when
nearest the shaft) and the center of the shaft plus th length of
the erank. The eccentric radius is equal to one-half thc move-
ment of the valve rod. The sum of the steam laps is equal to the
distance between the cutoff edges on the valve minus t/i distance

between the cutoff edges on the valve seat. In other words the
sum of the steam laps is equal to the movement of the v. lve from
position of eutoff for one end to position of admission for “he other
end. The sum of the exhaust laps is equal to the distance hetween
the exhaust edges on the valve seat minus the distance hetween
the exhaust edges on the valve.- The sum of the head c¢n.l steam
and exhaust laps is equal to the distance between the hoad end
cutoff and exhaust edges on the valve minus the width of the head
end port. All these distances may be readily measured.

In a given engine the length of the crank is 6 in.; the length
of the connecting rod 30 in.; the eccentrie radins 114 in.; the sum
of the steam laps 1 in.; the sum of the exhaust laps 14 in.; the
sum of head end steam and exhaust laps 1} in.

Problem 1. To set the valve gear for cutoff at 24 stroke, both
ends of eylinder.

Necessary data: length of crank, length of connecting rod,
eccentrie radius, and sum of steam laps.

H—/E%\
R : /
.,\a X " 2

* Copyright, 1906, by J. H. Wallace.
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In Fig. 1, let 8 be the center of the shaft, P(Q the movement
of the erosshead center or any part of the erosshead or piston,
RC,, and 7'C,, the length of the connecting rod, B and 7' the posi-
tions of the piston for cutoff head (P) end and erank (@) end
respectively. '

In Fig. 2, the line of stroke ¥Z and the positions of the crank
0,8 and C,S are reproduced from Fig. 1. SE is the eccentrie
radius. Produce C,8 to L and draw KN parallel to C,8 so that
MN, the distance between ¢,8 and KN is 1 in., the sum of the
steam laps. Bisect the angle NGS and find B the intersection of
this biseetor with the eccentric cirele E. Then B is the center of
the steam lap circles of the Bilgram Diagram.* The steam lap
circles ean be drawn tangent to the erank positions C,S and C,SL.
The port opening SF, and the lead DH, ean be measured for
setting the valve gear.

To set the valve gear, place the eccentric center, by guess, on
dead point away from eylinder and regulate the length of the
valve rod for head end port opening SF,; then place engine on
head end dead point, aceurately, (erank at ¥) and shift eccentrie
on shaft to open the port equal to the lead DH,. As a check on
the setting, see if the values of port opening SF, and lead DH,
are obtained in the erank end of eylinder.

Problem 2. To set the valve gear for admissions head end
crank position 10° and erank end erank position 20°.

Necessary data: positions of erank, eccentric radius, sum of

steam laps.

* For a discussion of the Bilgram Diagram, see “Elements of Steam
Engineering,” by Spangler, Greene, Marshall, page 169; “Valve Gears,” by

Halsey, etc.

‘
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Fig 3

In Fig. 3, C; and C,, YZ and circle E are the basis of pro-
ceedure. Produce C,S to M; draw KN parallel to St ', so.that
MN is equal to 1 in. Biseet the angle SGN and locate B as in
problem 1, and draw the steam lap circles. The port openings and

leads can be measured and the valve gear set as previously
outlined.
Problem 3. To set the valve gear for eompressions at 54
stroke. .
Necessary data: length of erank, length of connecting rod,
eccentric radius, sum of exhaust laps, sum of steam laj . sum of

head end steam and exhaust laps.

Proceed as outlined in Fig. 1 to get the erank positions C
and C,, Fig. 4 With the positions thus obtained, produce Cs8
to L; draw KN parallel to SC; so that MN is equal to 14 in.;
bisect the angle SGN and loeate B as in the preceding problems.
Draw the exhaust lap circles, with B as center, tangent to (.8
and C,SL. With § as center, and 17 in. as radius, describe an are
as shown. Draw OX tangent to the are and the head end exhaust
lap circle as shown. Through § draw C,S parallel to 0X. C,8
is the position of the erank for the head end eutoff. With B as
center draw a circle tangent to C,S. This is ‘the head end steam
lap circle. Draw WI parallel to U,S at a distance of 1 in., the
sum of the steam laps, and draw a ecircle with B as center tangent

iz

a4

Bt o i Siiey

S

T S




A L e

=~ s

e

WALLACE—SETTING THE D-SLIDE VALVE. 19

to WI. This is the crank end steam lap eirele. The values of port
openings and leads can now be found as in previous problems,
and the valve gear set accordingly. Note that the figure shows
a head end lead of almost zero value which is purely accidental.

Problem 4. To set the valve gear for positions of erank, head
end 20° and erank end 25°.

Necessary data: erank positions, eccentric radius, sum of ex-
haust laps, sum of steam laps, sum of head end steam and ex-
haust laps.

r
by |
o

In Fig. 5, C.S and CSM are the positions for head end and
erank end release respectively. Draw KN parallel to SM so that
the distance M is 15 in.; bisect the angle NG5 find B, and draw
circles tangent to SC; and SM. These are the exhaust lap ecireles.
Deseribe an are as shown with S as center and radius 1§ in. Draw
OX tangent to this arc and the head end exhaust lap cirele. 4
line C,S drawn parallel to OX through S is the position of the
erank for head end admission. Draw WI parallel to U,S at a
distance of 1 in., and with B as center draw circles tangent to
C,S and WI. These are the head end and crank end steam lap
cireles respectively. The values of port openings and leads can
readily be measured for setting the valve gear. :

It will be observed that when one method for setting the
valve gear is followed, the valve gear cannot be set to satisfy the
other conditions at the same time. However each method will
enable a rational eonsideration of the regulation of the steam.

Fig. 6 is drawn to illustrate th(j the_m‘om of Geom?t"y‘ which
is the basis for locating the point B in Figs. 2, 3,4 an_d 5.

Given to find a line such that any point in that line shall have
the sum of its perpendicular distances to two given intersecting
lines, equal to a given length. ! : :

Let SC and SL be the two intersecting lines; P the given
length. Draw NK parallel to SC at a distance M\ equal to PQ.
Let G mark the intersection of SL and NK, GV bisect the angle
SGN, and B be any point on the bisector. Liet JMN pass through B

I —————
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and draw BF perdendicular to SL. The triangles /'(;/; and NGB
are similar and equal.

Then MB-+BF=MB-+BN—MN=PQ).

But B is any point on the bisector GV. Therefore the bisector
GV is the required line. Consequently the sum of the l:ps in the
solutions is equal to that measured on the engine.
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THE EFFECT OF HEAT ON THE INDUCED ACTIVITY OF
RADIUM.

By Wirriam Duaxg, Pa. D., PROFESSOR OF PHYSIOS.

1. Soon after the discovery of radio-activity by Becquerel,
and of radium and the other radio-active substaneces by the Curies
and Debierne, ete., it was found that these substances possess the
property of inducing radio-activity on bodies in their neighbor-
hood. Shortly after this, also, Rutherford discovered that
thorium produced from itself a radio-active gas, which he called
an emanation. The corresponding gas produced by radium was
discovered about the same time by Dorn. In order to explain
these phenomena, Rutherford devised his theory of radio-active
transformations. According fo this theory, a radio-active sub-
stance, such as radium, is continually changing into its emanation.
The emanation diffuses like an ordinary gas into the surrounding
space. It, too, is continually changing into another substance
which deposits itself upon solid bodies in its neighborhood.
Further experiments have shown that this deposited substance is
also undergoing transformations. In fact, there is a series of sub-
stances formed, one after the other, to which the names have been
given: Radium A, Radium B, Radium C, ete. These substances
apparently are solid at ordinary temperatures.

There is a great deal of experimental evidence in favor of the
theory of radio-active transformations. Among the most im-
portant experiments bearing on the subject are those in which it
is shown that these substances have the properties of material
bodies, for example,— that they can be condensed, volatilized,
electrolized, ete. It is with the volatilization of the radium
products that the present article has to do.

9. The volatilization of induced radio-activity has been in-
vestigated by Miss Gates, von Lerech, Curie and Danne, Miss
Slater, and Bronson. These investigators have found that the
various substances produeing the induced activity are volatilized
to varying amounts, and have reached many important coneclu-
sions in regard to the radio-active changes. The present article
has to do with the volatilization of Radium A, B and C.

3. Before describing in detail the experiments, I shall state
briefly the general principles by which the radio-active substances
are detected and measured. A radio-active substance emits rays,
which have, among others, the following properties: (a) they
effect a photographic plate in somewhat the same way as light
does, making it possible to take radio photographs; (b) the rays
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illuminate a phosphorescent screen, as X-rays do; (e) some of the
rays carry electric charges with them; (d) if the rays pass
throngh a gas they ionize it, i. e., they split up the mole: iles of the
gas into ions, which are atoms or groups of atoms cha rged with
either positive or negative electricity. Any one of these charac-
teristics may be used as the basis of a method for studying radio-
activity. For most purposes the most aceurate experiments are
made by using the lonizing properties of the rays. If an eleetri-
cally charged body is surrounded by ionized gas, the ions are
moved through the gas, under the action of the forces of attrae-
tion and repulsion between their charges and that of the charged
body. The ions, having a charge similar to that of the charged
body, are repelled from it, and those oppositely charged are
attracted toward it, the latter moving up to the body tend to
neutralize the original charge. The rate at which the body loses
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its charge is proportional to the number of ions produced per
second in the gas, and the rate of production of the ions is pro-
portional to the quantity of the radio-active substances present.

4. In the experiments described in this article, the apparatus
was arranged as follows: A cylindrical metal vessel (A, Figure
1), containing about two litres of air, was connected to one pole
of a battery, the other pole of which was connected to the earth.
A metal rod B was fastened along the axis of the eylinder and
insulated from it. C in the figure represents a ring of metal
insulated both from the electrode B and the vessel A. This ring
was connected to earth and prevented a leak of eleetricity from
the vessel to the electrode thromgh the insulation. Under these
conditions, if electricity passed from the vessel to the electrode, it
must have passed through the air. The electrode B was connected
to an electrometer, by means of which the rate of accumulation of
the electricity on it was measured. When a radio-active substance
was placed within the eylinder, its rays produced ions in the air,
and these ions moved toward or away from the electrode, under
the action of the electric field, charging the electrode p, and the
rate at which the charge accumulated was a measure of the
amount of the radio-active substance present.

In order to study the amount of induced activity volatilized
at a given temperature, the active substance was deposited on a
wire B. The wire was then inserted inside of the eylinder, as
represented in the figure, and a current of electricity sent through
it by means of the heavy copper wires D, which passed through
a cork. The -current heatéd the wire E to a temperature that
could be estimated by measuring its resistance. The high tem-
perature of the wire volatilized a portion of the induced activity
which was deposited on the cold surfaces of the eylinder and
electrode. After the heating, the wire E was removed and the
rate of flow of electricity to the electrode measured. This rate of
flow gave an estimate of the amount of induced activity volatilized
during the heating.

5. More accurately stated, the method of procedure in the
experiments was as follows: Some radium emanation was blown
into a second metal vessel, into which the cork carrying the wire E
was inserted. The metal vessel was connected to the positive pole
of a battery, and the wires D to the negative pole. Under these eir-
cumstances, mueh more of the induced activity collects on the
wire than would colleet if it were not charged, for it has been
found that the induced activity is attracted toward a negative
charge of eleetricity. The wire E was left in the emanation vessel
for thirty minutes, after which it was removed and quickly in-
serted in the testing vessel A. It was then heated by the heating
current for thirty seconds. After this it was taken out of the
testing vessel and a current of air blown through the vessel to
remove any emanation that may have been carried over on the
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wire from the emanation vessel to the testing vessel. i1t one
minute after the heating process stopped, the first 1. “irement
of the rate of flow of electricity to the electrode Was ma:le. Thig
measurement gave an estimate of the induced activity voiatilized,
The wire E was then inserted again in the testing vessel, eon-
nected metallically to its sides, and another measuremeni of the
flow of electricity to the electrode made. This measurement gave
an estimate of the total quantity of activity originally on the wire,

that is, the part volatilized plus the part that was not volatilized,
The wire E was then removed and another measurement taken,
and so on, alternately, one measurement being taken eacl minute
at first and less frequently afterward, the whole series of measure-
ments lasting one hour. In this way two series of valies were
obtained, one giving the decay of the total activity, and ihe other
the decay of the volatilized part of the activity.

The temperature of the wire during the heating was estimated
by measuring the heating current and the electromotive foree

between the two wires D, the ratio of the latter to the former
being its resistance. The variation of the resistance with the
temperature of the wire was determined in a separate exp.riment,
up to a temperature of 390°. For temperatures above this. « slen.

dar’s formula for the change of resistance with the temper;
was used. This formula agreed very well with the experim
up to the temperature of 390°. Nevertheless the estimate -7
high temperatures ean not be regarded as more than
approximations.

6. The curves in figure 2 represent the data -obtainel. the
absecissas being the times in minutes and the ordinates, the cur-
rents, in arbitrary units, flowing toward the electrode. The iigh-
est eurve represents the decay of the total activity deposited upon
the wire, and the others the decay of the activity volatilized dur-
ing thirty seconds heating, at the temperatures marked above
them. The curves in figure 3 represent the decay of volatilized
activity when the temperature of heating was less than 400°. In
the experiments represented by all of these curves the wire E was.
of platinum. :

7. Before discussing the curves in detail, it will be necessary
to consider briefly the form of decay curve obtained under dif-
ferent conditions. In the first Place, if a wire is made active by
the deposit of a single radio-active substance, the decay curve is
exponential. If, however, two or more radio-active s_ubstan_ces are
present initially on the wire, the decay curve has quite a different
form. It has been found that Radium A and Radinm C are radio-
active, but Radium B is not radio-active, so that, if a quantity of
Radium B alone were deposited upon a wire, at first there would
be no radio-activity. The radio-activity, however, would inerease
as fast as Radium B changed into Radium ¢ and would reach a
maximum, after which it would decrease again as the two sub- s
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stances gradually disappeared. It has been found, experiment-
ally, that in the case of Radium B and C, the maximum oceurs at
the end of about thirty-seven minutes. The lower curves in figure 3
are examples of this kind of decay curve. If, now, there is present
initially on the wire a quantity of Radium A alone, the decay
curve falls very rapidly at first, because Radium A changes
rapidly into Radium B. At the end of fifteen minutes the eurve
remains about horizontal, and ten or fifteen minutes later begins
to fall again. This is the form of curve obtained experimentally
after a very short exposure to the radium emanation, in which case
the quantity of Radium A deposited on the wire predominates.

8. To return now to the interpretation of the eurves. It will
be noticed in the curves in figure 3 that if the heating temperature

is below 400°, the amount of activity volatilized is only a fraction-

of one per cent. of the total activity. As the heating temperature
is increased, however, the initial part of the eurve begins to shoot
up, indieating the volatilization of a large amount of Radium A.
Below 200° it will be noticed that the decay curves have a deecided
maximum at about thirty-five minutes, indieating a preponderance
of Radium B volatilized. We will return to a discussion of these
curves later. The curves corresponding to temperatures of 700°
or 800° have both the initial drop and the maximum strongly
marked. We may conclude from this that, at these temperatureé,
both Radium A and Radium B are volatilized. At still higher
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temperatures the maximum in the curve becomes less &
marked, and the curve gradually approaches the form
representing the total activity. Since the total activity
the decay curve when quantities of all three substances of

A, Radium B and Radium C are present, we may conelude iliat at
these high temperatures, parts of all three substances arc v latil.
ized. To sum up, we find that Radium A is volatilized at teqpera
tures above 340°. At temperatures of 700° or 800° hoth A :nd B
are volatilized, and that at still higher temperatures, in the 1 igh-
borhood of say 1,000°, all three substances are volatilized. In
discussing volatilization of these substances, we must not forget
that the phenomenon oeccurs under cireumstances that are quite
different from the ordinary volatilization of a liquid. In the latter
case, the molecules vaporized are torn away from a portion of the
substance itself, whereas, in the present case, there is an exceed-
ingly small quantity of the substance deposited on the wire., and
the molecules are torn away, not from the substance itself. hut
from another substance, namely, the wire. The experimental data
would indicate that Radium A is less strongly attached to the
wire than B, and B than C. Perhaps this is due to the atomie
explosions that occur during the changes from A to B and from
B to C, after each explosion the surviving atom heing more fi:iily
imbedded in the surface of the wire.

The eurves for temperatures below 200°, represented in fioire
3, are apparent exceptions to the above rule, and the volatilizati
at these temperatures, it would seem, must have a different conse
If instead of heating the wire immediately after it is taken on
of the emanation, it is allowed to remain for fifteen minutes and
then placed in the testing vessel and heated, no sueh curves as
these are obtained, provided the temperature is not raised above
200°. There is an exceedingly small quantity of induced activity
volatilized under these circumstances, which so far as could be
judged, decayed exponetially to zero. Now, after fifteen minutes
Radium A has practically disappeared, and it would seem that the
presence of Radium A was required in order .that B should be
wolatilized at these low temperatures. Perhaps the explosion
when A changes into B is responsible for the volatilization of B
under these circumstances, and the small amount of activity
volatilized after waiting fifteen minutes may be a quantity of C
expelled by the explosion when B changes into C.

9. The curves drawn in figures 4 and 5 represent the decay
of activity originally deposited upon wires of copper and iron
instead of platinum. The same general characteristics are present
in these curves as in those for wires of platinum, and apparently
the volatilizations take place at, approximately, the same tem-
peratures. The quantities of the radio-active s_ubstances v_olatll-
ized, however, seem to be somewhat more variable than in the
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case of platinum, especially if the wires are covered with oxides.
If there is a heavy layer of oxide on the wire the volatilization at
temperatures below 200° is frequently suppressed.
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taken mainly from the graduating classes in electrical engi
of our universities and technieal schools, though men
never taken a degree, or in fact had any technical trainine
ever, are sometimes employved because of special fitness due to
other electrical training.

The length of time assigned for the completion of the conrse
varies somewhat in the different companies, but is usually in the
neighborhood of two years.

The apprenticeship department is under the control of g
general foreman and his assistants, The work is divided into
sections, each section being directed by a head with one or more
assistants, usually ‘‘test men’’ who have been in the works a
year or more. The rate of pay, taking the General Electric Com.
pany as a representative example; is fifteen cents per hour for the
first six months, seventeen and one-half cents the second six
months, and so on. Tt is safe to say, however, that few college
men put in the full length of time assigned to the course hefore
receiving some recognition in the way of assistantships or transfer
to more advanced work, gaining in pay as they receive more im-
portant duties and greater responsibility. The working eek
consists of fifty-five hours with one hour extra pay each week if
no time is lost. The ‘““day men’’ begin work at 7 A, ar. and quit
at 5:30 ». M. and at noon on Saturdays. The “night men’' come
on at 7 p. M. and work until 7 A. ., but do not work Saturda-
Sunday nights and in addition receive a slight bonus for the night
service. This arrangement of hours and pay gives the ‘“day men”’
a rate of $8.40 per week at the start and the “‘night men’’ sliehtly
more than $10.00. The ““day men’’ are quite often requir
carry a test over until the night shift arrives, and in such cases
receive overtime pay. The Company reserves the right to place
men on the night shift during at least three months of their
course, if they find it necessary. As a rule the men prefer to spend
a part of the time working nights, asking for the transfer them-
selves, and some even prefer to work nights altogether, as the
Company is usnally more willing to grant transfers and a greater
amount of freedom to the night men than to the day men, thus
enabling them to get a greater amount of experience in a given
length of time. !

“In the sections devoted to electrical testing, each machine or
piece of apparatus after being assigned to its section is turned
over by the head of that test to one of the older men, who is thus
made directly responsible for the proper carrying out of the
tests to which the piece is to be subjected. }_Ie is given sgveral
helpers from among the newer men to assist him. If you are the
new man on the job, after the apparatus is properly wired up
and ready to start, everyone helping in thlS,,’ you will probably
have to ‘‘pull water boxes,”’ “.hold speec}, or do work qf a
This is not particularly enjoyable or instruective,

similar nature.
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but is the price you must pay for being new. Depending on the
relative time you have served in the particular section, your work
will range from the places just mentioned to full charge of the
machine. When through with this test, application is made for
transfer to some other, and when so transferred the same process
of working up has to be gone through with again. Through the
various steps from ‘‘new man’’ to ‘““old man’’ on all the apparatus
run through each section, thorough familiarity is gained regarding
the mechanical and electrical construetion and operation of all
types of apparatus.

The order in which the tests are taken is far from uniform,
as is also the time taken by each. The schedules serve only as a
guide and rarely, if ever, are followed in detail. Some men prefer
to leave out one test, and some, another, depending possibly on the
particular line in which each expeets to specialize. Considerable
freedom is permitted by the company in this arrangement after a
man has been with them a short time. It would searcely be pos-
sible to go into detail in the matter of what tests are carried out
on various machines; suffice it to say, that such are applied as
enarantee the satisfactory operation of the apparatus under all
probable conditions in actual service, the conditions as a rule
heing mueh exaggerated. Thus a man is not only made thoroughly
familiar with the performance of the apparatus, under all normal
conditions, but in addition gains the knowledge of what to do in
case of trouble, as it is quite certain he will, at one time or
another, have opportunity to observe the development and cor~
rection of most of the troubles to which eleetrical apparatus is
heir. In addition to the regular work, one of the most important
features of the test is the opportunity, which is always present, of
observing electrical apparatus of every deseription in process of
construetion : and the chance to learn the results of numberless
experimental tests of a special nature, on new types and designs
of dynamos, motors, lamps, cireuit breakers, oil switches, ete.

Providing the testor has progressed through the works in
regular order and has not stopped in some section to wait for an
assistantship, which by the way is usually very bad policy, his
next move should be a transfer to the caleulating department,
where the results of the tests on every machine and piece of
apparatus sent through the shops are finally worked up. This
is one place that should not be missed. While the work may be
more or less routine, if a man keeps awake, he will gain innumer-
able valuable points.

After some time spent here he may apply for transfer to the
drafting rooms where good practice may be obtained in general
arrangement of apparatus, particularly switch-hoards.

Lastly, a move is possible to the engineering or commercial
departments, and in these latter a man usually takes up the line
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of work toward which he has been directing his enerov, Here
especially, he must beware of the danger of getting int: = rut in
some suborc}inate position.

In the caleulating and engineering departments the j- WITS are
sllgrtgr and the pay higher; fifteen dollars per week is ite rate
paid in the caleulating room and somewhat more in the cnoineer.
ing departments.

The following schedule, from a man who spent approximately
two years with the G. E. Company, is fairly representative and
serves to indicate what may be expected :

SUUCRaR SHotors o L S0 LR G g e - 9 weeks.
Hyst.cresis. Ly i B ety P AT RSB e e I =
Medium sized generators and (e} o RURR TR e O s

i e ST PO WIS S M e s e 1
i s e et IR S vl it ki 2
Transformers e s Rl e T o D
Government .. ELRIRR R R e ST T W O |
Number 16 (large A. C. and D. C. generators apd motors, rotary
converters, and Mansformers) ool os el T
Calculating department o s AR R e I AR e |
Transformer etigineeting deparbment. ... el e a8

This man says regarding his experience: ‘I would 110/ ex-
change my two years work with the company for twice o ihiree
times that in general practice or advanced school work. "’

How long a man can afford to remain in the student s conr,
is a much disputed question and it would seem that the
must depend on the man. Some have had more or less pre
experience before entering the tests; others, when they finisi
university course, have reached such an age that they fee
impossible to spend more time in further preparation than see:
absolutely necessary. It would be safe to say, however, that {he
average man will not be wise in seeking for an opportuniiy to
leave the course in less than eighteen months. If a good offer
comes unsought before that time, it must be treated as a special
case and considered accordingly. There is something valuable
to be obtained as long as a man may choose to stay, but as sug-
gested by one who has been through it, there is a time when you
come to the knee of the curve plotted between time spent and
knowledge aequired, and passing this, you pass the point of
greatest efficiency. This is each man’s ‘‘characteristic,”’ and he
must work it out for himself. There are men who stay on the test
three and four years, usually those who have been appointed to
an assistantship or have charge of a section. No doubt tyey con-
tinue to learn something new as long as they stay, but their choice
is of questionable wisdom. They would undoubtedly have been
better off if they had gone into work where the possibilities were
greater. It is the old story of human weakness—a man shrinks

from leaving a fairly good job for another of uncertain conditions,
though he may know the opportunities are better.
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‘When the course is finished, many stay with the company,
while others are recommended to good positions with its eus-
tomers.

A man who has been through such a course of training as this,
which brings him in direct contact with electrical work and com-
mercial conditions, is well fitted to take a place among the sue-
cessful engineers of the future.




SPAN AND DIP TABLES,

By Harry E. WaeNer, B. 8. (E. B.), 1899.

~ Below are presented the results of a study of the problem of
““‘Span and Dip.”’ .

Formurae.—In order that the limits and possibilitics of the
two accompanying tables may be more readily comprehended, the
deduction of the formulae by which they are constructed will be
briefly given.

Fic 1.

In Fig. 1 let
PO’P, represent a catenary on the codrdinate axes X aud T,
L = 21 = length of wire in feet,
s = span in feet.
d = dip, or versed sine of curve, in feet,
# — angle of wire with horizontal at the insulator.
¢ = p/w = modulus of the catenary, ;
y = t/w = ordinate at the insulator =c 4- d.
Also let
= 7
p = tension in pounds at the vertex O,
{ — tension in pounds at the insulator,
w = weight of wire per ft. in pounds.
The principal equations of the catenary, whose solution can
be found in any standard work on the Caleulus, are

y:%[e;—l— e_:'J. 1)
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(2)

g=—1ci0q.

y+lVr=-=<
c ’
i i i

i % Lt ]=ctan3, (3)

in which (e) is the base of the Naperian system of logarithms.

Expand the functions [ ,‘;] and [(*,] by Maclaurin’s theorem,

which gives
2

x & a! X
£l A e TR

s x = X2 at

c— 1 L2204
¥ ¢ B R e + 474

Add and insert in (1)

¢ ac X :
y:?[ﬁ topts ot l (4)
Also subtract and insert in (3) %
f f2x 2 e
35317+ﬁ+iﬁﬁ+“1' )

From (3) it is also seen that
5

s x : _
tﬂ,na_'—_‘—cﬂ—"'é—[‘x"}-w-'{”.-. (D)

(2), (4), (5) and (5") are the fundamental equations, and
the eosrdinate values of the various parts of the curve can be
ealeulated to as close an approximation as desired. In practice
all terms of the series beyond the second or third are omitted,
giving as approximate formulae:

A.! xi
y:c-{-?‘;—{—w,and (-l-)
xr
Substituting y=c +d in (4) gives
x 2 x2
d=- and c= - + 4, or nearly o .
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Since 2= s/2 and c=p/w,

s*w :
d == S—f’ and (6)
st

2= (7)

In (5”) substitute ¢ — 8/2 and ¢ =2?/2d =% /84,

e 4d
This gives tan 0 — P \ CH!
From the relation y=t/w—¢ + d, can be deduced the ap-
: sSw  Tdw | st

proximate value { — 87 + —¢ - Or mearly o (8)

By simple substitution (5) ean be reduced to
i 44* £ hich 8a*
—§+Eﬁ, om wiie L:S—f—? (9)

Expressions representing the relations of eloﬁgation due to
strain and dilation due to temperature will now be introduced
These relations are expressed by the formula
L,=L (1t28) [1+c(t1--t)]=L(1i—.728)[1+%}| 10)

in which

L, =length of wire after a change in temperature,
L = original length,

n==mnumber of degrees change in temperature,

8 = coefficient of dilation per degree Fahrenheit,

1
¢ = coefficient of elongation per pound =— =

t, =new tension in pounds,

t = original tension in pounds,

a==area of wire in square inches,

E = modulus of elasticity.

Assume a given span at a given temperature.
8d* a t_ﬁw

Then L=s g and t=—m.

If the temperature now increases n degrees Fahrenheit,

84, CsSfw
L,=s} —and ¢t — ;
1 + 35 1 8”’]

On substituting these values of L, L,, ¢ and ¢, in (10), this
becomes

84,2 S Sw

847 5
R TR P +E[‘§Z—§7J + -0
neglecting small fraetions. ;
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8 S 1 1
e ARy L . nralTn ing
Hence n= 357 (4*-d?) + 8aES [ - {{l],or transforming

: so that formula will apply with d, and d used in inches,
1 5 5 35w | 1 1
NS (& ddk 2(15’8[7—:_1’,]' ah

For convenience the working formulae (57), (6), (7), (8), (9)
and (11) are now collected below:

4d ’

tan = T, (5 )
gl 6
e (8)
sw >
P (7
sw | Twd y
) T AL W
84* d
L=s+ =TE (9)
. 1 S 3w (1 1
n=rrgy (&) + 55y 7’“74]' )

Before showing how the tables were computed, attention
may be called to the following points:

From (6) it is seen that dip varies directly as the square of
span and is independent of the size of wire (w/p constant). With
this in mind the tables can readily be extended beyond their
present limits.

Tt is evident from (7) and (8) that for a given span and dip,
the tension varies directly as the size of wire, and is a minimum
at the vertex, and maximum at the insulator.

Deriving (8) with respect to (d) and placing equal to zero,
gives as the condition for minimum tension or maximum span

Tw  ws* 5
By B

from which d=—s/3 approximately, and 6 =53° 8".

As wire is strung in practice the second term in the right-
hand member of (9) is a very small quantity, so that it is only
necessary to consider the span length when buying wire or figur-
ing resistance.

1 From (11) it is seen that the coefficients of elongation and
dilation enter into the equation as a ratio, one tending to neu-
tralize the other, the effect of strain, however, being the greater.
This may be illustrated by considering one or two specific cases.
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; The .ez.llenlzl.tion for dip in a 1,000 ft. span at 100° F..  :glect-
Ing elasticity, gives d — 21 ft. 9 in., while Table II gives » -— 14 ft.

7in. For the same span at 0° F., the dips are 13 ft. and 1 3 in.
respectively. ’
For a 300 ft. span the dips are: at 100° F., 5 £t. 10 i, , and
1£t.10in.;at 0° F,, 3 ft., and 1134 in., respectively.
The above and similar examples would lead to the eonciusion

that elasticity has the most effect on short spans at summer tem-
peratures, and that in long spans at low temperatures the clonga-
tion and dilation more nearly balance each other. :

Tue TasrLes—Table I is a modification and extension of the
table in common use, while Table IT is new.

Wires are selected, on which to base the tables, whose physieal
constants are fairly well known and reliable. For Table I, a
.\"n. 8 B. W. (i. hard-drawn copper wire, A. T. & T. Co. Specifica-
tions No. 1739, was used : and for Table I, a No. 8 B. W. &
special steel wire, A. T. & T. Co. Specifications No. 1705.

_ The following constants were assumed for the No. & copper
wire :

LN R e SR O T LS
Minimum breaking weight per SOt e e

Yaelor of safety ab - 40°F.. .. .. .. coia . ol

Modulus of elasticity in lbs. per sq. in..............

Coefficient of dilation per degree F............... ..

and for the No. 8 steel wire the following :

EVRIeYers . i, s e e ity e 165 in.,
Minimum breaking weight per sq.in............... 187,000 1bs.,
Faetor of safefy at —40°F.... .o ili i vy 4,
Modulus of elasticity in lbs. persq. in.............. 30,000,000,
Coefficient of dilation per degree F................. 00000685,

From Formula 12, the dip for various spans may now be
obtained. This is for the condition of greatest strain on wire,
which it is assumed will be at — 40°F.

Next, assuming a definite inecrement of temperature, say
20°F., and substituting the various constants in Formula 11, a
value ean be assumed for d, which will satisfy the equation. This
is the required dip for the new temperature.

The tension may now be found from Formula 8.

The constants for hard-drawn copper and iron wire are so
uniform and so nearly equal, that a table calculated for copper
applies equally well for soft iron wire. :

The constants for steel, however, vary so greatly that ordi-
narily a separate table would be required for each quality. To
avoid this and make a comprehensive table for all grades of. high
tension wire, a number of *‘factors’ were caleulated by which to
multiply the table dips for the various degrees of tensile strength.
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In calenlating these multiplying factors, it was assumed that the
modulus of elastieity is the same for all grades, which will lead
to but small error, if any. Following are the factors which are
used to simply multiply the dips and divide the tensions given
in Table II in order to find the corresponding dips and tensions
for the quality of wire under consideration.

QUALITY OF STEEL. FaAcTOR.
Minimum breaking weight per sq. in...... 60,000 1bs. 3.12
(44 (41 (43 ic [ SR e 80!0‘]0 i€ 2.3{
35 72 & St L et 100,000 ¢ 1.81
& it A s i 2 e 120,000 ‘¢ 1.56
o A i S e 920,000 0.85

If, for any reason, a different factor of safety, f, than that
given in the tables, should be desired, in Table I multiply the dips
and divide the tensions by f/2, and in Table II multiply the dips
and divide the tensions by f/4.

It may be readily seen from the manner in which the formulae
were obtained and the uncertain nature of the physical eonstants
used, that the values in the tables are by no means absolute
quantities, but only fair approximations. Formula 8, from which
the tensions are computed, involves d, the dip, and a slight varia-
tion in d makes considerable difference in the tension. The values
for d are figured as closely as possible, but at best are not entirely
aeceurate, at one time being a little large, and at another a little
small. The tensions will show a corresponding variation, and
any apparent lack of uniformity that may be observed in the
tables is probably due to this cause. Practice has demonstrated
that the formulae give reliable results for ordinary spans, and
theoretically they should do so for long spans.

Before stringing wire by the table. the construeting engineer
should be fairly sure that the dips and tensions taken from table
correspond to the grade of wire he is using and to the temperature
at which it is strung, and then should see that the values chosen
are closely followed. A few caleulations will show that there is
room for the use of considerable judgment in choosing these
values.

For example, take a 500 ft. span No. 8 wire at —40°F. A
difference of one-tenth of an inch in the dip means a difference of
36 pounds at the insulator, which difference becomes about 8
pounds for a 1,000 ft. span, and 100 pounds for a 300 ft. span.
For a 500 ft. span at 100°F., the difference is 8 pounds at the
insulator, which becomes 3 pounds for a 1,000 ft. span, and 19
pounds for a 300 ft. span.

From the above it will be observed that, when closely meas-
ured, the dips are the more reliable guides; otherwise, the tensions
give better results. More care is evidently necessary in stringing
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wire in the winter than in summer. In stringing wi-c by the
dynamometer or tension method, a wider range of vari: ton from
the table is allowable in winter than in summer.

It should be noted that the various external forcss, such ag
snow and wind, are dccounted for in the table only by issuming
a factor of safety. The caleulation of stresses due to = orm is
quite uncertain and of more theoretical than practical +.ine. A
formula expressing the relation between original strain and that
due to a storm is as follows :

R Yo
Ry 22

=1 1 + < i
in which p is the pressure on the wire per foot due to the storm.

A calculation by this formula for a No. 8 steel wire, 187,000
Ib. quality, at 0°F., subject to a violent snow and wind storm,
whose maximum pressure is 40 1bs. per square foot, gives /,=—5.393
lbs. for a 1,900 ft. span, 5,101 Ibs. for a 1,000 ft. span, and 4,808 i
Ibs. for a 300 ft. span. With a factor of safety of 6, ¢, = 3,597 1bs.
for a 1,900 ft. span at 0°F., and the wire would in all prob:bility
stand the storm.

The factor of safety of 4 is evidently not sufficient ©+ long
spans under the worst possible conditions. and a larger factor
should be chosen than for short spans of the same quality o1 wire.

INSULATORS ON DIrFrerReNT LEVELS.—The foregoing :;plies

rigidly only to spans in which the insulators are appro¥in
on the same level. Should they be on different levels, e:
becomes a special problem and must be worked out accorli
In ordinary mountain toll line construetion, the factor of =
will take care of unequal strain at the insulator, due to the dif e
ence of level, and it is only very long spans or exceptional dif-
ferences of level that require special study.

The equations for this problem may be deduced as follows:

1ately

rer-
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In Fig. 2 let
 — difference in level of insulators in ft.,
y, = ordinate at upper insulator,
#, = y,- h=ordinate at lower insulator,
#, -z, =3, the horizontal length of span.
For the part of curve on the left of ¥ - axis substitute y, for y
ifn Equation 2, and for the part on right substitute y,=1y, —h
or ¥.

T
Then z, — ¢ log. -y—li\—/[y—l——c—, and (12)

G NI VEB=D=F

t—nlog,

Adding,

[+ Vo —llg—h) +V (@ —h) 2 —¢]
L ety
By trial ¢ ean be found from (14), after which the vertex
may be located by spbstituting the value of ¢ in (12) and (13).

;- The other values desired may be found by application of the pre-
1

ceeding formulae.
In conclusion the writer wishes to acknowledge the kindly

aid given by Mr. C. E. Seribner, of the American Telephone and
Telegraph Co., in this ‘compilation.

s—rlopr,
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TABLE No. 2
STEEL WIRE.
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the top of _the mountains. Three No. 8 B. & S. gauge ci 'S, om-
posed of six aluminum strands with hemp core, forming the ver-

tices of a 6-foot equilateral triangle are strung on 15-in¢h Locke
msulators; the upper one being fastened by a bracket to the

top of pole. Cast iron pins are cemented to insulators iie poles
average 36 feet long with a 250 foot span. The longest span is
1,100 feet, the cable being supported from wooden towers. With

other spans over the average length, either g 2-pole tower, each
pole carrying an insulator and the cross-arm the third n)he, or
2 poles set tandem, double arming with large insulators being
impracticable, are used as required. i
The Silverton sub-station is a building similar to the power
plant and eontains all the necessary proteetive apparatus, oil
switches, ete., for transforming from 50,000 volts to 17000 volts.
The transformers are similar to those in the power house. »n extrs
one being provided in case of aceident. All switehes, hoth at
Silverton and at the power house. are automatieally controlled by
time limit relays, whieh will open the circuits only on averloads
dangerously prolonged, as by a ‘‘dead short,”” and will hold

during the starting of a large induction motor. By usiug inverse
current relays, a dead short coming upon the tran 10 line

in use will operate automatically the switches at both <iztions,
and transfer the load to the other transmission line withoot inter-
ruption or noticeable effect to the customers.

From Silverton sub-station there is about 50 miles of dis-
tributing line reaching out west, northwest and north. 'f'as part
of the construction has presented some thrilling incidenis, not
usual in sueh commonplace matters as line building. A inowl-
edge of the nature of the country covered, where the 1 have
had to eross the range, rising from 9,000 feet to over 13 (00 feet,
over the most rugged mountains. where horsehack riding is iimpos-
sible, may give some idea of the difficulties encountercd and
problems solved in bringing material to place and consiructing
the line. All the distributing circuits were completed after the
heaviest snow fall of the year. The men bravely endured the
hardships of eamp life, with the thermometer 20 and 30 degrees
below zero, and the possibility of pneumonia, which summoned
several, and worked up to their waists in snow raising poles and
stringing wire. : ; ;

A few finishing touches will complete this enterprise, which
will undoubtedly result in immense benefit to Silverton and the
surrounding San Juan country.

i e




THE PASSIVE STATE OF IRON.
By A. S. Dexnisox, ELEcTricAL EXGINEERING, 1906.

The fact that iron becomes passive when exposed to concen-
trated nitric acid has been known for a great while. Roscoe
and Schorlemmer make the following statements:

“Dilute nitrie acid dissolves iron when eold, witheut forming
any gas, and with the formation of ferrous nitrate, Fe(NO,).;
when heated, or, with stronger acid, oxides of nitrogen are formed,
and ferric nitrate, Fe(NO,),.”’

‘‘Under certain circumstances iron is not acted upon by nitrie
acid at all, nor does it preecipitate copper from solutions of its salts.
Iron in this state is ealled passive, and the condition is brought
about by dipping the metal into concentrated nitric acid, and then
washing it.”’

At least two applications of this passive state have given
promise of commercial success: one being the stripping of brass
from iron tubing in an electrolytic cell with sodium nitrate, and
the other being its use as cathode in the Jacques carbon cell.

Jaeques’ cell was thoroughly investigated by Dr. F. Haber
and Dr. L. Bruner. With regard to the iron electrode, they say :
“‘Thig passive iron represents an oxygen electrode on which the
atmospheric oxygen acts similarly, but better, than on a platinized
platinum electrode dipped into an aqueous conduecting solution.”
(Elec. Review, Vol. 45, p. 514.) The theoretical value of the
carbon cell, and the gas cell, gives the passive state an added
importance in the light of this statement. A cheap substitute for
platinum brings us one step nearer to the successful utilization of
carbon as the attackable electrode in a commercial cell.

Various theories have been suggested to account for this
peculiarity, which, by the way, is not eonfined to iron, Faraday
offered the suggestion that it is due to the formation of a film of
oxide on the surface of the metal, which protects it. However, it
is usnally the case that a freshly formed oxide is more readily
attacked by an acid than is the metal itself. The formation of an
oxide is supposed to account for the action of sulphuric acid on
copper, but to prevent the aetion of nitrie acid on iron. This
theory has been discarded by later investigators. Although it is
definitely known that films of a complex nature form on metals,
especially on aluminum, when placed in certain electrolytes, the
explanation does not seem to apply to iron in mitrie acid, at least
so far as an oxide film is coneerned. More recent theories are that
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it is due to some electrical phenomena, or that it i« due to an
allotropie form of the metal.

Whatever the true reason, it is evident that the teinperature
has a great effect. Using a strip of commerecial shee! iron and
nitric acid of specific gravity 1.42, if the iron is dipped in the
acid and then held in the air, when the temperature is ahoye
25° C., the ‘acid will not have dried before violent action takes
place, with evolution of oxides of nitrogen.

Also, the strength of acid used is of importance. I iron

oceurs, but if nitrie acid be slowly added to pure water, action will
begin when solution reaches a strength of about 25 per cent, and
hydrogen and oxides of nitrogen are given off,

In conclusion, the writer wishes to propose that the passive
state is brought about by the formation of an insoluble salt, which
may be caused to dissolve by the catalytic action of another salt,
or by NO,. This is suggested by the fact that a moderately dilute
solution of nitrie acid will almost always act on iron, evor after
being treated with concentrated acid, if the fifst solution has
previously been used to dissolve iron. In other words, the writer
believes the action is similar to that of chromous chloride on
chromic chloride. The latter salt is insoluble in water, i !
the addition of a trace of chromous chloride, it dissolves o
(Harper’s Magazine, Jan., 1906, The Chemistry of Con
This opinion is further supported by the fact that if &
piece of iron is seratched and then dipped into dilute acid, ae
begins along the serateh and spreads over the entire picce of
metal.




MANUFACTURE OF TRANSIT CENTERS.
By GEORGE HAMBURGER, JR., MECHANTOAL ENGINEERING, 1907.

Few engineers realize the accuracy required in the construe-
tion of centers and sockets for engineering instruments of pre-
cision, and fewer still are familiar with the methods pursued in
a modern instrument factory, enabling the attainment of the
required aceuraey in these parts, which is the very foundation
of the instrument. ;

Consider the fact that, with a twenty-power telescope, an
angular variation of from three to five seconds of are is easily
discovered, that occasionally telescopes of nearly double this
power are used, and that the maximum error must be divided
between the eight surfaces of the groups, viz: (see figure) the out-
side conical surface of the center (A); the conical hole, and the
outside conical surface of the socket (B); the conical hole in C;
the shoulders of A and B in contact at D; and the shoulders of
B and C in contact at E; and the acecuracy required for each of
the narrow surfaces can easily be appreciated.

The following is an outline of the method used in the factory
of Wm. Ainsworth & Sons, at Denver, which, in a measure, indi-
cates the painstaking accuracy necessary in produeing the centers
for precision transits. }

The eenter A is usnally made of bell metal. First the casting
is roughed out in the turret lathe, centered in a special centering
machine, which insures perfect alignment of the centers in each
end, then taken to the dead ecenter lathe, (so named because
neither head nor tail center revolves), where the surfaces F' and
G, which receive the vernier plate, the shoulder at D, and the
taper and thread for nut H are cut and finished, after which it is
ready to receive the socket B.

Socket B is roughed out in the same manner as the center,
after which the taper hole is reamed by hand. This is now put
on an arbor in the dead center lathe, and the shoulder at D turned
and finished. It is then fitted to the center A by hand grinding,
and the nut H put on to hold A and B together, allowing B to
revolve on A. These parts are then taken to the dead center
lathe, and, with A clamped to prevent its turning, B is revolved
on A. and the surfaces I and J (which are to receive the limb),
the surface K, the shoulder at E, and the taper are turned and
finished, thus making these surfaces true with the taper hole in B.
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C is made of hard bronze. This is roughed out in !
manner as the other pieces described. =The hole is fir
reamed by hand. The piece is then put on an arbor in
center lathe, in which the shoulder at E is finished and
cut for the half ball L. The work is now completed with i}i¢
tion of the holes M for the leveling serews, which are dr
tapped in another machine.

If the foregoing work is earefully done, none of the surfaces
should be eccentric by an amount exceeding one second. An
expert workman ean usually keep the combined errors well
two to five seconds of being correct for e

within
ach group of centers.
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THE DESIGN OF RETAINING WALLS.® §

By Miro S. Kerouusm, C. E., DEAN oF THE SCHOOL OF APPLIED
SCIENCE AND Proressor oF CIvin ENGINEERING.

INTRODUCTION.—A retaining wall is a strueture which sustains
the lateral pressure of earth or some other granular mass which
possesses some frietional stability. The pressure of the material
supported will depend upon the material, the manner of deposit-
ing in place, and upon the amount of moisture, and will vary from
zero to the full hydraulic pressure. If dry clay is loosely de-
posited behind the wall it will exert full pressure due to this
condition. In time the earth becomes consolidated and cohesion
and moisture make a solid clay, which often causes the bank to
shrink away from the wall and there will be no pressure exerted.
On the other hand if a considerable amount of water is applied,
the normal pressure rapidly inereases and approaches that due to
a liquid having the same specifie gravity.

In this diseussion only the first condition will be considered
and the earth or other filling will be assumed to be a dry granular
mass, a semi-fluid, without cohesion, and to be held in place by
the friction of the particles on each other.

To fully determine the pressure of the filling on the retaining
wall it is necessary that the resultant of the pressure be known
(a) in amount, (b) in direction, and (¢) in point of application.
Many theories have heen proposed for finding the pressure, each
differing somewhat in the assumptions as to the direetion and
point of application of the resultant pressure. The most important
theories are as follows:

(1) Rankine’s Turory.—In this theory the filling is assumed
%o consist of an incompressible homogeneous granular mass, with-
out ecohesion, the particles are held in position by friction on each
other: the mass being of indefinite extent, having a plane top
surface, and resting on a homogeneous foundation, and being
subjected to its own weight. These assumptions lead to the ellipse
of stress and make the resultant pressure on a vertical wall paral-
lel to the top surface. The pressure on other than vertical walls
can be determined by the ellipse of stress.

(2) WevRavon's THEORY.—In this theory the filling is as-
sumed to be without cohesion and to be held in equilibrium by

* Copyright, 1906, by Milo S. Ketchum. 5%
+ From a forthcoming book on “The Design of Walls and Bins,” Engi-
neering News Publishing Company, New York. Ready August, 1906.




52 JOURNAL OF ENGINEERING.

friction of the pqrticlgs on each other. It is also assume: - a4t the
forees upon any imaginary plane-section through the ma: carth
have the same direction. These assumptions lead to two - nulag

one giving the amount of the thrust, and the other o
direction, the angle that the resultant makes with a n
the wall. The formulas deduced by Weyrauch may b
more simply by means of the ellipse of stress, and are
subject to the same limitations.

(3) Couromp’s THEORY.—In this theory it is assumed that
there is a wedge having the wall as one side and a plane called
the plane of rupture as the other side, which exerts a maximum
thrust on the wall. The plane of rupture lies betwecu the
angle of repose of the filling and the back of the wall. 1t may
coincide with the plane of repose. For a wall without surcharge
(horizontal surface back of the wall), and a vertiecal wall the
plane of rupture bisects the angle between the plane of repose
and the back of the wall. This theory does not detern::
direction of the thrust, and leads to many other theories % vi
assumed directions for the resultant pressure.

(4) Carn’s THEORY.—Professor Wm. Cain assumes 11 ‘he

resultant thrust makes an angle with the normal equal to <, the
angle of friction of the filling on the back of the wall, o= sl
to ¢, the angle of repose of the filling, if ¢' is greater !i. . .

Other authorities assume that the resultant thrust ic
to the back of the wall. For a vertical wall without suvci -
all of the above formulas lead to the same result for the ai -t
direction, and point of application of the resultant thrust.

In the following discussion-the formulas for the thrusi «° ¢
filling on retaining walls will be deduced (a) according to Tu::
ine’s Theory, and (b) a general formula will be derived bascd on
Coulomb’s Theory of a Maximum Wedge.

RANKINE’S THEORY.

EvrLipse oF Stress.—It will now be necessary to investigate
the relations between the stresses in an unconfined incompressible
granular mass, which is held together by friction of the particles
on each other, and which has no cohesion.

Case 1.—FEqual-like Principal Stresses—If a pair of prineipal
stresses at a point he like (both compression or both tension), and
be equal in intensity, the stress on a third plane through the pomnt
is of the same intensity and is normal to the plane. :

In (a) Fig. 1, p and ¢ are equal compressive stresses acting
on the prineipal planes A-4, and ]_3—B, rg:spectlvely tlu:ough t}lie
point 0. It is required to find the intensity anc‘l direction of the
stress, r, acting on the plane C-C through the point 0.

- - - - {5 t
Let AOB in (b), Fig. 1, be a dﬁere_nt:a_l trlangular prism a
0 haveing its faces in the planes. The prism is then in equilibrium

IS W
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under the action of the forces p, ¢, and r, acting on the faces
0A, OB, and AB, respectively. In (e¢) lay off OD = total stress
on 04 = p.0A, and lay off DE = total stress on OB = ¢.0B. Now
complete the force triangle OBE, and OE = the equilibrant=
AB.r, in amount and direction.

g-0B 0B
.04 04"

Now tan D O E =

- since p=gq.
Therefore, angle DOE =angle OAB= 6, and OF is per-
pendicular to AB.
A : Also 0E?*=D0? -+ DE?,
=p.204* + ¢." OB?,
=p*(04* + 0B%),
T
and OF=p.AB.
But OF = r.AB, and therefore r=p=g, which proves the
theorem.

Case 2.—Equal-unlike Principal Stresses—If a pair of principal
stresses at a point be unlike (one compression and the other ten-
- sion), and be of equal intensity, the resultant on any plane through
| the point is of the same intensity, and is inelined to the normal
| to the plane of principal stress at an angle ¢, but on the opposite
side from the resultant in Case 1.

v
\:5,  Jsnat - B
e £y
- \\5 "f" V‘;G
e U .
q v \
g T A 0
. PPREPP {C)
(b)
Fic. 2
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In Fig. 2, (a) shows the planes and forces acting theao
;n.nnt'O. Let OAB in (b) be a differential triaugul;’r e
with its faces in the given planes. The prism ig in
under the action of the forces P, ¢, and r, acting on tl
()‘B. and AB, respectively. In (¢) lay oﬁbOD =]
[;g—:(l)ﬁ’.q, and OF will be the equilibrant acting ou .o f:
AB—ADBzr.

Now tan FOD —

since p=g.

ED ¢0B OB
OB T 0T T

Therefore, angle EOD = 6 and EO makes an ancle with
the normal to 0 equal to 6, but on the opposite side from (ase 1.
Now OE*=D0?* | DE?,
=p.24B?% and OF = p. AB, as in Case 1,
but OF = AB.r,
andir =g =i,

Case 3. Given the principal stresses of the same kind bu
unequal intensities to determine the intensity and direclion of

on a third plane. If p and ¢ represent the intensities of the {orees
on the planes A-4 and B-B, respectively, acting througl the
point O, in (a), Fig. 3, p being the greater, we have by :izchra

g-F.q D= . _
an identity,

p=- -
2 2
Pord . P ; ;
aned -ty — — an identity.
2 2

Now we may look on the plane A-4 as having two separate
5 1 2

il 2—4q

stresses equal to and - of the same kind, while upon
2 o 2
2+ B tge v
the plane B-B we will have two stresses and of -
9] 9

opposite kinds.
We may now group the stresses separately; thus the equal-
P it

like stresses : and

2

acting on the planes 4-4 and B-B,

2
g e

and — acting on the

and the equal-unlike stresses

2 2
same planes A-A and B-B, respectively.
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Fic. 3.

Now the stresses on the plane C-C for the equal-like stresses
2+ 9 et el 2+ q
an is the force r, =
i2 2 2

0-C. The stress on the plane C-C for the equal-unlike stresses

2= et o

and — . will be a stress r,=
2 2 2

an angle 6 to the line of principal stress. In (b), Fig. 3, we have

the stresses acting as above and it is required to find the resultant

of the stresses on the plane C-C. .

2T
9

P =g - Bt
= r,, and parallel to

acting normal to plane

, and ineclined at

In (b) lay off O M = = r,, normal to C-C, and from M

lay of M B = in (a). Now

2 2
O R—1r will be the resultant force in direction and intensity.
From the construction it will be seen that in (b)) MP=MQ=

oag
O M=
Q
Also QR=MQ + MR,
i iR dgiaay
R g
:P-
PR=MP—MR,
e L e s
A e

=q.
/L RMN=20,
L =B

I

obliquity of r.
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FiG. 4.

The tangential component of » in Fig. 4, is
RT=MRsinRMT,
2—

sin 2 6,

2

r¢ = (p—q) sin 6 cos 6. (1)
The normal component of r is :
OT=0M—MT,
=O0OM -+ MRcos?2 4,

St S Sl
= o7 (cos 20 — sin 26),
2 2
a1 p—q

(cos?d — sin 24,

(sin 260 -} cos 20) +
2 2
7y ==p cos *0 4 ¢ sin %4,
Note.—If t, is the normal component of the stress on a plane
D-D, a plane normal to C-C,
ty=p.cos® (04 90°) + ¢.sin? ( -+ 90°),
= p. sin ?6 - ¢. cos %6.
Now adding r, and ¢,
'y + 7, ==p (sin *0 4 cos *0) + ¢ (sin 20 4 cos 26),
Sphe L3
which proves that the sum of the normal stresses on any two
rectangular planes is a constant, and is equal to the sum of the

principal stresses.
Now as the plane C-C in (b) Fig. 3, moves through all angles
the point M will deseribe a circle around 0, with a radius

) B
—_— and R will deseribe a cirele about M, with a radius

23

3}

7= f/ . e :
., OM and OR keeping equally inclined to the vertical

o

( (]ir‘oc"tinn of prinecipal stress) on opposite sides of it. The locus
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of the point R is an ellipse, the major semi-axis being OM + ME
—p, and the minor semi-axis being OM — ME=gq. This is
called the ellipse of stress for the point O within the body at
the point 0. Its principal axes are normal to the planes of prin-
cipal stress, the semi-axes being equal to the principal stresses.
The radii vestores OR,0R,, ete., are the stresses on the planes at

0, to which OM, OM,, etec., are normals.

Fic 5.

Equation of Bllipse of Stress—The ordinary gllipsog'raph con-
sists of a piece like PRQ, Fig. 5, whose extremities | 4 and ( slide
in two grooves YOY and X0X, respecti.vel_v, at right angles to
each other, while the point B traces an ellipse whose semi-axes are
PR =g¢q, and RQ =p.

Take coérdinates of R as z and v,

and z— PR.sin § =g¢.sin 0,

* —siné,
q
y=—RQ.cos§ =p. cos o,
"_;T =cos 0.
Squaring and adding,
2 2
%_}-; —gin 20 4+ cos 20 =1. (4)

the angle of obliquity of stress on
lane C-C. It can be seen in Fig. 4, that 8 will be a maximum
gvhen MR is perpendicular to RO. For suppose triangle M_OR
constructed with angle ORM not a right angle, drop a perpendicu-
MR

lar from M to OR at R, then sin B'= EI_ But ME* is less than

Mazimum value of B = &

MR, and B* will be less than 8.
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In this case since angle ORM = 90°,
OR?=0M*— RM?,
I o ol G T R E
TR -

) i
and r==1/p. g,
. . /) e (j
also sin ¢ = sin B — _
b AT
7 1l—sing
and transposing —=—___ (3)
? 1-+sing -
now 2 # = angle RMN, and
cos 20 —cos RMN,
=-—cos ROM,
MR

2

oM
27

2
2t q

Now in a granular mass the particles will tend tu zlids on
each other, the angle ¢ being the angle of internal fricium in
which the mwﬁlqwnt of friction is p==tan ¢.

; F rom equation (5) if p represents the vertical stres
poimnt in an unlimited homogenous granular mass with a
surface, the ratio of the vertical stress p to.the horizo:

; g 1—sin ¢
ponent g willbe — — —
2 1-+smndé

For a perfect fluid ¢ = 0, and p = ¢ which we already knew.

__The Retaining Wall.—Loose earth will remain in equilibrium
with its face at slopes whose inclinations to the horizontal are less
than an angle ¢, which is called the angle of repose. If piled at
a greater slope, cohesion will hold the face at a greater slope than
¢ for a time, but the earth will soon erumble down, until the
slopes do not exceed ¢.

Angle of Repose—In (a) Fig. 6, two troughs filled with earth
are acted upon by the two forces P and @. The forces P ‘gend to
press the earth together, while the _forces @ tend to cause slipping.
If Q is just sufficient to cause slipping, then the coefficient of frie-

Now if the foreces @ are omitted and the

tion will be p =—.
P - -
forces P are inclined at an angle 6, when the earth is just on the
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point of slipping, angle @ will be equal to ¢, the angle of repose
P.sin ¢
and the coefficient of friction will be p =———=tan 0
P.cos ¢
which gives the relation between the coefficient of friction p, and
the angle of repose ¢.
Now in a homogeneous unlimited, granular mass with a level
surface, if p is the vertical and ¢ is the horizontal stress at any
q 1—sinp
point, then — =
2 1+ sin B
the resultant stress r. Now if there is to be equilibrium the
obliquity, B, cannot be greater than ¢, the angle of repose, and

, where B is the angle of obliquity of

g 1—sindg¢
the greatest ratio between ¢ and p will be —=——"—
: J i 1-+4sin ¢
v i
LR 72 f
: = prrdy
1 i_\ 9_.#4_0_!_
! P P
I e
B ==
3tz S \E
\J
w
¢ Fic. T.
Verrican ReraiNiNg WALL WITHOUT SUKC}-IARGE.—In Fig. 7,
a vertical wall supports a filling with a horizontal slope {a==0},
Then from the preceding discussion the horizontal pressure at any
1 =g ¢ y
point will be g =y . where y is the depth and w is
: 1-4sin ¢
the weight of a cubie foot of earth, and the total pressure will be
1—sin¢
P=1bw h? (6)

1+sinqb.
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The stress ¢, varies direetly with the depth y, a1 the tota]
Stress P may be represented by the area of the trin:-is ABE,
with the point of application of P at 4 point 14% above the base.
The resultant stress P will be horizontal.

VERTIOAL RETAINTNG WALL Wita SurcHARGE.—T1
parallelopidedon is held in equilibrium by three forae:
§ normal, and r* direction not yet determined. Now
in a plane parallel to the sloping plane of surcharoe
the same condition, which ean only be the case when

Fig. 8, the
- vertical,
Iy point
ist be in

is parallel
Fic. &
to the plane of surcharge (this may be proved by mesns  f the
ellipse of stress). . j D
To find the ratio of the intensity of the conjugate ziresses

r and r* whose obliquity is 8, proceed as follows:

Fic. 9.

: . ancle 3

ig. 9, draw any line ON, draw OR making an ang
withh(l)i\lr ]glrav off OR=r, and OR'=1r%, and from S, the ziuddlg
point of ‘RR! erect the perpendicular SM. Draw MR, MRE', an
arec HR'RN.

p
Now OM =

and ME = as can be seen in Fig. 4.
2 2
os :
——=—cos MOS8, and solving
oM
14 (OR + OR*) r -t
oM = ==

cos & 2 cos 8
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2+
But OM _— " and
2
p+gq r+1
2 2cos 3 (a)
Also MR? — M8* 4 RS?,
=(0M*— 08%) + BS?,
S e
L 2 ] 2 ] + [ 9 ] 2
L ’P_irj]l_,,.x,
2
Wi (e G
2 cos 8] e (6)
S s T T
’I‘herefore,}’I i Lir_,r_ o (e)
2 2 cos d
From Fig 9 cos 2 6 = 2.7. % : (d)

Now squaring (a) and (e), and dividing (e) squared by (a)

p—q l r_l_érrlcoszs

squared, we have [

()t
But when earth is just in eqmllbrmm
2 1} sin ¢ : p—q
e , Or sin ¢ = s
7 1—sin ¢ p+q
4rrt cos® 8
Therefore, sin*¢=1 — , and
(r+7)*
4rricos?d
1 — sin 2¢p =008 *p = — )
(r+)°
cos ‘o 4rrt
RS )
cos?d (r+1)°
cos o
(r4-1)2=4rr (e)
cos ‘o

l
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Now subtract 4rr® from both sides and

cos 2o I
i we

C().\;:C{)-- | 4

cos % § — cog ¢ b

(r—rye

4! ettt il () |
cos ¢ E 4
. 5 22

- g r—ort)?2 e

Divide (f) by (e) [ - ] . COS0— (008" SR

r - r! cos 2 5

cos %4 - cos ¢
cos ®d

and s ¢os * 8 — cos *¢b
L | 1 1 . ’ o
=T cos ® 8 (%)

Now by composition and division "
r cos 8+ \/ cosZd—ecos®eh
——— — — (h)
rl cos 6 7 V cos®d—eos?o
. Now equilibrium of the wall will take place with tic upper “'
signs, and, reversing the fractions
r cos8 6 —\/ cos*d—cos®¢
A — - (i
rt cosd -\ cos*é—cos®o
Now r is equal to . z. cos 8, for the reason that the css p

is distributed over the area a sec 6, and

cos 8 — \/ cos?8 —
rl=—w.z cos & - (J)
cos 8 + \/ cos28 —cos?e

Now the maximum value of »* will be
cos 8 —\/ cos*8 —cos*e _

-w h cos 8 - (7)
cos & - \/ cos % —cos *p :

r-I

.'Illll
- cos 8 — 1/ cos?8 cos “¢ 1
(8)

P=14wh?cos &

cos 8 -/ cos?8 —cos*¢
Equations (6) and (8) are commonly ealled Rankine’s

As such the method is very unsatisfactory. The two

Method. A
ases of the general method which

cases above are only special e

fu”ll\\'.%'.

1
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IncriNep Rerarving WArLL.—The ellipse of stress can be used
to determine the resultant pressure on an inclined retaining wall.
This solution determines the amount and direction of the resultant
and leads to the same equations as deduced by Weyrauch by a
much longer process.

Fic. 10

In Fig. 10 a retaining wall inclined at the angle 6 with the
horizontal sustains the pressure of a filling with a surcharge )
The angle of repose of the filling is ¢.

Ellipse of Stress at Point A ~—Through A draw A0 parallel
to the top surface, and at any convenient point 0, in A0, draw
OD normal to A0. With point O as a center and a radius OD
describe an are intersecting a vertical line OM at the point M.
Draw OC making an angle ¢ with OD. At any point E in OG
describe an are which shall be tangent to OC and euts the vertical
OM at F. Draw EF, and through M draw MG parallel to EF.
Bisect the angle DGM, and draw R’G. Through O draw OR’ par-
allel to B’ G. Now OM.w is the stress, r, on the plane A-0, 0G=
P+4q
and GM =

0

9 9

 If O0G revolves around 0, and GM around G ;0G

: 0G and GM make equal angles with the

principal axis )4 :
and GM always making equal angles with the prineipal axis OR’,
the ellipse of stress will be deseribed as shown. To determine the

— T, S—

. —
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cussing this method have failed to understand the underlying
prineiples. The objeetion that the angle z may be greater than
¢ is not founded on faect, as is shown in Figs 10 and 11.

COULOMB’S WEDGE OF MAXIMUM THRUST.

Algebraic Method—In Fig. 12, the wall with a height &, slopes
toward the earth being inclined to the horizontal at an angle 6,
and the earth has a surcharge with slope 8, which is not greater
than ¢, the angle of repose. It is required to find the pressure
P against the retaining wall, it being assumed that the resultant
pressure makes an angle z with the back of the wall.

N AR
ko -
. | Re ~ o \ -
C‘il B AL Ve P
N 0 b o \ ” \
bik . \ g
- : v

Y.

Lo

[ o
P‘\'gww' >

é W\ &@@9,2_390 ¢,,/
el Ikg k)zx, # 3
B’\/,'\- f¢+ \X// - |I
SRRy U y g

Tt is assumed that the triangular prism of earth above some
plane the trace of which is the line AE will produce the maximum
pressure on the wall and on the earth below the plane, and that
in turn the prism will be supported by the reactions of the wall

and the earth. Let OW represent the weight of the prism ABE,

the length of the prism being assumed equal to unity, let OF be
the reaction of the wall, and OR be the reaction of the earth
below.

Now the foreces OW, OP, and OR will be concurrent and will
be in equilibrium; OP and OR will therefore be components of
OW. When the prism ABE is just on the point of moving OP
will make an angle with the back of the wall equal to z (different
anthorities assume values of z from zero to ¢, the angle of
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friction of earth on masonry, or ¢, the angle of friction of carth on

earth) ; while OR will make an angle with the normal to t1i- plane
of rupture AL equal to¢. Let P represent the pressure (/" «oainst A
the wall, W represent the weight of the prism of earth an: « the '

weight per cubie foot.

In the triangle OWR angle WOR =2 —¢, and ancle OF
=6+ ¢+ 2z —x. Through E draw EN, making the ancle
AEN= 0+ ¢ 42—z with AE. Then the triangle AXN is.
similar to triangle ORW, and

Vi EN ,
;“V'= .A/\" = and i
|

EN : i

> W g |

i J AN :

But W equals w. area triangle ABE =14 w AB.EF. sin
AB.BE. EN !
Seai (9 i

(6 — 8), and P=14 w. sin (6 — §) 7
Now P varies with the angle z, and will have a maximnm
value for some value of z, which may be found by differentizting
(9) and placing the result equal to zero. |
Now draw BM parallel to KN, and in the similar trizncies .
BDM and EDN, ]
EN :BM : :ND : MD, and
. BM.ND
B i
BE :BD : : MN : MD, and
 BD.MN
Gl

Substituting in (9) .
; ; . AB. Bz}[.ED[."/jV. ﬂ/[)i
P=—1, w.sin (8§ — 9) o l | }

Where all the variables are in ]'l:lrent‘hgsis. It will.be seen that
EN moves parallel to its present position as z varies. Now let
AN =y, AD=a, and AM =2, and then

\klU)

MN.VD_ (& —a =), Ty #
AN ( 4 J
Differentiating (11) and placing the result equal to zero;
we have a maximum when y=/ ab. |

Spbstituting in (10) we have 2 i
AB.BM.BD(a—\/ a b)"(l-o)

P=1,w.sin (6 — &) :
i 00 et a
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: sin (0 —8)
But a=AD—=—A4B ——M,

sin (¢ -—8)

MD=—a—0,

sin (6 — ¢)
BD—=AB—7"———,

sin (¢ —8)

sin (0 — ¢)
BM=AB .

sin (64 3)
Substituting in (12)
sin (8 — ¢) AB* (a— v ab)?

sin (0 +2) (a—Db)?
sin*( 6. — ¢) 48§ ! ]3_

P==15

=Y%w
sm(0+2)  1+Ve)
Now
AM _ sin (z+4)
AB = gn(0Fa)y "
AB sin (¢ — 8)
AD~ sin(8—38) ’ A
AM 4B || ¢
B A D e d
_vafﬁlfwjmg¢_wn
sin (0-+z) .sin (8—38) !
p/: ;
also, AB=-——, and finally
sin

sin (6 — ¢) (13)
D ; sin (z—}-«b\ sin (:b_b\]
sin 26.sin (6 + 2 ) ll ! Vsm 6+ 3). sm(ﬁ—-b)]
=1 wh* K. (14)
which is the general formula for the pressure on a retaining wall.

P=1hpwh?

Now if z in (13) is made equal to ¢, the angle of repose of
earth on earth,

sin 2( 6 — &) (15)
S |sin 2¢.sin {d—=3)- ]2
sin *6.sin (6 + ¢) [1 TVsiu(H—}—&#‘-.sin (6——8)] >

which is Cain’s Formula.

=14 w h?
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P - 3 oy 2 -
If 2z in (13) is made equal to 8, and 6 made equal

cos *¢

P 16 w h®
- gin (é <4 &) sin (& R
COoS o ll -+ LT 0)sn (i) i
cos 28 j ’
which is Rankine’s Formula in another form.
[f 2z in (13) is made equal to zero,
., 8in *(6 —
L Lo w h* { ¢ =
. sin ¢.sin (¢ —38) | °
sin 29 ’] 1 \!Il rlb.h‘lll (P o) ] ]
I sin #.sin (60 — o) ]
which gives the normal pressure on a wall.
If @ in (17) =90°,
coS °d¢
ot 1o w h? b
'] sin ¢ .sin (¢ — & f'
| cos o0 l )
[f 8§in (18 0°,
COS “ o
P 1
(1 4+ sin ¢)2
> = D
15 w h? tan I 10° - l
: [ 3 )
1 sin ¢
Yo w h* - "
14 sin ¢
which is Rankine’s Formula for a vertical wall without sur

(18)

Graphic Method—In Fig. 13 the retaining wall 45 sustains

the pressure of the filling with a surcharge ¢, and an an
[t is required to calculate the resultant pressure .

repose &b,
In similar triangles BMD and END,

EN :BM : : ND : MD, and
EN :BM : : (a—y) : (a—10),

(tl R 'l)
EN=BM ——.
(W=8)

[n similar triangles ENA and QMA,
EN :QM ::y:b,
¥
EN = QM —.
b

le of

(21)
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Equating the two values of EN,

(g ==} ¥
. BM = QM —, and
(@ — &) &
y a—y
BM : QM : :—: , and by
b a—2b
subtraction
¥ a—y ¥
BM —QM :BM : : — — — T—
2 b 0 e Y
aXp— )0 ay — ¥y
BQ —=BM —— —=BM —,
b{a—208) ¥ (e —8)y
(a — )
& — BM ————=1EN.
(@ — &)
Therefore triangle ABE = triangle AEN.
sin (r — ¢)
Now P =W —"— — ————, and
sin (0 4+ ¢ +z—2)

W = area triangle ABE .w,
— area triangle AEN .w.

Now in triangle AEN,

EN sin (r— ¢)
AN sin (6 + ¢ -+ z—x)
and area triangle AEN =14, EN. AN. sin (6 + z).

64
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From equations (22), (23), and (24)

<

: EN
P = area triangle AEN — w,
AN
6 EN?sin (6 4 2) w. (25)
Now in triangle SEN, SN = EN. and area SF N2 sin ‘
z), and T i
, _ , (26)
P = area triangle SEN.u (27)
The angle of rupture; z, and the resultant pressure, P, can
therefore be .||«'11]:ite<_l graphically as follows: 4
Through B draw BM making an angle with A/ ¢ normal
_H'f‘ equal to—0-vg — 907 the angle that P rmakes with the
rizontal. With diameter AD, deseribe are ACD, and fj__y
aw EN parallel to BM. With N as a center and radius EN
scribe are KS. Then AF is the plane of rupture, and P=
\ SEN.w. '
Where the surcharge 6 = ¢ the angle of repos nd P is
rallel to the Inlll .\Il!‘r:\t'l_‘, Tilt’ [l]f!'}- HE‘ }.’Il]Wi_ Wil 1 > ‘\\'jth

pa

the plane of repose.

Kk
' A

|
>

,’.
K +
,
s R

—In Fig. 14, the filling is loaded

Warn, WitH Loapep FILLING.
1. Caleulate h, by dividing the

uniformly distr ibuted loac

ith a
| 1z per square foot by w. Lot o+ I, —IT Then the re-

l,; pressure for a w all with height H, will be
P. — 14 wH?K, and (28)
res :““'“? |~1:'.<.-‘|n'u for a wall with height. A, will be
P, = 1% wh,*K. : (29)
The pressure on the wall AD will be
' (30)

P P ,_jlg)lfi.u'(h':{hﬁ)K.
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and the point of application is through the center of gravity of

ADGE, which makes
3 H® — 3 Hh? + 2h,°
v =T -

3

(31)

H? —h,?

DESIGN OF RETAINING WALLS.

CEeNTER OF PrEssureE—It will be seen that for all cases the
resultant pressure on the back of the wall will be given by the
formula

P=1%wh?*K. (14)

Where K is the ratio of the horizontal to the vertical pressure,
and is independent of the weight of the filling or the height of
the wall, and depends upon the inclinations of the back of the
wall, 6, the angle of repose, ¢, the angle of surcharge, 38, and
the angle that the resultant thrust makes with a normal to the
back of the wall, z. For any particular wall, K will be a constant

and the unit pressure at any point will vary as the height h. In

(a) (b) (c)

Fic. 15

Fig. 15, the resultant pressure, P. is represented by the area of
the shaded triangles, and the center of pressure will be at 13 h
from the base, the same as for fluid pressure.

Experiments made with models have shown that the center
of pressure==14h is sometimes exceeded. (Goodrich recommends
that for walls from 6 to 10 feet the center of pressure be taken
at 0.4 » and above 10 feet the center of pressure be taken at 14 h
above the base.®* Scheffler assumed that the center of pressure
is at 0.4 h.

It should be remembered that experiments have been made
on small models and are liable to considerable error. It would
appear reasonable with our present knowledge to always take
the center of pressure at a point 14 h above the base.

SrABILITY OF RETAINING WALLS.— A retaining wall must be
stable (1) against overturning, (2) against sliding, and (3)
against erushing the masonry or the foundation.

" *Trans. Am. Soc. C. E., Vol. LIII, p. 295.




=0

[ JOURNAL OF ENGINEERIN &

Overturning.—In Fig. 16, 16t P | represaited
1-.=x|1]{;|.nt pressure of the earth am‘[ -],L‘ '?.“.‘)_V.I{:“:W
the weight of the wall acting throuch ”H‘,:ji '
E, represented by OR, will be the ﬁl-_{,muﬂj w
overturn the wall. sl

Draw OS through the point 4. For this conditi- he
H]lnu'llll be on the point of overturnine l;)’l.\.i- Z‘ Pk ‘}‘3»11
against overturning would be unity. The -}l P .‘t_;::!iety

Sw ' I B atety for

I OR wi .
R will be f, (32)

RW

Sliding.—In Fig. 16 construct the angle H2G equ
the angle of friction of the masonry on the foundation.
E passes through 2, and takes the direction 0Q, the wall will be
on the point of sliding, and the factor of safety against sliding,

For E—=—OR, the factor of safety against
QM?
(33)

sliding will be fs=—"
RM
[f the resultant at 3 be resolved into a vertical force F, and

horizontal force H (not shown in Fig. 16), then
F
f,=—tan ¢' (34)
H
hich will give the same result as above.
Retaining walls seldom fail by sliding.

Now if

will be unity.
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Crushing.—In Fig. 16 the load on the foundation will be due

to a vertical force F, which produces a uniform stress P‘:._[.
[

over the area of the base, and a bending moment=F.b, which
produces compression, P,, on the front and tension, P,, on the
back of the foundation. The sum of the tensile stresses must
equal the sum of the compressive stresses due to bending
14 P,d. These stresses act as a couple through the centers of
gravity of the stress triangles on each side, and the resisting
moment is
M=—1; P,d. % d="Y P, d (35)
But the resisting moment equals the overturning moment and

14 P, d*=F¥b, and

650
REEvasing (36)
ar
The total stress on the foundation then is
; 64
P—P, 4 1’,_,—-1"[1 e ] (37)
a4

Now if b =14 d, we will have
P==23F oz ).
In order therefore that there be no tension, or that the com-
pression never exceed twice the average stress the resultant
should never strike outside the middle third of the base.
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If the resultant strike outside of the middle ot
the masonry can take no tension. the load wil
compression and can be ealeulated as follows:

In Fig 1
i

7, the resultant F will pass througt
gravity of the stress diagram, and will eq
diagram.

I - - Pa, and

which gives a larger value of P than would be g1y

masonry could take tension.

in which
iken by

center of

1 of the

(38)

en if the




PROBLEMS OF THE ILLUMINATING ENGINEER.

By Normax Reap, B. S. (E. E.), 1905.

The science of illumination or [luminatineg Engineering is still
in its infaney and is growing to be one of the most important to
the modern central station manager. Qince the advent of gas and
electricity for illuminating purposes these agents have practically
driven all others from the commereial field.

In former years people were satisfied to get any artificial light
that would enable them to distineuish objects but now the demand
is for a lighting that in effect will approach nearest to that given
by daylight.

There are two general phases of illumination which present
absolutely different problems, that of outdoor and that of interior
lichting. These again are divided into spectacular and decorative
work.

In nearly all illumination electricity has superseded gas on
account of ease of distribution and in interior work on account of
the absence of fumes and heat.

Perhaps the most important branch of outdoor illumination
is that of street lighting. Formerly in this work large units such
as arc lights, ete., were used at the street intersections. This mode
of lichtine had its disadvantages in that points midway between
the lamps were very poorly lighted and the large units tended to
dazzle the eyes and therefore by comparison to make the dark
spots look just so mueh darker. The modern practice therefore
is to use small units say of fifty to one hundred candle power at
more frequent intervals and thus give a more even distribution
with the same or less consumption of energy. [n some instances
gas can be very offectively used but its cost of installation and
distribution of light makes it inferior to the electrie light.

Spectacular lighting, both exterior and interior, must be
desiened to attract attention, but at the same time set off lines of
buildings or any desien that is to be accentuated. This work is
done almost entirely by the use of low eandle power incandescent
lamps with here and there an are of hich eandle power as the
central point. Very effective work indeed may be accomplished
as has been shown at the three recent expositions, viz: Buffalo,
Omaha and St. Louis.

The important work, however, of the illnminating engineer
is the design and installation of interior lighting. This problem
not only embraces that of adequate lighting with the least con-
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sumption of energy, but that of properls

ind placing

the lamps and the general decorative 100 gmall units
cannot be used on aceount of having to e them zo low that
they hang below the line of vision. and too large units will give
spotty effects. For figuring the licht on any given spece it hag

s, Viz:
jual to
This,
s there-
e lights

giving

been the custom to compute by the law of inverse sruas
that the illumination in ecandle feet on a o P
the candle power divided by the square o
however, holds true only for a point souree of 1i
fore not applicable for use with Incandescent. Ne
or any form where the light is distributed along
element. To obviate this, instead of computing or e power
basis, it is simpler to find by experiment with the various lamps,
by eomparing the useful ecandle power and watts consumed, the
mean number of watts required per square foot of illumninated
surface, with lamps hung at given heichts, and haviz und the
required number of lichts, by a study of the distribution curves
of the units, to decide upon the plan of arrangement.
The eolor quality of the light is also a very
and must be taken into consideration. For
machine shops, ete., the problem resolves itself into :
of quantity and not of quality. The light required

must be well diffused and placed in such a that all dark
corners are illuminated and all shadows j e away
with. On this account the lighting of sueh p i3 of the

mereury vapor lamp and vacuum tubes is gal
the other hand the lighting of department stor
colors are shown, demands that the qualit
that of daylight as possible. Now 1'?1.'| light

T ol

illuminants is lacking in one or the other o the sp
and this must be suppplied by the use of some kind

a . ‘ S0 d ¢
There are many forms of these and m

tv or 1ign

globe or shade. of se
are made to aet also as diffusers of the light. The nse of
is a very important item and these must be S('Iqiztcfi t:"#:‘ S
work whieh they are to perform. No lamp \\'Nh‘iff!lt shade, -510];95
or reflector has a distribution that can be practically !u.x.a.;.. i :y
the study of the distribution and ”I‘t! proper selection of t‘::cclmi
the lamps may be so chosen that the illumination becomes equa

~flectors
‘pecial

at all ]\.n:l]TS. ¢ % z = 2 tant
Window or display lighting has become a very importan

of the work and is a branch that }'equi_res special study of its
nditions. Where windows are to be illuminated to attract at%ep-
=y nd not to show goods, the lights are general]y: arrange'cdm
ytive way in full view of the passerby. Where thel{ (laa
w goods, however, the lamps must be arranged to 1%1:
1s brilliantly but must be placed in such a manner '}‘]3:
i1 v will be shielded from the person looking in the wullldow. o 101?:‘
per ,ecomplished by the use of reflectors, generally ma

n
me decors

——T
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polished metal or silvered glass. Bare lamps in a window cause
a dazzling light that paralyzes the eye and causes the rest of the
window to look comparatively dark.

The above are only a few of the problems that confront the
modern illuminating engineer. He must be a thoroughly up-to-
date, practical engineer and must be conversant with every form
of artificial lighting, not only must he know of them, but he must
be thoroughly acquainted with the light quality, the distribution
of light, and the efficiency. He must be resourceful, and be able to
tell at a glance what form of lighting is best adapted to any par-
tieular condition. This branch of engineering is becoming more
important every day and the illuminating problem has now be-
come a seience instead of guesswork.




THE INCREASE IN THE ELECTRICAL RESIS{ A1 OF
CONCRETE. PRI

e BOW o )
By R. W. PEreAvu, ELEcTRICAL ENGIN
In the course of experimental work in eoncrete, the increase

n p|--|'[|~|r-.‘!] resistance of some specimens was observed. The
accompanying curves show the variation of resistance with time

iII two cases.

I'he concrete from whieh eurve A was derived, was made of

>y y [ (T e » 3 3

Pu: zolan cement, sand and broken stone, in the proportions, 1, 3
and 5. In the other case, the proportions were 1, 3, and 6 Tn
both instances the eoncrete was jn a small wooden hox, holding

about one cubie foot.
For good contact, the connecting wires
eylindrical bars of mild steel about seven in

inches apart, in the first box; and to wroug ron ba bout
the same size, but six inches apart, in the second box, Alicr sol-
dering the wires to the metal, the joints were wound with lat-

ing tape, coated with shellac and allowed to dry. Int Ases
the concrete was well tamped around the pit
The concrete was allowed to partially ‘‘set’’ fx i days,
when 110 volts, direct current, was applied to the terminals of
each box. and from this time resistance measurements taken
at intervals of twenty-four hours.
The experiment was conducted in a room that it at
to 75° F. The concrete had e to

a temperature of 65
freeze. but dried rapidly, no attempt being made tc keep 1

The eurves, plotted with days as abseissae, ai«d ohms (in thou-
show interesting relations between the

moist.

gsands) as ordinates,

coordinates.
From a study of the conditions, the inerease of resistance was

andoubtedly due to some or all of the following causes:
1. The drying out of the concrete.

2 The ‘‘setting’’ of the concrete.
Qome chemical change in the concrete caused by the pas-

Q.

of the eleetrie eurrent through it.

4 Possible changes in the electrical contact resistance.

The first mentioned may be the main factor, as the inerease in
oo of earth and stone due to loss of moisture is a well

? 4
¥aert
14CL.

\ecording
spems to take place

to the best chemical authorities, the real setting
about fifteen days after mixmng.

nerete
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Both curves would indicate that some radical change took place
in the chemical eomposition of the mixture, after it had been
mixed about twenty days. This was probably caused by the
setting which might have been delayed slightly by the electrie
current.

Nothing very definite is known concerning the chemical reac-
tions which take place during the setting of cement. In his
““Dictionary of Applied Chemistry,’”’ F. E. Thorpe says: ‘‘The
subject is one of great difficulty ; researches, some of an elaborate
nature, carried on during the last hundred years, have not entirely
satisfied our want of knowledge of the cause of the setting of
cements, whether of natural or artificial origin.”’

In giving the researches of M. le Chatelier, he says: ‘‘The
action of water on eements causes the formation of several ecom-
pounds; that which plays the chief part in the hardening process
1s a substance erystallizing in hexagonal plates, analogous to the
erystals of caleium hydrate, Ca H, O,. No sufficient quantity
has been obtained to make it possible to determine its composition.
* #* * Tp quickly setting aluminous cements long needles are
formed which interlace and are of considerable dimensions.
* #* % TThe getting is caused, as in the case of plaster of paris,
by the cement becoming a confused mass of erystals. of the
hydrated compounds mentioned’’ (hydrated erystalline ortho-
caleic silicate, hydrated calcium aluminate and ealeium alumino-
ferrite).

Now it is possible, as mentioned above, that the electrie cur-
rent delayed, to some extent, the setting, by hindering the forma-
tion of the erystals of the hydrated compounds.

The drying and setting of the cement may have changed the
contact resistance between the metal and the conerete. From
works on conerete we find that shrinkage takes place during the
setting and hardening processes; and if this is the ease, it will be
evident that, as the metal is enclosed in the conerete, the contrac
tion of the conerete and the consequent inerease of pressure should
cause a decrease in the resistance.

At first, resistance measurements were taken by means of a
voltmeter and a milli-ammeter. After about a week, the eurrent
had deereased to sueh an extent that it was found necessary to
connect a high resistance voltmeter in series with a box containing
conerete, and calenlate the resistance in the box from its readine
and the line voltage.

It has not yet been determined whether a similar inerease in
resistance takes place with different proportions of cement, sand
and broken stone, or as to the effeet of other conditions, but
experiments now in progress take account of these variables, and
other data will be available soon.
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THE DESIGN OF DIRECT CURRENT ELECTRICAL
INSTALLATIONS FOR INDUSTRIAL PLANTS.

By F. A. WarDENBURG, B. S. (E. E.), 1900.

In the following article some hints are given in regard to the
design and installation of direct eurrent systems for industrial
plants. It will be understood, however, that no hard and fast
rules can be laid down for the installation of all plants, but certain
general principles can in almost all cases be observed, which prin-
ceiples it is the purpose of this article to treat.

Vorrace.—The standard voltage for the majority of present
day installations of this type is 220. It is chosen in preference
to 110 for the saving in copper, and in preference to 550 because
of its greater safety in case of acecidental contact by an unintelli-
gent class of labor: and for the more important reason, the possi-
bility of using the same generators for both lighting and power. It
is entirely satisfactory and praeticable to use a voltage of from 220
to 250 for lichting, notwithstanding that the efficiency and life
of incandescent lamps are lowered, together with the efficiency of
the are lamp.

SwircaBoarDps.—One panel should be provided for each gen-
erator, equipped usually with one triple pole switeh, one eireuit
breaker, one ammeter, one voltmeter switch receptacle for throw-
ing the generator across the voltmeter busses, and the necessary
devices for the control of the field cireuit. The bringing of the
equalizer to the switchboard, rather than the use of a switeh near
the eenerator to throw the machine on to the equalizing bus, is
stronely advised, as, although requiring a slight inerease in the
amount of copper used, it is much simpler, and less liable to cause
trouble due to forgetfullness on the part of the attendant.

There should be provided an ample number of feeder circuits

and no greater mistake can be made in designing an extensive
plant than to economize on the number of these circuits. Each
cirenit should be provided with a double pole switch, a eireunit
breaker. and a pilot lamp, which will indicate from a distance
just what cireuits are on or off.
; Destax or Corper.—Having laid out the lines of the distribut-
ing system, the computations for the sizes of wire to be used is
the next operation to be performed. This is usually done by the
well known formula:

LxXA

CM =216
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where CJM is the area of the required wire in cir * mils ST
!he length of the line one way in feet, 4 the curren: i '« ;'-nrr:ied
m amperes and ¢ the allowable drop on the line in <. It may
sometimes be found convenient to make a table cou - ning these |
various quantities, and also the product 21.6 % I~ | After a
little experience the designer will be enabled to easilv « | mate the
drop and size of wire for any section of line after this :.oduct is
known. |
Morors.—In selecting the size of motors it will be found an

excellent. plan to adopt standard sizes of a standard male, making
use of three or four of these sizes. In case of an intermediate
size being theoretically required, the next lareer size shounld be
chiosen. This plan minimizes the repair parts necessarv to he kept
on hand, decreases the number of sizes of brushes to he lkept in
stoek, and in ease of several motors of the same size. vs the

carrying of a spare armature, or even an extra motor, § pro-
viding a reserve, which will reduce to a minimum d.lavs from
accidents to motors.

Only in exceptional cases should motors be hung o ceilings
or walls. They will be more accessible and freer from “ation
if set on a solid foundation near the floor level. In dus #tions
they may advantageously be placed in separate rooms, © Pos-
sibly of light stuff, and having the partition on the - end
closed around the back bearing, leaving the pulley outsi f the
motor room. This is preferable to eutting holes in a p= n for
the belt to run. through, as in the former plan dust e with

the belt eannot reach the motor.

In eases where motors must start machinery havinos oreat
inertia, especially if the location be subject to very cold ~wrather,
causing all bearings to be stiff, motors with a compound winding
may be employed. This will inerease the torque on starting, and
with a starting rheostat of liheral design, will allow of the siarting
of the machinery without undue strain on the motor. is as-
sumes that the variation in speed caused by the compounding will
not be objectionable.

For varying the speed of the usual shunt wound motor, a
rheostat in series with the field will give a variation of 25%. In
enses where this is insufficient, resort may be had to special motors
built by various manufacturers. For pumping, the variation of
959, will be found quite satisfactory, assuming that the improved
type of centrifugal pump is used. The delivery of this pump de-
ases more rapidly than the actual decrease 1n spet-ad, so that a
variation will provide a much larger variation in the water
the limits being usually far enough apart for satis-

cre
‘)‘-,(':
delivered,
factory service. % .
Motor Wirineg.—It will be found a most excellent idea to
ach large motor a starting panel, on which 1s mounted

prn\‘ilft‘ for et . % . Teren
a knife switch, a eircuit breaker and an automatic release starting
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rheostat. - The use of a eirenit breaker on each motor will be found
a profitable investment in the time saved in case a motor is at any
time over loaded, as there are no fuses to replace, and in addition
a more reliable protection to the motor is provided. The starting
rheostat should in all cases be of the automatic release type,
unless the size is prohibitive. This is made necessary on account
of the class of labor usnally employed in the industrial plant.

In cases where it is necessary to know the amount of power
used by a motor, so that an exact charge may be made against
the department in which the motor is used, an integrating watt-
meter may be connected permanently in the motor eiremit. It has
been the experience of the writer that a curve drawing instru-
ment is not suitable for this work under ordinary conditions, on
account of the manual labor necessary to arrive at the amount of
power used, and the inaceuraey of the curve if the load is variable.

TroLLEY WiriNG.—The electrie locomotive is now coming into
general use, and provides a most satisfactory means from the
standpoint of continuous service for handling material, when the
amount of material handled justifies the expense. In designing
these installations a separate study of each case must be made,
some little experience being required to provide a system of wiring
that will be entirely free from interruptions of service.

CrANE WIRING.—The method of earrying the line wires for
eranes is as a rule determined by the erane manufacturers, and
may, except in extraordinary instances, be followed.

LIGHTNING ProTECTION.—A most satisfactory installation
from the standpoint of efficiency and appearance, may be made
by placing the lightning arresters and accessories in a small build-
ing outside of the power plant. A choke eoil and lightning ar-
rester should be provided on each side of each feeder cirenit,
unless one side of the eireuit is grounded. At several points on
the line also, depending on the extent of the system, arresters
shonld be installed. A few dollars expended in this way may be
the cause of a large saving at some future date.

DescripTioN OF AN INDIVIDUAL InstarrarioNn.—To illustrate
some of the points in the foregoing article, there is appended a
brief deseription of an extensive installation recently designed by
the writer. and now in eourse of construction. The direct eurrent
installation only is deseribed. although an alternating ecurrent
plant of 800 K. W. capacity is to be installed at the same place to
furnish light and power to apparatus at some distance from the
plant.

The two 400 K. W. generators are of General Electric make,
direct connected to Nordberg cross compound Corliss engines, the
voltage being 230 at no load, and 250 at full load. The generator
leads are of double 1,500,000 circular mils section, and are taken
to the switchboard under the reinforced concrete floor, which is
placed over a fully excavated basement.

I
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The switchboard consists of two generator panels
construction, an integrating wattmeter being, howeve
on each generator to measure the total output. Six fe
of two ecireunits each are provided, two cirenits hein
electric locomotives, one for cranes, one for electric pur

ordinary
‘nvided
panels
sed for
;.- three

f:nr general motor eireunits, one for office and shop lighting, two
for general inside lighting, one for outside lighting, and one for
future use. Each cireuit is provided with a cireuit breaker, switeh

and pilot lamp.

The distributing system is shown on the diagram aceompany-
ing this deseription, which is, however, not complete. From the
feeder panels, the wires are led underground to the main pole line
running through the plant. These wires at the end of the nnder-
ground condunit pass into the lightning arrester house, placed
between the four poles shown, which form part of the main pole
line. On the walls of this house are mounted the choke coils and
lightning arresters, two for each circuit. The wires are thence
run up the poles to conneet with the line wires.

From this main line, which on account of the weizht of the
wires to be borne, is made of two poles set side by side
crossarms between them, branch lines are run at right a:

reach the different buildings, these branches beéing in all cases of
single poles. _
Four sizes of motors have been adopted as standurd, as

follows:

Fifteen horse power, of which there are fifteen.

Forty horse power, of which there are three.

Sixty-five horse power, of which there are three.

Eighty-five horse power, of which there are six. :

Each motor has its own black enameled slate panel, having
mounted upon it a cireuit breaker, fusible knife switch, automatie
release starting rheostat, and ammeter. All motors and panels
are of General Electric make. ; :

There will also be installed nine eleetric locomotives, requir-
ing five miles of trolley wire, and three electric ecranes, each having

our motors. .
f‘ The lighting system consists of ninety-five 220 volt multiple
are lamps, and some eight hlmdr"ed 2—10 volt incandescent lamps,
both on the outside and inside circuits. Enclosed fuses are used
exclusively for eapacities of ten amperes and over.

In addition to the 250 volt power and Il,ghtlng system, there
will be installed a telephone system of fifteen ’phones, and a Game-
well fire alarm system of ten stations, t]le wires for both the te%e—
phone and fire alarm systems being carried in a lead covered ealb eé
to avoid the large number of wires on the poles. The ﬁnmﬁ pf;t‘
requires some fm'ty-ﬁvg miles of wire, not Jnﬁcﬁldmg trz alter
ing current system, which would add about een more.
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COAL ANALYSIS.

BY CHARLES COCHRAN, MECHANICAL ENGINEERIN 06

i : A . T

I'he .111:1]_‘\'91.% of coal is of interest for two rea<ons —first,
because huf' little work has been done along the line o .u.;klvziné
the coals of the state; and second, because of the great values of

Hu"r'na]s to be found in Colorado and the great ranee of varieties
l[l(‘ll[-(‘llfil“_\‘. it is hoped that a better method f;»f;.:*.n:z.x'y.ilw b3;
bm‘m‘ng may be found which may be applied to our li e ﬁ%a.is.

The present method of testing consists briefly in pulverizing

a s:l{]rpl(_i of coal and by a quartering process of selection a small
portion is taken as representative of the whole. This small sample
18 placed in a proper erucible and slightly sealed to prevent
mgress of oxygen from the air, though not preventino the escape
of the volatile hydro-carbons. After the crucible and contents
have been weighed and sealed, the erucible is set in nuffle
furnace, which has been previously heated. In the heginning it
is placed near the mouth of the furnice and allowed t: remain
for three to five minutes. Then it is set back into the hatior part
of the furnace for one to three minutes, and is then rem | from
the furnace, and, still sealed, is allowed to cool. I+ i© again
weighed and the weight of the gases driven off is thus dote-nined.
This i1s generally reduced to a percentage of the total woizh

the small sample originally taken. After weighing, the craei

is again returned to the furnace, this time uncovered and
to remain until the coal is reduced to ashes. Frequent ramov
from the furnace will accelerate the burning process. 3V
entirely reduced to ashes, the contents of the crucible are
weiched and the proper caleulations give the percentages of
carbon and ash contained in the sample.

The difficulty with this method, as applied to lignite coals, is
that during the volatilization process, the gases are driven off so
rapidly after the process begins that particles of fixed carbon are
carried away with the gases, which tends to cause a showing of
a higher percentage of hydro-carbons and a less percentage of
fixed carbon than the sample actually contains. If the sample
before being placed in the muffle furnace is placgd in a dryer
and the moisture expelled, the trouble mentioned is greatly les-
and the amount of moisture may at the same time be

sened,

determined.
Thus far,

fixed «

Next the ¢ :
sample, this time one-half a gr

the analysis shows the moisture, hyc'!ro-carbons,
.arbon and ash by percentages as they appear in the coal.
alorifie value of the coal is determined. Again a sn_aall
am is taken and carefully dried.
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This is placed with a chemical high in oxygen in a bomb
which is serewed together so as to be air tight. This bomb
is then immersed in two litres of distilled water, about 3° F
lower in temperature than the room, the water being contained in
a carefully constructed calorimeter so that no heat may be taken
on from or given off to the outside air. The bomb is then rotated

- until the temperature of the water becomes constant, when the

charge of coal-and chemieal is fired by -means-of an eleetrie spark.
The rise in temperature of the surrounding water.dne to the
burning of the coal is noted on a thermometer reading to tenths

.of a degree Fahr: Corrections are madé and the B. T. U. required
to raise the water through the temperature noted are ealculated
and this gives the calorific value of the coal.

The ashes found in the bomb are now treated with hydro-
chloric acid and barium ehloride and the sulphur is precipitated.
The solution is then tested photometrically and by use of a table
the amount of sulphur is determined.

- Up to the present time the coals tested have been samples
which have been in thelaboratory for some time. Such tests can
hardly be considered a test of a commercial coal, because any
sample in a pulverized condition will take on or give off moisture,
depending upon its comparative degree of moistness to that of

1 the air of the laboratory. However, these tests are very good

; as comparative tests between the coals used under the conditions
of the laboratory and will tend to show the relative values of
these same eoals after a vear’s storage. These tests will also be
valuable to compare with tests made from the same eoals in a
commercial state.

The annexed table gives the values of various coals as they
have so far been determined. The surphur being determined
separately does not beeome a part of the total percentage in the

first analzsis, but must simply be read as a percentage by itself. I
T Where the sulphur and calorific values are not given, they have
for various reasons not yet been determined. l
The writer’s acknowledgments for advice and assistance are
due to H: E. Murdock, Mechanical Engineering, 1906. I
4  PERCENTAGES

\ E ™ | v > ¥ | CoLor | COLORIFIC
NAME OF WHERE |

[ . phoe 1 OF VALUE
COAL | FROM Maist- Hydro ‘.‘.1 _-1 A5k an- AS® |3 B T.U.

| ure Qarbons | Carbon phur

‘ Di 7 Jrown 12581
Baldwin | Gunnison Dist 7.80 Iro 25§
Crested Butte il:rv.-lell Butte .52 F .Re(l 14688
Rex | Louisville 17.64 1.50 | Brown IIA:I
Black Diamond | Boulder 712 lhf.rwn 1113:1
Rugby | Rugby 2.32 Grey 12477
Anthracite Anthracire 4.30 Red
Crested Butte(cok'g)| Crested Butte .76 l_-tv_d
Hezron | Hezron 1.42 l,llfl White
Chandler | Chandler 5.34 trace :-:\'lm n
Nonac | Canon City | 4.86 1.07 Drab
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MILO S. KETCHUM.

It was at the suggestion of Professor Ketchum (whose picture
appears on the opposite page) that the publication of this maga-
zine was attempted and also due to his careful ecoaching that the
first number was so ereditable. Since coming to the University
two vears ago as head of the Civil Engineering Department he
has developed and extended the course and won the esteem of
the students by the lively interest he has taken in their affairs.

He is essentially a western man, having been born and edu-
eated in Illinois, from which state university he received the
degree of B. 8. in eivil engineering in 1895 and a C. E. in 1900.
After serving as assistant professor in civil engineering at the
University for two years he identified himself with the Gillette
Herzog Manufacturing Company as bridge and structural engi-
neer. In 1899 he returned to the University of Illinois where he
remained for four years as professor of eivil engineering. He
then became contracting manager of the American Bridge Com-
pany of New York in charge of the Kansas City office and in
September, 1904, accepted the professorship in the University of
Colorado which he now holds. Last year he was made Dean of
the School of Applied Seience.
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: _Professog' Ketchum is an associate member of tia American
Society of Civil Engineers, a member of the Auiran Society
fn.r Testing Materials, is secretary of the Society for <« Promotion
})t J']nglugeriug Education and wears the bent of T ota Pi. His
‘Suryeymg Manual”’, (edited jointly with Prof. V. - Pence) is
used in many of the best engineering schools and +i:- Design of
Steel Mill Buildings,”’” published in 1903, has heen 1 received.,
The article in this issue on retaining walls is irom the
““Design of Walls and Bins,’’ to he published by him in August.
ENGINEERING TRIPS.

A very important feature of the engineering courses was in-
troduced last year in the Annual Inspection Trip. [i is the inten-
tion of the faculty to have the senior and junior classes take this

trip throughout some part of the state each year v g power

plants, mines, manufacturing and commerecial establisivents, and
public works.

Last year a party of forty students and three prof =sors went -
to Pueblo and spent two days at the Minnequa plant < the Colo-
rado Fuel and Iron Co. After visiting other plants 2f I". “blo they
went to Cripple Creek over the Short Line and the:e ispected
various mines and mills. At Vietor the party obtain- i ~igs and
drove twelve miles to the reservoir and power plant of ' = Pike’s
Peak Power and Electriec Co. The inspection of the ! vo-Elee-
tric Co.’s plant at Manitou and the electric plants a% 'slorado
Springs concluded the trip. The courtesy shown the poriv ‘n{ old

irts plants

Colorado men and by officers in charge of the v: 7
visited was encouraging to the students and made the trin plecasant
as well as profitable. :

This year about fifty students and three professors composed
the party, the itinery including Denver, Georgetown and Idaho
Springs. The principal places visited were as follows: Egm‘gable
Building, Symes Block (under construetion), Daniels and Fisher
Building, City Engineer’s office, Denver Post, Fourteenth Street
viaduet, Larimer and Lawrence street steel bridges, West Colfax
conerete areh, Colorado Telephone Co. main exchange, Pullman
Car Works, Colorado Iron Works, Davis Iron Works, Colorado
Tee and Storage Co.’s plant, west station of the Denver Gas and
Electrie Co., filter beds of the Denver Union Water Co. at Platte
Canon, tile works of the Denver Sewer Pipe and Clay Co., Globe
Smelter, West Denver pumping plant, Denver Iron and Wire
Works, gas plant of the Denver Gas and Electric Co., and the
central station of the Denver City Tramway{ ‘Co. A,E Georgetow%
the United Hydro-Electrie Co.’s plant, the ‘‘Loop, and severa1
mines were inspected and at Idaho Springs the Newhouse TlIJIm%el
and the various mills. The party reported at the Albanyf 11o e
‘n Denver Monday morning and returned to Boulder the follow-
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ing Saturday night ecompleting as ean be seen a trip of general
engineering nature,

The outcome of these two experiments has proven the Annual
Inspection Trip a success and offers the engineering students of
the University an opportunity to be found in but few institutions
of this kind.

DOCTOR EMCH.

Among the contributions to this number of the Jouryarn will
be noticed one by Dr. Arnold Emech of Solothurn, Switzerland.

The presence of Dr. Emeh at the University of Colorado has
been too recent to need recalling, his engagement here terminat-
ing only with the last school vear. He received his education at
the Cantonal College, Solothurn, Zurich Polytechnikum and
Kansas University, and has been assistant professor and professor
at Kansas, Biel, Switzerland, and Colorado. In recalling him to
the land of his birth, the Swiss people have gained a master
intelleet, and we, of ecourse, have been the losers. We understand
that he oceupies a position of great responsibility at Solothurn,
and no doubt his merit receives full recognition, which, we are
afraid, was not entirely the ease here. Dr. Emeh’s research work
has been along the line of transformations by means of linkages,
problems of elosure, applications of elliptie functions, projective
geometry, ete., and his one book on ‘‘Projective Geometry and Its
Applications,’’ is coming to be recognized as the leading work on
this subjeet in the English langnage.

We prediet for Dr. Emeh in a few years a place among the
world’s foremost mathematicians, and we regret that Colorado
is not to share in his advancement.

THE HONOR SYSTEM.

The aneient eustom of ““eribbing,’” which at some institutions

of learning conld well be elassed among the exact seiences (not
that highly developed here), we believe is about to have assigned
its proper place, i. e., along with the practice of hazing and other
discarded relies of the past.

A determined effort was begun in the early part of the pres-
ent school year to eliminate from our Engineering School what
remained of this rather baneful custom. An agreement was
signed in December last, by all but twenty-one of the one hundred
ninety students of this department, to refrain from all unfair
practices in quizes and examinations during attendance at the
University, and, as far as we can learn, the word of honor thus
given has been kept to the letter.

In March of the present year an attempt was made to further
extend and clinch this agreement. A committee, representing
the three engineering societies, reported in favor of an honor
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system, modeled after that prevailing at Princetss, University

ni'.\'irgini;l. and possibly one or two other institutic; .. The basie
principles were: Ist, the signing of a statement ai v cach quiz
and examination that no unfair practices had been ins ged in;

and 2nd, the formation of a senate, to econsist of th. -
rach class and the president of the Engineering Sciiool
gate violations and recommend to the faculty t
deemed consistent with the offence.

This proposition was voted down by a small maj
student body, as was also an alternative system proposed, the
main opposition being concentrated on the student senate, which
has been the cause of the failure of similar systems at several
other schools, and which seemed to many to have very objection-
able features. It is hardly probable that such a svstem will o
into effect this year, if at all, although something along a slightly
different line may be adopted.

Whatever may eventually take place, the agitati
matter cannot fail to result in a great deal of good.
necessary to do away with a practice of this sort is aroused
student sentiment, which we now have as a consequence of the
campaign passed through. Mere thoughtlessness was rcsponsible
for most of the former ‘‘eribbineg,’’ and now that tho decided
unfairness of this means of getting over the hard places in an
engineering course has been thoroughly impressed or all con-
cerned, we confidently expect little further trouble from this

source.

resident of
1o investi-
diseipline

wity of the

on of this
Al that is
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ArieN, H. Wiirem, B.S. (EE) '08.....c.c0... 4
Testing Dept., Westinghouse Electric Co {

ANDERSON, CHARLES Irving, B.S. (C.E.) "05.....8

Masonry Inspector, Ill. Central R. R /

ANDERSON, JoHN Vicrog, B.S. (EE.), 05.......

Westinghouse Engineering Apprentice /
BARRETT, ArRcHIBALD C., B.S. (CE.), '05........§
Masonry Inspector, Illinois Central R. R (}
BrowN, Garvey Estevs, B.S. (EE.), '99........ {
Electrician, Testing Dept., Gen. Elec. Co
Electrician, Niagara Falls Power Co /

BuerLr, Miner Wirraro, B.S. (C.E.), '03..:...... 1}
Civil Engineer, with U. 8. G. 8.

Burrock, WiLLiam Harrison, B.S. (E.
Westinghouse Engineering Apprentice.

BurxHAM, JosepH Liovp, B.S. (EE.),
Electrician, Testing Dept., Gen. Elec. Co.
Designing Engineer, Gen. Elec. Co.

“ArRrOLL, Epwarp James, B.S. (EE.), 02...
Testing Dept., Westinghouse Elec. Co.

"AssEL, Isaac MicraAeL, B.S. (EE.), 'M4...
Electrical Expert, General Elec. Co.

-

"HANEY, Harvack Tecier, B.S. (E.E.), '05.....}

(
Electrical Engineer {
CHoatk, Josepr Kirtrience, B.S. (CE.), '99.... )
Civil Engineer, 1872 ¢
Railroad Manager, 1
Manufacturer, 189( ;Chief engineer of construc
tion, New York City; Engineer of construction,
Erie Railroad: General superintendent, Colo-
rado division, Union Pacific R. R.; General
manager, Nevada Central R. R.; President
Overland Cotton Mills Co.; manufacturer.
CLark;, PauL LoverinGe, B.S. (1 D0 D P 1 SRR \
Commercial Engineer, Gen. Elec. Co. /
Coap, Ropert Ewing, B.S. CGE); 30535 §
Civil Engineer, C. & N. W. R. R. {
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Curtis, KenxerH LiverMmorg, B.S. (E.E.), '01..
Head of section, Testing Dept., Gen. Elec. Co.

iy

|

Instructor Electrical Engineering, Stanford Uni-
versity. )

DiLron, Epwarp Pavr, B.S. (EE),’99........

Assistant Engineer, Power Dept., Cochiti Gold |

Mining Co., Bland,
Engineer, The
Co.; BElectrical
Electrie Co.

New Mexico; Electrical
Telluride Power Transmission
Engineer, Colorado Springs

Dory, James Cumwmings, B.S. (C.E.), '00......
Civil Engineer, N. Y. C. & H. R. R. R.

DovLe, THoMAS JaMmes, B.S. (CE.), "02........

Civil Engineer, with American Bridge Co.

Dwicrr, Hersert Bancrorr, B.S. (EE.), '04...
Electrical Engineer, with Animas Power and
Water Co.

Erviiorr, Georcg, B.S. (EE.),04............... )
Engineer. |
Ferric, Jerome H.,, B.S. (CE.),'03............. } Mor

Civil Engineer. { L
Fick, OscAr ArtHUR, B.S. (EE.), 04..........}
Engineering Apprentice, Westinghouse Elec. Co. | E
Frrrerer, Joun C., B.Sc., 98, Onio STaTE UNI- { Dex
versiTY; B.S. (C.E.), '04, UNIVERSITY OF- S
COLORADD. o ks Saamet i sis s witie sip e e 1SS (
Assistant Engineer, U. S. Reclamation Service.
ForBESS, ALVIN J., B.S. (ER), 206, e ia s o] £

Electrical Engineer.

Forp, Howarp CarLTON, B.S. (CE), 04 M.S.
'05. UNIVERSITY OF COLORADO. .. vpenenernns
Instructor in Civil Engineering.

a

FowLER, JoHN CLAIR, RS ACERI08=0 355

Civil Engineer.
Fox, JoHN PHILLIPS, BiS:(E 98 S o dius 36
FRANKENBERGER, ~MINNETTE ErELMA, B.S.

(CRF, 08 Lo seiatles Jo aitsivs o

Draughtsman.

FuLwiniEr, HAROLD, B.S. (EE.), "05........

Testman, Gen. Elec. Co.

Funk, CHARLES EARLE, B.S. (C.E), 04....-
Chemist, Great Western Sugar Co.

LoreN JomnsoN, B.S. (EE), 02.......

neer, with Colo. Fuel and Iron Co.

(GATES,
Electrical Engi

GEORGENBERGER, BENEDICT, B.S. (EE.), 01......
Electrical Engineer.

GILDERSLEEVE, GEORGE S~yper, B.S. (CE.), 02. .
Graduate gStudent, Columbia University.
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Instruetor, Electrical Engineering, Univer
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CoLumeia UNIVES
Electrical E
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neer. (

Kroecer, Frep Hutron, B.S. (EE.), '04. f
Experimental Engineer. !

La Rug, Epcar Evererr, B.S P { l
Testing Dept.,, Westinghouse Electric Co /

McDoxaLp, Georce, B.S. (E.E.), '05. Algh | SCHENECTADY, N. ¥
Testing Electrical Machinery. { o I
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Electr

al Engineer,
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Moore, Greorce Hormes, B.S. (E.E.), '03:{1i ORNE, ILr,
AR DR Ol N e M e ey | - Hamlin Ave,
Assistant in Electrical Engineering, Univ. of

Colo.; Chief of transformer testing, Wagner
Elec. Co.,, St. Louis; Power Apparatus Engi
neer, Western Elec. Co., Chicago: Electrical
Engineer, Western Eleec. Co.

More, OrLo Sarrorp, B.S. (EE.), 03........... ( R ok, ILL.

Electrical Engineer, Western Elec., Co /
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Electrical Engineer, with American Tin Plate Co. (
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Graduate student, University of California. {
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Colorado Fuel and Iron Co.; Civil and Mining
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