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Testing the L t Hoist 
Some very interesting tests were recently made on the electrical equip- 

ment for the largest mine hoist ever built. The large motor (at the right of 

the picture) is to be direct connected to the hoisting drum and must be re- 

versible. Current for this motor is furnished by the motor-generator set, 

and the motor is controlled and reversed by controlling the field current of 

the generator. 
The heavy fly wheel on the motor-generator set compensates for the 

peak loads of the hoist. Its action is controlled by the automatic regulator 

which consists of a motor operated water rheostat connected in the secondary 

of the induction motor driving the set. As the load increases, the resistance 

of the water rheostat is increased. This allows greater slip in the induc- 

tion motor so that the fly wheel carries the overload. 

All these tests were made by student engineers. If you desire similar 

experience, address Mr. G. H. PFEIF, Secretary Student’s Committee, 

G. E. Company, Schenectady, N. Y. 

e 

General Electric Company 
Largest Electrical Manufacturer in the World 4076 

General Office, Schenectady, N. Y. Sales Offices in Fifty-four Cities 

woo The Guarantee of “gon Goods. 88 
(ee Excellence! ae Jectrical. 08
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) GAS IMPROVEMENT COMPANY 
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 

eg % S Si erage 

The name to remember when you order 

A WIRE ROPE 

Why? 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 

— Kindly mention The Wisconsin Engineer when you write.
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EUGENE DIETZGEN CO. 
MANUFACTURERS 

° 9 e ‘ Engineers’ Transits and Levels 
Te Our Transits ard Levels embody improvements of de- 
ne ” sign and construction that are recognized by the engineer- ’ 
2 a9 ing profession as being the best. Made complete in 

pf our own factories. in other words---made right. 
Mime. Send for catalog today. 

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

: New York San Francisco New Orleans 
: Toronto Pittsburg Philadelphia 

FACTORIES: 

Chicago, III. Nuremberg, Germany 
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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 L 

ALLIS - CHALMERS MANUFACTURING COMPANY 
General Offices Milwaukee, Wisconsin. 

OO Kindly mention The Wisconsin Engineer when you write.
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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 ling concrete, portable 
fae and stationary rock 
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Drawing Inks || Emancipate yourself from 
Eternal Writing Ink || the use of corrosive and | Engrossing Ink ill-smelling inks and adhe - 

gf 9. Taurine Mucilage sives and adopt theHiggins mee Photo Mounter Paste || Inks and Adhesives. ‘They 
a | i Drawing BoardPaste | will bea revelation to you gM Liquid Paste || they are so sweet, clean ie Office Paste well put up, and withal so hr aseng gl Vegetable Glue, Etc. || iicient, For home, office 

Wi ait SH a n school use th i pisos Are the Finest aud Best Goods of their kind tic mcten 
At Dealers Generally 

| 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 
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Continuous Joint Weber Joint Wolhaupter Joint 

THE RAIL JOINT CO., ,wedinee A3% 
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., 
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GRINDING WHEELS 
The success of these wheels in the various kinds of grinding tends to prove that they come nearer the maximum both in long life and fast-cutting quality—maximum efficiency—than any other grinding wheels. 

a 
New York, N. Y. NORTON COMPANY Nissara Falls, N.Y. Chicago, Il. Worcester, Mass. Chippawa, Ont., Can. 
a | eOOOOOOoODoeoeoeEeeeee eee ee” 

Kindly mention The Wisconsin Engineer when you write,
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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- 
brary 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 
Electro-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 of 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 
Library, 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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German and American 
Expert Knowledge and Methods Combined Explain 

The SUPERIORITY of 

OWL CEMENT 

German-American Portland Cement Works 
E. L. COX, General Sales Agent, 

Works: La Salle, Ill. 1526 Marquette Bldg., Chicago, Ill. 

; SAMSON SPOT CORD 

The spots on the cord are our registered trade mark 

For sash cord, trolley cord, arc lamp cord, etc. We make extra quality solid 
braided cord in all sizes and colors for all uses. Send for CATALOGUE. 

SAMSON CORDACE WORKS = = = BOSTON MASS. 

It is impossible for us to reach each one of our 
subscribers personally to collect over due sub- 
criptions. If you have not paid your subscription 
drop it in the mail box or office and save us all 
the trouble of looking you up. 

Thank you 
Ya
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Weslom: \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 Mcde!s 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 accurate instruments for use on alternating current circuits. 

Tevery 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 accu- 
racy under the most violent lond fluctuntions, 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- 
board indicating instruments. For full particulars of design, construction, 
prices, ete., are given in Catalogue B-16. Write for it. 

° Main Office and Works 
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SCIENTIFIC MANAGEMENT 

A. G. CHRISTIE 

Within the last few years a new term, ‘‘Scientifie Manage- 

ment,’’ has crept into our language. It was a catching phrase 

and its usage soon became general. As is usually the rule when 

expressions become popular, the true meaning of this term has 

been frequently but vaguely understood. Hence in discussing 

Scientific Management, it becomes necessary to first define the 

expression and then discuss the aims and principles of this new 

science of management. 

In Webster’s International Dictionary the word ‘‘scientific’’ 

is defined as ‘‘agreeing with or depending on the rules or prin- 

ciples of science,’’ while science itself is defined as ‘‘accum- 
ulated and accepted knowledge which has been systematized 

and formulated with reference to the discovery of general 

truths or the operation of general laws, and made available in 

work, life or the search for truth.’? Management is defined as 

“‘the judicious use of means to accomplish an end.’’ It is not 

intended to discuss in detail these definitions but the reader is 

asked to keep them in mind and to note how forcibly these ap- 

ply to the use of the term in later portions of this paper. 

Science involves a certain mental attitude on the part of the 

person dealing with it. Leaders in the movement of scientific 

management have time and again pointed out the necessity of 

a complete change of mental attitude towards the work under 
consideration, both on the part of the executive officers and on 

the part of the workmen themselves. Science substitutes exact 

. knowledge for rule-of-thumb and guesswork.
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Scientific management can therefore be described as a sys- 
tem for directing the means of production according to fixed ’ 
laws with the least waste of effort and material. It should be 

clearly understood by everyone that scientific management can- 

not be sold as a commodity and that it in itself has nothing to 

sell, One cannot buy slide rules or sets of forms for accounting ‘ 

and expect to have scientific management by simply forcing 

these into a shop. On the other hand it is not motion study or 

time study or bonus systems or cost systems, as many people 

have been led to believe. But systems of scientific management 

may include all these special features in the co-operative study 

of the means of production by the management and by the 

workmen in order to determine the best means of doing every 

elementary operation involved in a piece of work in the best 

way possible. Each party must assume a proper attitude to- 

wards the work before the system can be properly introduced. 

The executive is at all times looking for increased dividends, 

the workmen are striving for higher pay and no system of man- 
agement can succeed which does not in a measure satisfy these 

two demands. Hence systems of scientific management must 

provide for increased returns to the executive by means of max- 
imum production and low labor cost, while the workmen must 

receive added compensation for making this extra effort to in- 
erease his output. 

In order to understand clearly the principles and aims of 

scientific management it is necessary to review briefly the con- 

dition prevailing in industry before its introduction. There 

generally existed a craft spirit among workmen of all classes. 

They have learned the details of their trade from time immemo- 

rial by observing the manner in which their associates worked 

and by receiving by word of mouth occasional instructions and 

suggestions for doing their work. The tools used were those 

that their predecessors had been accustomed to use. The force 
of habit and latent conservatism of the workmen tended to 

thwart any effort to materially improve methods. 

There had also been an effort on the part of some labor or- 

ganizations to limit the output of the workmen. This action 

was based on the belief that maximum production would result 

in throwing a large number of their fellows out of work. They
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did not realize that large production would result in decreased 
costs and in increased consumption. This deliberate limitation 

of output by workmen has become known as soldiering. 

From time to time systems have been developed and intro- 

duced that provide for extra remuneration to the workmen. 
E These generally can be grouped as piece-rate, premium or bonus 

systems. The standard of performance was usually set from 

. previous work done and not from a scientific analysis and study 

of each operation. It, therefore, often happened that a work- 

man commenced to earn very high wages through increased 

skill in performance. In consequence of this, the management 

reduced the standard which in itself may have been wrong in 

the first place. This cutting of the rates resulted in great dis- 

satisfaction on the part of the workmen and they soon ceased 

to put forth their best effort. 

Let us assume as an illustration of the old industrial methods, 

that a workman’s duty in a certain shop is to nail some pieces 

of wood together and afterwards clinch the nails on the under 

side. This man is given a bench or table and then arranges his 
material, nails, ete., to suit himself. The hammer he uses is 

probably one that he has had for some time and also one which 

he selected on account of a special preference of his own, either 

for the weight of head, kind of handle or other feature which 
appealed to him. He proceeds with his work according to his 

own ideas and makes no special effort to devise methods to in- 

crease output or lessen fatigue in working. 

Now, suppose a careful analysis and study were made of the 

task of nailing these pieces of wood together. The bench or 

table on which the job is done may be too low for the purpose 

and in consequence the workmen bends and strains himself 

in doing his work. This is needless and wasteful effort and 

may be removed if the management determines the proper 

height of table for the workman and insists on him using it. 

The arrangement of materials by the workman may also be 

such as to require the expenditure of much energy in reaching 

for nails, for wooden strips or even for his hammer. A study 

of the process and of the motions involved in reaching for ma- 
terials would develop facts relative to the time and energy 

wasted. An analysis of the results of this study should also



286 The Wisconsin Engineer 

indicate a possible arrangement of materials that would greatly 

lessen this loss and would permit the workman to pay closer ; 

attention to his job, as his mind would not be diverted in locat- 

ing materials. The workman may also experience frequent de- 

lays either from lack of proper material or from slowness in 

taking away finished material. This can be avoided if proper ’ 
provision is made for handling and routing this material 

through the shop. 

Attention has already been drawn to the consideration in- 

volved in the selection of the workman’s hammer. Suppose 

that a detailed study with a skilled workman was made with 

every kind of hammer obtainable and with all sorts and lengths 

of handle. It would be possible to select then a hammer of cer- 

tain weight with some fixed length of handle which would drive 

the nail with the least number of blows and with the minimum 

effort on the part of the worker. This would then become the 

standard hammer for driving these nails. 

Now, this ease of a workman driving nails has merely been 

selected for illustrative purposes and is not taken from any 

specific factory. But it is apparent from the discussion that 

even the process of driving nails can be analyzed and stand- 

ardized. The workman will then be given a new unit of per- 

formance that he must attain, but in order to induce him to 

make this extra effort there must be an incentive added in the 

form of increased pay. 

In tracing out the improvements which might be made in 

this process, the three steps involved in the application of sci- 

entific management have been presented. First, there must be 

an analysis which will provide an accurate record of the pro- 

ductive effort and of preventable wastes. Second, there must 

be a standardization of the attainable maxima of performance 

both in tools and in processes, and conditions must be so estab- 

lished that it is possible for workmen to reach this maximum. 

Third, an incentive must be offered to the men to strive to 

reach this maximum. 

Scientific management aims, therefore, to so arrange the work 

of each man that all unnecessary motions and waste time are 

eliminated and at the same time he is taught how to perform 

each operation in the best possible manner. This involves stand-
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; ardizing the operations of the machine as regards speed, ac- 

curacy, and constancy of operation for the particular work it 

has to do. Dr. Fred. W. Taylor has stated the four underlying 

principles of scientific management as follows: 

“The first of these principles is the gathering-in of the great 

mass of traditional knowledge held by the workmen, recording 

it and reducing it to laws, rules and mathematical formulas. 

These deductions become of immense assistance in increasing 

the output. Rule-of-thumb knowledge is replaced by science. 
“Secondly, it becomes the management’s duty to study care- 

fully every man in the plant, his capacities, possibilities and . 

limitations, and to train each for the highest class of work for 
which he is shown to be fitted,—progressive selection and pro- 

gressive study. 

“Thirdly, the science and the scientifically trained man are 

brought together. This is difficult. It can be accomplished 

only by binding the workman to work by science. This, how- 

ever does not cause appreciable trouble. Nine-tenths of the 

trouble experienced comes from forcing the management and 

owners to assume their burdens. 

‘And, fourthly, a great mass of work formerly done by the 

workmen is now partly taken over by the management until 

the whole is more equally divided. On the management’s side 

there is generally one man for every three workmen.”’ 

The first principle the substitution of exact knowledge for 

rule-of-thumb may be applied in the following manner: Select 

a number of different men who are especially skilful in doing 

the particular work to be analyzed. Then a study must be 

made of the elementary operations which each of these men 

. uses in doing the work which is being investigated, as well as 

the tools each man uses. The stop watch is next used to deter- 

mine the time required to make each of these elementary move- 

ments. The quickest way of doing each element of work can 

then be selected. All false, slow and useless movements can 

be eliminated. Then after doing away with all these unneces- 

sary movements, the quickest and best movements, as well as 

the best tools can be collected into one series and thus the one 

best method of performing the task can be determined. It will 

|



288 The Wisconsin Engineer : 

thus be seen that this involves the time, study and motion study \ 
of which so much has been written. : 

By the application of the second principle, the management 

is able to place each workman at a task for which he is natur- 
ally fitted and at which work he can earn his best pay. This . 
results in better satisfied and more reliable men. It requires 

skill and patience to bring this about. 

Dr. Kathrine Blackford of the Emerson Company has made a 

special study of the scientific selection, assignment and manage- 

ment of employees. Her methods of analysis are original and 

very comprehensive. They have been applied with very satis- 

factory results in a number of large industrial enterprises. 

The third and fourth principles can be illustrated best by a 

description of the functional system of organization which has 

been used by Taylor and his associates. Under this system of 

scientific management the factory organization is divided into 

two departments, the planning department and the performing 

department. 

The planning department has four functions which are rep- 

resented by the following individuals: (1) The route clerk or 

the order of work clerk. His duties may be briefly summarized 

in the three words, ‘‘what, where, when.’’ It is his duty to plan 

in advance the route that each unfinished or finished piece shall 

follow throughout the shops. He sometimes rearranges machin- 

ery to secure a more satisfactory passage of work through the 

shop. After he has decided on the path that the material shall 

follow and the machines which shall do work on it, he makes 
out route charts and route sheets which are turned over to the 

instruction department to be worked out in detail. 

(2) The instruction ecard clerk works out in detail an instrue- 

tion eard for each element of the routing sheet. The instruction | 
cards must tell the workmen in the greatest possible detail the 

task he is to perform and the tools to be used. The functional 

foremen must also be instructed as to what he must teach the 

workmen and what the workman is expected to do. In short, 

the instruction card man answers the question ‘‘how.’’ 

(3) The time and cost clerk keeps records of the time it took 

the workmen to perform each task and also of the cost of labor 

and material on each piece. This information is usually col-
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lected in statistical forms and provides a true record of the 

prime costs of production. 

(4) The disciplinarian has to do with all matters connected 

with discipline. It is his duty to prevent disagreements rather 

than to settle these matters. In many plants his work is light 

and he combines the function of disciplinarian with some other 

function in the planning department. 

In the performing department there are also four functions, 

as follows: 
(1) The gang boss who takes the place of the old time fore- 

man, but in a different way. He sees that the workmen per- 
form the operations exactly as called for on the instruction card. 

He also acts as a teacher and by instruction assists the men in 
reaching the maxima of production set by the planning depart- 

ment. He is generally paid a bonus on the work done by the 
workmen and thus has an incentive to get his men working 

most efficiently. 

(2) The speed boss, who has nothing to do with the speed 

of the men but of the machines. It is his duty to see that ma- 

chines and tools are run at the speeds called for on the instruc- 

tion cards and to instruct the workmen how to secure these 

speeds. If there is any question as to the machine speeds, he 

must be prepared to demonstrate himself that such speed is not 

impossible and must teach the workmen how to comply with 

their instruction card requirements. 

(3) The repair boss has charge of all repairs and overhaul- 

ing as called for by instruction cards. In the nature of things 

he must be ready in emergency break-downs to rush out repairs 

even though no instruction card has been issued. 

(4) The inspector not only passes on the completed work but 

it is his duty to prevent as far as possible any spoiled work, by 

standing by the workmen on every new job and instructing him 

as to the requirements necessary to pass inspection and to see 

that the workman understands these requirements. | 

This whole functional organization aims to assist the work- | 

men in turning out the most work possible. His instruction | 

card tells him what he is to do, what tools he must use, how 

the task is to be performed, the speed to run his machines, the 

finish of the work, the time allowed for the job and the bonus
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he will be paid above his regular wages if the work is com- 

pleted in the time stated. He also receives instruction from the . 

gang boss and speed boss and is given every assistance to attain 

his best effort. 

On the other hand the executive assumes the duties of rout- 

ing material, providing tools and keeping these in proper shape . 

and of issuing detailed instruction cards to the workmen for 

every element of the task. Formerly these functions were 

largely performed by the workmen themselves. Hence the 

management now shares almost equally with the workmen the 

burden of production. 

The previous outline is for organization based on the Taylor 

system. Emerson, on the other hand, does not adhere strictly 

to methods. He lays down twelve principles of efficiency and 

models the existing organization to conform with these princi- 

ples. He also employs specialists in different branches of the 

work who bring their expert skill and knowledge to bear on the 

various elements of the operations. His methods can therefore 

be introduced into factories with less disturbance than could 
the Taylor system. 

An incentive of increased pay must be offered to the workman 

in order to get him to put forth his best effort. This takes the 

form in the Taylor system of a bonus of from twenty-five to 

seventy-five per cent of his former pay after he has reached the 

point set by the management as the task. If he is unable to 

reach this production he gets no bonus but as soon as this limit 

is reached the bonus is added to his pay. It thus acts as an 

incentive to maintain full production at all times. 

In the Emerson system, the standard of production is fixed 

by time studies and this is considered as 100 per cent. efficiency. 

Any other rate of production is expressed as a per cent. of this 

and an increasing bonus rate is paid for all efficiencies above 

about 70 per cent. Whereas on the Taylor system there is no 

further incentive to production after the bonus-paying point is 

reached, in the Emerson system the greater the rate of produc- 

tion the greater the rate of the bonus and hence there is every 

inducement to the workman to produce his greatest possible out- 

put.
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Attention has already been called to the practice of cutting 

i rates in piece work. It is one of the fundamental laws of scien- 
tifie management that rates of production which have been de- 

termined by careful and accurate studies, must not be changed 

and hence the workman is given a square deal if by his skill he is 

able to exceed the limits first set. He has no fear of rate cutting 

or of increase in the task. 

The reader must not assume that these are the only systems of 

scientific management now in use. There are a great number 

of others which are based on some or all of the principles em- 

bodied in the Taylor and Emerson system. Scientific manage- 

ment is a comparatively recent development and it must pass 

through various stages of evolution in the same way as all in- 

dustrial improvements have in the past. It is therefore probable 

that the systems receiving final adoption may vary quite widely 

from those now in force though the underlying principles may 

not be altered. Scientific management substitutes exact knowl- 

edge for guesswork and establishes a definite unit of measure- 

ment to which all performances may be compared. The wide- 

spread attention and study that it has received, has brought 

about many changes and improvements in factories which have 

not adopted the systems in full. It has called the attention of 

superintendents and managers to the needless wastes of materials 

and effort that constantly take place in their factories and has 

also pointed out a way to make improvements. On account of the 

widespread appreciation of scientific management it behooves 

every graduate in engineering to acquaint himself thoroughly 

with its underlying principles and to read all the best literature 

on the subject. 

Before closing it is well to direct attention to the attitude of 

labor. In general labor is very conservative and is governed 

largely by force of habit. In almost every case therefore where 

scientific management has been introduced a hostile attitude was 

assumed at first by the workmen. But this rapidly disappeared 

as the benefits of the system became appreciated. The men 

were able to earn more money and as they had to give closer 

attention to their work they became steadier and more reliable. 

‘When methods of scientific selection were applied, the men were
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soon placed on jobs for which they were naturally suited and this 

resulted in more contented men. , 

The labor unions on the other hand have violently opposed all 

systems of scientific management on the ground that it destroys 

collective bargaining by the introduction of the individual task . 

and bonus, that by speeding up production it makes men into 

machines, kills individual initiative and lowers their vitality 

and also that it makes men specialists in one process only and 

does not provide such all-around skilled workmen as men pro- 

duced by the old apprenticeship systems. These allegations at 

first sight would appear to be a severe arraignment of scientific 

management. But if one studies economic development, he will 

find that much the same objections were raised to the introduc- 

tion of machinery in the early days of the industrial revolution. 

Yet in the end union labor accepted machinery. In shops where 

scientific management has been in use for sometime, there does 

not seem to be the serious results that labor leaders have prophe- — 

sied. It seems therefore probable that scientific management 

will be introduced in spite of the unions. However if labor 

leaders are broad minded enough to see the advantages resulting 

from the elimination of wasted effort both in the work to be done 

and indirectly in reducing the high cost of living, they will adopt 

scientific management and force its use on all employers as a | 

means of getting higher wages for their men. As a general rule ! 

labor leaders have never taken the trouble to investigate care- 

fully the working of the system and to notice its effects on the 

laborers themselves.
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ELECTROLYSIS FROM STRAY ELECTRIC CURRENTS* 

By Pror, ALBert F, Ganz, M. E. 

Stevens Institute 

DEFINITION AND THEORY OF ELECTROLYSIS 

Electric currents may be conducted in two ways, first, by metal- 

lie conduction, and second, by electrolytic conduction. Metallic 

conduction occurs when an electric current passes through a 

metal, and is characterized by the fact that no chemical change 

is produced in the conductor, the only effect being the produc- 

tion of heat. Where electric currents, therefore, pass through 

metallic conductors, such as copper wires, rails, or pipes, they 

produce no change in these conductors except to raise their temp- 

erature. Under all ordinary conditions stray electric currents 

found on underground pipes are not sufficiently large to ap- 

preciably heat these pipes. Under abnormal conditions pipes 

may however carry stray currents of sufficient magnitude to 

produce heating at moderately high resistance joints. 

Electrolytic conduction occurs when an electric current passes 

through an electrolyte, and is characterized by the fact that the 

electric current is transmitted by a corresponding transfer of 

ions in solution, with the production of chemical decomposition 

at the electrodes where the current enters and leaves the elec- 

trolyte. Electrolysis may therefore be defined as chemical de- 

composition produced by an electric current. Electrolysis is 

usefully applied in the arts for the refining of metals and for 

producing chemical compounds. The writer wants to discuss 

here the destruction of underground structures caused by elec- 

trolysis from stray electric currents which reach these structures. 

Chemical compounds in solutions of water constitute the or- 

dinary electrolytic conductors. Pure water itself has such a 

high resistance that it may practically be considered a non- 

conductor. It is for this reason that an iron pipe fu!l of ordi- 

nary city supply water does not have a lower resistance than the 

*A lecture delivered before the American Water Works Association 
at Louisville, Ky., June 6, 1912. 

|
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same pipe without water. Water is, however, readily made 
conducting by the addition of small amounts of salts, and con- 
duction through water is therefore always electrolytic. 

The following is a brief explanation of the theory of elec- 
trolytie conduction. When a salt is dissolved in water, some of 
the molecules separate or dissociate into two parts, one part 
having a positive electrical charge, and the other a negative elec- 
trical charge, and these parts are called ions. The metal parts 
or the hydrogen constitute the positive ions and the acid parts 
the negative ions. For instance, copper sulphate, CuSO,, when 
dissolved in water, dissociates into the positive metal ion Cu 
and the negative acid ion SO,. An electric current is trans- 
mitted through an electrolyte by the transfer of these ions. The 
electrode by which the current enters the electrolyte is called the 
anode, and the one by which the current leaves is called the 
cathode. The metal or hydrogen (positive) ions travel in the 
direction of the current and carry positive electrical charges to 
the cathode, and these metal ions, called cations, are deposited 
upon or are liberated at the cathode. The acid (negative) ions 
travel against the current and carry negative electrical charges 
to the anode, and these acid ions, called anions, will corrode the 
anode if it is a metal which combines chemically with these 
anions. The cathode is not corroded. With an electrolyte of 
copper sulphate dissolved in water, a copper anode corrodes into 
copper sulphate and dissolves, while metallic copper is deposited 

upon the cathode. If the electrolyte is common salt dissolved 

in water, the anions are chlorine, and an iron anode would be 

corroded, the iron forming ferrous chloride; the cations are 
sodium, and these would decompose the water present and lib- 
erate hydrogen at the cathode. These examples furnish an il- 
lustration of the fact that the corrosive action of the current 
results in supplying the electrolyte with an equivalent of the 
amount of salt decomposed by the current, so that the electrolyte 

‘is continua!ly replenished with salt and its electrolytic conduct- 
ing power is thereby maintained. This salt will contain metal 
ions of the anode or hydrogen, and may be different from the 

original salt which started the action. 

Street soils when entirely dry do not conduct electric currents. 

Under ordinary conditions, however, street soils contain con-
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siderable water with salts in solution, generally chlorides, and 

this makes them electrolytic conductors. When an electric cur- ; 

rent passes through soil it therefore does so by electrolytic con- 

duction and by corresponding chemical decomposition at the 

electrodes. Where an electric current leaves an iron pipe for 

soil it corrodes the iron by this action of electrolysis. It has | 

been claimed in the past that soils may conduct metallically, but 

this has been disproved and it is now recognized that conduction 

of electric current through soil is always electrolytic. 

The separation of the metal or hydrogen ion from the e'ectro- 

lyte at the cathode absorbs energy from the electric circuit, and 

generally produces an electromotive force in the opposite direc- 

tion to the current. The oxidation of the anode supplies energy 

to the circuit and generally produces an electromotive force in 

the direction of the current. If the oxidizing anode is of the 

same metal as is being deposited upon the cathode, and if the 

electrolyte is the same at the anode and cathode, then there is no 

resultant electromotive force due to the electrochemical actions, 

and the only electromotive force consumed is that due to the re- 

sistance of the electrolyte in accordance with Ohm’s law, exactly 

as with a metallic conductor. If the metal deposited at the 

cathode is different from the oxidized at the anode, or if hydro- 

gen is liberated at the cathode, or if the electrolyte at the cath- 

ode is not of the same composition or density as at the anode, 

then there will be a resultant electromotive force, which may be 

either in the same or in the opposite direction as the current. It 

has been assumed by some writers in the past that no corrosion 

, from electrolysis can take place if the voltage between two meta!- 

lie conductors in soil, such as between pipe and rails, is less 

than 1.5 volts, because this is the dissociation voltage of water. 

This, however, is entirely wrong, and it has been proven by in- 

vestigations and is now generally recognized that the amount | 

of corrosion produced by electrolysis is independent of the volt- 

age, except in so far as this determines the amount of current 

flowing, and that the smallest fraction of a volt can produce 

corrosion from electrolysis under suitable conditions.
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SOURCES OF STRAY ELECTRIC CURRENTS , 

Stray currents are electric currents which have leaked from 
grounded electrical distribution systems and flow through ground 
and through underground structures. Grounded telephone and 
telegraph lines produce electric currents through ground of such 
very small magnitudes that their effects upon underground pip- 
ing systems can be neglected. Direct-current electric lighting 
systems in which the distribution is on the Edison 3-wire plan 
with the neutral conductor grounded, are in American practice 
provided with such large neutral conductors of copper that prac- 
tically no stray currents are produced from such systems. This 
grounding of the neutral in Edison 3-wire systems is to serve as 
a safeguard and is not for the purpose of using the ground to 
carry current. Alternating-current lighting systems where 

grounded generally also produce only small stray currents, and 

the electrolytic effects from these small stray alternating cur- 

rents are always negligible. 

Electric railways using the running tracks for return con- 
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Fic. 1.—Diagram of Single-Trolley Electric Railway Showing Path of 
Current from Generator Through Positive Feeders, Trolley Wire, 
Car and Rails. 

ductors often produce comparatively large stray electric: cur- 
rents through ground, and these are the only sources of stray 
currents which need be considered in practice. Direct current 
is almost exclusively used for such electric railways and it is 

the common practice to supply current to the cars from an over- 

head trolley wire or from a third rail, and to return this current 

to the power station through the running tracks, supplemented 

where necessary by return feeders. A single-trolley electric 

rai'way is shown diagrammatically in Fig. 1, in which the path
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of the electric current from the positive terminal of the gen- 

erator through the circuit and back to the negative terminal is. ; 

shown. The running tracks consist of rail lengths about forty 

feet long, and these are mechanically fastened together by fish- 

plates which consist of steel plates bridging across the rail ends. 

and bo!ted to both rails. Such fishplates while mechanically 

fastening the rail lengths together do not form good electrically 

conducting connections between the successive rail lengths. For 

this reason, copper wires or straps, called rail bonds, are gen- 

erally used to bridge across the abutting ends of the rail lengths 

for the purpose of affording a good electrically conducting path 

between successive rail lengths. The two rails of a single-track 

road, or the four rails of a double-track road, are also generally 

connected together at frequent intervals by cross bonds so that 

the two or the four rails may be available for the return of cur- 
rent. Instead of using copper rail bonds, the rail ends are some- 

times welded together, or soft steel plates are we'ded across each 

side of the abutting rail ends, thus forming both a strong me- 

chanical and a good electrically conducting connection between 

the successive rail lengths. A well bonded railway track should 

have a conductivity not less than 80 per cent. of the equivalent 

conductivity of continuous rails. To give some idea of the rela- 

tive conductivity of steel rails, it may be stated that a single 

rail weighing ninety pounds per yard, which is a size commonly 

used where the traffic is heavy, has about the same conductivity 

as a copper wire one inch in diameter. Thus the two rails of a 

single-track line or the four rails of a double-track line laid with 

90-pound rails and well bonded afford a good conducting path 

for electric current. 

In the simp'est form of single-trolley railway, already shown 

in Fig. 1, the rails are connected to the negative terminal of the 

generator at the power station, and the only path for current to 

return to the power station is by way of the running tracks. 

If the running tracks are laid upon wooden ties above ground 

with broken stone for road ballast, as is common on steam rail- 

roads which run on their own right-of-way, the rails do not come 

in direct contact with ground, and the return current will be 

practically confined to the running tracks. If, however, the run- 

ning tracks are laid below ground so that the top of the rails is 

|
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on the level of the surface of the street, as is common in cities, 

> then the rails will be exposed for a considerable area to contact 

with soil. If the tracks are laid on a concrete base a consider- 

able area of the rails will similarly be in contact with the con- 

crete. Since both damp soil and damp concrete are under ordi- 

" nary conditions conductors of electricity, part of the current 

returning through the rails will shunt from the rails through 
oe 
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Fic. 2—Diagram Showing Stray Railway Currents with Assumed Dis- 
tribution of Potentials Caused by these Currents. 

the surrounding soil, as is illustrated diagrammatically in Fig. 2. 

It will be seen that with the usual connection of positive terminal 

of the generator to the trolley wire, and the negative terminal 

to the rails at the power station, the current will leave the rails 

for ground at points distant from the power station, and return 

to the rails in the neighborhood of the power station, in its path 

back to the negative terminal of the generator. Since every 

electric circuit must be completely closed, all current escaping 

through ground must again leave ground to return to the dy- 

namo so as to complete the electric circuit. Where underground 

metallic structures, such as gas or water pipes, lie in ground in 

the path of these stray currents, and where these pipes have elec- 

trically conducting joints, such as lead-calked joints or screw- 

coupling joints, current will flow from ground to such pipes and 

flow largely on such pipes in a direction towards the power sta- 

tion. In the neighborhood of the power station this current will 

| leave the pipes to return to the negative terminal of the gen- 

erator, as shown in Fig. 2.



300 The Wisconsin Engineer 

If the negative terminal of the generator or negative bus-bar 
is connected to the rails at other points than at the power station, - 
by means of negative return feeders, then at such connection 

points the rails will be rendered negative in potential to ground, 

and currents will tend to flow from underground pipes through 
ground to return to the rails in the neighborhood of these con- ‘ 
nections. Stray railway currents on pipes will therefore tend 

to leave these pipes to return to the rails in all regions where 

these rails are connected to return feeders. 

From the above considerations it will be seen that the leak- 

ing of current from the rails of electric railways, producing 

stray currents through ground and on underground piping, 

does not constitute a source of loss to the railway company, 

as for instance would be the case with leakage of gas or water. 

On the contrary, by allowing the current to return by ground 

and underground pipes as well as by way of the rails, the total 

conduetivity of the return circuit is increased, and the voltage 

loss in the return of this current is decreased, so that there 

is an actual saving of power for the railway company. 

GENERAL EFFECTS OF STRAY ELECTRIC CURRENTS ON UNDERGROUND 
PIPING 

The current flowing through the rails from the trolley cars 

back to the power station produces in these rails a drop in 

potential; that is to say, points in the rails away from the 

power station have a positive potential with reference to the 

rails at the power station. Since potentials are measured rela- 

tively it is convenient to consider the negative terminal of 

the dynamo, which is assumed connected to the rails at the 

power station, as at zero potential. The distribution of poten- 
tials in the rails of a simple electric railway system and in 
the underground piping is illustrated in Fig. 2, in which eon- 
venient values have been assumed. It will be noted that the 

stray current causes the underground pipes to be negative to 

the rails at points away from the power station and positive to 

the rails near the power station. It is also seen that the nega- 

tive potential of the pipe, plus the drop on the pipe, plus the 

positive potential of the pipe, equals the drop in the rails. In 

the case assumed, there is a potential difference of 550 volts
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maintained at the power station; of this, ten volts is lost in 

the trolley wire, 520 volts is used by the motors of the ears, 

and twenty volts is left to bring the current back to the power 

station. If the negative bus-bar and the rails at the power 

station are considered as at zero potentials, the rails at the car 
in the assumed case will have a potential of plus twenty volts. 

Thus, for practical purposes, the ground with its underground 

pipes is subjected to a potential difference of twenty volts, and 

the amount of stray current produced is that due to these 

twenty volts. If the rails are laid in the usual way, that is, in 

contact with ground, the twenty volts in the rails will send 

some shunting current through the ground and through the 

underground pipe as shown in the diagram. Under the as- 

sumed conditions, there is a drop of eight volts from the rails 

to the pipe near the car, a drop of four volts in the pipe itself, 

and a drop of eight volts from the pipe through ground to the 

rails at the power station. It is therefore seen that it is the 

potential difference or drop in grounded rails caused by the re- 

turn current which is the cause of stray currents through 

ground. Attempts should therefore be made to keep the poten- 

tal difference or drop in rails as low as practicable in order to 

keep stray currents through ground down to a minimum. 

From the explanation of metallic and electrolytic conduction 

given in the first part of the paper, it will be understood that 

where stray currents flow on underground pipes they do no 

harm except where they leave the pipes to flow to the sur- 

rounding soil. At such points corrosion of the iron from elec- 

trolysis will take place, and theoretically there will be a loss of 

twenty pounds of iron per year for every ampere of electric 

eurrent leaving the iron. Some have assumed that with the low 

densities at which current generally leaves underground pipes, 

little or no corrosion is produced. A number of experiments 

made by the writer have clearly shown, however, that even 

when current leaves iron for street soil at an extremely low 

density corrosion is produced which is at least equal to, and 

frequently greater than, the theoretical amount. This increase 

of the actual over the theoretical amount is undoubtedly due to 

secondary chemical reactions set up by the action of electrolysis. 

The underground structures which are most likely to be sub-
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jected to destruction from electrolysis caused by stray electrie 
currents, are piping systems and lead cable systems. From . 
what has been said above it will be seen that oxidation or cor- 
rosion of such pipes or cable sheaths will oceur wherever cur- 
rent leaves the pipe or cable sheath for ground. In the sim- 
plest case, illustrated in Fig. 2, current flows from rails through 
ground to the pipes at points distant from the power station, 
flows along the pipes, and leaves the pipes to return through 
ground to the rails in the neighborhood of the power station. 

When the current flows from the rails to ground, the rails will 

be corroded, and where the current flows from the pipes to 

ground, the pipes will be corroded. If the pipe line is a uni- 
form electrical conductor, and the relative arrangements are 
as shown in Fig. 2, then the pipes will be corroded only in the 
neighborhood of the power station. If, however, the pipe line 
is not a uniform conductor, as for instance, if there are one 
or more high resistance joints in this pipe line, then the current 
on the pipe will shunt around such high resistance joints and 
produce oxidation or corrosion on one side of the joint. This 
action gives rise to joint corrosion which is frequently found. 
Where there are two or more underground piping systems it 
also frequently happens that current shunts from one piping 
system to another through the intervening soil, producing elec- 
trolytic corrosion where the current leaves the pipe. Such 
shunt currents are often caused by accidental high resistance 
joints in one of the pipe lines, and such shunting may occur 
anywhere and without reference to the location of the railway 
power station. Where a direct-current trolley railway system 
passes through a town which has an independent piping net- 
work, and where the power station supplying the trolley line 
is in some other locality, then if stray electric currents are pro- 
duced from the trolley line where it passes through the town, 
they will flow on the piping system making this piping system 
positive to ground and to rails in the direction towards the 
railway power station, and negative in the direction away from 
the railway power station. In this case electrolysis of the pip- 
ing will be produced at the ends of the piping system towards 
the railway power stations.
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When cast iron is corroded by electrolysis, the oxides of iron 

mixed with graphite usually remain in place leaving the out- 

side appearance of the pipe unchanged. This material result- 

ing from electrolysis of cast iron usually has the consistency 

of hard graphite and can be cut with an ordinary knife. There 

have been many cases in which a cast-iron main was carrying 

gas or water without any apparent leak, where a single blow 

with a hammer drove a hole right through the pipe. Here the 

electrolytic action had corroded the iron entirely through the 

pipe, and the oxide of iron had remained in place, and, together 
with the surrounding soil, had prevented the pipe from leak- 

ing. Whether or not the mixture of iron oxide and graphite 

resulting from electrolysis remains in place so as to maintain a 

pipe gas or water tight, depends upon the surrounding soil con- 

ditions. It is therefore seen that an underground piping sys- 

tem may be suffering severely from electrolysis without having 

given any outward sign of the damage. A physical examina- 

tion with a test hammer is required in the case of cast-iron pip- 

ing to establish definitely whether or not it has been damaged 

by electrolysis. 

For a given current leaving an iron pipe, there is practically 

no difference in the amount of iron destroyed between cast- 

iron, wrought-iron and steel. The electrical resistivity of cast- 

iron is, however, about ten times as great as that of wrought- 

iron or steel, and the usual lead joints in cast-iron pipes also 
have a resistance which is many times greater than the screw- 

coupling joints usual with wrought-iron and steel pipes. For 

these reasons a given voltage drop through ground will cause 

a much smaller current to flow on a cast-iron pipe than on 

a wrought-iron or steel pipe, thus practically making cast-iron 

pipes much less subject to electrolysis than wrought-iron or 

steel pipes. The most frequent damage from electrolysis is 

found in the case of service pipes where these cross under trol- 

ley rails or other underground conductors to which they are 

positive. 

ELECTROLYSIS SURVEYS 

The diagram illustrated in Fig. 2 shows that voltage drop 

in the rails produces stray current through ground and through 

underground pipes, and produces potential differences between
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pipe and rails, making the pipe appear positive in potential 

where current leaves the pipe, and negative in potential where 

current flows to the pipe. The first step in an electrolysis sur- 

vey of a town is, therefore, to measure potential differences be- 

tween pipes and rails, at a number of points throughout every 

street on which there are electric railways. Where the main 

itself is not exposed, connections to the pipes for these volt- 

meter measurements may be obtained by means of service pipe 

or drip connections. Such connections are generally satisfac- 

tory because the voltmeter itself has a high resistance and takes 

only a very small current. Readings are taken at each point 

every ten seconds for ten or twenty minutes, depending upon 

the car schedules, and the maximum, minimum, and average 

results of the readings recorded. A convenient instrument for 

these potential readings, which can also be used for the drop 

measurements described below, is a Weston Model 1 combina- 

tion millivoltmeter and voltmeter, with its zero in the center of 

the seale, and having ranges of five, fifty and 500 millivolts 

and of five and fifty volts. These instruments are made with 

very high resistances so as to be particularly applicable to elec- 

trolysis testing. 

After such potential measurements have been made through- 

out the principal streets of a town, they are then conveniently 

plotted on a skeleton map of the town, in which the tro!ley 

lines are shown, The potentials of the pipes referred to the 

rails are laid off normal to the lines representing the railway 

tracks to some convenient scale, usually 1 inch = 10 volts. 

The ends of these potential lines are then connected, and the 

included areas are colored red where the pipes are positive in 

potential to the rails, and blue where the pipes are negative 

in potential. In Fig. 3 is shown a typical potential survey map, 

in which the negative areas are shown by dots, and the posi- 

tive areas by section lines, instead of by blue and red areas. 

It will be noted that in the neighborhood of the railway power 

station the pipes are highly positive to the rails, and at points 

distant from this station they are negative to the rails. The 

existence of potential differences between pipes and rails is, 

however, no conclusive evidence of stray currents on the pipes;
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they indicate at what points current is probably flowing from 

rails to pipes and from pipes to rails. 

The net step in the survey is to measure drop between drip 

or service connections, which will indicate the probable exist- 

ence and direction of current flow on the pipes. Such drop 

measurements cannot, however, be used for calculating the 

amount of current on the pipes. To determine the actual cur- 

rent flowing it is necessary to measure the drop between two 

points on a continuous length of pipe by means of a millivolt- 

meter. This drop expressed in volts divided by the assumed or 

measured in ohms of the included length of pipe gives the eur- 
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Fig. 3.—Typical Potential Survey Plotted on Skeleton Map of City 
Showing Electric Railway Tracks and Potentials of Underground 
Pipes Referred to Trolley Rails. 

rent expressed in amperes. A convenient table giving the cur- 

: rent in amperes for one millivolt drop in one foot of standard 

wrought-iron, steel, and cast-iron pipes is appended to this 

paper. To find the current flowing on a pipe corresponding to 

a given drop in millivolts for a measured length, multiply the 

amperes given in the table for one millivolt drop for one foot 

by the number of millivolts drop measured, and divide by the
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included length of pipe in feet. To measure this drop, it is . 

necessary to expose the pipe and to make good electrical con- 
tact between the millivoltmeter leads and the pipe. A satis- 

factory method is to use a pointed piece of steel, about the size 

of an ordinary lead pencil, fastened in a wooden handle, with 

a flexible connecting wire soldered to it inside of the handle. 

The pointed steel is then pressed against a bright spot or into 

a filed notch on the pipe. A still better contact is obtained by 

soldering the connecting wire directly to the pipe or to a brass 

plug serewed into the pipe, which is particularly advantageous 

when readings are to be taken over a considerable time. When 

such contact wires have been soldered to a continuous length 

of pipe, it is usual to use rubber covered wires and bring them 

a aS — 
es = => ervice Box 

Soldered Joint Iron Fipe 
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Fic. 4.—Permanent Electrical Test Wires Attached to Main and Brought 

to Surface of Street Through Service Boz. 

to the surface of the street, leaving the ends in drip or service 

boxes which then form permanent test stations for electrical 

measurements. This is exceedingly convenient because it is 

then possible to make current measurements on the pipe with- 

out again making an excavation. Such permanent contact 

wires for electrical tests are illustrated in Fig. 4. 

When drop measurements between services and current 

measurements on pipes have been generally made on a piping 

system, the results are conveniently plotted on a skeleton map 

of the city in which the pipe lines are shown and the current
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flowing on these pipes are indicated by arrows. <A typical cur- 

rent survey map of a portion of a city is shown in Fig. 5. It | 

is seen that here the currents on the pipes flow in a general | 

direction towards the railway substation. 
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Fic. 56.—Typical Current Survey Plotted on Skeleton Map of Section of 

City Showing Underground Mains and Stray Currents Flowing on 
Mains. 

Since current destroys the pipe only where it leaves for soil, 

it is important to know where the current leaves the pipe. Cur- 

rent measurements on pipes are therefore frequently made at
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two or more stations simultaneously in order to determine the 

change of current on the pipe between the stations. 

It is possible to trace the path of current flow through 

ground by measuring potential differences between points in 

the ground. Where small potential differences are measured 

between two points in ground and iron rods are used as elec- 

trodes, entirely incorrect results may be obtained because of 

possible differences in polarization voltages at the surfaces of 

the electrodes. To overcome this difficulty, a non-polarizable 

electrode’’ was devised by Professor Haber. This consists of a 

glass tube with a porous cup cemented to one end and contain- 

ing a saturated solution of zine sulphate, and of a zine rod 

dipping into the solution. A wire is brought out from this zine 

rod through a cork in the top of the tube. To make contact to 

ground with this electrode the porous cup is pressed against 

the part of the ground at which the potential is to be meas- 

ured, thus establishing contact between the ground and the zine 

sulphate solution. This establishment of electrolytic contact 

between ground and the zine sulphate solution eliminates polar- 

ization voltages. The polarization voltage between the zine rod 

and the zine sulphate solution, which is a definite known voltage, 

must be allowed for when using this electrode. It is also essential 

that when this electrode is used, the potential measurements 

. be made by means of zero methods, and not with indicating 
voltmeters, because of the very high contact resistance pro- 

duced with this electrode. 

It is often also desirable to measure directly the flow of eur- 

rent through ground, as between a pipe and rails, or between 

two pipes. This can be done by means of an earth ammeter, 

which was also devised by Professor Haber. This consists of a 

wooden frame with two copper plates insulated from each other 

by a plate of mica or glass. Insulated copper wires are brought 

out from the two copper plates, and these wires are connected 

to an ammeter. To use the frame, the two copper plates are 

first coated with a paste made of copper sulphate and a twenty 

per cent sulphuric acid solution. A wetted piece of parchment 

paper is then laid over the paste, and the remainder of the 
frame filled with soil from the excavation where the current 

flow through ground is to be measured. The frame is then
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buried in ground normal to the direction of the current flow 

to be measured, and the ammeter will indicate the current flow 

which is intercepted by the buried frame. The object of the 

copper sulphate paste on each plate is to equalize polarization 

potentials at the surfaces of the copper plates. This earth am- 

meter is also well suited for measuring current flow between 

pipe and ground. For this purpose the frame is buried in the 

ground one or two inches from and parallel to the pipe. Meas- 

urement of current flow from a pipe thus made can be used to 

form an estimate of the probable amount of electrolytic dam- 

age to the pipe, and in cases where corrosion has taken place, 

this kind of test wi'l often serve as evidence that the corrosion 

has been caused at least in part by stray currents leaving the 

pipe. By using a recording instrument in connection with the 

earth ammeter, the characteristic variations of the current 

leaving a pipe can also be determined and in this way the iden- 

tity of the current ean often be established. 

From a study of the results of the survey it can be deter- 

mined where current is leaving the piping. At a number of 

such points excavations should then be made and the exposed 

pipe examined with a test hammer for electrolytic corrosion. 

Where such corrosion and pitting is found at points where 

current is found leaving the pipe, it may be taken as evidence 

that the destruction was caused by electrolysis, because it has 

been conclusively proven that current cannot leave iron for sur- 

rounding soil without producing corresponding destruction of 

the iron, 

Regarding the use and value of an electrolysis survey, it 

must be remembered that the object of the survey is to indi- 

cate the existence or non-existence of stray electric currents 

upon a piping system, and to determine where such currents 

flow on to the pipes and from the pipes. I have had occasion 

to examine a large number of electrolysis surveys and have 

found that many of these consist exclusively of voltmeter read- 

ings. Such readings by themselves do not afford a measure of 

electrolytic danger; they merely indicate where the greatest 

danger is likely to exist. Measurements of current flow on 

pipes are essential in an electrolysis survey because all current 

which flows on a pipe must leave it, and the amount of damage
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produced is proportional to the total current which leaves the 

pipe. I have seen some reports on the other hand, where it is 

stated that the current on a given pipe is zero, but where the 

instruments and methods employed were not sufficiently sensi- 

tive to detect current as large as two or three amperes, and 

where, therefore, the conclusion of zero current is not war- 

ranted. From a complete and properly analyzed electrolysis 

survey, a great deal of good can generally be accomplished. It 

will not always be possible to remove all stray currents from 

the pipes, but measures will be indicated by which the condi- 
tions can be greatly improved, and points of greatest danger 

will be located. If then trouble does occur at a later time at 

these points, the electrolysis survey may be most valuable in 

affording proof of the destruction of the property from rail- 

way currents and may be the means of compelling the railroad 

company not only to pay for the damage but also to make im- 

provements in its return system so as to avoid the recurrence 

of such damage. I know of a number of electric railroad com- 

panies who are regularly paying for damage caused by electrol- 

ysis to piping systems. The knowledge that a pipe-owning 

company is making electrolysis tests and is keeping watch on 

the situation, also has a strong moral effect on the electric rail- 

roads. 

REMEDIAL MEASURES 

There is only one complete remedy for electrolysis, and that 

is the use of a completely insulated return circuit. Such rail- 

ways may be provided with double overhead trolley wires, as 

used for example in Washington, D. C., Cincinnati and Ha- 

vana; or with an insulated outgoing and return conductor in 

underground conduits, as used for example on the surface lines 

on Manhattan Island; or with separate insulated third and 

fourth rails for the outgoing and return current, as is used on 

the Metropolitan District Railway in London. With these sys- 

tems the running tracks are not used as a part of the electric 

circuit, and as both positive and negative sides of the circuit | 

are insulated no stray currents are produced. 

Where a road operates on a private right-of-way, the rails | 

ean often be practically insulated from ground and the escape
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of current from the tracks prevented. For surface roads this. 

can be practically accomplished by placing the rails on wooden 

ties above ground and using broken stone for ballast and keep- 

ing the rails out of contact with ground. In the case of railway 

lines operated on elevated structures the rails can be fastened 

to wooden ties and kept out of contact with the structure. 

These rails, supplemented where necessary with negative feeder 

cables, also insulated from the structure, can then be used for 

the return conductor. In this way the return circuit is quite 

thoroughly insulated from the elevated structure and from 

ground and stray currents are entirely prevented. 

A number of remedial measures intended to reduce stray cur- 

rents from electric railways using the grounded rails for a re- 

turn conductor have been tried. These methods may be divided 

into two classes, the first class aiming to remove the current 
harmlessly from pipes by metallic connections or bonds between 

the pipes and the railway return circuit, and the second aiming 

to minimize stray currents through ground. 

Since stray currents cause damage only where they leave 

pipes to flow to the surrounding soil, attempts are frequently 

made to prevent destruction from electrolysis by connecting or 

bonding the pipes or other structures by means of metallic con- 

ductors to the rails or to the negative return circuit, so as to 

remove the electric current by metallic conduction and thus 

prevent corrosion from electrolysis. This method can protect 

lead cable sheaths because they form continuous electrical con- 

ductors, but it is not generally applicable to underground pip- 

ing systems, because the latter do not form continuous electrical 

conductors, but are more or less discontinuous networks, While 

lead-calked joints usually have a relatively low resistance, it 

frequently happens that they develop such high resistances as 
: to make them practically insulating joints, due undoubtedly to 

the formation of oxide coatings. Cement joints and cement 

pipes have such a high resistance compared with iron pipes 

that they are practically insulating. Bonding of pipes to the 

rails or to the negative return cireuit can only afford local pro- 

tection to the extent that the piping connected forms a con- 

. tinuous metallic conductor, and this latter is an unknown and 

indeterminate quantity in a piping network. In the practical



312 The Wisconsin Engineer 

working out of a bonding or drainage system two opposing 

tendencies develop; first, there is a reduction in the difference , 

of potential between pipes and rails in the positive areas, and 

consequent reduction of damage in those areas; and second, 

there is an increase of current flow on the pipes throughout 

the entire system, thus increasing the danger of trouble at high 

resistance joints, or other places where two piping systems or 

separate portions of the same system are electrically discontin- 

uous. As a rule, in the early stages of this system and espe- 

cially in small networks when there are comparatively few bond 

connections, and the resistances of the paths over the pipes are 

therefore relatively high, the effect is apt to be beneficial, re- 

ducing the danger in positive areas more than it increases the 

danger elsewhere. As the system grows and the load increases, 

more and heavier bonds become necessary. The current on the 

pipes may finally become so great that the trouble from cur- 

rent shunting around joints or between separate systems will 

inerease more rapidly than the danger in the positive areas is 

reduced, and any further increase in the bonding becomes an 

actual source of danger to the system. Since bonding transfers 

the trouble from the region where it was most evident to a new 

locality where it may require several years to manifest itself, 

the false impression is created that the trouble has been re- 

moved. It is due largely to this obseure manner in which trou- 

ble develops that has caused this method to become quite widely 

used. A number of cases have in fact been reported where a 

main bonded to the negative return circuit at the power station 

was completely destroyed by electrolysis a block or two away 

because of a high resistance joint in the main, forcing current 

to shunt around the joint and leave the main a short distance 

away from the power station. In one of these cases one entire 

block of main had to be replaced. This case is illustrated in 

Fig. 7. In another ease, the water main on one side of the street 

was bonded to the negative return circuit at the power station, 

and a main on the opposite side of the same street, although 

connected through cross-piping to the bonded main, was com- 

pletely destroyed because high resistance joints had developed 

in the connecting pipes. In addition, bonding pipes as a means 

of protection always renders the bonded structures a part of
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the negative return circuit, and therefore a source of danger to 

other underground structures which are not bonded. It has in 

fact been frequently found that where gas or water service 

pipes cross bonded cable sheaths, currents are caused to flow 

from the service pipes to the cable sheaths, and produce gradual 

destruction of the service pipes. In the case of one city nine- 

teen service pipes were destroyed in the course of one year di- 

rectly where these pipes cross telephone ducts containing cables | 

whose sheaths were bonded to the railway return circuit. 2 
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Fig. 7.—Diagram Showing Increased Danger from Electrolysis from 

Bonding Pipe to Rails Caused by Accidental High Resistance Joint 
in Pipe. 

Among the methods which have been used to minimize the 

escape of currents on systems using the grounded rails for the 

return conductor are increasing the resistance between rails 

and ground, increasing the resistance between pipes and ground, 

increasing the resistance along the line of the pipe by means of 

high resistance joints, and decreasing the drop in potential in 

the grounded rails. 

The resistance between rails and ground ean often be in- 

creased by using broken stone ballast, whereby the rails are 

kept out of contact with ground and water is allowed to trickle 

away from the rails thereby maintaining high resistance be- 

tween the rails and ground. Where an electric railway owns 

its own right-of-way, it is frequently feasible as already stated 

to practically insulate the rails from ground. 

Attempts have been made to insulate pipes from ground by 

a large number of tests on such paints and dips have, however, 

| shown that no dip or paint will protect a pipe against electrol- 

ysis in wet soil. The first difficulty is the mechanical one of
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applying the paint so as to form an absolutely perfect coating, 

and then to prevent mechanical! damage to the coating. Where 

imperfections exist or develop aggravated trouble always en- 

sues. Experience further shows that even where paints or dips 

are apparently intact and perfect, electrolytic action is not 

prevented, and in fact very serious electrolytic pittings have 

been found under apparently good coatings. It has been found 

that in most cases the coatings applied have either been com- 

pletely destroyed by the effects of the wet soil and the electric 

currents, or defects in the coating have developed causing con- 

centrated corrosion at such defective spots. The destruction of 

paints in wet soil where subjected to an electric current is due 

to traces of moisture finding their way through the coating, 

giving rise to the flow of a feeble current and resulting in a 

very slight amount of electrolysis. The gases and other pro- 

duets of electrolysis then form blisters and finally rupture the 

coating. The only kind of insulating covering which appears 

to afford certain protection is a layer of at least one or two 

inches of a material like coal tar pitch or asphaltum, of such a 

grade that it is not brittle and so will not crack, but yet is hard 

enough to remain in place. <A pipe treated in this way with the 

work done so as to be mechanically perfect would undoubtedly 

be protected from electrolysis. 

Current flow on pipe lines can also be practically prevented 

by using insulating joints for every joint. Cement joints as. 

ordinarily made do not generally produce metallic connection 

between the two pipes and may practically be classed with in- 

sulating joints. The cause of the high resistance of cement 

joints is probably due to the fact that although every attempt 

is made to push the spigot end home into the bell when laying | 

cast-iron pipe, as a matter of fact in most cases the two pipes 

are not in metallic contact. Even where there is metallic con- 

tact this is probably over a comparatively small area, if not 

at a point. As the end of the spigot is always heavily coated 

with scale, such metallic contaet generally forms a poor elec- 

trical connection of comparatively high resistance. It is a sim- 
ple matter to positively prevent metallic contact by inserting 

a ring of some cheap insulating material such as fiber or card- 

board between the end of the spigot and the interior of the
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bell, and this has been done in some cases. The resistance of 

cement joints is then the electrical resistance of the cement 

intervening between the spigot and bell, and while cement is 

not an insulator but on the contrary is probably as good a 

conductor as ordinary ground, yet compared with iron the re- 

sistance is so high that the cement joints practically interrupt 

the electrical continuity of the pipe line. A pipe line laid with 

all cement joints or with all insulating joints is therefore a dis- 

continuous electrical conductor and is not capable of carrying 

stray electric currents. Such a pipe line therefore cannot pick 

up current in an extensive negative area to discharge it in a 

restricted positive area, which is generally the cause of the 

most serious electrolytic danger. For this reason a piping sys- 

tem with all cement or insulating joints is on the whole much 

less likely to be affected by electrolysis than a piping system with 

all lead or screw-coupling joints. 

While relief from serious electrolysis can at times be obtained 

by such special measures as insulating pipe coverings or insu- 

lating joints, it must be understood that all remedial measures 

should have for their first aim the reduction of the drop in po- 

tential in the rails to a minimum, because this removes the 

cause of the trouble. The first and most important step nec- 

essary to accomplish this is to maintain the rails perfectly 

bonded, so that the rails themselves form continuous electrical 

conductors, The next important step is to limit the radius 

from the power station to which the station supplies electric 

power, so that current does not have to be returned from ex- 

cessive lengths of rail lines to any one power station. This 

is usually accomplished in practice by supplying power to 

electric railways from distributed substations. The next step 

is to remove the current from the rails wherever there is con- 

centration of current, by means of insulated return feeders 

connecting from the rails at these points to the power station. 

In order that such insulated return feeders should be most 

efficient in reducing drop in potential in grounded rails, these 

| feeders should be proportioned for equal drop, so that the rails 

at all points where return feeders are connected are maintained at 

substantially the same potential under average load conditions. 

This also requires that the rails immediately in front of the
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power station must not be connected directly to the negative 
bus-bar, unless a resistance corresponding to the average re- 
sistance of the return feeders is connected in the circuit. 
Where it is necessary to bring current back from a distant 
point in the rails, it is sometimes more economical to employ a 
negative booster in series with this return feeder rather than 
make this feeder of such large cross-section as would be re- 
quired to maintain the distant point in the rails at the same 
potential as the nearer connection points. With this system 
part of the voltage drop is actually removed from the rails and 
transferred to the insulated return feeders from which current 
cannot leak to ground. 

The reduction of drop in potential in rails, for the purpose 
of minimizing electrolysis, is the basis for various regulations 
and ordinances which have been enacted for the purpose of 
protecting underground metallic structures from electrolysis. 
For example, the well known English Board of Trade Regula- 
tions limit the maximum allowable potential difference between 
any two points in the rails to seven volts. In Germany, a joint 
committee representing the electric railway, gas and water in- 
terests, has adopted a regulation limiting the average allowable 
potential difference between any two points in the rails to 2.5 
volts within a district encircling the urban district by a radial 
distance of two kilometers. Beyond this circle, the average po- 
tential drop in the rails must not exceed one volt per kilometer. | 

SUMMARY AND CONCLUSIONS 

Experience shows that where there is serious trouble from 
electrolysis caused by large stray currents leaking from street 
railways, the bulk of this trouble is due to defective rail bond- 
ing. to ground conneetions from the negative bus-bar, and to 
lack of return feeders to bring current back from the rails to 
the power station. While stray currents can only be entirely 
eliminated by insulating the return circuit by the use of a 
double trolley, either overhead or in conduit, it is nevertheless 
a fact whieh is not generally appreciated, that where large 
stray currents exist, these can always be reduced to a small 
fraction of their present value by removing all ground con- 
nections of the negative bus-bar, and installing insulated return
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feeders proportioned for equal drop from radially disposed 

points in the track system located at some distance from the 

power station. By this method the rails are drained of current 

and any desired part of the voltage drop can be removed from 

the rails and transferred to insulated conductors from which 

currents cannot leak. In Europe, such radial insulated return 

feeders for bringing current back from the rails to the power 

station are made necessary by regulations limiting the allow- 

able drop in voltage in the rails, and in most cases such installa- 

tions of insulated return feeders have substantially removed 
serious trouble from electrolysis. This system of minimizing 

stray currents by means of radially disposed insulated return 

feeders has also been installed in a number of American cities, 

and the method is gradually being recognized as by far the best 

for minimizing stray currents. This system in fact removes the 

root of the trouble, by draining the rails of current and remoy- 

ing voltage drop from the rails and thus preventing substantial 

leakage of current through ground, and is therefore correct in 

principle. The railroad companies frequently object to this 

system claiming that it is prohibitively expensive. This is 

certainly not the case, as is evidenced by the fact that the 

method is in general use in Europe and in a number of Ameri- 

can cities today. The fact is that in many electric railways 

there is practically no installation of negative feeders and the 

railway companies are often not willing to install even a mod- 

erate amount of return feeder copper. A mistake is often made 

in confusing the radial insulated return feeder system with 

paralleling the rails with copper. 

In the deeree recently filed in the celebrated Peoria case, the 

railway company is enjoined and restrained from injuring the 

property of the water company by electric current escaping 

from the rails or structures of the railway company. No par- 

ticular method for preventing the escape of current is pre- 

scribed in the decree, because the court in its decision has al- 

ready stated that a court does not have the power to prescribe 

by injunetion any specific system, and that this power resides 

only with legislative bodies. 
It is the author’s firm conviction that such remedial measures 

as pipe drainage or insulating pipe joints should be used if
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at all only as a final measure and never until the return circuit 

of the railway has been improved so that only small amounts 

of stray current remain on the underground structures. This 

view appears to be entirely in accord with the Peoria decision, 

and is certainly in accord with the best engineering practice.



Opportunities for the Young Graduate 319 

THE DRAFTING ROOM AND ITS OPPORTUNITIES FOR 

THE YOUNG ENGINEERING GRADUATE 

B, K. Reap 

In the spring of the year the senior of an engineering class 

begins to feel that he does not know all there is to know about 

engineering, and asks himself, ‘‘Where can I go to get experi- 

ence and what line of work shall I follow?’’ Although the 

young man must answer part of this question himself possibly 

he can gain a little advice from some one who has had consider- 

able experience in the engineering profession. The field is big 

and unless the young engineer knows something of his qualifica- 

tions, it is pretty hard to determine what to do. 

The question is often asked, ‘‘Is the drafting room a good 

place to begin to gain engineering experience, or is it a place 

to avoid?’’? Some students during their college training know 

that when they leave college they will not enter the drawing 

room, and that they never could draw anyway. Perhaps the 

man to whom drawing is distasteful had better avoid the draft- 

ing room, but to the man who can draw well, the drafting room 

offers unlimited opportunities. 

Along with the advantages of the drafting room, of course 

there are the disadvantages. The drafting board is perhaps not 

, the best place to promote good health. The work in the draw- 

ing room is indoor work and very confining, but the person in 

: good health will not be affected by a position in the drawing 

room. ‘ 

Let us follow the young engineer, who chooses the drawing 

room as his beginning. Upon his graduation, he obtains a place 

in a drafting office, and brings his tools, slide-rules, reference 

hand books, and is assigned to a place to work. He just left 

his Alma Mater with flying colors as a graduate and calls him- 

self an alumnus, but now, after he has just settled down to his 

duties in a drawing room, with the gaze of strange faces of 

draftsmen (many of them middle-aged men), he feels very 

much like a freshman during his first day on the campus. This
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young man has calculated stresses in machine parts, stresses 

in steel and gone to higher mathematics to get some of it. 

When the first work is assigned to him, he expects to get some- 
thing along the same line he had in school. About the first 
assignment he gets is some simple tracing or copying. Some- 

times he does not know where to begin and he is too timid to 

ask many questions. He stumbles along for a few weeks until 

he becomes aquainted with his work and his fellow workers, 

and accustom to the new environment. Generally the person 

in charge lets the new beginner go along with miscellaneous 

work for some time and gets acquainted with the man. After 

a few weeks the young engineer can make his efforts show re- 

sults. 

In order to receive all of the opportunities that the drawing 
room affords, the young man must first be able to represent 

ideas on paper and do it skillfully; the better he ean do this 

the more notice he receives. There is nothing that leaves a 
better impression than a well executed drawing. 

Ideas must be developed and shown on paper. They bring 

out reasoning and thought and at this point the young engineer 

can begin to show his worth. These ideas are usually brought 

from the men higher up in the engineering profession, and 

while some of these ideas are worth less and others are of great 

value. One can readily see the unlimited field and interest that 

is thus brought out. 

The idea is usually brought to the drafting room from the 

officers of the company and assigned by the chief draftsman to 

different men. It is the association with these men that bring 

the opportunities where the draftsman is competent. 
There is another side of the drafting room which probably is 

not as rosy as it might be. Some work comes to the drafts- 
man’s desk which is drudgery, and all drafting rooms have a 
certain amount of it. 

The drawing room is a place where a young man probably 

should not stay too long. A good man may be taken out be- 

fore he really had a good start. His superior officers see the 

qualifications in him and that is all that is necessary. With 

the experience of the drawing room and the general office 

methods this young man has a good foundation for the field.
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Experienced engineers are continually making sketches of 

something which they want represented. With the experience 

of the drafting room, an engineer surely has the advantage 

over the man who has avoided the drafting room. When once 

having done drawing room work one can better supervise it 

when he has charge of such work. 

The greatest advantage of the drafting room to the young 

engineer is the direct contact with the management of the com- 

pany. With these associations men are picked from the draw- 

ing room and advanced to higher positions. 

In preparing a young man for the drafting room, there is a 

certain amount of training which he must go through. First he 

must be able to handle his tools skilfully, and he must under- 

stand the subject which he undertakes to represent. 

The work of the Machine Design Department of this Uni- 

versity, attempts to present its course to the student similar 

to the manner in which he will receive the work in practice. 

The beginning subjects of the course requires a more detailed 

outline of the work to be covered. After the fundamentals 

have been passed over, the department places the student as an 

employee, and the work assigned just the same as with a com- 

mercial establishment. The student is left to look up his own 

references, and rely upon his own resources. The department 

does not intend that the student is to be turned loose and re- 

ceive no instruction, but here the instruction takes a different 

form from that given up to this time. The student must be 

helped to find his material. As the student performs his 

work, he is told how to do it, just the same as a foreman of a 

machine shop would tell a journeyman how to do his work and 

where ‘‘short-cuts’? can be made. With the exhibition of ac- 

tual working drawings of various manufactories, the student can 

make his work conform to what is done when he enters the field 

himself. It requires additional work on the part of the in- 

structional staff at first by following this method. The student 

has been so accustomed to having his work laid out for him 

that it is a new innovation. It is interesting to note under this 

system that the student will launch out upon his own initiative 

and search for more information than is required of him. The 

department feels that by the time the student has passed
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through a training of this character, and when he is taking 

hold of his first position in a drawing office (or elsewhere), he 

has a clearer idea of how to begin something he has little or 

no information upon. 

While it is desired to show the opportunities of the drafting , 

room, in order to correct general misinformation on this sub- 

ject, there are of course many other places for a graduate to 

begin, but to the man that is capable as a designer and drafts- 

man the drafting room affords unlimited opportunities.
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EDITORIAL 

The news has come to us that Wisconsin is to lose two men 

from the faculty at the end of the semester. 

Prof. C. C. Thomas, one of the best men that we have ever 

had is to leave Wisconsin to accept a professorship at Johns 

Hopkins. Our first acquaintance with this man was through a 

Thomas gas meter, a device which has revolutionized methods 

of gas measurement. For six years he fought for recognition
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for his tables of the specific heat of superheated steam,—at 

the beginning every authority was against him, but today he 

stands out head and shoulders about the rest, victor! 

Mr. Rowse, an instructor in steam and gas, has accepted a 

fine position with the Cutler-Hammer Co., and if our experience 
with him here is any ground to judge upon, there is no doubt 

in our minds of his future success. 

We hate to talk about ourselves all the time, but we have just 

received notice that one of the foremost technical papers in 

Germany, the Silicat Leikchrift, reprinted in full the article, 

in one of our recent numbers, on Magnesia Crucibles by Dr. 

Watts. Special mention was given to the Wisconsin Engineer. 

Notices of this sort are what make us feel the wide reaching 

effect of the Wisconsin Engineer. 

Last month we spoke about the value of responsibility in a 
business. The manager made a verbal agreement with The State 

Journal to have the March issue of the Engineer out on April 

9, Wednesday. Due to an unusual amount of work the Engi- 

neer was overlooked, until the Saturday before, when a chance 

remark by the manager to Mr. Oakey of the State Journal 

reealled the fact to his mind that the Engineer was due in 

three days. It seemed as though it was going to be an im- 

possible task, but by crowding the compositors and press men 

to the limit, and working overtime, they managed to get the 

Enginecr out on time. 

We take this opportunity to thank the State Journal and 

the Grimm Book Bindery for their efforts in our behalf, and 

further we want you to take these two successful businesses 

as an example of what we tried to bring out before, i. e. the 

ability to shoulder responsibility. We had no written contract, 

no hide-bound agreement, merely a verbal understanding, and 

these firms in living up to this agreement showed the extremes 

they would go to to keep their word.
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CAMPUS NOTES 

[The writer is not trying to give an opinion of self-govern- 

ment, but is merely stating a few facts in regard to self-govern- 

ment that have been forcibly brought to our minds by the recent 

controversy, and we do not believe that anyone who is at all ac- 

quainted with actual conditions will dispute them. ] 

Student self-government has been through some trying pe- 

riods in the last week or so. The court attempted to resign, and 

did, but on being reassured by the regents that they would have 

comp!ete jurisdiction, except in cases where it was thought by the 

regents that the action of the court was unduly slow, they have 

returned. 

For a time it looked as though we were to return to the ‘‘good 

old days’’ of hazing, but the court, after the usual delay, got 

on the job and has indicted about ten men who were connected 

with several parties in the Latin quarter. It seems to be under- 

stood around school that out of the entire ten, there is only one 

man who is really moral'y responsible for the ‘‘rush’’ mentioned. 

Such is student justice. 

We have heard a great deal of dissatisfaction about self-gov- 

ernment in the past few days and some of it seems to be based 

on good sense. The delays of the court in the Crile case were 

certainly inexcusable. Some of the stuff that comes up in the 

conference is almost as bad. For instance: the Union articles of 
control, as first presented by the committee,—which committee 
told how hard it ‘‘worked all summer on these articles,’’—were 
absolutely impossible in the manner in which they took care of 
the election of members. Any child that could add three and 

two could show the fallacy that was present. 

‘When anyone tries to get away with such crude work as that 

it is to be expected that someone will object. 

(More later) 

Eddie Samp has been appointed football coach by the trustees 

of Hamilton College. Hamilton is a well known small college 

in central New York and competition for such a position is 

| keen.
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Did you know that the world’s pole vault record was broken 

by a Wisconsin man? 

Our crew has been on the water several times but has had 

little decent weather. Capt. Sjoblom has been advised by the 

medical department to quit athletics and has resigned his po- 

sition. He is an unusually good man and will be greatly missed 

by the crew. Sjoblom is a senior civil engineer.
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Herman Lochman, M. E., 09, is in charge of the duty tests of , 

the Epping Carpenter Co., Pittsburg, Pa. 

Victor L. Phillips is selling contractor’s machinery in Kansas 

City, Mo. 

W. U. Murrish, E. E., 11, is with the Sierra and San Fran- 

cisco Power Company, Modesto, Cal. 

J. D. Morton, E. E., ‘08, is the general manager of the Con- 

counlly Light and Power Co. at Concounlly, Wash. 

R. Crowell, E. E., 96, is with the Pacifie Gas and Electric 

Co., Oakland, Cal. 

J. M. Turner has left the engineering profession and is in 

the general merchandise and hay business in Angleton, Texas. 

O. F. Goeke is a structural draftsman with the Chicago, Mil- 

waukee & St. Paul Railroad and is located in Chicago. 
L. H. Huntley, C. E., ’08, is associated, as Assistant Engineer, 

with the Ford, Bacon and Davis Co., consulting engineers, 

Valier, Oregon. 
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W. O. Sustins, E. E., 06, is connected with the Argo Electrie¢ 

Vehicle Co. of Saginaw, Mich., in the capacity of automobile 

engineer. 

H. D, Blake is a civil engineer with the Wisconsin Highway 

Commission, Madison, Wis. 

J. D. Sargent, M. E., ’07, is now affiliated with the Chain 

Belt Co., Milwaukee, Wis. 
A. A. Fisher is the general secretary of the Sun Coal Co., . 

Caryville, Tenn. 
Ray F. Robinson, E. E., ’05, has the position of equipment 

engineer for the Pacifie Telephone and Telegraph Co., Spokane, 

‘Wash.
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Walter J. Schneider, E. E., 10, is a Telephone Engineer with 

the Chicago Telephone Co., Chicago, Il. 

Edward H. Schroeder, E. E., ’09, is the contract estimator 

for the Western Electrie Co. at Hawthorne, Ill. 

Frank C. Schroeder, EH. E., ’07, is an instructor in mechanics 

at Fayweather Hall, Columbia University, New York City, N. Y. 

A. A. Ort is the vice president, engineer in charge of the 

Pitometer department of the Municipal Supply Co. of Chicago, 

Til. 

Thomas Rust, C. E., 712, is a bridge draftsman with the Chi- 

cago, Burlington & Quincy Railroad, Eau Claire, Wis. 

B. A. T. Rustone, C. E., ’09, is a structural designer for 

Marshall E. Fox, Chicago, Ill. 

Gania G. Ryder, Gen. E., ’07, is an electrical contractor for 

the Twin City Electrie Co., Minneapolis, Minn. 

Kurt Schapper, M. E., ’02, is the foreman of the Thor. B. 

Jeffery Co. of Illinois, Chicago, Tl. 

Sylvester Schattselmeider, C. E., ’05, is doing research work 

under Prof. George C. Whipple of the Graduate School of Ap- 

plied Science at the University of Harvard. 

FH. C. Scherer, M. E., 712, is with the A. O. Smith Co. of Mil- 

waukee, Wis. 

Walter W. Schilling, C. E., ’12, has the position civil engin- 

eer in charge of construction for the Greiling Bros. Contracting 

Co. of Green Bay, Wis. 

Andrew C. Scherer, C. E., ’09, is affiliated with the Monterry 

Tron and Steel Co. and holds the position of rail inspector for 

the Robert W. Tlunt Co. of Monterry, Mexico. 

Harold li. Scherer is the production engineer of trucks de- 

partment of the A, O. Smith Co. of Milwaukee, Wis. 

Oliver J. Schieber is an instrument man for the Stone and 

Webster Construction Co., Big Creek, Cal. 

F. C. Schmidt, E. E., ’08, is the superintendent of construc- 

tion for the Kansas City Street Railway Co., Kansas City, Mo. 

H. E. Schmidt, Min. E., ’11, is the Assistant Engineer of the 

Mahoning Ore and Steel Co., Hibbing, Minn.



The May number is the last issue this year. There are a few 

subscriptions unpaid and in order to clean things up as soon 

as possible we should like to have our delinquent subscribers 

pay up immediately. . 

r 

Thank You 

. e ° e 

Wisconsin Engineer.



To Our Advertisers 

We are already receiving contracts for vol. 18 which com-j 

mences with the October number, 1913. In order that every 

one may have a fair chance at the most desirable space we 

urge you to send in your applications as soon as possible 

J. W. YOUNG, 

General Manager. 

|
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CUSTOM TAILORING DEPARTMENT 

Clothes of Style, Character and Quality. : 

Fabrics in the Newest, most Effective weaves. 
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“DAN D” 
For Tailoring, Cleaning, Repairing and | 
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“DAN D” | 
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A Good Place to Eat 
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Orders Delivered 
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Nature is always beautiful. When you have 
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ARCHIBALD’S 
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i 
a Kindly mention The Wisconsin Engineer when you write.
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————— 
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ee 
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NEW YORK STYLES 

IN 
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: THE ARNOLD COMPANY 
ENGINEERS~ CONSTRUCTORS - 

ELECTRICAL — CIVIL — MECHANICAL 

105 SOUTH LASALLE STREET 

CHICAGO 
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