
728 State Street   |   Madison, Wisconsin 53706   |   library.wisc.edu

The Wisconsin engineer. Volume 17, Number
1 October 1912

Madison, Wisconsin: Wisconsin Engineering Journal Association,
[s.d.]

https://digital.library.wisc.edu/1711.dl/7P3DBZ6M5SIJV8I

http://rightsstatements.org/vocab/InC/1.0/

The libraries provide public access to a wide range of material, including online exhibits, digitized
collections, archival finding aids, our catalog, online articles, and a growing range of materials in many
media.

When possible, we provide rights information in catalog records, finding aids, and other metadata that
accompanies collections or items. However, it is always the user's obligation to evaluate copyright and
rights issues in light of their own use.



dd I 

quscONs; 

) LD 
K LN ‘OS 

. EN LNe 
o a SS a 

a S 
{ ‘7, 

aA 

OCTOBER, 1912 

Volume 17 Number 1 

$1.00 a Year 20c a Copy 

WISCONSIN ENGINEERING JOURNAL ASSOCIATION



| 
La Se aa 
oe be er eg): 8, ee ae a Pa a a AS ii | 

Re eS eggagati Nd ty Fee NN pnd ieee Coe SR ee” ee a Yigt es arn a 
Wee \\\))), Sa eS =e YW NN Scammed LJ) Pes —— Vie a 
Bye \\ tn) i ce) Sy! HE RN gk <4 eT “<a > = ae 

A | at 2  o gee ae i heen 
Le 3 Sve WY Cf eee ae a. ae =i : i es aN a es 

ay Z s of &ys eS gee 

See NER idl ee a 

aN RE ON 

This illustration shows a scene in the Testing Department of the 

General Electrical Company. A group of technical graduates are 

testing two large frequency changer sets by the pumping back 

method. Each set consists of a 1250 Kw. alternator driven by a 

synchronous motor with direct connected exciter. Sixteen men are 

required to take the readings in this test. 

400 to 500 technically trained men are employed as Student 

Engineers in the Testing Department of the General Electric Com- 

pany. These men test all the apparatus manufactured at the Sche- | 

nectady and Pittsfield Works, including steam turbines, and are | 

transferred from one section to another at regular intervals. 

The work is not easy and not always pleasant, but it offers an 

excellent opportunity for the engineering student to secure a prac- 

tical knowledge of the latest types of all kinds of electrical ma- 

cehinery. | 

Applications for employment in the Testing Department should | 

be sent to Mr. A. L. Rohrer, Electrical Superintendent. : 

. | 

General Electric Company 
Largest Electrical Manufacturer in the World 

Principal Office @ Schenectady, New York 
3371 
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Broad and Arch Streets, Philadelphia 

Lessees, Operators and Builders of 

GAS WORKS 

Largest Builders in America of 

CARBURETTED WATER GAS PLANTS 

Sole American Builders of the 

STANDARD DOUBLE SUPERHEATER 

LOWE WATER GAS APPARATUS 

TAR EXTRACTORS FOR CARBURETED WATER GAS 

GAS ANALYSIS APPARATUS PHOTOMETRICAL APPARATUS 

STRAIGHT STAND PIPE SYSTEM FOR COAL GAS RETORTS 

WASTE HEAT BOILER RECORDING GAUGES 
HYGROMETER STRAIGHT STAND PIPE CLEANERS 

METERS FOR REGULATING AIR AND STEAM 

SUPPLY TO WATER GAS APPARATUS 

—— i een Re anne paneer 

—ROEBLING 
The name to remember when you order 

A WIRE ROPE, 

Why? ys Because it has stood for the best 
in materials and workmanship since 

wire rope was first used in America 

=) ? John A. Roebling’s Sons Co. 
Trenton, N. J. 

Chicago Branch: 171-173 Lake Street 

 Kinaty mention The Wisconsin Engineer achen you write,
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THE ARNOLD G(OMPANY 
ENGINEERS~ CONSTRUCTORS 

ELECTRICAL — CIVIL — MECHAN:iCAL 

105 SOUTH LASALLE STREET 
CHICAGO 
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For all Industrial Purposes. In Sizes from 1 H. P. Up. 
For Alternating and Direct Current. | 

The greatest possible protection is afforded to Buyers of Motors by Allis- 
Chalmer’s Company’s Policy of “Conservative Design.” | 

WRITE FOR BULLETINS : 

ALLIS -CHALMERS COMPANY 
General Offices Milwaukee, Wisconsin. 
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Can be depended upon to finish any job you undertake. 
Investigate all the recent big undertakings all over the 
world and you will find that Smith Equipment played an 
important part in their construction. Write for catalog 
covering our complete line of equipment—mixers, concrete 
elevators, cars, hoists, carts and wheelbarrows for hand- : 

F i ling concrete, portable 
i j and stationary rock 

of |’ ay . crushers, rotary screens, 
ct tS “ANY a bucket conveyors, etc. 

iP . aN N \ Any or all of these will 
f esl LAN | be gladly furnished on 
iP: Seale eh request. 

i ‘an Wwe i" ——_—__—_——— ee NIN ie Se coma ae THE T. L. SMITH CO. 
ie ay ee Majestic Bldg. 

see) A MILWAUKEE, WIS. 

———————————— 
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SQ IMPROVED LINE 
SS a ‘ of engineering instruments 

hes om ay » now ready, — complete and GW a ee 
| iS Aut iy systematic in scope, including 
(ee Tee several new models embody- 

: vi Jai) ing many original features. 
d " LA | i Write at once for new 
== | ‘ i 

= ful lL Special Bulletin N-10, de- 

—= = a scribing and _ illustrating 
i oO - Wy standard models. 

fee ea Complete catalog of unusual 
cmp mie interest and value to the engi- 
¥ “ ws i neer, now in printer’s hands. 

Bausch & Lomb § inch Transit : 

ftiecd wee dans Bausch 6 lomb Optical ©. 
cylinder axis bearings; NEW YORK WASHINGTON CHICAGO SAN FRANCISCO 

variable power eyepiece. LONDON ROCHESTER, N.Y. PRANKPORT 
i 
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Drawing Inks manicipate yourselt trom 
* Eternal Writing Ink || the use of corrosive and 

a Engrossing Ink ill-smelling inks and adhe- 
tan) ’ Taurine Mucilage sivesand adopt theHiggins 
a Photo Mounter Paste Inks and Adhesives, ‘They 

iN if Drawing Board Paste will be a revelation to you 
Pu Liquid Paste | they are so sweet, clean: 
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CHAS. M. HIGGINS & CO., Manufacturers, 
Branches, Chicago, London. 271 Ninth St., BROOKLYN, N. Y. 

ROLLED FROM BEST QUALITY STEEL OVER 50,000 MILES IN USE 
VU WU WD 
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Continuous Joint Weber Joint Wolhaupter Joint 

THE RAIL JOINT CO., Mower" ATY 
Makers of Base Supported Rail Joints for Standard and Special Rail 

Sections, also Girder Step, or Compromise, Frog and Switch, and Insul" 

ated Rail Joints, protected by Patents. 

THE VILTER MFG. CO., 966 Clinton St., 
i “io Milwaukee, Wis. 

+ he DP BUILDERS OF ALL SIZES 
Aircremerme tered | iecide Bye ‘ ° e 

[=i or Gaaee Corliss Engines 
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Chicago 
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Your College Education Is A Solid 

e 
Foundation From Which to Start 

Observing how the methods you are familiar with are applied in each class 
of power plant as will be shown you in the semi-monthly magazine 

Practical Engineer 
Practical Engineer gives you direct insight to the money making and 

money saving end of your chosen profession. It takes you to the power plants 

where the actual work is being done—shows you how theory and practical 

working experience produce results. 

The Editorial Staff of Practical Engineer are particularly fitted to produce 

an instructive magazine for men like yourself. Their theoretical knowledge 

is well founded and their practical experience covers years of actual work 

in ali branches of stationary engineering. 

Practical Engineer is in a class all its own. No other paper covers the 
field with such an observance of practical working methods. 

From all over the world Practical Engineer collects sound, reliable in- 

formation and presents it in a readable way. It is the logical paper for a 

man in your position—not too elementary, not too trivial—just meets him 

each way he turns with something newsy, interesting and instructive. 

: It covers the use of Steam, Electrical Equipment, Gas Engines and Pro- 

ducers, Pumping Apparatus, Refrigeration, Machinery Repairs and Power 

Costs. 

Each issue takes up in detail some Special Subject in power plant opera- 

tion. The special subject “Lubrication” will be thoroughly written up in a 

future issue. Don’t miss it. 

SUBSCRIBE NOW |practical ENGINEER, 804 Ellsworth Bldg., CHICAGO, ILL | 
Tenclose $1 for a full year’s subscription of 24 issues of Practical 

Engineer to begin with the next issue. It is understood that if for 
You will get 24 large issues in | any reason | am not satisfied you will re‘und my money promptly. 

one year for the small sum of $1 | Name..............0ccssssesesseveveeeecesceesceceueeanenees 
Your money back if you are not | Stectand Nos ssicscec ee eit e ete eben ee ttre tees 

satisfied. Send in This Order | City and State,... 0.0... 100.00 eee cece eee ee ene eee e ene en ee | 
Today. Canadian subscribers add 75 cents for extra postage. | 

ee | 
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Weslon: \nstruments 
A full line of Alternating Current Switchboard Indicating Instruments is offered 

by this Company Comprising 

Wattmeters, Single and Polyphase, Power Factor Meters, Synchroscopey, 

Frequency Meters, Ammeters, Voltmeters, New Mcdels of 

Weston D. C. Models to Match 

This whole group of instruments embodies the results of several years ex- 

haustive study and scientific investigation of all the complex electrical and 

mechanical problems involved in the development of durable, reliable, sensi- 

tive and aceurate instruments for use on alternating current circuits. 

Every detail of each of these instruments has been most carefully studied 

and worked out so as to be sure that each shall fully meet the most exacting 

requirements of the service for which it is intended. Neither pains nor ex- 

pense has been spared in the effort to produce instruments having the longest 

possible life, the best possible seale characteristics, combined with great aceu- 
yaey under the most violent load fluctuations, and also under the many other 

trying conditions met with in practical work, Every part of each instrument 

is made strictly to gauge and the design and workmanship and finish is of the 
highest order of excellence. 

‘We invite the most critical examination of every detail of each member of 

the group. We also solicit the fullest investigation of the many other novel 

features and very valuable operative characteristics of these new instruments 

and request a careful comparison in all these respects with any other make of 

instrument intended for like service. We offer them as a valuable and per- 
manent contribution to the art of electrical measurement. Their performance 

in service will be found to justify the claim that no other makes of instru- 
ments approach them in fitness for the service required from A. C. Switch- 

poard indicating instruments. For full particulars of design, construction, 

prices, etc., are given in Catalogue B-16. Write for it. 

of: Li Q f. Jj Li TC Main Office and Works 

Weiler N WARK, N. J 
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EUGENE DIETZGEN CO. 
MANUFACTURERS 

Engi ”'T its and Level 
wee» Our Transits ard Levels embody improvements of de- 

Rae Saas . < * : 

fe sign and construction that are recognized by the engineer- 
ay” : . a : 

feet ing profession as being the best. Made complete in 
ee? z : . 

ie our own factories. in other words---made right. 
rice 

Mua. Send for catalog today. 

Complete line of Field and Office Supplies 
166 W. Monroe Street—Chicago 

New York San Francisco New Orleans 

Toronto Pittsburg Philadelphil 

FACTORIES: 

Chicago, IIl. Nuremberg, Germany 
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PACIFIC FLUSH TANK COMPANY 
ESTABLISHED 1892 
MAKERS OF 

THE MILLER SYPHON 
FOR FLUSHING SEWERS 

CHICAGO Sewage Disposal Air Lock Controls NEW YORK The Jemple Taylor Nozzles and Risers Singer Bldg. 

SAMUEL HARRIS & COMPANY 
Tools and Supplies for Manufacturers and Machine Shops 

(14-116 North Clinton Street 

CHICAGO 
eeeeeeeeeeSSSSSSSSSSSSSSSSSSeee 

| ee © o4% 
Keuffel &EsserCo, §=Cevesd. 

of New York atetproojing 

| FOR 
Drawing Materials and CONCRETE 
Surveying Instruments ae 

| CEMENT MORTAR 
CATALOG ON APPLICATION | Ceresit is a cream white paste 

| which is dissolved in the gauging 
Repairi f Inst tS P | water. In this manner the water- 
epairing of Instruments Prompt- proofing is carried uniformly over 

ly Executed the whole mass and makes the 
\ same absolutely waterproof. 

| WRITE FOR CATALOG Gene: al Office and F.ctories: Hoboken, N. J. Pat He NewYork 2 Fain St, Am Seet | CERESIT WATERPROOFING C0. 
Branches: Ch’cago, 68 W. Mad'son, St. Lou's, 813 Locust St. 
San Francisco, 48-50 Second St., Montreal, Canada, 252 444 Commercial National Bank Bldg. 

Nite Dasae St Wis | CHICAGO, ILLINOIS. 
| i eeeeeenmees 

LH. PRENTICE COMPANY 
ESTABLISHED 1877 

Engineers and Contractors for Steam and Hot Water Heating 
and Ventilating Apparatus, Power Plants and Power Piping . 

Hot Blast Heating and Mechanical Ventilation 
328-330 S. Sherman Street - - . CHICAGO 

erent innit 
SAMSON SPOT CORD 

Re ee ee fet i eRe ee On ae el ee ete ee 
The spots on the cord are our registered trade mark: | 

For sash cord, trolley cord, arc lamp cord, ete. We make extra quality solid | braided cord in all sizes and colors for all uses. Send for CATALOGUE. 3 
SAMSON CORDACE WORKS - = == ~—s BOSTON MASS 

Kindly mention The Wisconsin Engineer when you write, 

|



r z r 
The Wisconsin Engineer 

VOL. XVII OCTOBER, 1912 NO. 1 

THE PROPAGATION OF THE WAVES OF WIRELESS 

TELEGRAPHY AROUND THE EARTH. 

H. W. Marcu, 

Assistant Professor of Mathematics. 

In this note I give a brief summary of an article which I re- 

cently published on this subject! and mention some recent ex- 

periments on long distance wireless telegraphy. 

For some time an explanation has been sought of the fact 

that the waves of wireless telegraphy overcome the curvature 

of the earth so that it is possible to send messages to stations 

which lie considerably off a tangent plane through the initial sta- 

tion. Several theoretical investigations, none of which offered 

a satisfactory explanation, were made before the one which is y 

the subject of this note. We shall mention only the investiga- 

tions of Messrs. Nicholson? and Poincaré,? who almost simul- 

taneously published results which agree essentially with one 

another, though the methods by which they obtained them were 

quite different. They find that on a perfectly conducting sphere 

surrounded by a vacuum, the radius of the sphere being large 

in comparison with the wave length, the intensity of the mag- 

netic (Nicholson) or electric (Poincaré) field falls off expo- 

nentially with the angular distance 6 from the sending station 

measured along a meridian through the sender as pole. In 

: accordance with this result it is impossible to explain the actual 

success of long distance wireless telegraphy by the hypotheses 

made. It has been suggested that the waves might possibly be 

1“Ueber die Ausbreitung der Wellen der drahtlosen Telegraphie auf 

der Erdkugel.” Ann. d. Physik, 37, 29, 1912. 

2J. W. Nicholson, Phil. Mag. April, July, 1910; Jan., 1911. 

3H. Poincaré. Rendiconti Palermo. 29, 1910. 

a
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reflected from the upper layers of the air which are ionized by | 

the ultra violet rays of the sun. However, since it is possible 

to send signals over greater distances at night than in the day- | 

time it does not appear that an explanation is to be sought in ) 

this direction. 

At the suggestion of Professor Sommerfeld in Munich, who | 
has given a complete discussion of the problem of the propaga- . 

tion of the waves of wireless telegraphy along an infinite plane | 

surface.* I investigated the same problem for the sphere and 

the result at which I arrived is entirely different from that ob- | 

tained by Messrs. Nicholson and Poincaré with the same hy- 

where @ has the same meaning as above. As we shall see, this ) 

result shows that the waves are of the surface type and this 

explains, it appears, the actual success of wireless telegraphy 

in overcoming the curvature of the earth. In the following 

paragraph we give a brief outline of the process by which this 

result is established. 

We represent the sender schematically by a Hertzian oscil- | 

potheses. The intensity is found to fall off proportionaily to 

1 

V bsin ds 

lator of frequency » in 27 sec. and set up the Maxwell equa- 

tions of the field due to this oscillator. The periodic character 

of the phenomnon is represented by the factor eit and this fae- 

tor is omitted throughout the discussion so that all magnitudes 

that occur are functions of the space co-ordinates alone. We 

have in each case to multiply by ei@t and take the real part of 

the product. The Maxwell equations expressed in a system of | 

spherical co-ordinates give six equations connecting the six com- 

ponents of the electromagnetic field. From these it is found 

without difficulty that the field components are determined as the 

derivatives of a potential If which satisfies the differential equa- 

tion :— 
(1) AM+k2 IT=o0 

where 4/7 denotes as usual 

62 1 0 5 

4 a + aay fy ae 

* A. Sommerfeld. Ann. d. Physik. 28, 665, 1909.
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and k is a constant depending on the electric and magnetic 

properties of the medium and on the frequency of the oscillator. 

The solution of this equation subject to the boundary conditions 

at the surface of the sphere is then expressed for any point out- 

side the sphere by an integral containing in its integrand zonal 

harmonies and functions related to the cylinder functions. It 

represents the potential for the case of a sphere of any material 

surrounded by any medium. We then obtain a first approxi- 

mation to the solution of the actual problem for the earth by 

assuming the earth to be a perfect conductor surrounded by a 

vacuum. The earth behaves very much as a perfect conductor 

in the presence of waves of such high frequency as those we 

are considering. The integral then takes on a simpler form and 

its approximate value can be caleulated. It is found to be 

2 L ik 
) i= a Vosing oleae 

where a is the radius of the earth and /, is a real constant. 

For points on the earth’s surface this is the approximate ex- 

pression for the potential due to a sender on the surface of the 

carth when the latter is considered to be a perfect conductor. 

Tt can then be easily shown that the field intensity varies ac- 

cording to the same law. 

The formula (2) does not show the rapid decrease of field 

intensity which Poincaré as well as Nicholson have found. 

With them the decrease of intensity is shown by the factor* 

YY 
< Const (kaa) ? 9 

instead of by senses 
V Gsin 4 

In order to interprt our formula (2) we write it in the 

form :— 

1 1 -kaad 
P= 2 Vasné © . 

The change of amplitude is thus determined by two factors. 

1 

* Nicholson gives this factor in the form oka a)" 

where £ = 0.696. For a wave length of 2 kilometers ky is approxi- 

mately 2.104.
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The first a is equal to the reciprocal of the square root of 

the spherical distance between the receiving station and the 

sender. The other —1— is proportional to the square root of 
Vasin 4 

the radius of the latitude circle through the receiving station. 

Now the latter factor gives the change of amplitude of the field 

in the case of pure surface waves on the sphere, since for such 

waves the same amount of energy goes through each circle of 

latitude. Consequently the energy decreases (or increases when 

g>7) asa ‘in fe Ilence the amplitude of the field would change 

as . The first factor a shows a decrease of the ampli- 
V asin§g Vab 

tude which, however, is not very rapid. For example its value 

for 6= 150° is 1/5 of its value for 6=6°. We conclude that 

the waves of wireless telegraphy, although they are not pure 

surface waves, are of the surface type. Besides the change of 

amplitude which corresponds to surface waves there is a de- 

erease determined by the factor on . Formula (3) gives a 

minimum of intensity in the vicinity of 6=110°. From this 

point on it gradually increases and becomes infinite at 67. 

The existence of such a pole opposite to the sender is to be ex- 

pected in the case of surface waves. Actually there would be 

no infinite concentration of energy in this pole just as there is 

none in the foci of geometrical optics. Our formula leaves this 

possibility open since the approximation formula for the spheri- 

cal harmonic was used in deriving it, so that it is no more rig- 

orously true at == than at the sender 6=o0. The behavior 

of the intensity as a function of @ is shown in Fig. 1. 

The foregoing discussion applies to the ideal case of the trans- 

mission of waves along the surface of a perfectly conducting 

sphere of large radius, the source of the electro-magnetic dis- 

turbance being situated on the surface of the sphere. Further- 

more the medium surrounding the sphere is taken to be a vac- 

uum. For the actual case of the earth surrounded by an at- 

q
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mosphere this formula can be regarded only as a first approxi- 

mation. It explains, however, the mode of propagation of the 

waves, showing that they overcome the curvature of the earth 

because they are of the surface type. The actual intensity that 

—i__ 
Osin@ 

oe ao" 60° —«ooe 70° 150° _180"" 

Figure 1. 

would be observed at a given distance from the sender would be 

less than that given by our formula owing to the absorption 

of energy in the earth and air. 

Experiments to determine the change of intensity with the 

distance have recently been carried out by Mr. L. W. Austin* of 

the Bureau of Standards for distances up to 1,000 nautical 

* Bulletin of the Bureau of Standards, Vol. 7, No. 4, p. 315, 1911.
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miles. In order to express his results by means of a formula 

he assumes that if there were no absorption the intensity would 

be inversely proportional to the distance d, a result previously 

experimentally determined for small distances for which the ab- 

sorption does not play an important role. He then takes an 

absorption factor of the form e“¢ so that the empirical law of 

the falling off of intensity is:— 

(8) i ‘ e Ac 

where K is a constant. The constant A was determined from 

the series of measurements. It was found to be the small quan- 

tity aaa where A is the wave length. A and d are expressed 

in kilometers. Now it is interesting to note that for distances 

up to 1,000 nautical miles and indeed for considerably greater 

distances, we may replace in our formula (2) sin 6 by 6 without 

introducing an error as large as the experimental error, and that 

with this approximation, formula (2) shows that the intensity 

is inversely proportional to d. That is, according to our result, 

Kk Lea 

sc that for distances up to say 2,000 nautical miles (2) and the 

empirical formula (3) agree except as to the absorption factor 

in (3). The presence of such a factor was to be expected owing 

to the absorption of energy in the imperfectly conducting earth 

and in the air. 

I hope to be able to treat the case of the imperfectly conduct- 

ing earth surrounded by an atmosphere by the same method. 

The principal result of the foregoing investigation will undoubt- 

edly remain true, viz.: The waves of wireless telegraphy are not 

deflected off by the curvature of the earth, as they would be in 

the case of rectilinear propagation in the sense of geometrical 

optics, but overcome it by a mode of surface propagation.
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Notr.—Since the foregoing note was written the following correc- 

tion and explanation have become necessary. 

The formula (2) was found as the result of a series of approxi- 

mations to the value of a certain integral. In calculating one of 

the path of integration was deformed in the complex plane and an 

approximate value of the integrand was integrated along the 

path. Now Poincaré* has pointed out that owing to the charac- 

ter of the integrand the integration of this approximation to its 

value may not in this case give an approximation to the value of 

the integral. On calculating the approximate value of the inte- 

gral in another way I find a result differing from (2) in that it 

elt sigs 
contains in addition the factor ¢” (Ka® vias 

2 1 . ly 
Qa) = = eikya0  g- (Kya) 0 

a V4%sin 

when y = 0.32 

This is a result which so far as the exponential factor is con- 
cerned is of the same form as those obtained by Poincare and 

Nicholson. Ilowever the exponential factor which we have found 

indicates a much less rapid falling off of the intensity with in- 

creasing distance from the sender than that estimated by Poin. 

care and ecaleulated by Nicholson, and from which it appeared 

to be absolutely impossible to explain the success of long-distance 

wireless telegraphy under the hypotheses made. In fact, the rel- 

ative intensity at a given distance given by (2, a) is of the same 

order of magnitude as that determined by Austin in the experi- 

ments above referred to. It is however smaller than that meas- 

ured by Austin. It is to be hoped that the remaining discrep- 
ancy between the theoretical and experimental results will dis- 

appear when the effect of the imperfect conductivity of the earth 

is taken into account. 

* Comptes Rendus, Mar. 25, 1912.
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TIIE MONROE STREET BRIDGE. 

Joun W. CUNNINGHAM, ’08, 

Assistant Engineer, Kittitas Reclamation District, Ellensburg, 

Washington. 

The Monroe Street Bridge at Spokane, Washington has several 

features of interest. It has the longest concrete arch span in this 

country, and probably the longest concrete arch carrying cars and 
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Fic. 1—Timber Arch at the Time of Removal of Old Steel Bridge. 

heavy city traffic in the world. It had a number of unusual prob- 

lems in its design and construction, and while being erected met 

with an accident which caused widespread interest and comment 

among engineers. A former Wisconsin student, Morton Macart- 

ney, City Mngineer of Spokane, was in charge of the construction 

of the bridge by force account, although the direct supervision of 

the work was by Mr. Macartney’s assistants. 

Monroe Street is one of the main thoroughfares to the northern 

part of Spokane, and near the center of the city crosses the gorge 

of the Spokane river just below the falls of the same name. The 

maximum height of the street grade above the water surface is
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140 feet and the distance between banks is about 1000 feet. The 
river itself at the point of crossing is very swift, and the channel 

has been eroded by the falls to a maximum depth of 50 feet. The ~ 

site before the construction of the new arch bridge was occupied 

by a cantilever steel structure with truss approaches, erected 
some 20 years before and much weakened by overloading and 

corrosion by spray from the falls. This bridge had to be re- 

moved entirely, but was made use of, as will be shown later, for 

erection of the arch falsework. 
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Fic. 2.—South 120 Foot Arch with Centers Struck. 

The width and depth of the channel necessitated for the river 
span of the new bridge a length of 281 feet, one foot longer than 
the greatest span of the Rocky River bridge in Cleveland, Ohio, 
America’s second concrete arch. The site was conveniently fitted 
by one 120 foot span on each side of the main arch, an approach 
of small arches at the north end, and a high earth fill to take the 
place of a temporary trestle at the south end. The total length 
of the conerete bridge is 791 feet. 

The design of the arches is very similar to the Walnut Lane 
Arch at Philadelphia, which will be found completely described 
in the Transactions of the American Society of Civil Engineers, 
Volume LXV, page 423, consisting of twin arch ribs acting in- : 
dependently, and supporting a conerete incased structural steel
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floor. The arch ribs are practically plain concrete. Those of 

the main span are 16 feet wide by 6 feet 9 inches deep at the 

* erown and 36 feet apart, center to center, flaring to a width of 

19 feet 9 inches at the springing. The spandrel piers, which run 

transverse to the axis of the ribs, are 20 feet center to center, and 

topped by semicircular arches which support the floor. 

The deck of the bridge has a clear width of 68 feet, consisting 

of a 50 foot roadway with two car tracks, and two 9 foot side- 

walks cantilevered outside the spandrel walls and arches. On 

account of the heavy loading of 60 ton interurban cars coming 

midway between the arch ribs, a structural steel floor system, con- 

sisting of transverse beams supporting stringers under the rails 

was chosen in preference to a straight reinforced concrete design. 

The walks are supported by structural steel cantilever brackets 

and longitudinal I beams. The steelwork is entirely incased in 

concrete, and the open panels of the floor filled by wire mesh re- 

inforced slabs, making a construction similar to that used in fire- 

proof steel frame buildings. The roadway is waterproofed by a 

bitumenous membrane, and paved with wood blocks, 

The preliminary work for the construction of the new bridge 

consisted in shallow excavation for the piers, which rested on 

solid basaltic rock; the erection of a cableway and a temporary 

suspension bridge crossing the river channel at low level; and the 

building of a mixing plant, a cement shed, carpenter and black- 

smith shops, and an office building. Material yards were laid out 

on the sidehill west of the bridge with a push car track covering 

the same. The cableway, which is a conspicuous feature in all 

the accompanying pictures of the work, had twin wooden towers 

supporting fixed cables over the center lines of the parallel arch 

ribs. The existence of the old steel bridge made easy the string- 

ing and fitting up of the cableways. 

As the central 281 foot arch offered the most difficult problem 

of the entire bridge, work was first concentrated on this span. 

The falsework designed for this arch was supported by a combi- 

nation timber and steel two hinged arch of 192 foot span. This 
was made up of seven similar and parallel ribs with timber chords 

and diagonals, cast iron joint blocks, and steel loop-rods alongside 

members taking tensile stress. It was supported on wedges upon 

concrete piers, and was to be used for centering one of the arch
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Fic, 3.—Concreting the Second Rib of the Main 281 

Foot Arch,
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ribs, lowered, and moved along a track into position for the con- 

creting of the second one. 

This timber arch was conveniently erected on cables suspended 

from the old steel cantilever bridge. Six of the seven ribs were 

successfully assembled and joined at the crown. The seventh, 

one of the inside ribs, interfered with a chord of the steel bridge, 

and the partial removal of the steel was necessary before it could 
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Fic. 4.—Steel Trusses and Timber Centering for 281 Foot Span. 

be connected up. Being a cantilever structure, this was readily 

accomplished by light derricks working and backing up on the 

top chords. 

At the time the dismantling of the steelwork was started the 

seven ribs of the timber structure were tied together only by 

timber struts bolted to the lower chord, and shown in one of the 

accompanying views; and the arch as a whole was guyed by 

about twenty cables extending up and down stream and fastened 

to iron rods set in rock. The ribs, made up of comparatively 

short sticks bearing on the cast iron joint blocks, possessed very 

little lateral stiffness. It will be seen that to make up a com- 

pletely braced structure diagonal bracing was needed in each 

panel in addition to the guy cables which supplemented the nar- 

row base. Such bracing was shown on the plans of the arch, but 

was left off awaiting the completion of the last rib.
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While the arch was in this condition, and the day after the 

last of the interfering steel had been cut away, Spokane was 

visited by a violent squall, the wind rising suddenly, and prob- 

ably reaching a velocity of 50 miles per hour at the bridge. The 

wind struck the bridge at an angle producing a severe twisting 

effect, and as might be expected, the ribs were thrown’ out of 

line, doubled up, and the arch dropped almost vertically into the 

river. 
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Fig. 5.—Steel Floor as Used on All Arches. 

After this failure, the problem of centering for the 281 foot 

conerete arch had to be attacked from an entirely new angle. 

The possible salvage of the timber arch being considerable, it 

was possible to rebuild the arms of the steel bridge that had been 

removed, and carry out the erection as before. The steel had, 

however been found in poor shape for re-erection, and the wreck- 

ing had not been done with all possible care. The greatest factor 

influencing the re-design of the centering was, however, popular 

opinion. This was a publie work, carried out in a conspicuous 

place near the center of the city, and had been the object of com- 
ment by all citizens and criticism by certain newspapers. To 
rebuild in kind the wrecked structure would, to the layman, be 

provoking providence, even if to the engineers in charge it 
seemed feasible and economical.
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A successful alternative, which was adopted, was the use of 

steel trusses designed for later re-use as through highway spans, 

and supporting timber falsework. The arrangement used was 

four pin connected Pratt trusses, (with sub-panels for the high- 

way loading) spaced 10 feet center to center, and having an es- 

pecially designed system of laterals independent of that provided 

for their highway location. 
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Fic. 6.—Forms and Reinforcement in Place for Floor. 

While the steel trusses were being designed and fabricated, 

work on the smaller 120 foot arches was pushed. The springing 

lines being at a different level, they were not dependent on the 

adjacent longer span for their support. The falsework for these 

arches was of simple trestle construction with radial bents above 

the level of the springings. The concrete arch rings were poured 

in three sections, first a section at the springing line, then the 

crown, then the haunches.. The 120 foot arch rings were com- 

plete and centers struck when the steelwork for the trusses was 

received. 

The trusses were erected as cantilevers from both ends, the 

top chords tied by eye bars and toggles to anchors set in the 

concrete abutments of the arch, which had been carried up as the 

piers supporting the smaller arches. The timber falsework car- 

ried by the trusses concentrated the loads at the panel points.
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Its form is clearly shown in the photograph printed with this ar- 

ticle. The transverse caps of the bents carried stringers cut to 

the form of the intrados, and upon these rested the transverse 

lagging. 

To prevent cracking of the concrete arch rings from settlement 

of the centers, they were cast in sections. Boxes were set in 

between the side forms to separate the ring into blocks, which 

were kept from sliding down the sloping lagging at the haunches 
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Fic. 7.—View Underneath 120 Foot Arch. (Style of Floor Construction 

Was Practically the Same for 281 Foot Arch.) 

by small conerete struts at the neutral axis. After all these 

blocks had been poured, and the falsework had settled under 

nearly its total loading, the intermediate spaces, or keys, were 

filled with concrete, surrounding the concrete struts and bond- 

ing the entire arch rib into a monolith. 

As has been noted, the arch was made up of two separate and 

parallel ribs. The centering for the main arch was of a width 

and strength to support only one conerete rib. After this was 

complete and had been allowed thirty days for setting, the steel 

trusses were lowered by means of cast-iron wedges beneath the 

shoes, dropping the centering clear of the arch, and bringing the 

weight upon steel rollers resting on a track. Jacks were ap- 

plied, and the whole structure moved transversely 36 feet, where



16 The Wisconsin Engineer 

it was raised by the wedges to the proper elevation for the sec- 

ond arch rib. 

The casting of both ribs was carried out without particular 

difficulty. The main arch as well as the small arches were de- 

signed to avoid tensile stresses, but as a precaution light rein- 

forcement was put in at the intrados and extrados. This rein- 

forcement certainly was not an economy, as it prevented the 
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Fic. 8—The Finished Arches. 

placing of plum stones in the arch, which might have reduced 

quantity of conerete and perhaps increased its strength. 

rom the arch ring the narrow spandrel piers were carried up, 

and the spandrel arches poured on simple semicircular centers. 

The relation and form of the spandrel piers and arches shows. 

clearly on the view looking upward at the floor system. The steel 

foor was assembled and riveted in position over the spandrel 

arches as is shown in another cut. Between the steel beams were 

supported form boxes resembling very closely those used in floor 

construction for the University buildings. The concrete for the 

floor, received on the center of the cableways was distributed 

transversely by chutes carried on a car which moved along the 

deck as the work progressed. 

The architectural treatment of the Monroe Street Bridge is. 

worth mention, as an instance of the co-operation of two pro-
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fessions. It was the work of a Spokane architectural firm. The 

piers at the ends of the main span are carried out beyond the 

face of the bridge, their height emphasized by vertical panelling, 

and topped by ornamental structures spanning the sidewalks, 

called by the architects, ‘‘kiosks’’? and dubbed by the workmen 

“dog houses.’’ The handrails are of massive design suiting the 

rest of the structure. They terminate at the north end in ap- 

propriate columns, and will have a similar treatment at the south 

end after the timber trestle has been replaced by an earth fill. 

The entire bridge is lighted by clusters of electric lamps sup- 

ported on electroliers and brackets of special design. 

Certain features in the construction of the Monroe Street 

Bridge seem to the writer to deserve special attention. One was 

the use of a gravity conerete mixer. A Hains mixer installed in a 

stationary plant at the north end of the bridge was used for prac- 

tically all the concrete. The mixture secured was uniform, and 

although it was found necessary to use an excess of sand, was of 

good quality. However, a force of at least six men was necessary 

to operate the mixer for the smallest output. A gravity mixer of 
this type may be economical on jobs where it can be constantly 

worked to its full capacity, but where the output is limited by 

the distributing plant or other factors, a machine mixer seems 

preferable. 
On this bridge, the use of sectional forms was carried out very 

consistently. The pieces were built in the shop where all ma- 

chinery and conveniences could be used, were carried out to 

place by the cableways, and required a minimum amount of 

skilled labor for assembling. Where wooden forms are used, and 

there is means of transporting and handling large sections, the 

use of shop-built forms offers the engineer a chance to exercise 

a great deal of ingenuity, and work considerable economy. 

The total cost of the bridge is given as $477,682. In arriving 

at this figure, an allowance of 50% of the original cost was made 

for cableways, engines, and construction plant in general. The 

steel trusses were valued for reuse as highway spans at $31,000.
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DOES PURE IRON RUST? 

Cuas. F. Burgess. 

Professor of Chemical Engineering. 

To the question ‘‘Does Pure Iron Rust?’’ answer can be made 

positively that it does not, if by pure iron we mean iron which 

is entirely free from all other elements. In fact, there is no pure 

iron in existence and it is therefore a matter of conjecture as to 

whether pure iron if obtainable would rust. 

A prevailing supposition which is frequently expressed is that 

if iron could be produced in a highly pure condition it would be 

rust-proof. For obvious reasons this is not capable of direct 
proof or disproof; but when we go a step further and assert that 

the resistant power is proportional to the purity and that conse- 
quently certain grades of iron or steel are superior to certain 
other grades and this because of the higher purity of the former, 
we enter upon a discussion and a live controversy which is being 
waged by iron and steel people. There are advocates for ‘‘pur- 
ity’? and there are defenders of ‘‘impurity’’ and the debate does 
not appear to be close to a settlement. 

The line of reasoning by the purity advocates appears forcible 

and conclusive if the problem is judged solely from their point 

of view. The electrolytic theory of corrosion which is now com- 

monly accepted as an explanation of the deterioration of iron 
and steel predicates the presence of two or more materials com- 
prising the iron, this combination of materials setting up gal- 

vanic couples by which the electrolytic corrosion proceeds. If 
there were but one material, i. ¢., iron without impurity, there 

would be no galvanic couples, therefore no possibility of electro- 

lytic corrosion and therefore no rusting. They refer to the fact 

that chemically pure zinc is practically unattacked by acids but 
that the attack becomes vigorous when an impurity such as cop- 
per or platinum is added to the zine. Pure tin behaves in a simi- 

lar way, and it is therefore a most natural supposition that if 

equally pure iron could be obtained it’ would withstand the at- 
tack.
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The arguments against the purity theory are based largely 

upon the facts that the pure materials do not always act as the- 

ory dictates. Cast iron, for example, is notably impure, but it 

has a high rust resistant property. Its impurities are segregated 

as well as being partly in the form of solid solutions. It is de- 

cidedly nonhomogeneous under the microscope and yet it resists 

the action of the elements better than certain grades of steel 

which are much more homogeneous and pure. 

The Chemical Engineering Laboratories at the University of 

Wisconsin have probably produced more electrolytic iron than 

has been produced in any other one place; several tons of this 

having been deposited and used for experimental purposes. By 

double refining processes and by special care, iron of a purity 

of 99.98 per cent. or two parts of impurity in 10,000, has been 

produced. This is perhaps as close an approach to absolute 

purity as has been produced for iron by any one and the observa- 

tion has been made that electrolytic iron does rust and has a 

marked tendency in this direction. The iron as deposited con- 

tains hydrogen in an excluded or combined form and in expell- : 

ing this hydrogen, the rust resistance seems to increase, and 

therefore speaks for the greater durability of pure iron. On 

the other hand, it has been found that this purified iron with the 

hydrogen removed appears to rust more readily than do certain 

grades of commercial materials less pure. This, then, argues for 

the beneficial action of impurities and in fact if a small amount 

of copper be alloyed with electrolytic iron it inereases its corro- 

sion resistant properties. 

The writer believes most emphatically that as far as it con- 

tributes to homogeneity and uniformity, purity is desirable and 

important in that homogencity and uniformity contribute to 

corrosion resistance. Of the numerous impurities possible in 

iron and steel, it is evident that some of them are accelerators 

of corrosion and purity is therefore a barrier to such impurities 

and therefore advantageous. On the other hand, there appears to 

be no ground for the belief that all impurities are bad.. Some 

of them are undoubtedly good and like the ‘‘friendly bacteria’’ 

will help to prolong life. This view is believed to be an import- 

ant one in the further study of this important question, ‘‘The 

Corrosion of Iron.’’ Investigation should be directed to deter-
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mine which impurities are beneficial and under what conditions 
they may he beneficial; and the effort at elimination of impurity 

should, therefore, be restricted only to those impurities which are 

known to be harmful. 

During investigations carried on by our department, a large 
number of binary alloys of electrolytic iron with various ma- 
terials and in various proportions were made. Among the tests 
to which they were subjected were corrosion by acid and by at- 
mospheric conditions. The acid test consisted of immersion in a 
20 per cent sulphuric acid solution for periods of one hour; and 
the atmospheric test consisted in exposure to the weather condi- 
tions for 162 days. The results of this investigation are given 
in some detail in a paper reeently presented before the Interna- 
tional Congress of Applied Chemistry. It was a matter of some 
surprise to the writer that of the 71 binary alloys subjected to 
corrosion nearly all of them were found to be more resistant to 
corrosion than was the electrolytic iron itself. Copper and nickel 
appear to be decidedly advantageous while silicon was found to 
be detrimental. 

These results are not set forth as settling in a conclusive way 
the question as to the quantitative influence of various impurities, 
but the results are indicative of the importance of making fur- 
ther check investigations and of a careful study of the influence 
of each individual impurity. The statement that this line of in- 
vestigation has hardly been begun may oceasion some surprise, 
but when we look into the matter and find the serious difficulties 
and the tremendous field which is offered we can readily appre- 
ciate the magnitude of the work yet to be done. We have to 
study not only the influence of each one of the elements when 
associated with iron but these must be combined in a wide range 
of proportion.. Then in addition, each impurity must be studied 
with reference to its influence in iron when associated with one 
or more of the other impurities and thus the possible combina- 
tion becomes unlimited. 

No one has apparently discovered as yet that material whieh 
can be added to iron in homeopathic amounts and which will 
make it immune from the rusting disease. The investigative 
work which has been done indicates that no one of the elements 
probably possesses this property, but it is not beyond reason to
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hope that some combination of elements added to iron may give 

it the desired longevity. The writer believes that the most 

promising method of studying iron corrosion is with the assist- 

ance of the microscope and the study of the metallographic in- 

gredients. Comparatively little has been done in this direction, 

although it is known that an impurity in the form of a solid 

solution may have an influence different from that which it pos- 
sesses in a segregated condition. 

A brief exploration in this field will indicate the large number 

of problems which offer themselves for study, one of them which 

is of immediate practical importance is the influence of copper on 

iron and steel. Copper being electronegative to iron, the elec- 

trolytic theory seems to imply that it is a harmful impurity and 

that this idea is generally held is shown by numerous spedifica- 

tions for industrial material which require copper to be in a 

minimum amount. 

In our own experiments we have found that apparently copper 

when added in small percentages to electrolytic iron is decidedly 

beneficial from the corrosion standpoint. Not only is copper up 

to one or two per cent advantageous ehemically but it has been 

found to be advantageous from the standpoint of strength. It 

is believed that a certain decided field for usefulness exists for 
iron-copper-alloys, which view accords with that expressed by 

certain manufacturers who are now purposely adding copper to 

their material, while certain other manufacturers are decided in 

their opposition to the use of copper. The microscope shows that 

in small amounts copper forms a solid solution with iron and is 

not detectable by the microscope. In larger amounts it segre- 

gates in the form of globules of copper-iron solution and these 

microscopic structures indicate that differences should exist as 

indeed, they do in the behavior of these materials under corrosion 

tests. It is possible that our conclusions on the value of copper 
might be negative when we study the influence of this material 
in combination with certain other impurities, and this is a prob- 
lem upon which we hope to carry on investigations during the 
coming year,
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APPARATUS FOR THE STUDY OF PUMP 

VALVE ACTION. 

Cnas. I. Core, 

Assistant Professor of Hydraulic Engineering. 

The valves used in the water end of pumps of the present day 

are of several distinct types which have been developed, largely, 

through practical experience.. In the early, slow-moving pumps, 

operated directly by a steam cylinder through a walking beam, 

the valves were simply large disks hinged on one side, and usu- 

ally lined underneath with leather. As our modern civilization 

has developed, larger and larger pump capacities have been re- 

quired, resulting in a great increase of both the piston speed and 

the number of strokes or reversals per minute. On account of | 

this increase the old form of flap or hinged valve became unsatis- | 

| factory, and more efficient forms were developed to meet the new | 

conditions. 

One of the most common in use at the present time is a disk of 

hardened rubber which is held in place over its seat by means 

of a stud bolt that passes down through an opening in its center. 

Between the head of the bolt and the valve is placed a coiled 

spring which tends to hold the valve to its seat and forces it shut 

at the close of a discharge stroke. | 

Some German manufacturers have striven to develop a type 

of valve which has as little weight as possible to its moving parts, 

and which, also, avoids the deflection of the stream of water 

passing through the valve, as much as possible. 

It is thought the mass of the valve causes it to rise higher and 

to seat later than when this mass is replaced as far as possible by 

an equivalent spring load. 

In this country, manufacturers have endeavored to produce a 

valve with good life under the various unfavorable conditions it 

is likely to meet (such as gritty water, etc.) rather than to make 

one which would oppose the least possible amount of resistance to 

the flow of water.
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It is inevitable that a valve and its seat will interpose some 

resistance to the passage of the water and fail to perform per- . 

fectly its function of preventing all backward flow of water 

both because some time is required for the valve to reach its seat 

after the forward motion of the water ceases, (resulting in some 

water escaping backward through the valve before closure), and 

also because of the difficulty of maintaining a perfectly tight fit 

between the valve and its seat when closed. 

Further a practieal valve must work smoothly and quietly, 

have good life, and be of such design and material as to be com- 

mercially producible. 

As water is, practically, a non-compressible fluid, the volume 

which the piston displaces in a given time must pass through the 

valve seat in the same time. 

Evidently then, the velocity of the water through the valve seat 

is dependent on the velocity of the piston at the given instant, 

and upon the ratio of the area of the piston to the area through 

the valve seat. 

The height to which a valve will be raised by the jet of water 

coming through the seat will depend upon the force exerted on 

the valve by the jet and upon the resistance to its opening offered 

by the spring and the valve mass or weight. The shape of the 

valve will affect the total foree exerted on it by a jet of given 

velocity depending on just how much the stream is reversed and 

the interference created. 

The losses will increase as the rate of flow through the valve 

increases, varying nearly as the square of the velocity. The 

quietness and smoothness of operation, the loss due to backward 

flow through the valve when seating and loss due to the resistance 

offered by the valve and its seat then, are dependent on the size 

and number of valves, their material and construction, the 

strength of the spring used, ete. for any given piston speed, area, 

and displacement. It is desirable then to know just what the ac- 

tion of a valve is under any given set of conditions, in order that 

its operation may be fully anticipated by the designer. 

As pump valves work in a chamber where the water pressure is 

ordinarily from 50 to 100 pounds per square inch and as their 

action is influenced by any mechanism attached to them, it is dif- 

ficult to provide a means of recording their movements correctly.
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Comparatively few experiments have been made up to the 
present time, the design of valves being empirical and dictated by 
experience. 

One method which has been used is to attach to the valve a 
small rod which passes through a stuffing box in the chamber 
wall to the outside. 

An ordinary steam engine indicator is then so arranged that 
its piston may be attached to the exposed end of the rod and its 
pencil made to draw the diagram of the valve movement on the 
paper drum of the indicator. 

Difficulty is experienced with the stuffing box added to the fact 
that there is an unbalanced area the size of the rod to be counter- 
acted. 

Another plan that has been employed is to extend a rod out 
through the chamber wall, at right angles to the valve motion, 
this rod being made to turn partly around by an arm resting on 
or attached to the valve. A second arm attached to the rod out- 
side the chamber reproduces the valve motion on a paper drum 
as in the first instance. 

In beginning the experiments on valve action here at the Uni- 
versity of Wisconsin a device was sought which would avoid the 
necessity of having any mechanism connected to the valve which 
would project outside the valve chamber and thus have to pass 
through a stuffing box. 

A photographie scheme was resorted to, the valve operating a 
metal shield in such a way that a single beam of light passing 

| through a little window could be made to reproduce the valve 
motion on a moving sensitized paper. . 

Fig. 1. is a photograph of a pump valve with a stem and shield 
attached just as it is when in position in the pump. 

In Fig. 2. is shown the top of a valve chamber removed and : 
the valve hanging below it by means of the stem. 

This view shows the projecting casing in which the shield 
moves up and down as the valve rises and falls when water is 
being pumped. 

On two opposite sides of this projecting ease are slots in which 
are little windows of mica or celluloid that permit the passage 
of light. When the shield is in place no light ean pass from one 
side to the other except for a single small hole that is made in
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the shield itself. This single opening permits a ray of light to 

pass through from one side to the other, and this ray will move 

upward and downward as the shield moves. If one holds an in- 

eandescent light on one side of the casing and watches the other 
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Fig. 1. 

as the pump works, the ray or beam of light is seen to rise and 

fall when the valve operates. 

Water can pass upward freely into the shield casing and its in- 

terior is under the same pressure as the water in the pump 

proper. 

To obtain a permanent record of the valve movement which 

could be studied, it was only necessary to provide a source of 

light on one side and a sensitized paper on the other.
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Figure 3 is a photograph of the device used for this purpose. 

“A? is a part which slips down over the shield casing when a 

card is taken. At ‘‘E”’ there is a small are light, the light from 

which can pass through a slot in the part ‘‘A’’ and appear at slot 

| 
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“D”’ after passing through the shield casing and the small hole 

in the shield. 

“PB” and ‘‘C”’ are cylinders or drums on which to wind sen- 

sitized paper. 

(The paper used is known as Eastman’s Velvet Bromide paper 

and comes in rolls 2 inches wide and 10 yards long.) 

To put the paper into the machine, drum ‘‘B”’ is removed and 

the roll of paper wound upon it. After replacing drum ‘‘B’’
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the free end is carried past slot ‘‘D’’ and fastened to drum ‘‘C.’’ 

Drum ‘‘C’’ can be made to revolve at will by means of the small 

electric motor on top of the instrument. 

The compartment containing the paper is light proof when 

the lid is in place. When the paper is in and the machine in place 

on the pump the ray of light which can get through the shield 

from the are light will play vertically upward and downward on 
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Fig. 3. 

the paper opposite slot ‘‘D’’ and appear as a black mark when 

the paper has been developed. If the drum ‘‘C”’ is made to turn 

by means of the little electric motor the ray of light will then 

trace a line on paper similar to Fig. 4 which is an actual diagram 

taken during one of the experimental runs. To mark the position 

of the end of each stroke on the card, a little shutter was pro- 

vided that was made to open and shut by the electro-magnet ‘‘F.”’ 

Contact points were so placed that an electric circuit was mada 

and broken at the end of each stroke this circuit operating the 

electro-magnet. 

The record on the card appears in the form of short dashes. 

They can be seen in Fig. 4. and are off set a definite distance 

from the true dead center because it was not convenient to have
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the auxiliary shutter in the same vertical line with the opening 

in the shield. 

There are a number of important problems relating to valve 

action which this apparatus will help to solve such as the effect 

Fig, 4. 

of the shape of the valve, and the length and strength of the 

springs, the best height to which a valve should lift for any set 

of conditions, and effect of weight of a valve on its time of clos- 

ing and height of rise. 

There is opportunity along these lines for several good theses 
which will produce data of practical value. Some results have 

already been obtained which will appear shortly as a University 

bulletin. 

| 

|
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THE LOCK MACHINERY CONTROL OF THE PANAMA 

CANAL. 

The design of a control system for the lock-operating ma- 

chinery of the Panama Canal is of vital importance to the suc- 

cessful operation of the canal. The importance of securing a 

rapid safe and economical control of the movements of the gates 

and valves cannot be over estimated. This design is the work of 

a Wisconsin man, Edward Schildhauer, 97, E. E. ’11, the chief 
electrical and mechanical engineer at Culebra. The system is 
described in a recent number of the Canal Record as follows: 

The gates, valves, and fender chains of the locks will be oper- 
ated by electricity, and remotely controlled from a central point; 
that is, there will be a central control station for each of the 
series of locks at Gatun, Pedro Miguel, and Miraflores.. In 
passing a ship through the locks it will be necessary to open and 
close miter gates weighing from 300 to 600 tons, fill and empty 
lock chambers containing from three and one half to five mil- 
lion cubic feet of water, raise and lower fender chains weighing 

24,098 pounds each, and to tow the vessel through the locks. All 
these operations, except that of towing, will be controlled by one 
man at a switchboard. The towing will be done by electric loco- 
motives running along the lock walls. 

The control system for Gatum Locks is typical. Water is let 
into the lock chambers or withdrawn from them by means of cul- 
verts under the lock floor, which connect with larger culverts in 
the lock walls, through which water is carried from the higher to 
the lower levels. The main supply culverts are 18 feet in diame- 

. ter, and the flow of water through them is controlled by rising- 
stem gate valves, which can be completely opened or closed in 
one minute. In the center wall the culvert feeds both lock cham- 
bers, and therefore at each outlet into the lateral culverts there 
is a valve of the cylindrical type, in order that water may be let 
into or withdrawn from cither chamber at will. A complete 
opening or closing of these cylindrical valves takes ten seconds. 
The miter gates are never opened or closed with a head of water
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on either side of them, the chambers being first emptied or filled 

by means of the valve and culvert system. The time required ei- 

ther to open or close the miter gate is two mniutes. 

A ship to be raised to the lake level will come to a full stop in 

the forebay of the lower lock, prepared to be towed through one 

of the duplicate locks by electric towing locomotives. The water 

in the lower lock chamber will be equalized with the sealevel 

channel, after which the miter gates will be opened, the fender 

chain lowered and the vessel passed into the first chamber, where 

the water is at sealevel. Then the miter gates will be closed. The 

rising stem gate valves at the outlet of the main culverts will be 

closed, while those above will be opened, allowing water to flow 

from an upper level into the lower chamber, which, when filled, 

will raise the vessel 281; feet, to the second level. This operation 

will be repeated in the middle and upper locks until the ship has 

been raised to the full height of 85 feet above the level of the sea. 

At Gatun in the passing of a large ship through the locks, it will 

be necessary to lower four fender chains, operate six pairs of 

miter gates and force them to miter, open and close eight pairs 

of rising-stem gate valves for the main supply culverts, and 

thirty cylindrical valves. In all, no less than 98 motors will be 

set in motion twice during each lockage of a single ship, and this 

number may be increased to 143, dependent upon the previous 

condition of the gates, valves and other devices. 

Each gate leaf, valve and fender chain is operated by a sep- 

arate motor mounted near the machinery in chambers in the 

lock wall, the motors acting through suitable gears (or pump in 

the fender chain) upon the various machines. In each machin- 

ery chamber will be erected a starting panel containing contact- 

ors by which current will be applied to the motor and these 

panels will in turn be controlled from a main unit in the central 

control house. Some of the machinery chambers at Gatun will 

be 2,700 feet distant from the point of control; 90 per cent of 

them will be within 2,000 feet, and 50 per cent of the total within 

1,200 feet. 

All contactors will be operated directly from the central con- 

trol house without the intervention of relays, and without re- 

sistance in the control circuit. Small and medium-sized motors 

will be started and reversed by throwing directly on the line
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which will normally be at 220 volts and 25 cycles. The larger 

motors, above 25 horse-power, will have in addition one starting 

point in each direction with resistance in the primary. All 

motors are of the squirrel-cage type, except the locomotive trac- 

tion motors which are of the slip-ring type. Starting resistance 

is specified in preference to compensators in order to obtain the 
simplest possible arrangement with a minimum number of con- 

tactors, and to obtain an unlimited range of adjustment in the 

| starting resistance. Reversing will be done by double pole con- 

tactors, mechanically interlocked, and, in order to have all con- 

taetors on a panel alike, when a starting resistance is used, the 

resistance will be in two legs only of the three-phase circuit, and 

short-circuited by means of a double-pole contactor. Single- 

phase alternating current at 220 volts and 25 eveles will be sup- 

plied for the operating circuit of all contactors. Contactors will 

| be designed for normal operation at this voltage, but shall con- 

tinue to operate successfully if the voltage at the contactor coil 

| terminals falls as low as 70 per cent of normal. 

The motor for the rising-stem gate valve machine will have a 

rating of about 50 horse-power, miter gate moving and guard 

valve motors, 85 horse-power; cylindrical valves and other mo- 

tors, 7144 horse-power; the chain fender pump motor will prob- 

ably be rated at about 25 horse-power. In all there will be a 

total of 951 motors of all sizes and descriptions at all the locks, 

this total including 207 motors required to drive various pumps 

and pumping machinery. 
| The station from which control will be exercised over the 

movement of all the machines will be on the center wall at the 

lower end of the upper flight of locks at Gatun, and similarly 
| placed at Pedro Miguel and Miraflores. It will be in a building 

raised high enough above the top of the wall to allow a towing 

locomotive to pass under, a height of 16 feet, and to command 
an uninterrupted view of every part of the locks. In this house 
will be a double control board duplicated to conform to the du- 
plication in locks. The control board will be in the nature of a 

bench or table, 32 inches above the floor, containing a represen- 

| tation, part model and part diagrammatic, of the flight of locks 

controlled by the respective series of switches. Standing at his 

switchboard the operator will throw the switches, and before
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him will see in model or diagram the progress of the fender 

chains as they rise and fall, the movement of the miter gates 

inch by inch, the opening and closing of the gate valves in the 

main culverts at every stage, the operation of the cylindrical 

valves, and, in addition, indication of the gradual rise or fall of 

the water in the lock chambers. The switches controlling the 

various motors, together with their indicators, will be mounted 

upon the board in the same relative position as the machines 

themselves in the lock walls. Some distortion of scale will be 

allowed, to give room for the switches. The board must not be 

over four feet in width, in order that the operator may be able 

to reach beyond the middle of it, and the length of the board is 

limited to 30 feet at Gatun, and proportionally at the other 

locks. 

The system will be interlocking, so that certain motors cannot 

be started in a certain direction until other motors are oper- 

ated in a proper manner to obtain consistent operation on the 

whole, and to avoid any undesirable or dangerous combinations 

in the positions of valves, gates, or fender chains. In this way 

and by the use of limit switches the factor of the personal equa- 

tion in operating the machines is reduced to a minimum, almost 

mechanical accuracy being obtained. Before the operating pair 

of valves in the main culverts can be opened at least one pair of 

valves at the other ends of the locks, both upstream and down- 

stream, must first be closed. This limits an operator to the act 

of equalizing water levels between locks, and keeps him from 

allowing water to flow from, say the lake level to the middle 

lock past the upper lock, thus preventing a possible flooding of 

the lock walls and machinery rooms. Interlocks, devoted to the 

control of action between the gate valves in the main culverts 

and the miter gates, prevent valves being opened a lock length 

above or below a miter gate which is being opened or closed, and 

thus prevent an operator causing a flow of water while the miter 

gates are being moved. Interlocks for the cylindrical valves 

guarding the openings from the center wall culvert to the lateral 

culverts will keep those of one side or the other closed at all 

times, except when it may be desired to cross-fill the chambers, 

when they may be opened by special procedure. An interlock 

prevents the operator from starting to open a miter gate before
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unlocking the miter forcing machine. The miter gate guarded by 

a fender chain must be opened before the chain can be lowered, 

and the chain must be raised again before the gate can be closed, 

or more exactly the switches must be thrown in this order, but 

the operations may proceed at the same time. The simple inter- 

locks will prevent such a mistake as leaving the chain down 

through lapse of memory when it should be up to protect the 

gate. 

A commutating switch is used in connection with the miter 

gate moving machinery, and serves two functions. First, when 

the miter gates come to the closed position, and not until then, 

it completes a circuit from the control house, by means of which 

the miter forcing machine may be closed, for forcing and holding 

the gates in proper miter. In this way there is given an inter- 

lock by virtue of which the operator in the control station cannot 

close the miter forcing machine too soon. The other function 

is to alter the circuits controlling the rising and falling of the 

handrail of the foot walk over the gates, so that should the hand- 

rails be up when the gates start to open they will be automat- 

ically lowered. The circuits for raising the handrails are dis- 

connected so that they cannot be raised as long as the gates are 

open. If the handrails were allowed to be up when the gates 

are opened back into the recesses of the lock wall they would in- 

terfere with a passing towing locomotive. 

An auxiliary cut-out switch is provided for the miter gate 

strut. The gates are opened and closed by means of a strut or 

connecting rod acting between the gate and crank pin on a large 

driving gear. The relation of parts is such that a toggle effect 

is produced near the ends of travel, and the motor would be 

capable of doing damage to some of the parts should the gate 

meet with an obstruction. One end of the strut is allowed a 

telescoping movement of a few inches against the action of a 

nest of stiff springs. These springs oppose equally a lengthen- 

ing or shortening of the strut and hold the telescoping parts 

against stops with sufficient initial tension so that with ordinary 

water resistance to the gate in normal operation there will be 

no change in length of the strut. Should the gate meet a solid 

obstruction near one end of travel, where the motor is capable 

of producing overload on the mechanical parts, the strut is com-
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pressed or extended according to direction of forces. The cut- . 
out switch is mounted upon one end of the telescoping members, 
while a rod entering the switch casing is attached to the other. 
The movement of this rod in and out of the casing operates the 
switch to open the control circuit and stop the motor. It is 
necessarily arranged so that if the switch is operated by com- 
pression of the strut, that side of the control circuit is opened 
which produces a rotation of motor corresponding to compres- 
sion, and the other circuit remains unbroken for reversing and 
drawing the gate away from the obstruction. If operated by 
tension and the motor is stopped, it is possible to reverse and 
apply compression to the strut. 

Limit switches for opening the control circuit when a ma- 
chine has reached the proper point in its travel will be attached 
to all machines. It will be necessary for the operator in the 
control house to follow up the progressive movements of some 
machines, such as rising-stem gate valves and miter gates. These 
will accordingly be provided with synchronous indicating de- 
vices which will show by means of instruments on the control 
switchboard the movement and position of the machines at all 
times. In the case of certain other machines, like eylindrical 
valves and miter forcing machines, it is necessary for the oper- 
ator to know only when the movement is completed. For this 
purpose there will be attached to the limit switch an indicator 
switch, which will indicate, by lighting lamps or otherwise, that 
a machine has reached the end of its travel. 

In the masonry walls float-wells are provided and connected 

to all lock chambers. At these wells suitable apparatus will be 
. installed for operating instruments on the control board, which 

instruments will show at all times the water levels in the various 

locks and approaches.
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OIL MIXED CONCRETE. 

A bulletin of the Department of Agriculture, Office of Public 

Roads, has recently been issued which describes investigations 

of the effect of mixing oil with concrete. 

While experimenting in the Office of Public Roads in an at- 

tempt to develop a nonabsorbent, resilient, and dustless road ma- 

terial, one capable of withstanding the severe shearing and rav- 

eling action of automobile traffic, the writer’s investigations led 

him into a very promising discovery. He found that, when a 

heavy mineral residual oil was mixed with Portland cement 

paste, it entirely disappeared in the mixture, and, furthermore, 

did not separate from the other ingredients after the cement 

had become hard. The possibilities of oil-cement mixtures for 

| waterproofing purposes were recognized and extensive laboratory 

| tests were immediately begun to determine the physical prop- 

| erties of concrete and mortar containing various quantities of 

| oil admixtures. 

Many valuable data have been obtained from these investiga- 

tions. The damp-proofing properties of concrete mixtures con- 

taining oil have been demonstrated very definitely by laboratory 

and by service tests which establish this material as one of great 

merit for certain types of concrete construction. It has also 

been shown that the admixture of oil is not detrimental to the 

tensile strength of mortar composed of 1 part of cement and 3 

parts of sand when the oil added does not exceed 10 per cent of 

the weight of the cement used. The compressive strength of 

mortar and of concrete suffers slightly with the addition of oil, 

although when 10 per cent of oil is added the decrease in strength 

is not serious. Concrete mixed with oil requires a period of 

time about 50 per cent longer to set hard than does plain con- 

erete, but the increase in strength is nearly as rapid in the oil- 

mixed material as in the plain conerete. Concrete and mortar 

containing oil admixtures are almost perfectly nonabsorbent of 

water, and so they are excellent materials to use in damp-proof 

construction. Under pressure, oil-mixed mortar is very efficient
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in resisting the permeation of water. Laboratory tests show 
that oil-mixed concrete is just as tough and stiff as plain con- 
crete, and furthermore its elastic behavior within working lim- 
its of stress is identical with that of plain concrete. The bond 
or grip of oil concrete to steel reinforcement is much decreased 
when plain bars are used. Deformed bars, however, and wire 
mesh or expanded metal will reinforce this material with prac- 
tically the same efficiency as in ordinary concrete. 

A very interesting experiment showing the nonabsorbent and 
nonpermeable character of oil-mixed mortar when subjected to 
low pressure was made in the laboratory. Four mortar vessels, 
8 inches in outside diameter, 244 inches high, and about 14 inch 
thick, after hardening in moist air for one week, were immersed 
in water to a depth of about 2 inches. A mortar mixture of 
1 part of cement to 3 parts of sand was used. Vessel No. 1 con- 
tained no oil in the mixture. About one minute after immersion 
a damp spot showed on the bottom. After one hour the whole 
vessel was wet even above the water level, since the water had 
climbed by capillarity. Within a few days water had pene- 
trated the plain mortar vessel until the water level inside was 
the same as that outside. The remaining three vessels, made of 
1:3 mortar and mixed with 5, 10, and 20 per cent of oil, re- 
spectively, have remained perfectly dry on the inside during 
immersion for one year. 

All of these experiments have given very encouraging results 
and point to the use of oil-mixed mortars and coneretes as a 

| cheap and effective solution of the problem of waterproofing for 
a great many types of concrete construction. 

All of the laboratory and service tests thus far made on oil- 
mixed mortars and coneretes are indicative of a wide future 
usefulness for these materials, principally in damp-proof con- 
struction. There are many types of structures through whieh 
the permeation of moisture is ruinous to either the appearance 
or the efficiency of the construction, or is seriously detrimental to 
the health of either animal or human life. The efflorescence due 
to the leaching out and subsequent carbonization of the lime on 
the surface of a concrete wall might well be prevented by the 
incorporation of an agent capable of excluding all moisture. 
Again, the dampness of many cellars, with its danger to health,
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could have been prevented had the walls and floors been damp- 

proofed. The following types of structures might be damp- 

proofed at an exceedingly slight extra expense by the incorpora- 

tion of a small amount of the proper kind of mineral oil resid- 

uum with the mortar or concrete used in construction: Basement 

floors, basement walls, watering troughs, cisterns, barns, silos, 

concrete blocks, roofs, stucco, and numerous important engin- 

eering constructions.
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EDITORIAL. 

The College of Engineering welcomes all students, those who 

return to continue their studies and the new students who are 

here for the first time. 

The former know our ways and traditions, and therefore a 

word to the new students. 

In the College of Engineering are five general courses, Chem- 

ical, Civil, Electrical, Mechanical and Mining Engineering, and 

from these you will make your choice of a profession, which prob-
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ably most of you have already done. The subjects of fundamen- 

tal training in all these courses are the same, the special profes- 

sional studies increasing in proportion toward the senior year. 

The various fields of engineering overlap to such an extent 

that it would be impossible to classify more than nominally in 

these or other groups the work of most practicing engineers. 

This explains why it is that in each engineering course certain 

fundamental subjects are included which belong to the special 

field of another, as the steam and electrical work which are re- 

quired in the civil engineering course. Many similar illustra- 

tions could be given of this broadening of each course along 

technical lines, which is carried as far as the various courses 

will permit. 

It is for the student himself to obtain the widest possible view 

of other branches of engineering than the particular one he is 

studying. 

There is, however, another thought for the engineering stu- 

dent to have constantly before him if he wishes to take full ad- 

vantage of his opportunities and prepare himself for the larger 

fields of activity. A dictionary of authority gives the following 

definition of engineering: *‘The scienze and art of making, build- 

ing or using engines and machines, or of designing and con- 

structing public works or the like requiring special knowledge of 

materials, machinery, and the laws of mechanics.’’ 

A detailed definition of a ship using Noah’s Ark as a basis 

would be open to substantially the same objections if applied to 

the ‘‘Oceanic,’’ as is the above definition. It is quite true that 

both vessels would have the fundamental similarity of being able 

to float on water, and it is axiomatic that the engineer must 

have command of certain fields of knowledge. 

In addition to this, however, the engineer must know how to 

deal with men and he must know the relations of men to one 

another as individuals and groups. Nearly every engineer is 

part of an organization and the higher executive positions re- 

quire a knowledge of modern business methods. The engincer- 

ing student, tnerefore, should endeavor during his college course 

to elect such subjects as will give him this larger training and 

better fit him for his profession, for with technical knowledge 

alone he will not advance a great distance.
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You are here because you expect much from the University in 
training you for your future career, but remember that the Uni- 
versity expects much from you. To do the daily tasks and pass 
the required examinations is not enough, for if you do no more 
than this you will be a disappointment to yourself, in having 
failed to take advantage of the opportunities either set before 
you, or which you can make for yourself, to obtain a broader 
and better view of life. 

Joun G. D. Mack. 

Acting Dean, College of Engineering. 
Eg Ba * 

Well, we're back again! We are back with more experience, 
more determination to accomplish something this year, more 
optimism. We are back with more or less permament good reso- 
lutions about the proper relation between work and play. And 
while our resolutions are strong let’s subscribe to the Wisconsin 
Engineer! We want every student enrolled in the College of 
Engineering to subscribe, but not only to subscribe. We want 
him to read the magazine and to think about it. We want him 
to feel that it is his magazine and that it is a vital and necessary 
part of his course. If he feels that such is not the case, we want 
him to tell us what it seems to lack, to suggest improvements or 
additions. If every student will look at the matter as a business 
man considering an investment rather than as a man with a dol- , 
lar trying to dodge a hold-up man or an impecunious friend, we 
feel that we will have very few refusals. 

You alumni, however, need not construe the foregoing to mean 
that the Wisconsin Engineer is intended solely for undergradu- 
ates. It is our ambition,—and not a fruitless one, judging from 
the number of last year’s articles reprinted in technical papers,— 
to make the articles in the Engincer equal to those in the leading 
technical magazines. We think that the articles alone will make 
your subscriptions worth while. In our Alumini Notes we try 
to keep an up-to-date record of the changes in address and em- 
ployment of all our alumni.. If we fail in this, it is because you 
have neglected to let us know of your changes.
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If the question, ‘‘Why did you want to study engineering ?”’ 

were put to each one of us, hojvy would we answer it? Some 

would say that it was because an established engineering busi- 

ness or practice was waiting for them when they finished the 

course. Others would say that it appealed to them for its own 

sake, that they had always liked machinery, liked to plan and 

make things. Still others would say that they did not want to 

| be a lawyer, doctor, merchant or clergyman, that engineering 

seemed a broad field, a strong man’s type of work. Others would 

have combinations and variations of these reasons; some might 

produce some entirely different ones. 

Behind them all, however, the one fundamental principle 

which dominates all engineers is at work. This principle may 

perhaps be termed constructive ambition. What engineer-to-be 

has not in his inmost dreams, felt himself swell with pride at 

his mental and successful completion of his masterpiece,—some 

great bridge joining districts once widely separated, some ex- 

tensive irrigation project making the very desert bloom, some 

immense power-plant turning the mills of a state, some revo- 

lutionizing machine doing the work of twenty men. One grad- 

uate engineer stated his ambition, yet to be realized, as follows: 

“T want to be able to sit in'a big cool office wtih my feet on a 
mahogany desk and charge the other fellow a thousand dollars 

for telling him that his work is all right.’? Through this phras- 

ing his true ambition shows. He wanted to be an expert, a man 

recognized as having so comprehensive and thorough a grasp 

of his subject that other less experienced engineers should wish 

to seek his confirmation of their plans before proceeding with 
the actual construction. 

The engineer must be ambitious. There is little room at the 

bottom of any profession. The lower rings of the ladder are 

crowded with weaklings imploring the stronger men to help 

them along. Here in the University the engineer receives the 

technical training necessary to his success. He is allowed to 
practice on short trial ladders with mattresses below so that 
those who fall shall not be severely injured. At the end of his 
course he is shown the real ladder. Where possible the Univers- 
ity puts his foot on the first ring. It can do no more. Whether 
he goes to the top of the ladder. clings timidly to a low rung,
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or steps off to hunt for an easier path up, depends solely upon 

his determination to sueceed. he man who would be satisfied 

to stop at the fifth ring will probable never get above the third. 

But the man who wonders if they have an extension on the top 

of the ladder that they will put up for his benefit,—and who 

will make one if they have not,—is the man who will get to the 

top and stay there. He is the true engineer, the man who dreams 

of suecess and, on awaking, goes out and builds up his dreams.
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DEPARTMENTAL NOTES. 

CHANGES IN THE ENGINEERING FACULTY. 

Dean Turneaure, accompanied by Mrs. Turneaure and their 

son Stewart, sailed from Montreal in July for an extended trip 

abroad. They have visited England and are at present in 

France but will spend the larger portion of their time in Ger- 

many. The Dean will return at the end of the first semester, 

Mrs. Turneaure and Stewart remaining for the year. During 

Dean Turneaure’s absence, Professor John G. D. Mack, will act 

as Dean. 

The Engineer will publish in later issues letters from the Dean 

giving his observations. 

Professor Leonard 8. Smith of the department of Topograph- 

| ical Engineering is also on leave of absence for the coming year. 

Professor Smith and his family left for Europe, by way of Can- 

ada, early in August. 

Professor Carl C. Thomas and family, who have been abroad 

during the past, year, will return to Madison in September. Pro- 

fessor Thomas has been engaged in scientifie work. He has 

spent most of the time in Germany, but visited in Italy, France 

and England. 

Professor Geo. J. Davis, Jr. has resigned from the Iydraulics 

department to become the Dean of the College of Engineering 

of the University of Alabama. Professor Davis is succeeded by 

Professor Charles I. Corp of the University of Kansas who did 

graduate work in hydraulics here in 1909-10, and who has since 

done summer research work in the Hydraulics Laboratory here. 

W. J. Copp, 08, instructor in machine design has resigned to 

accept a position with the American Locomotive Co. He is suc- 

ceeded by P. H. Hyland, Mech. Eng. Purdue, ’09, who has been 

with the mechanical department of the Pennsylvania Railroad 

in the Ft. Wayne shops. 

Mr. J. A. Cutler, ’09, instructor in topographical engineering, 

has resigned to accept a position with the Johnson Service Com- 

pany. He is succeeded by Mr. Morris, who has been instructor



| 
44 The Wisconsin Engineer 

of surveying and descriptive geometry in Lawrence College, Ap- 
pleton, Wis. 

A number of changes have been made in the personnel of the 
Department of Electrical Engineering. Mr. C. R. Higson has 
accepted a position in the Engineering Department of the Salt 
Lake City Light and Power Company. Mr. Belsky leaves to 
take up consulting work with Mr. Harris, formerly of the Wis- 
consin Railway Rate Commission. Mr. H. B. Sanford becomes 
Instructor in Electrical Engineering at the Imperial Polytech- 
nic Institute, Shanghai, China. 

The new appointments to fill these vacancies are: the promo- 
tion of Mr. B. E. Miller, Instructor in Electrical Engineering ; 
the appointment of Mr. Herbert Woolhiser, who graduated in 
Electrical Engineering at the University of Wisconsin last 
spring, as Instructor in Electrical Engineering. Mr. L. E. A. 
Kelso has been appointed Instructor in Electrical Engineering. 
Mr. Kelso is a graduate of the University of Missouri, class of 
07, and since that time has been connected with the Telluride 
Power Company of Provo, Utah. Besides teaching Mathema- 
tics and Physics in the Telluride Institute, he has done consid- 
erable research work in connection with transmission problems 
for the Telluride Power Company. 

Mr. Oliver W. Storey, ’10, has been appointed instructor in 
chemical engineering, to take up work in metallography, me- 
tallurgy of iron and steel and the constitution of alloys. Mr. 
Storey has had two years of engineering experience; he is ree- 
ognized as being one of the few experts in this country on the 
process of sherardizing and has occupied the position of chemical 
engineer for the National Metal Molding Company, of Pitts- 

| burg. 

Mr. L. T. Richardson, ’10, has for the past year or more been 
| chemist for Armour & Company, of Chicago. He has been ap- 

pointed Research Assistant for the coming year and will take up 
the product of electrolytic iron and investigation of various al- 
loys made from it. 

Mr, James Aston has recently resigned as instructor in chem- 
ical engineering to take a position with the University of Cin- 
cinnati in charge of their Metallurgical Department.
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ALUMNI NOTES. 

John W. Cunningham, 08, is Assistant Engineer of the Kit- 

| titas Reclamation District, a $5,000,000 irrigation project, in 

| charge of all designing. 

Edwin M. Ball, ’09, has recently been promoted to the posi- 

tion of Superintendent of Mines for the Ishkooda Division of 

Tennessee Coal, Iron ¢ R. R. Co., in charge of five mines with an 

average of 400 men on the pay rolls. 

The graduates in Chemical Engineering for the past year are 

now located as follows: 

John H. Wolfe, Rockford Gas & Electric Company. 

R. G. Waltenberg, Department of Metallography, Bureau of 

Standards, Washington, D. C. 

A. C. Shape, Mineral Point Zine Co., Sulphuric Acid Depart- 

ment, Depue, Ill. 

A. C. Pope, Mineral Point Zine Co., Roasting Department, 

Depue, Ml. 

E. H. Carus is in Europe where he intends to take graduate 

work in mathematies at Cambridge, England. 

H. Hf. Rogers is with the Tanning Company, Rockford, Ill. 

J. N. Lawrence, Ph.d. 712, is with the Research Department, 

of the General Electric Company, at Pittsfield, Mass. 

Some of last year’s graduates in Mechanical Engineering are 

at present located as follows: 

KE. F. Week,—Mr. John Strange, Neenah, Wis. 

C. E. Bennett,—State Insurance Department, Madison, Wis. 

J. Fraser,—with his father in the Engineering business in 

Milwaukee, Wis. 

C. J. Jacobson,-—Structural Steel Co. Pittsburg, Pa. 

F. C. Ruhloff,—The Bueyrus Co., South Milwaukee, Wis. 

O. G. Ward,—Johnson Service Co., Kansas City, Missouri. 

F. R. Zimmerman,—Johnson Service Co., Chicago, Il. 

F. W. Braasch,—In the woodworking business, Sheboygan, 

Wis.



The Wisconsin Engineer 

We Make a Specialty of | 

| The Curtiss Studi College Shoes | [he urtiss Studio 
—o | We photograph anything, 

| any time, any where ’ SHUMACHER’S SHOE STORE | 
Madison | 108 State Street 

21 S. Pinckney St. | 

Keep a Smooth Face 
Use Lewis White Cross 

Carl Chomas | Shaving Lotion 

Photographer grap 25c 
ee 

— . 
Lewis Drug Store 

PROFESSIONAL CARDS 

CLINTON B. STEWART | 
| ALVAN E. SMALL 

Assoc. M.Am.Soc.C.E. Mem. West.Soc.Engrs. | 
| 

Consulting Hydraulic Engineer ARCHITECT 

Water Power Water Supply Drainage | ELLSWORTH BLOCK PHONES: OFFICE 242 

206 Wisconsin Bldg., Madison, Wis | MADISON WIS. RES. 2615 

DANIEL W. MEAD | FERD. L. KRONENBERG 

CONSULTING ARCHITECT 
ENGINEER. . 

MADISON, WISCONSIN Carroll Bloek Madison, Wis. 

CASSIER’S MAGAZINE 
an ENGINEERING MONTHLY 

One hundred pages of text fully illustrated in each issue contributed by the leading engineers of the world. 

Subscription $3.00 a Year 
Write for attractive clubbing offer 

THE CASSIER MAGAZINE CO., 12 W. Bist. St. New York 

Kindly mention The Wisconsin Engineer when you write.
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When surveying, SURVEY our FLANNEL SHIRTS. 

Just the thing for surveying. 

We also handle other incidentals such as COLLARS, 

| TIES, HOSE, SHIRTS, Etc. 

Everything in the same class as our Flannel Shirts, which 

means that THEY’RE RIGHT. 

University Clothes Shop 
NEXT TO THE COLLEGE BOOK STORE 

STATE STREET 

ee 

DINING ROOM 

The most homelike boarding place in the city. 

Accommodates two hundred guests - separate tables. 

Good service, good meals, prices reasonable. Try it. 

238 WEST GILMAN STREET 

OF MADISON, WIS. . 

UNITED STATES DEPOSITORY 

Capital, Surplus and Undivided Profits $400,000.00 

OFFICERS AND DIRECTORS 
A. E. Proudfit, Pres. F. W. Hoyt M. E. Fuller, Vice-Pres. 
Frank G. Brown James E. Moseley E. B. Steensland 

Wayne Ramsay, Cashier 
M, C. Clarke, Assistant Cashier 

Transacts a general banKing business. Issues letters of credit and 

travelers’ checks, good in all parts of the world. 

Kindly mention The Wisconsin Engineer when you write. : —
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Morgan’s 
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Pool and Billiards 

Everything New 

Morgan Bros. 534 State 

a 
ly 

Pantorium Company | — Hammersmith 
Truly a “House of Quality” . 

We are now permanently located in | Engraving Company 
our elegant new quarters at 538 State 

Street, and with our many new and 
modern machines, and improved and up OT 
to date methods, are able to do the most 

| satisfactory cleaning, pressing tailoring. Fine Halftones 
We make both Ladies and Men’s clothes 
at moderate prices. ; Zinc Etching 
cami, you to call and inspect our Color Plates 

Te Electro Plates 

Pantorium Company a 
ity) 

“The House of Qually 116 Michigan Street 

Phone 1180 Phone 1598 Milwaukee Wisconsin. 

— Kindly mention The Wisconsin Engineer when you write. a
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Experienced Engineers Krow this Trade Mar‘. They Know the Quality of Goods Bear'ng It. 

THAT’S WHY THEY USE THEM. QUALITY AND R'PUTATION SELL OUR 

MEASURING TAPES and RULES 

SAGINAW, MICHIGAN 

THE, WrFKIN fpULe Co. New York Lo:don, Fag. Windsor, Can. 

A SS ee 
Co 

STEAM SHOVELS—DREDGES OF ALL TYPES 

| DRAG LINE EXCAVATORS—LOCO. PILE DRIVERS 

RAILWAY WRECKING CRANES—UNLOADING PLOWS 

| Office and Works SO. MILWAUKEE, WISCONSIN 

ne, 

Leveling Rods (Ee a Lining Poles 

Stadia Rods SN tess Mining Poles 
CSS ieee’ ; 

‘Common Targets QF EY WS Rod Ribbons 

Stadia Targets = Marking Pins 

Eureka Tape Repairers all devised with a view to requirements in the Field 

Send for Illustrated Catalog 

CHICAGO STEEL TAPE CO. 6229-31 Cottage Grove Ave., Chicago 

a 

J-M ASBESTO-SPONGE FELTED PIPE COVERING 
The Ideal Insulator for High Pressure Pipes 

mr” Made up in laminated form, J-M Asbesto-Sponge Felted Pipe.Covering 
os confines a large number of dead air cells between the layers. Thus max- 

Py i imum insulating efficiency is secured. The layers consist of thin felts 

ah me composed of pure Asbestos fibre and finely ground sponge, forming a real 
a a cellular fabric. This covering is tough, yet flexible, and is practically 

om everlasting. It can be removed and replaced as often as required, with- 
oe out injuring its efficiency. For high pressure and superheated steam pipes 

a it has been proved by years of cevere testing to be without an equal as an 
os insulator. 

- . Write Nearest Branch for Sample and Booklet 

201 gt Cob Suet Mivasles eta” HH. W. Johns-Manville Co. 
Fe 
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1400% in 14 years, proves conclusiqely that Lehigh Portland Cement has the 
quality that satisfies. The care taken in selecting raw materials, proportioning, 
mixing, grinding and fusing enables Lehigh to satisfy every demand of color, 
strength; and endurance. 

Write for our Book, 41 Concrete Reasons. 

Lehigh Portland Cement Company 
Chicago, III. Allentown, Pa, 

ceo OC 

BEST FOR OVER 40 YEARS 

27, 30, 33, 36, 42 inch our Specialty 
ALL OTHER SIZES CONSTANTLY IN STOCK 

WRITE THE MANUFACTURERS 

EVENS AND HOWARD FIRE BRICK CO, 
ST. LOUIS, MO. 

Soe 
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ey Chicago Portland Cement Co. 
S ma 30 No. La Salle Street, Chicago, IIL 
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When Ordering Motor Controllers 
remember that the largest plant in the world manu- 
facturing motor controllers is located in Wisconsin. 
Much of the engineering work is done by Wisconsin 
engineers, employed by The Cutler-Hammer Mfg. Co. 

CUTLER-HAMMER 

Motor Starters and Speed Regulators 
are made for every type and size of motor. The advice of 
of the Cutler-Hammer engineers is offered in solving motor 
control problems. If you are interested in any of the follow- 
ing apparatus, ask us for bulletins on the subjects. 

D. C. Motor Starters A. C. Motor Starters 
D. C. Speed Regulators A. C. Speed Regulators 

Printing Press Controllers Machine Tool Controllers 
Pump Controllers Ventilating Fan Regulators 

Dynamo Field Regulators, etc. 

The Cutler-Hammer Mfg. Co., Milwaukee 
Largest Manufacturers of Controlling Devises in the World 

it 
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A Good Place to Meet 

A Good Place to Eat 

Frank’s Lunch Room 

Phone 887 815 Univ. Ave. 

Orders Delivered 

pd 

Nature is always beautiful. When you have 

had a good look at our spring woolens, which are 

now on display and ready for your inspection, you 

will realize their beauty. We invite an early inspec- : 

tion, and it you do not find something to suit you, 

we will have the pleasure of showing you something 

that cannot be excelled. 

Yours to serve 

ARCHIBALD’S 
E. C. Tetzloff, Mgr. 

eZ 
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The University of Wisconsin 
THE COLLEGE OF LETTERS AND SCIENCE offers a General Course in Liberai 

‘Arts; a Course in Commerce; a Course in Music; a Course in Journalism, Li- 

prary Training Courses in connection with the Wisconsin Library School; a 

Course in Education; the Course for the Training of Teachers, and the Course 

| in Chemistry, 
THE COLLEGE OF MECHANICS AND ENGINEERING offers courses of four years 

in Mechanical Engineering, Electrical Engineering, Civil Engineering, Applied 

Blectro-chemistry, Chemical Engineering, and Mining Engineering. 

THE COLLEGE OF LAW offers a_course extending over three years, which leads 

to the degree of Bachelor of Laws and which entitles graduates to admission 

to the Supreme Court of the state without examination. 

THE COLLEGE OF AGRICULTURE offers (1) a course of four years in Agricul- 

ture; (2) a course of two years; (3) a short course of one or two years in Agri- 

culture; (4) a Dairy Course; (5) a Farmers’ Course; (6) a course in Home Econ- 

omics, of four years. 

THE COLLEGE OF MEDICINE offers a course of two years in Pre-clinical Medical 

Work, the equivalent of the first two years of the Standard Medical Course. 

After the successful completion of the two years’ course in the College of Medi- 

cine, students can finish their medical studies in any medical school in two years. 

THE GRADUATE SCHOOL offers courses of advanced instruction in all departments 

of the University. 

THE UNIVERSITY EXTENSION DIVISION embraces the departments of Corres- 

pondence-Study, of Debating and Public Discussion, of Lectures and Informa- 

tion and general welfare. A municipal reference bureau, which is at the service 

of the people of the state is maintained, also a traveling Tuberculosis Exhibit 

and vocational institutes and conferences are held under these auspices. 

THE COURSE IN COMMERCE, which extends over four years, is designed for the 

training of young men who desire to enter upon business careers. 

THE COURSES IN PHARMACY are two in number; one extending over two years, 

and one over four years, and are designed to furnish a thoroughly scientific 

foundation for the pursuit of the profession of pharmacy, 

THE COURSE FOR THE TRAINING OF TEACHERS, four years in length, is de- 

signed to prepare teachers for the secondary schools. It includes professional 

work in the departments of philosophy and education, and in the various sub- 

jects in the high schools, as well as observation work in the elementary and 

secondary schools of Madison. 

A COURSE IN JOURNALISM provides two years’ work in newspaper writing and 

practical journalism, together with courses in history, political economy, po- 

litical science, English literature, and philosophy, a knowledge of which is nec- 

essary for journalism of the best type. 

LIBRARY TRAINING COURSES are given in connection with the Wisconsin Library 

School, students taking the Library School Course during the junior and senior 

years of the University Course. 

THE COURSE IN CHEMISTRY offers facilities for training for those who desire to 

become chemists. Six courses of study are given, namely, a general course, 

a course for industrial chemist, a course for agricultural chemist, a course for 

soil chemist, a course for physiological chemist and a course for food chemist. 

THE SCHOOL OF MUSIC gives courses cf one, two, three, and four years, and also 

offers opportunity for instruction in music to all students of the University. 

THE SUMMER SESSION embraces the Graduate School, and the Colleges of Letters 

and Science, Engineering, and Law. The session opens the fourtn week in 

June and lasts for six weeks, except in the College of Law, which continues 

for ten weeks. The graduate and undergraduate work in Letters and Science 

is designed for high school teachers who desire increased academic and profes- 

sional training and for regular graduates and undergraduates. The work in 

Law is open to those who have done two years’ college work in Letters and 

Science or its equivalent. The Engineering courses range from advanced work 

for graduates to elementary courses for artisans. 

THE LIBRARIES at the service of members of the University include the Library 

of the University of Wisconsin, the Library of the State Historical Society, the 

Library of the Wisconsin Academy of Sciences, Arts, and Letters, the State Law 

Tibrary, and the Madison Free Public Library, which together contain about 
380,000 bound books and over 195,000 pamphlets. 

THE GYMNASIUM, Athletic Field, Boating Facilities, and Athletic Teams give op- 

portunity for indoor and outdoor athletic training, and for courses in physical 

training under the guidance of the athletic director. 

Detailed information on any subject connected with he University may be obtained 

by addressing W. D, HIESTAND, Registrar, Madison, Wisconsin, 

Kindly mention The Wisconsin Engineer when you write.
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JOSEPH M. BOYD, Prest. H. L. RUSSELL, Vice Prest. FRANK KESSENICH, 2d Vice Pres* CHAS. O’NEILL Cashier IRVING E. BACKUS Asst. Cashier at Branch Bank 

MADISON, WISCONSIN 

Capital - - - ~ $300,000.00 
Surplus - z . $60.000.00 

SAVINGS DEPARTMENT 
SAFETY DEPOSIT BOXES FOR RENT AT REASONABLE PRICES 

(Branch Bank Located Corner State, Johnson and Henry Streets) 

9 GRIMM’S BOOK BINDERY 
Flat Opening Blank Books, Magazine Binding and Library 

Work a Specialty 

Fourth Floor, State Journal Block Madison, Wis. 
115-123 South Carroll Street Telephone No. 469 

e e 

Parsons Printing and 
@e 

Stationery Co. 

Best Office Supplies 
and Commercial Stationery 

24 N. Carroll St. 

—— eer 

I Schwoegler’s 528 State St. 
For a Good Lunch 
After the Theatre 

Cut Flowers a Specialty 
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WORTH KNOWING 

T AKING good care of you—that’s our business in clothes; 
not merely trying to sell you something and get your money, 

but to see that you get what you want, what fits and looks 
well; the right clothes for you. 

HART SCHAFFNER & MARX make them, we sell them 

Latest Fall and Winter Styles now Ready 

OLSON & VEERHUSEN CO. 
7-9 North Pinckney Street - - - - - - Madison, Wisconsin 

a 

To the Alumni and Students of the 

Engineering College 

THE WISCONSIN ENGINEER is the University 

agent for the following technical Periodicals: 

Engineering Record 
Electrical World 

Electric Railway Journal 
Practical Engineering 

When you subscribe to any of the magazines, we would 

appreciate your doing so through The Wisconsin Engi- 

neer. 

| 

GET YOUR BARBERING DONE AT 

University Barber Shop 
Corner State and Gilman 

Cc. A. Nebel, Prop. 

Razors Put in Shape 

Kindly mention The Wisconsin Engineer when you write. _ 
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I got what I wanted through — ge 

your “Want Ad” Column. bite WA 

That is a statement made re 
a = 7 

my times “ ey iy men rye 

and women who use the State ‘ eae fee 
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Journal “Want Ad” page. Ce | Nu a | 

The leading classified ad- 
vertisement medium a Suit cases, traveling bags 
South-Central Wi oo, ladies hand bags, and all 
outh-Centia eCOnsIn. 38 hinds of leather novelties 

The Wisconsin _ _ Sixes Somat The Leather Goods Store 
Chas. Wehrman, Prop. 

— 116 King St. Opp. Majestic 
SSS 

.; THE™ HUB Royal Cailors MADISON, WIS. 
——— 

; 

Everything that’s new The Students 
and fit to wear. We Best“Friendin 
cater to the wants of 
particular Need.” When 

College Aen the CLOTHES 

| Problem Press- 
SYLOTHING 

ey OMPAN Y es for Solution 
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$ 2 @ 5 O 

will pay for a 

Life Membershi 
in “The Co-op”’-the store owned 

and operated by the students --- 

and a 

WATERMAN, PARKER 
RIDER or CONKLIN 

will be given 

A dividend of 17% in trade and 10% in cash 

declared last year. 

Get our free booklet with college songs, football dates 

and explanation of how to join the students’ store. 

If not interested in our membership plan enquire in regard to 
our rebate plan for non-members. 

JOIN NOW 

University Co-operative Co., 
504-508 State Street 

ee



ENGINEERS 

Register at once at the College Bcok Store. No charges 

for Joining—Merely Register your name and become entitled to 

our Student Rebate. 

Remember you get credit for every purchase-—from a 

5 cent eraser to a $18.00 set of instruments. Makes no difference. 

This Rebate may be had when needed. 

We have the demonstrated the possibility of giving a Re- 

bate on Every Purchase, without charging an initial fee. 

This means the greatest net saving to you. 

We have everything needed in the Engineering Work. 

Keuffel & Esser and Riefler Drawing instruments—Engi. 

neering Texts, Inks, Drawing Papers, Tracing Cloths, etc. 

Also many incidental supplies not required in your work. 

but which could be used to advantage. 

College Book Store 
Corner Lake and State Sts. 
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