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Works of the General Electric Company at Schenectady, N. Y., com-
prising 100 large factory buildings and 50 smaller ones.

Largest Electrical Manufacturer
in the World

The most extensive engineering and
manufacturing resources in the world en-=
able the General Electric Company to pro-
duce completely developed apparatus and
accessories for the generation and trans-
mission of electricity and its application
to all lighting and power purpose : :

The four factories of this company
cover a large portion of nearly 500 acres
of land and contain over 7,000,000 square
feet of floor space. In all, 30,000 wage
earners are employed.

General Flectric Company

Principal Office: Schenectady, N.Y.
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Machine Tools

of every description

Niles Cranes

Bement Hammers

Pond e Lathe

Hydraulic Machinery

i
22-inch Motor Driven Slotter

NILES=BEMENT=POND=GO, ill Broadway, New York

Chicago Office: Commercial National Bank Bldg.

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
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THE ARNOLD (JOMPANY

ENGINEERS-CONSTRUCTORS
ELECTRICAL — CIVIL— MECHANICAL
181 LA SALLE STREET
CHICAGO

Deepest Mine Pump in the World

“Made in Milwaukee” by “Prescott”

Pumping Machinery for All Services Condensing Apparatus for Power Plants

Hlustration shows Prescott Corliss Mine Pumping Engine, installed 2200 feet
below the surface and discharging water from this depth in one straight lift

Fred M. Prescott Steam Pump Co.

MILWAUKEE
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HIGGINS’

Drawing Inks

Eternal Writing Ink ||
| ill-smelling inks and adhe-
sives and adopt the Higgins

Engrossing Ink
Taurine Mucilage
Photo Mounter Paste
Drawing Board Paste
Liquid Paste

Office raste
Vegetable Glue, Etc.

Emancipate yourself from
the use of corrosive and

Inks and Adhesives. They
will be a revelation to you,

| they are so swoet, clean,
| well put up, and withal

so_efficient, For home,
offiice, or school use they

Branches. Chicago. London.

Are the Finest and BestGoods of their kind are posicively the best.
At Dealers Generally

CHAS. M. HIGGINS & CO., Manufacturers,

THE UNITED
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 CARBURETTED WATER GAS
GAS ANALYSIS APPARATUS PHOTOMETRICAL APPARATUS
STRAIGIHT 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

Knowledge of grinding and grinding
wheels leads to larger production and
grinding economy. It also leads to the

use of Norton Grinding Wheels.

NORTON COMPANY,
Worcester, Mass.

New York
Chicago
Niagara Falls

271 Ninth St., BROOKLYN, N. Y.
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Flake Graphite Lubrication.

The part that flake graphite plays in modern lubrication
makes it worth while to familiarize yourself with the
subject. The Dixon Company have several booklets on
this subject explaining both the theory and practice of
flake graphite lubrication. These are sentfree on request.

Joseph Dixon Crucible Co.,  Jersey City, N. J.

Engineers and Contractors

who specify nothing but the best recognize the superior
qualities of ““Chicago AA’’ Portland Cement and
are recommending and using it in all work requiring a
strictly high grade Portland.
“CHICAGO AA” is widely known as
THE BEST THAT CAN BE MADE

HIGHEST QUALITY

It is always reliable, absolutely uniform and fully guar-
anteed to meet the requirements of the Standard Specifications.

“‘CHICAGO AA

Factory at Oglesby, near La Salle, Ill.

CHIGAGO PORTLAND GEMENT GD.

108 La Salle Street CHICAGO
PORTLAND
CHICAGO CEMENT

(Instructive booklet free on request)

1,250.000 Bbls, Annually

STEEL TAPES AND RULES

ARE INDISPENSABLE FOR ACCURATE WORK.

wade vy THE JUFHIN fPULE {O. |

FOR SALE EVERYWHERE. Saginaw, Mich.,U.S. A.

New York. London, Eng.
SEND FOR CATALOG Windsor, Canada.
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KEUFFEL &S ESSERCO.

OF NEW YORK

Drawing Materials and Surveying Instruments
111 East Madison Street, Chicago

Instruments of precision for Engi-
neering and Surveying.

Paragon Drawing Instruments are
the very best made. K. &. E. Duplex
and Patent Adjustable Mannheim
Slide Rules.

Our Patent Adjustable Slide Rules are

recommended by all Engineers familiar with
the use of Slide Rules as the best and most
accurate.

CATALOGUE ON APPLICATION
Repairing of Instruments Promptly Executed.

ROLLED FROM BEST QUALITY STEEL OVER 50,000 MILES IN USE

Cntnuous Joint Weber Joint
THE RAIL JOINT CO., ,}85Magdison Ave.
Makers of Base Supported Rail Joints for Standard and Special Rail Sections,

also Girder, Step, or Compromise, Frog and Switch, and Insulating Rail Joints,
protected by Patents.

KTndiy mentibn The Wiscan'sirri'Engmeer-zéhen you write.
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REFRACTORIES

FROM both a technical and practical

standpoint it is to your interest to

specify

HARBISON-WALKER

Fire Clay, Silica,
Magnesia, Chrome

BRICK

For all Types of Furnaces including

Blast Furnaces, Hot Blast Stoves, the Open
Hearth and all fumaces of the Iron and Steel
Industry.

Rotary Cement, and Lime Kiln Linings.

Refractories for the Glass House, Boiler Settings,
By-Product and Beehive Coke Ovens.

Basic and Neutral Refractories for Copper Smelt-
ing and Refining Furnaces, Lead and Nickel,
Silver Slimes and Dross Furnaces, etc.

Our capacity of 1,200,000 per day enables us to
carry large stocks and make prompt deliveries.

Catalogue and full Data on application.

Harbison-Walker Refractories Co.

PITTSBURGH, - - - PENNSYLVANIA

Kindly mention The Wisconsin Engineer when you write.
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Leave quality out of a Corliss Engine—and you’ve got nothing
left hut a name.

And neither the hope of a museum nor the fear of the serap pile
can make an efficient prime mover out of a name.

Sinee the Corliss patents expired the seramble for business has
tempted many builders to label engines “Corliss’ that would make
that great engineer turn in his grave.

ITe built for results—mnot to meet a price figure.

In their anxiety to get business these ““mistaken’ builders have
wandered around in a fog of cut prices until they’ve lost sight of the
fact that the Corliss Engine can only be worthy of its name when it
holds a full measure of quality in design, in materials, and in work-
manship. To build it ‘‘cheaply’’ destroys its reason for existence.

IHenee, in some quarters the Clorliss Engine has been discounted
in favor of the steam turbine and the high-speed engine.

‘Which brings us to the nundeniahle fact that Wisconsin Engines
have never yielded to the ‘“‘downward’ tendenecy, but have always
aimed upward—to improvement at any price, development at any
cost.

They have kept pace with the times, and represent the unexcelled
Corliss principle plus all that experience has developed sinee,

We are taking space in this Magazine to tell you exaectly why
Wisconsin Engines surpass any other type of prime mover in relia-
hility, in length of service, and in steam economy.

There can be no mistake abhout the importance of knowing and
getting the best into yvour plant,

Suppose vou let us send vou by mail our new Bulletin W-C4, con-
taining engine facts well worth knowing. It deseribes the only real
improvements made in Corliss Engines in twenty years.

WISCONSIN EN

Engineers and Builders

CORLISS, WISCONSIN, U. S. A.

Kindly mention The Wisconsin Engineer when you write.
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THE CASE HARDENING AND HEAT TREATMENT OF
LOW CARBON STEELS.

A Tuests BY A, C. Svapky, 10, anp A. K. Scuunrz, '10.
ARsTRACTED BY A. C. SLADKY.

For our work we ordered the following machinery steels, 0.10,-
0.20% €., 0.20-0.30% C., 0.30-0.40% C., 0.40-0.50% C., low in
phosphorous and sulphur, and 0.109 C. with higher phosphorous
and sulphur, in open hearth and bessemer stock, and received the
following from the mills:

No. Heat No. C. Mn. § 2 8.
1 D.2366 10% 59% 0209% 039%
2 1.9994 .26 48 .026 040
3 D.20028 .40 .58 034 037
4 D.2283 45 .53 032 033
5 H.1778 a2 63 .030 029

Through some error the bessemer bars were not received. This
assortment of steels gave an opportunity to determine what per-
centage of carbon will give the best results with case-hardening
and heat-treatment.

The steels were tested under static and live loads. For the
static-loading a 100,000 1b. Richle testing machine was used,
and data recorded for yield point, ultimate, elongation and re-
duction in area. For the live loads a fatigue machine was de-
signed and built by ourselves which by means of a erank motion,
subjected the speeimens to reversals of stress about the neutral
axis.

Epitor’'s Nore.—Mr. Sladky’s article was begun in the November
number.
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Regarding the conditions of stressing the speeimens in the
fatigue machine, there were two courses open. The speeimens
could be broken with the machine set at a standard deflection, or
the deflection varied under a standard load. We chose the lat-
ter as representing more nearly actual working eonditions in ma-
chine members subjected to vibration.

Machines are designed to do a certain amount of work. Con-
ditions of load, speed, ete., are predetermined or they may be

Machine Used in Tests,

fixed. A certain load on a certain machine member made of one
steel will cause a certain deflection; if the member be made of a
different steel or a steel specially treated, the deflection may
vary. One kind of steel would perhaps stand up indefinitely
with a certain deflection, while another steel would fail quickly
with that same deflection. Taking these facts into consideration
we felt justified in using the standard load and allowing the de-
flection to vary.

The accompanying cut shows the fatigue machine mounted on
a Pratt and Whitney lathe in the University shop. It consists
of a erankhead through the center of which a T-slot is cut. An
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adjustable erank pin is fitted in this slot and is fastened in posi-
tion after the bar is deflected by means of a washer and nut. A
heavy steel bar is elamped to the lathe ways, and the lower end
of the speeimen clamped in an upright position by means of a
V-clamp. Motion is imparted from the crank head to the upper
end of the specimen by means of a connecting rod. The head
block of the connecting rod is fitted with an adjustable wedge to
allow for the angularity of the motion and difference in size of
the specimens, so as to obtain an equal deflection on either side
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Plate 2.—Showing Yield Points.

of the axis of the test bar. The serew, fitted with a ratchet and
weight arm, which is seen in the foreground is used to deflect the
bar. The bar is loaded with the serew by means of the weight
until the weight arm remains in a horizontal position. The con-
ditions of friction in the ratchet and screw remain practically con-
stant, and will not affect the equality of loading. Assuming the
efficiency of the serew to be 20%, the load on the bar is approxi-
mately 350 1bs. It is not necessary to take this load into account
so long as the bars are being loaded equally.
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The mechanism fastened to the post on the left of the eut is an
electrically operated rvevolution counter release which cuts out
the counter when the bar breaks. The hook and rod seen on the
head block of the eonnecting rod is merely a weight used to lift
the broken bar from the bed block to insure a hreak in the elec-
trie circuit of which the bar is a part, and to prevent damage to
the apparatus.  While this weight subjects the bar to about 150
Ibs. to the square ineh tension, it is constant, and inasmuch as
the results are comparative only, its effeect may be neglected.

The case-hardened bars were carbonized in a Brown and
Sharpe carbonizing furnace equipped with a nickel-nichrome
thermocouple to indicate the temperatures. The specimens were
packed in eharcoal, and were given two heat treatments as de-
seribed in the body of the thesis.

The results of experiments follows

DLl IO, e o5 a6 o 1 2 3 4 5
Yield point 1b. 1 sq. in.
Mill SEORK cuwmmmmas s s 38000 45350 64400 70100 39650
37750 45150 64750 69700 40150
Case hardened .......... 68100 1700 vy h e 64000
66000 T s e & soww 66300
Heat treated ............ 66600 68200 104300 116400 63000

63150 73150 109400 93000 63000
Ultimate strength 1b. 1 sq. in.

Mill stock .............. 58250 67350 86500 98100 61650
58700 66350 84800 90700 61900
Case hardened .......... 26500 88600 98500 103000 77600
85800 93300 ..., ... 90300
Heat treated ........,.... 81000 92700 146800 133600 72600

75800 99650 149800 117800 76200

Per cent. Elongation in 5 in.

Mill stock ............ " 36.4 28.4 26.4 22.0 30.0
24.0 30.0 26.0 22.8 29.8

Case hardened .......... 30.0 B waame weaee 1.0
30. 4.8 ... L. 7.0

Heat treated ............ 12.0 16.4 80 s 25.0
12.6 15.0 4.0 12.0 18.0

Per cent. reduction in area.

Mill stock .............. 64.0 53.6 48.2 48.2 70.0
70.0 59.1 48.2 48.2 70.1

Case hardened ........... T P —.

70.8 %6 swewy B 40.2



Case Hardening, ete., of Low Carbou Steels 105

Heat treated ............ 71.6 62.4 53.8 ..., 70.0
70.8 65.6 36.0 53.8 71.6
FFatigue tests—Complete vibrations.

Mill: SRR wismmen v s 2204 3037 15661 19871 12281
2593 10987 11507 18047 T8TT

Case hardened .......... 6267 266565 101603 148834  .....
9505 GRIBY e sswees oesesm

Heat treated ............ 12298 142833 135669 115840 12748
18225 120101 BB isees 17567

CONCLUSIONS.

The results of  our experiments warrant the conelusion that
heat-treatment and case-hardening greatly benefit the strength
of steel both under static and live loads. For purposes where a
hard surface and high strength are desirable, the steel should be
case-hardened, but the steel used should be low in earbon, not
exceeding 0.20%. Steel with carbon exceeding this amount be-
comes too brittle when quenched, as is shown by the small redue-
tion in area and elongation. In some cases our results show con-
siderable difference between the yield point and the ultimate,
with practically no reduction in area and with little elongation.
This is due to the fact that the hard steel ruptures first and is
followed by the yielding of the softer core. Invariably the case-
hardened bars showed surface cracks over the entire length of
the bar when broken under static loading. Heat-treatment, on
the other hand, increases the strength of the bar, without harden-
ing it to any extent, and at the same time not materially lessen-
ing the reduction in area or elongation. It is moreover a less
costly operation, and when the hard surface may be dispensed
with, may well be used instead of case-hardening.

The surprising increase in strength and resistance to faticue
shown by the heat treated bars, shows clearly that the possibili-
ties of carbon steels have by no means been exhausted, and seems
to indieate that if the same time, care, and expense that are
spent on the treatment of special steels were similarly spent on
carbon steels, there would not he much difference in the results.

In these experiments a bar such as is shown on Plate 2 was
used for all the tests. The rough bars were turned from 114 to
1 inch. The minimum diameter was 34 inch, the distance be-
tween shoulders 6 inches. In any future work this form of bar
should positively not be used for the fatigue tests for the follow-
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ing reasons. IHowever carcfully the bars are turned at the
shoulder, there will be more or less difference in the radius of the
fillet, and consequently a difference in the length of the moment
arm. Another objection is the fact that it is difficult to turn a
perfect fillet, and there are chances that lines of rupture will be
present that will affect the results. Also, this form of bar is
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Plate 3.—Showing Per Cent of Elongation.

too expensive, both as regards cost of material and cost of mak-
ing. Straight, turned bars should be used, preferably not less
than 4" in finished diameter.

Writer’s note :—7The writer acknowledges indebtedness to Mr.
Aston of the Chemical Engineering department, Mr. W. G. Lot-
tes of the University Machine Shops, and Mr. Chas. Wesely, Mil-
waukee, Wis., for many valuable suggestions and much help dur-
ing the time the experiments were being made.
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THE HISTORY AND ECONOMICS OF CENTRAL STATION
RATE MAKING.

M. D. CooPEr, '08.

In the commercial world of today, electricity plays a very im-
portant part. Nobody knows just what electricity is, but scien-
tists and engineers know what it can be made to do. When prop-
erly controlled, it can be made to do any number of marvelous
feats and perform all manner of work.

The multitude of uses to which electricity has been put has led
to the installation of an enormous number of plants for generat-
ing current. Some plants are owned by street railway companies
and generate current for these railways only, others are installed
for delivering light and power in large buildings or factories, and
are called ‘‘isolated plants,”” and a large number are operated as
commercial enterprises, selling current to individuals or eorpora-
tions at retail or wholesale. This latter class are called central
stations, and while they may not be as large a class in numbers as
some of the others, yet it is safe to say that central stations gen-
erate more than half of the electric power used in the country.

As engineers, we are interested in the central station industry
mainly from the operating or technical side. The best talent of
the age has been devoted to the perfection of generating ma-
chinery and methods of using it, and remarkable results have
been attained in inereasing the economy of the consumption of
fuel, the transformation of heat into electrical enerey, and in the
transformation and transmission of electricity.

Technical men are perhaps too much inelined to think that the
main feature in securing economy of operation of an electrie
station as a whole is to secure the maximum possible amount of
electrical engery from a given amount of coal, or the maximum
number of kilowatt hours per pound of coal burned. Boiler, en-
gine, and generator efficiency are most assuredly prime elements
in the economy of operation, but they can be over-estimated.
Even in the plant itself, other costs are involved hesides the cost
of fuel, such as fixed charges nm plant investment, depreciation
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on machinery, ete. In tracing costs from the coal pile to the cus-
tomer, the plant expenses end at the switchboard, and up to this
point but a small part of the total cost of rendering electrical
service has been incurred. Beyond the switechboard are encoun-
tered the costs of transmission and distribution—largely fixed
costs depending upon the investment in distributing system—and
the costs of utilization, such -as repairs to customers’ apparatus,
renewal of lamps, meter reading, billing, ete. Add to all these
the expenses of the general office, the salaries of the management,
and the expense incurred in securing new business—advertising,
soliciting, ete.—and it can be readily seen that the fuel expense
and fucl economy are not as important items in the operation of a
central station as they are sometimes thought to be.

The successful operation of a generating plant depends upon
the skill of its operators, but the successful operation of a cen-
tral station enterprise as a whole depends upon the commereial
policies of its management, the mental attitude of its customers
and the confidence placed in it by them, hence reverts directly to
the system of ceharging for eleetrical service.

The history of the development of modern rate systems is very
interesting. At the time when electrie lighting first became com-
mercially suceessful, integrating meters were not available, henee
electrie companies could not eharge on a kilowatt hour basis, and
had to resort to eharging accordingly to the number of lamps in-
stalled. At this time, if ever, rates were made ‘‘as high as the
traffic would stand,’’ or in other words, were based on the size of
a customer’s pocket book. This original flat rate scheme led to a
multitude of abuses—on the part of the customer, in waste of
current, and on the part of the company, in changing their rates
to obtain new business or hold old business.

The numerons disadvantages of the flat rate scheme led to the
invention and perfection of the electolytic ampere-hour meter,
which measured the consumption of current by the weight of
metal deposited on one of its plates. This type of meter did not
find universal use, for it was tedious, inaccurate and costly work
to read it.

When alternating current distribution was first introduced.
companies had to go back to the flat rates, for no meter was at
hand which would operate on this kind of current. In due time,
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however, the induetion type of ampere-hour meter was developed
and found considerable application. One main trouble with this
type of meter was that it failed to start on less than ten or fifteen
per cent. of full load and henece permitted the continuous use of a
small eurrent with no charge. Another trouble with the meters
was their habit of running slower and slower as time progressed.
The accuracy of the induetion ampere-hour meter was not much
better than 10% and trouble with the jewels and with loss of
revenue due to slow meters prevented the adoption of these meters
by small companies and forced many large companies to keep
desirable customers on a flat rate basis.

The next suceeeding campaign in the rate war witnessed the
introduction of the integrating watt-hour meter, which was more
accurate than any former type of meter and which would regis-
ter on light loads. The great demand for these meters made pos-
sible their manufacture at low cost, and even small companies
could afford to use them, so that it was but a few years till flat
rates were almost entirely abandoned.

Central station men looked to the meter system of rates as the
salvation of the industry, and it was with disappointment that
they found that under this system their income was not increas-
ing in proportion to the growth of business. Attempts to solve
the mystery directed attention to the fundamental theory of rate
making and to the difference between the central station industry
and other types of commerecial enterprise.

In dealing with most commodities a charge for the quantity
delivered is a fair one. A charge of so much a ton for coal, or
so much for a pair of shoes is perfeetly logical, for the total cost
of production depends almost directly on the guantity produeced.
In the electrical supply industry, however, conditions are encoun-
tered with are different from those of any other enterprise.

Unlike a gas plant, which can generate gas at any time and
store it in tanks till wanted, an eleetric plant must stand ready to
instantly generate current at the turning on of a switch, or in
effeet, cach eustomer has reserved a certain part of the plant for
his own particular use, and the company must maintain this por-
tion of the plant and keep it ready for his use. This entails a
certain fixed expense to the company which does not depend at all
upon the output of energy, but rather upon how great a part of
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the plant the customer has reserved for his own use, or in other
words upon his maximum demand for eurrent.

As carly as 1883 it was recognized® by Dr. John Hopkinson
that a straight meter rate could not satisfactorily cover both the
fixed and variable costs of operation, and a system of rates was
developed whieh consisted of a fixed charge depending upon a
customer’s demand and a low rate for energy.

‘When Wright developed his maximum demand meter, the two
charge system of rates was given a seeure place among methods
of charging, for the principal argument against Hopkinson’s sys-
tem lay in the disputes that arose over the question of determin-
mg a eustomer’s demand.

Wright also developed a modification of Hopkinson’s system
that made it more popular. Under the Hopkinson system, a
customer was assessed his demand charge whether he used any
current or not; while under the Wright system, a customer paid
his full demand charge only when he had used his demand for a
given number of hours per month, (usually 30). For use of
total demand for less than the specified time, the assessment was
in proportion to the time of use. Under this rate system ‘‘short
hour’’ business could be secured that was impossible under the
Hopkinson system. Whether this business was desirable or not
is another question, for the short-hour user would not always pay
the station all that was ineurred in the demand expense of serving
him, and the loss would have to be made up on the more desirable
long-hour customers.

Right here is encountered the bone of contention of the central
station industry—whether it is politic to serve some customers at
a loss and make up the difference on others. That the contention
is not a new one can be seen from the following quotation from
Dr. Hopkinsen’s original address:—‘The charge for a service ren-
deved should bear some relation of the cost of rendering it. If
it is a matter of open competition the matter will soon settle it-
self, for no one will for long be able to supply some customers at
a loss and recoup himself by exorbitant profits from others. It
is clearly to the advantage of a station to secure all those eus-
_;"‘Thrériczst of Electrical Supply,” presidential address of Dr. John

Hopkinson before Junior Engineering Society, reported in the Electrical
World, Dec. 3, 10 and 24, 1892,
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tomers whom it pays best to supply, and as far as may be, to com-
pel those who are unremunerative to adopt other methods’ (of
illumination).

As a publie service corporation, a central station is not as free
to choose its customers as a private enterprise, so most station
managers feel it their duty to aet in direet opposition to economic
laws by making rates which are not based directly on cost, and by
serving many small customers at a loss. Where eentral stations
are operating under short time franchises, and must depend upon
the good will of the people for the eontinuance of the franchises,
such a procedure may be warranted, for most of the voters are
short time users, but under other conditions it would seem more
logical to charge in accordance with cost, or else decrease the
cost of serving the small customers to some amount less than the
rates charged them.

From the time of the introduction of the Wright and ITopkin-
son systems up to the present day, a number of modifications of
the two rate systems are found. Iopkinson covered the demand
cost by a straight demand charge. Wright approximated the
same results by charging a high rate for current used during the
hours of the station peak and a low rate for all other current used.

In some cases, a set of two meters has been employed to ac-
complish this same purpose, one meter registering the energy used
during peak hours and the connections being shifted to the other
during the non-peak hours. The two meters can be combined in
one case by so arranging the parts that either a resistance is cut
into the shunt cireuit, a part of the series coil is cut out or a lower
ratio gear train is mechanically shifted in during the non-peak
hours. In all of these ‘‘double rate meters’ a clock work me-
chanism must be used to regulate the time of shifting. This sys-
tem is somewhat unreliable, costly, and hard to explain to the sat-
isfaction of a customer.

Assuming a fixed charge per kilowatt of demand and a given
rate per kilowatt-hour for energy, it is possible to combine the
two items into a single charge per kilowatt-hour, this combined
charge varying with the equivalent hours use per month of the
maximum demand. A schedule of rates could then be made up
in which the charge per kw-hr. is determined by the hours use of
the demand, or in other words, by the load factor. Such a sched-



112 The Wisconsin Engineer

ule is called a ‘“‘Sliding Scale Rate.”” For a customer with a
very low load factor, the rate per kw-hr. would be quite high. so
under this system a maximum rate is generally established for
load factors less than a given percentage. The objection to this
system is that customers of the very low load factors do not pay
the cost of serving them.

Another kind of sliding scale rate is made up by establishing
constant rates over given ranges of load factor or by allowing the
rate to deerease by steps instead of uniformly, as the load factor
inereases.  The abrupt changes in this rate system eonstitute an
added disadvantage, for a customer is liable to be very much dis-
satisfied if he finds that his neighbor, who used his lamps but a
few minutes more each day than he himself did, is able to sezure
not only a lower rate, but a lower total bill as well.

The so-called ““multiple rate’’ is the same as the older Wright
system, except that a customer’s demand is usually computed
from his connected load or else agreed upon in his contract.

In 1900 Henry I.. Doherty® outlined a method of cost analysis
that went one step farther than Dr. Hopkinson’s, and separated
the fixed costs into two parts, one proportional to the demand on
the station, and one proportional to the number of customers
served. The thread of his argument as sinee amplified and ex-
tended by Mr. S. E. Doane®* runs as follows:

A station furnishes its customers two things—eclectric pressure
and clectric current. To supply pressure there must be an elec-
trical connection between the plant and the eustomer’s premises.
It pressure only were to be supplied, a line consisting of very
small wire could be used, and a set of dry batteries, or one small
generator could be used to generate the pressure. The actual
cost of keeping up the pressure is relatively so small as to be
negligible.  The expenses conneeted with the pole line and the
small line wire, including interest, taxes, maintenance, ete., will
vary directly with the number of customers served, hence are

*“Equitable, Uniform and Competitive Rates,” paper read before the
twenty-third convention of the National Elee, Light Ass'n, May, 1900,
#“#“High Efficiency Lamps, their Effect on the Cost of Light to the
Central Station,” paper real before the thirty-third convention of the
National Electric Light Ass'n, May, 1910.
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classed as ‘‘Customer Expense.’”” Other items varying directly
with the number of customers are the cost of meters, the expense
of reading them and of making out bills.

The eost of suplying a customer with current depends, first on
his ““maximum demand’” and second, upon the duration of his
use of eurrent. The size of the plant is dependent on the de-
mand made upon it, so the fixed charges on the plant investment
are “‘Demand Expense,’” as are also the fixed charges against
substations, line transformers, and a greater part of the line cop-
per. The duration of the customer’s use of current, together
with the amount of current used, determine how much coal must
be burned in the station, how long the engineers, firemen and other
attendants must work, ete. These are items which vary with the
output of kw-hrs., and which constitute the “Output Expense,”’

By a careful method of analysis, every item of the costs entailed
in operating a central station can be classified under these three
heads, Customer, Demand and Output Expense, Knowing the
total number of customers, the total demand, and the total out-
put, it is a simple matter to compute three charges, which if as-
sessed, the first against every customer regardless of his demand
or consumption, the second against every kilowatt of demand re-
gardless of consumption, and the third against every kilowatt-
hour of output, would secure to the station an income exactly
proportional to the cost of rendering the service.

Such is the theory of the Doherty rate system. At the time of
its promulgation (1900) the lighting load of central stations con-

sisted mainly of carbon lamps, and at that time a straight meter

rate was a sufficiently close approximation to actual costs to make
it commerecially feasible.

At the present time, however, when high efficiency lamps are
coming into general use—the central station industry finds itself
in a predicament. By installing high efficiency lamps customers
cut down their energy consumption, and with it their bills, by the
ratio of the new lamp efficiency to the old. The fixed expense of
serving lighting eustomers has changed but little, and as the fixed
expenses usually amount to about 70%* of the total station cost,
the industry finds its income from lighting eut down by two-

#See second reference at bottom of page 112.
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thirds, while only about 30% of its costs are decreased in propor-
tion,

The fear that the effect of the introduction of the high effi-
eiency lamps would be to eut down income and profits has led to
considerable agitation in favor of the logical rate system as out-
lined by Messrs. Doherty and Doane,

The prineipal difficulty in establishing a logical rate system of
this kind lies in the method of application of the Demand Charge.
Consumers having large installations eould readily be supplied
with maximum demand meters in addition to their watt hour
meters. A system then could be evolved whereby these customers
would pay a Demand Charge for the whole year according to
their highest demand at any time during that year. This is a
point of difference from the older Wright Maximum Demand
System, in which the largest monthly demand is made the basis
of a fixed charge. The logical basis for this fixed charge would
be the maximum annual demand, for if a customer makes a de-
mand of say 10 kw. at any one time, he has in faet reserved 10 kw.
of the plant capacity for his own particular use, and should
therefore pay the charges upon this amount for the whole year.
The expense of serving lighting customers, and particularly the
small ones, is already great enough; hence it would not be prac-
ticable to supply them with demand meters, and it would be nec-
essary to have other means for fixing the demand charge. Esti-
mating the demand as a given percentage of the connected load
might appear to be a satisfactory scheme, but here we encounter
the diffieulty that the maximum demand is not the same percent-
age of the connected load in a large installation that it is in a
small installation, and in addition the fixing of the Demand
C‘harge in this manner would impose limitations upon the instal-
lation of electrical appliances. A method which seems to meet
with considerable favor in the minds of those who have given the
situation considerable thought, is to base the Demand Charge on
the floor avea to be lichted. The power required to give a satis-
factory value of illumination over a given area is quite aceurately
known ; henee the demand could be readily determined. Mr. S.
B. Hood, in a paper® read before the last convention of the Ca-

_--?'i‘li-e R. C. M. Electrical Service Rate System,” 20th convention
‘Canadian Electrical Association, July, 1910.
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nadian Electrical Association, proposed a rate system of this
sort. IIis scheme of computing area to be charged for is to con-
sider only the living rooms in a house, leaving out alcoves, pan-
tries, halls, and all such seldom used places. The second floor
rooms, such as chambers and sleeping rooms, which are used by
individual members of a family rather than by the whole family,
are disecounted one-half in figuring up total area, the reason for
this being that it is assumed these rooms will not be used as much
during the peak hours as are the main living rooms. This method
of applying the Demand Charge places no restrictions on the
connected load, and customers are able to improve their load fac-
tors by the use of such utensils as flat-irons, cooking devices, fans,
ete.

As a central station system expands, it eould be expected that
the demands of the individual customers wonld decrease, due to
the increasing use of high efficiency lamps. Under these condi-
tions the Customer Charge becomes a greater and greater propor-
tion of a customer’s total monthly bill; hence the revenue from
the Customer Charge becomes a greater and greater proportion
of the total income of the station. The need is apparent, there-
fore, of keeping the Customer Cost as low as possible, in order
that electrical service may be put within the reach of a maximum
number of customers.  One effective way of keeping the Customer
Jost low is to keep the density of service high—that is, to secure
a maximum number of customers per thousand feet of line. The
line expenses constitute a large proportion of the total customer
cost; hence keeping the existing lines well loaded will keep each
customer’s share of the total expenses within reasonable limits.

Even a high density of serviee and consequent low Customer
Charge will not bring electrical service within the reach of some
classes of customers, these being principally the laboring classes
who could not afford to pay more than $1.00 or $1.50 per month
for light. If these customers used cleetric lamps at all, they
most certainly would use high efficiency lamps in order to keep
their demand low. Under these conditions the Customer Cost
would be a very great proportion of the cost of carrying the
customer. The Demand Cost would rank next, and the Output
Cost would be insignificant. ITence it is seen that to reach this
class of load at all, it will be necessary to keep the Customer Cost
as low as possible.
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The substitution of a cheap eurrent limiting device to take the
place of the integrating meter will greatly deerease the meter cx-
pense, and with it the Customer Cost. These Jimiting devices, or
““demand limiters’” are so arranged as to rapidly break and make
the eirenit when the current rises above a given value. The re-
sultant flickering of lamps serves to notify the eustomer that he
is exceeding his allowable demand. By turning off a lamp, the
demand can be reduced, and the light again becomes steady.
With the integrating meter done away with, flat rates would be
the only feasible method of charging for this class of small light-
ing customers. In places where this rate system is now used, the
evil of waste of current under a flat rate charge is met by requir-
ing customers to buy their own renewals, and impressing them
with the fact that needless burning would entail needless renewal
expense.
In eonclusion, the writer wishes to state that this article is not
intended to he a complete treatise on either the history or the
economics of rate making, but if it serves to bring to the realiza-
tion of engineers the importance of a knowledge of rates to any-
one connected with central station operation, its purpose will
have been fulfilled.
Below is given a resumé of references to books and papers
which were used in compiling this article, and to which the reader
is referred for more detailed information on the subjects treated.
The Cost of Electrical Supply, Dr. John Hopkinson, Electrical World,
Dec, 3, 10 and 24, 1892,

Equitable, Uniform and Competitive Rates, Henry L. Doherty, Proceed-
ings National Electric Light Association, 1900.

Rates, Symposium, Proc. N, E. .. A, 1902,

Legal Justification of Differential Rates, G. W. Betts, Proc. N. E. L. A,
1907.

Methods of Introducing Tungsten Lamps and Their Effect on Central
Station Income, Symposium, Preoe. N. B. L. A., 1909.

Compilation of Load Factors, E. W. Lloyd, Proc. N. E. L. A., 1909.

High Efficiency Lamps, Their Effect on the Cost ef Light to the Central
Station, Proc. N. E. L. A., 1910.

The R. C. M. Electric Service Rate Systems, S. B. Hood, Proc. Canadian
Elec. Association, 1910.

Diversity Factor, H. B. Gear, Prce. A, 1. E. E., Aug. 1910.

The Tungsten Lamp and the Central Station, Electrical World, Sept. 1,
1910.
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AN ELECTROLYTIC CELL FOR HOUSEHOLD USE.

Cuas., F, BURGESS.
Professor of Chemical Engineering.

A simple little device, the recent invention of two University
of Wisconsin engineers, has established a record of saving two
hours of labor a week, or one hundred hours per year. Three
thousand or more are already in use, thus representing a saving
of 300,000 hours of labor each year.

This device is taken as a text for a dissertation the purpose of
which is to show the manner in which scientific knowledge can be
turned to practical account, and also to illustrate one of the
numerous uncultivated fields toward which the engineer may
profitably direct his attention.

The term ‘‘house cleaning’’ designates a semi-annual event
which to many of us calls up memories of upsetting of household
routine, strenous effort in wielding the birch rod on rugs and
carpets, and similar disagreeable impressions. Such memories
the future generations may not be called upon to share, since the
engineer has given this problem his attention and has developed
machinery for doing this work. Vacuum cleaners are replacing
large numbers of laborers and without any indication of strikes
or dissension on the part of those whose employment is thus
taken from them. Corporations have been organized to install
this machinery into homes, and to keep on the road traveling
equipments which go from house to house, and extract the ac-
enmulated dirt and dust at a moderate cost, with surprising
rapidity, and with greatly reduced labor as compared with the
antiquated methods.

If all of the dish washing, or window cleaning, or furnace tend-
ing of this country could be undertaken by a corporation, it
would be called upon to handle labor which as now done involves
work equivalent to the continual employment of many thousands
of laborers. The natural course for such a corporation to pur-
sue would be the employment of high grade engineering and
seientifie skill upon the simplification and cost of doing the work;
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and marked improvement in methods would be the eertain result.

There is a large field for work of the engineer in the study of
household economies, a field which hitherto has been largely neg-
lected.  Ieat is being applied to cooking operations in a shame-
fully wasteful way, though some improvement has been effected
in the development of the modern fireless cooker, a truly engineer-
ing device.,

The destruction of enameled ware, the rapid rusting of tin
ware, and the low and inefficient heat conduetivity of iron vessels
have furnished an incentive for the study of methods of working
aluminum, and the consequent introduection of this metal into the
kitehen.

One of the regularly recurring duties of the housekeeper or
her employees is the cleaning of silverware; the removal of that
discoloration or tarnish which grows on silver from contact with
food materials and even by simple exposure to the atmosphere.

An estimate of the labor involved in this one simple operation
alone gives the following results; assuming that the 90,000,000
population of this country represents 10,000,000 families, and
that one family out of ten possesses a stock of silverware and
enough pride in it to keep it clean; we have 1,000,000 houses in
each of which at least two hours per week is expended on this
work or 2,000,000 hours of labor per week. On the basis of a
working day of 10 hours, or 60 hours per week, this labor rep-
resents the equivalent of employment of over 30,000 hands.

Assuming this work to be directed by skilled engineers seeking
improved methods, there would be a rapid elimination of the
numerous laborious and inefficient methods now employed and
the working forece would be greatly reduced, as indeed is shown
possible by this device which is to be described.

It is designated as a silver eleaning pan, and is the joint in-
vention of Professor J. D. Phillips of the Engineering Faculty
of the University of Wisconsin and Mr. Carl ITambuechen, Chem-
ical Engineer, U. W. ’01, now with the Northern Chemical En-
eineering Laboratories, of Madison. They produced after lengthy
experimentation and testing an apparatus which the United
States Patent Office has deemed of sufficient novelty to warrant
the granting of patents. TIts practical working has been demon-
strated in many boarding houscs, restaurants, and homes in Madi-
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son and elsewhere, and a company has been organized to make a
countrywide distribution.

To the uninitiated, the terms ‘‘electrochemical potential,”’
““electrolytic polarization,”” and ‘‘cathodic overvoltage’’ may
imply certain vague phenomena of theoretical interest or of
minor practical usefulness; it is these phenomena which are in-
volved in the electrochemical cell here under consideration.

It consists essentially of a pan or vessel as illustrated in the
accompanying cut.

Silver Cleaning Apparalus.

The tarnishing of silver is due to the formation of a film of
sulphide or other compound which attaches itself firmly to the
surface, The common method of removing this tarnish is by
the use of powders or abrasives which destroy the film by rubbing
or mechanieal action, and which thereby involve manual labor.
The removal by abrasion also involves removal of some of the
metallic silverware, causing a rapid depreciation, especially of
plated ware.

For a long time there has been sought a chemiecal solution into
which tarnished silverware might be dipped and which may re-
move the tarnish by chemical action without also attacking the
silver. There are few chemicals which will meet this require-
ment, and none which is suitable for household use. A potas-
sium eyanide solution will dissolve the tarnish and leave the sil-
ver bright, and is extensively employed in hotels and restaurants.
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On account of the extremely poisonous nature of this chemical,
however, its use is not advisable; in fact, it should be absolutely
prohibited, as many accidental fatalities have been caused by it.

The new form of electrolytic cell, ealled a silver cleaning pan,
makes use of a solution; and employing an electrochemical prin-
ciple, it dissipates the tarnish with no expenditure of labor; it
produces no damage to the silverware; it works with rapidity;
and the solution involves no poisonous chemicals. Tt removes the
tarnish without taking any of the underlying silver, and, there-
fore, preserves as well as brightens the ware.

The purpose of this cell is to elean, neither by physical force,
nor by chemical solution, but by changing the silver sulphide
back to metallie silver through electrolytic action. It has been
known for a long time that the electric eurrent flowing toward a
tarnished silver surface immersed in an electrolyte causes a lib-
eration of hydrogen, and thereby the extraction of the sulphur
from the silver sulphide. This result ean be accomplished by
galvanie action, in which the eurrent is set up by the use of zine
or aluminum as an electropositive metal.

A simple method of using such galvanic action consists in plae-
ing the silver in contact with a piece of zine or of aluminum and
covering with a solution of soda and salt or other suitable elec-
trolyte. These two metals, silver and zine, or silver and alumi-
num, constitute a galvanic couple, the electro-positive metal, zine
or aluminum, going into solution and liberating hydrogen upon
the electro-negative silver. In this manner an aluminum dish
may be employed for cleaning silver, as is in fact frequently
done; but this method is open to an objeetion which lies in the
fact that aluminum or zinc become coated with a film of non-
conducting material, so that metallic contact with the silver can-
not be made without first scouring the eleetro-positive metal. In
other words, while the silver is eleaned without serubbing, the
other metal must be scoured to make it continually serviceable,
and thus the labor saving advantage is largely reduced.

It is the simple method of overcoming this disadvantage that
constitutes one of the points of merit of this new form of appara-
tus. One form of the apparatus, a pan made of sheet zine, has a
wire grating of another metal, preferably of tin attached to the
bottom by solder. When the solution is poured into the pan this
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tin becomes a cathode and hydogen is liberated upon it by elee-
trolytic action. Tin has the peculiar property possessed by but
few of the other metals, of having a high overvoltage, by reason
of which hydrogen when deposited upon it sets up a high counter
electromotive foree or polarization pressure which quickly stops
the flow of current and prevents the needless waste of the zine.
Through the presence of hydrogen the tin is always kept chemic-
ally clean and bright, the insulating film does not form upon it,
and there is therefore nothing to prevent silverware which rests
upon it from making electrical contact.

When silver is so placed it becomes a cathode, and the reduecing
action upon the tarnish takes place. Various solutions may be
employed for this purpose, such as caustic soda, sodium sulphate,
sodium ehloride, and the like. The designers of this apparatus
and process sought a solution which would employ materials
casily and cheaply obtained. The solution adopted by them is
made up by dissolving in hot water ordinary baking soda and
table salt. These materials being food articles are non-poison-
ous, and can have no detrimental action on the silver itself.

This apparatus constitutes a device of interest to the electro-
chemical student, in that it illustrates the practical application
of electrochemical phenomena; and it might well be the subject
of further study to determine the limitations of other fields of
usefulness. The reducing action which is set up in this pan has
been shown to be of sufficient strength to reduce most of the com-
pounds of silver and of gold. Some of the compounds which
form on brass and copper surface may likewise be reduced, but
with theses metals the action is uncertain and the electrolytic
cleaning cell in its present form does not appear to be of practical
use for brass and copper. The question naturally arises as to
whether this same eleetrolytic reducing action might not be util-
ized in removing rust from iron and steel. It is probable that
such action may take place, although at a very slow rate, but

Jjust what this rate may be is a matter which would be of interest
to determine,.
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THE WORK OF TIIE UNIVERSITY EXTENSION DIVI-
SION IN ENGINEERING.

Earr. B. Nornis,
Assistant Professor of Mechanical Engineering,.

The state universities and colleges have for many years ree-
ognized that residence instruction is but one of the functions of
an edueational institution which has been founded and main-
tained by and for the people of the state. This greater responsi-
bility to the people has been realized by all the state universities,
resulting in short courses, summer sessions, lectures and the other
well known agencies, and culminating in the organization of uni-
versity extension divisions to search out and supply those edu-
cational needs of the state which can best be filled by the univer-
sities or under their direction and guidance. Although the work
of university extension is further advanced at Wisconsin than
at any other state university, yet, even here, the work which has.
been done scems but a beginning when we consider the possibili-
ties of university extension in all its forms. The Extension Divi-
sion, in entering the edueational work of the state, does not usnrp
the prerogative of any established part of the educational system
but is planned to fill the gaps and supplement the work of the
other parts of the state system of education. To search out and
fill the educational needs of the people, the Extension Division
has divided its work into four general departments, of Debating
and Publie Discussion, of General Information and Welfare, of
Instruction by Leectures, and of Correspondence Study. In all
these departments there are opportunities for furnishing to com-
munities, clubs, or individuals, technical information of which
they may be in need, and which is not available through any other
publie educational ageney. The engineering foree of the Uni-
versity KExtension Division, numbering at present 12 men, is
therefore allied more or less, with each of these departments of
the Division as the opportunity arises.

The Department of Debating and Public Discussion finds civie
clubs and other organizations which desire technical information
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to assist them in discussing such matters as water supplies, sew-
age disposal, municipal ownership of publie utilities, and other
problems of municipal engineering,

The Department of General Information and Welfare, as its
name indicates, is planned to make available in popular form,
information on subjects of general interest,  To this end this de-
partment assists in effecting a more general distribution of the
bulleting issued by the national, state, and university rescarch
departments besides the compilation of popular bulletins on sub-
jeets of general interest. There is a great amount of information
to be had in such publications as those of the U. S. Geologieal
Survey and of the engineering experiment stations, which fails to
reach the pcople as it should. This department plans to aid in
the dissemination of knowledge of investigations and discoveries
of popular interest. Bulletins are also issued by the department
when the available publications are not written in suitable form
for popular distribution.

As an example of the possibilities for work in this department
in engineering, we might mention the desirability of an investi-
gation of the eoal supply of Wisconsin, ineluding a study of the
available coals, their desirability for different uses. the most eco-
nomical methods of handling, with an analysis of the rail and
water freight rates from the different coal fields.

This department also serves as an information bureau upon
matters of publie interest. If the information desired is such as
to bring personal profit to the inquirer, he is merely advised of
the proper steps to be taken, great care being exercised in either
case not to eneroach upon the field of the consulting engineer or
other expert but rather to encourage the engaging of an expert at
the proper time. For example, throueh this department, city
councils have been furnished technical information upon which
they may base ordinances for the prevention of smoke,

The Department of Instruction by Leetures contributes to
cause of education by arranging for lectures by the members of
the university faculty and others. Tiectures have thus been ar-
ranged for engineers’ clubs, trade unions. and other organizations
interested in technical subjects. The various organizations of
stationary engineers throughout the state have been given lee-
tures on such subjects as ‘‘Steam Turbines,”” ““Smokeless Com-
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bustion,” and ‘‘Gas Engines.”” The employes of certain rail-
road shops were supplied with a lecture on the “‘Development
of the Locomotive.”’

It is in the Department of Correspondence-Study, however,
that the greatest work is done in technical instruction. Every
man in the engineering profession realizes the great desirability
and the possibilities of increasing the technical knowledge of the
men in the engineering trades. At present these men, the fore-
men, inspectors, stationary engineers, ete., acquire their training
only through the school of ‘‘hard-knocks.”” That this process
can be greatly aided and hastened by a system of vocational in-
struction and that the efficiency of this elass may be greatly in-
creased, is readily eonceded by all engineers.

The present system of industrial organization does not make
provision for the development of a class of skilled employes from
which to select the foremen and inspeetors. As a result, men
qualified to fill these positions are rapidly becoming harder to
find. The system by which a man becomes a part of a single
machine and, in many cases, performs but a single operation day
after day gives no opportunity for the development of talents
which would qualify the man to assume charge of a department.
Except in the largest plants, the apprentice system hag been abol-
ished and the man who is ambitious to advance must acquire
his training outside of the shop. The ecommercial correspond-
ence schools were the first to realize the needs of these men
and as a result hundreds of thousands of men have been enrolled
in their technical courses. On the whole, these schools have done
good work but there is no reason why the states should compel
this great mass of eitizens to acquire their educations from in-
stitutions organized on a commercial basis.

The University of Wisconsin aims to fill this need through the
Correspondence-Study Department of the University Extension
Division. So great is the demand for this instruction that the
larger part of the work of this department has been in the line
of vocational training.

In this work the University supplements the correspondence
work by personal contact with the instructor. Wherever the
number of students warrants it, they are organized into classes
and are met at regular intervals by instructors who explain diffi-
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culties encountered in their studies. This method overcomes the
greatest discouragement in correspondence study, the necessity
of writing for explanations of the diffieulties met by the student.

In carrying out this work, the state is divided into distriets and
a University representative placed in each distriet with such in-
structors and other assistants as he may require. In most cases
the men are organized into classes in the factories where they are
employed. The managers have in nearly every case fitted up
class rooms in the plants and have given the men time for their
class meetings during the day at the expense of the companies.
In some cases the firms have paid all or part of the cost of the
courses and have otherwise taken an active interest in the progress
of the men in their employ. In one class, made up of a selected
group of apprentices, the boys are sent to the class room for a full
half day each week for instruction in Shop Mathematics and Me-
chanical Drawing. For the men who are not fortunate enough
to be in one of these classes, night classes are organized either at
the extension center or at a convenient public school building or
library.

The first course taken by these men is in Shop Mathematies or
in a similar course in mathematies planned to teach those prinei-
ples which apply directly to work which the men are doing and
the machinery which they use. Machinists are taught the uses of
their instruments, such as the micrometer, the caleulations of cut-
ting speeds and feeds, the principles of screw cutting, the mechan-
ism of their machines, the principles of trigonometry as applied
to the laying out of work, the use of formulae, and numerous
other applications of mathematical prineiples to every day work.
Although a systematic development of the instruetion in mathe-
maties is maintained, yet the student is taught at all times the ap-
plication to his work of those principles which he is studying.
This method of treatment maintains the interest by showing the
value of the prineiples tanght and aids the student to understand
them by applying them to things of which he already has some
knowledge. This course is, in many cases, accompanied by a
course in drawing which develops not only maununal dexterity but
an ability to read working drawings and to make presentable
drawings when necessary. Ior those who wish 1o become drafts-
nen more advanced courses are available,
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Likewise, men empioyed in central stations or other power
plants, or those men who wish to prepare themselves for such
work, take first a ecourse in Power Plant Mathematies after which
they study the prineiples of Heat as applied directly to their
work. Iollowing this, courses are available in Boilers, Steam
Engines, (Gas Engines and Gas Producers, Refrigeration, Heat-
ing and Ventilation, Compressed Air, ete.

In like manner those interested in electrical work are given first
the principles of mathematics as applied to caleulations in eclee-
trieal work, followed by a study of Electricity and Magnetism,
after which there are available courses in all kinds of electrical
machinery and in the prineiples which are involved. The man in
structural work follows his mathematies by a study of Strength
of Materials and the Elements of Struetures which gives him a
knowledge of the materials he is using and of the methods of
construetion used in the shop and in the field. More specialized
advaneed courses may then be taken dealing with the different
classes of steel, timber, and conerete structures.

In practically every case, the student who has finished one of
these voeational eourses has so thoroughly acquired the habit of
utilizing his spare time in studying that he voluntarily enrolls
for more advanced courses without solicitation. Furthermore,
the men acquire a different attitude towards their daily work.
They become interested in the operations they are performing and
study these processes instead of doing them in a perfunectory
manner. The instances of financial benefit obtained and promo-
tion gained as a result of this work are many.

As yet, distriet organizations have been perfected and classes
organized in but two distriets of the state, the first distriet eom-
prising Milwaukee and the surrounding counties, and the second
made up of the eities in the Fox River Valley with the distriet
headquarters at Oshkosh. The students in other localities are
taught by correspondence methods alone.  As the work develops,
instructors will be placed in every part of the state with local
laboratories and class rooms in every city where they are needed.

The problem of laboratory facilities does not offer the difficul-
ties which might be expected.  Most of these men are working
with the kind of machinery which they are studying and need
only the theories of their work to enable them to put them
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into practical use. In Milwaukee the laboratory of the eity gas
inspeetor has been used in demonstrating the methods of making'
calorimeter tests and analyses of gases and a fuel testing labora-
tory is proposed, to be installed in the University Extension head-
quarters in that city. Some of the students have taken advan-
tage of the Summer School for Artisans to take laboratory work
at the University and they are urged to do this whenever their
cireumstances will permit.

These vocational courses are by no means all of the work of the
Extension Division. Besides these, courses are offered under the
following heads :—elementary, high school and preparatory, spec-
ial advanced, and regular university grade.

Many prospective students of engineering are taking advantage
of the elementary and high school courses to complete their prep-
arations while at the same time earning money for their univer-
sity courses. Others who have been out of school for some time
take these courses as a review to preparc them for the entrance
examinations.

This work also offers a ray of hope to the large number of men
who leave sehool before completing their high school work and
later in life find that they desire and have the means for a uni-
versity eourse but have not the training required for entrance.

In the special advaneed eourses we find students enrolled whose
qualifications enable them to take courses more advanced than
the vocational courses and who desire special instruction along
some line of engineering work but who do not care about receiv-
ing credit towards a degree. In these courses we have enrolled
egraduates of the colleges of engineering of Wisconsin and of
other universities as well as men who have had part of a univer-
sity course. These men desire work that is of practically univer-
sity grade and yet is planned to fill more particularly their im-
mediate needs in some special line of work.

In offering courses of university grade we find many oppor-
tunities for the extension division to be of service. The greatest
number of these students are men who have finished their high
school courses and must stay out of school for a year or more for
finaneial or other reasons. To these men we can offer the studies
which they would pursue in the first year of their university
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course. In this way they are encouraged and their interest main-
tained in the university.

A smaller number of students taking work for university credit
are men who have been compelled to drop from the university
for a period, but are in good scholastic standing. In many such
cases the Extension Division is able to offer courses which they
may pursue while not in residence. This plan aids in maintain-
ing the interest of the student in completing his university course.
In all such cases the consent and approval of the student’s ad-
viser and the head of the department which gives the desired
course in residence must be obtained. Likewise, we have students
who have completed satisfactorily part of an engineering course
at some other institution. By taking work through the extension
division, these men are attracted to Wisconsin and in most cases
have expressed intentions of entering this university.

Another case where university courses are taken to advantage
through the extension division is found where men wish to attend
the university for a short time with the idea of pursuing certain
courses having a direct bearing on their work. In most cases the
extension division is able to give them the necesary prerequisite
courses so that they can enter immediately upon the desired
studies upon coming to the university.

In all work given for university credit, great care is taken to
maintain the standard set by the residence departments and a
student’s work is at all times open to the serutiny and supervi-
sion of the residence department. The student’s previous record
is carefully examined to make sure that he has completed satis-
factorily the prerequisite courses. Tt is safe to say that in no in-
stance has a student who has completed a course by correspond-
ence failed to make good records in his residence work.
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SUPERHEATERS.
R. D. Lewrs, '09.

Superheating as applied to locomotives is a comparatively new
phase in steam enginering. Although German locomotives have
been equipped with superheaters for six or seven years, not until
very recently have superheaters come into use in the United
States.  This is a discussion on results, rather than the design of
superheaters so that I shall not go into the details of the design.

The essential features of all the different designs are these:
The steam is taken from the nigeerhead and returned through
the large flues by means of steam clements, coming into contact
with the hot gases. Every superheater has its own method of
taking steam from the niggerhead, superheating it, and deliver-
ing it to the eylinders, but a general idea of the different designs
may be had from the following:

Saturated steam is taken into the ‘‘headers,’” practically noth-
ing more than boxes divided into different compartments. A
number of return steam elements are arranged so that from here
the steam is taken from one compartmnt, hrought back through
the large flues and then delivered to the superheated compart-
ment. From here it goes to the eylinder. The large flues are
usually about 5” in diameter. The number depends upon the
superheating surface desired.

The following discussion of results is based upon tests made,
using the Emerson superheaters. The first engine equipped was
a consolidation of the type 2-8-0. Original eylinders were 20”
by 32"; steam pressure 210 lbs. tractive power, taking 80% of
hoiler pressure, 39090 1bs.

A new set of eylinders were used, 26”x32" and the slide valve
replaced by a piston valve. The boiler pressure was decreased
to 155 1bs. using 85% of boiler pressure; the tractive power is
51800 pounds.

A number of tests were made on this engine, 1148, and then
on two other engines of the same class but non-superheating.
'he character of these tests was as follows:
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Coal and water used, together with indicator diagrams; then
a dynamometer car was used and the fuel consumption figured
per pounds drawn bar pull. These results might be interesting
to follow, so a partial summary is given below :

Engine Engine Percent
1148 superheat 1205 mnon-sup.
Lbs. coal per 100 ton miles  4.68 5.33 12.2
Lhbs. water per 100 ton miles 32.58 37.60 13.4

These figures show a saving of 12.2% in fuel and 13.4% in
water in favor of the superheater. Figuring the fuel consumed
per 100 draw bar miles, we have 1.35 1bs. coal per 100 D. B. miles
for engine 1205 and 1.14 Ibs. coal per 100 D. B. miles for engine
engine 1148, giving a saving of 15.5% in favor of the super-
heater.

The maximum pull in pounds obtained from the dynamometer
record for engine 1148 was 51900 ; for enegine 1205 was 36560.

To give a more general idea of the tractive power of these two
engines, the 1148 would take a train of eighty ore cars over a hill
four miles long with a grade of 1.7% at a minimum speed of six
miles per hour. Engine 1205 had to ‘“double’ this hill every
trip with sixty-five ears. Understand these were twin engines,
one superheating and one non-superheating. So superheat
shows up to a good advantage in this case, not only in fuel
econory but in power. This is a very important factor. The
average superheat obtained in this engine is 180°. As a result
of these tests, thirty-eight engines of this type were equipped
with superheaters.

The next engine to be tested regarding superheat was of the
4-8-0 type. This showed a saving of 21% in fuel and an in-
ereased tractive power of 17%. TFollowing upon these tests, we
received twenty new passenger engines, all superheaters. Test-
ing these showed an average saving of 13% in fuel, with 130°
superheat. Next we built an engine of the Mallet, articulating
compound type 2-6-8-0. In connection with a superheater we
put in a feed water heater. The steam is superheated before
entering the high pressure cylinders. This is a very important
point, as superheating steam leaving high pressure cylinders for
the low pressure is absolutely a failure. We obtained a maxi-
mum superheat of 232 degrees in the high pressure and 130° in
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the low pressure cylinders. The feed water temperature aver-
aged 260°. Assuming every 11° rise in feed water temperature
gives a saving of 1% in fuel; it is easily seen that a large saving
results.

A very interesting problem made its appearance in the tests of
this engine 2000. The high pressure eylinder has a slide valve;
the low pressure, a piston valve. There was considerable trouble
at first in keeping the slide valve from cutting. A brass valve
was tried but was not a sueecess; the diffieulty was found to lie
with the valve oil. A special grade of this oil was obtained and
since then there has been absolutely no trouble in this respeet.

This engine is now in ore service on the range, hauling 120 cars
of ore, a tonnage of about 7400, over a ruling grade of .7% and
making the remarkable record of about four pounds of coal per
100 ton miles. Our next new lot in equipment consisted of forty
Mallet articulating compounds of practically the same type as
the 2000, save that they were a larger engine. Both valves are
piston valves. The maximum degree of superheat in their case
is 190°.  The average will be about 180°. Most of these engines
are used in the Rockies and Cascades. One in service on the iron
range hauls 130 cars of ore over this .7% grade and 130 empties
over this 1.7% grade.

In passenger service we now have 63 engines that are super-
heating. Twenty of these are used in the mail service, where the
speed between St. Paul and the Coast averages about sixty miles
per hour. Another twenty are used on the transcontinental
limited. There has not been one single engine failure due to a
superheater since we have had this equipment. Superheater en-
gines will handle a train in a way that non-superheating ecngines
cannot approach.

Our last set of forty new passenger engines, being delivered
now, give an average superheat of 190°. Probably by this time
you are interested in the cost of maintenance and operation of
superheating engines as compared with non-superheating. We
have kept an accurate detailed record of the performance and
upkeep of superheating and non-superheating engines of the
same class in freight and passenger service. Accordingly I can
:zive you some figures as to this.

In passenger service the cost of fuel per 100 passenger car
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miles for superheaters for the entire system will average $1.70;
for non-superheaters $2.13; cost of valve oil per mile, superheat-
ing $.00180; non-superheating $.00120.

Cost of repairs, total, per mile, superheating $.040, non-super-
heating $.101.

In freight service, for the system, the cost of coal per 100 ton
miles, superheating $.0170, non-superheating $.0182; repairs,
cost per mile, superheating $.091, non-superheating $.132.

These figures show very plainly the advantages of superheaters.
applied to locomotives. The advantage in the cost of repairs,
lies in the fact that the deerease in cost of repairs to boilers due
to a lower hoiler pressure, more than compensates for super-
heaters and repairs. In conclusion, the advantage and disad-
vantages of superheaters are as follows:

First, superheat makes a more powerful engine; then a marked
saving in fuel and water is obtained. A lower boiler pressure is
obtained, decreasing cost of boiler repairs.

The disadvantages are mainly, the care that is to be exercised
in lubrication and increased cost of lubrieation.

Everything is in favor of superheating as applied to locomo-
tives and it is only a short time before all the railroads in the-
country realize it and design their equipment accordingly.
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THE MILD PROCESS OF WIIITE LEAD MANUFACTURE.
A R, Wurre, *10.

In 1906 the Aeme White Lead and Color Works of Detroit,
Michigan, construeted a new plant, which was to manufacture
15,000 tons of white lead per year by an entirely new and simple
eommercial method, known as the “‘Mild Process.”’

In order to show the merits of the new method, it scems ad-
visable to briefly state the prineiples of the older processes. The
white pigment, which is most commonly employed for paints is
a mixture of various basic carbonates, but largely of the com-
position Pb(OH), 2 PhCO,. It is obtained in general by allow-
ing carbon dioxide to act upon lead oxide. To facilitate the re-
action acetic aeid is often used as an auxiliary substance.

Of the old methods there are several of importance besides
numerous patent processes. The Duteh, or Stack process con-
sists in exposing sheet lead to the corrosive action of moisture,
acetic acid vapors, and earbon dioxide. The process is slow, a
large plant is required, and the capital invested lies idle a great
part of the time. Although a good grade of white lead may be
obtained by the Dutch process, eertain requirements are neces-
sary of the lead employed. The lead must be pure. If any
silver, copper or iron is present, the color of the final product
will be damaged.

The German, or Chamber process, is an artificial method of
producing about the same conditions as prevail inside the stack
in the Dutch method. This is mueh more rapid than the Dutch
method, usually requiring about five weeks; but the quality of
the produet is not as satisfactory.

The French process or Thenard’s method, depends on the pre-
cipitation of a basiec lead carbonate from a solution of a basic
salt by means of carbon dioxide. The solution generally used is
a basic lead acctate, prepared by boiling litharge with neutral
acetate. The white lead separates in a granular crystalline
form. Tt has a less covering power than the amorphous powder
produced by the Dutch process,
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Several patent eleetrolytic proeesses have heen proposed for
the precipitation of the basic carbonate of lead; but thus far
these have not been used for the production of white lead in com-
mereial quantities,

The Mild Process for the manufacture of white lead is the
only one in practical operation which does not require the use of
acids, alkalies, or other chemicals in the process of manufacture.
Every trace of impurity should be removed from the final prod-
uct, which necessarily involves the use of eertain methods which
are in themselves expensive, and which if not complete will cause
a marked deterioration in the quality of white lead produced.
The process derives its name from the very faet that it is the
simplest and most natural process possible for the manufacture
of white lead. Metallic lead, air, water, and earbon dioxide are
the only substances required.

The attention of Mr. Thomas Neal, of the Aeme White Lead
and Color Works, was attracted to this process and a deal was
effected which resulted in the adoption of the process by the
owners of the above named plant in 1906,

This process does not require the use of the extremely high
refined lead used in the Dutch process, but an ordinary grade of
lead may be used. Some of the hard grades of lead, however,
do not undergo conversion as easily as the softer varieties, al-
though there is little or no difference in the color of the product
obtained, provided the silver content is kept below one ounce
per ton. A low silver content means that the lead is pure, for
in the elimination of silver, impurities must be removed.

In the NMild Process the pigs of lead are melted in large kettles
holding about 5,000 pounds each. Irom the bottom of these it
is conveyed through heated pipes to the ‘‘atomizers,”” which are
similar in principle to the ordinary laboratory blast lamp. In
the “‘atomizers’’ the molten lead comes in contact with a eurrent
of steam. The expansive force of the steam disintergrates the
lead into exceedingly minute particles, which in the course of
their descent solidify. Kaeh of the four ‘‘atomizers™ in the
plant has a capacity of 1500 pounds of atomized lead per hour.
The streams of ‘‘atomized’’ lead are directed downwards into a
large steel room or blow chamber, in the bottom of which is about
two feet of water.
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By means of a drag and serew conveyer, the lead in the form
of a heavy, soft mud is delivered from the bottom of the blow
chamber to the pump-feeder. The pump-feeder keeps the par-
ticles suspended in the water so that the material can be readily
and conveniently handled by a rotary pump which forces the
lead and water through a pipe line to the float-boxes where the
lead is deposited in the desired compartments. These compart-
ments of the float-boxes have a higher level than the bottom of
the blow ehamber and are piped back so that the water returns
again to the blow chamber, which insures against any loss of
lead.

By means of gate-valves the lead is discharged into the oxidi-
zers, directly underneath the float-boxes. The requisite amount
of water is added, a current of air under low pressure from a fan
introduced and the contents agitated mechanically from twenty-
four to thirty-six hours. The particles of lead from the ‘‘atomi-
zation’’ process have already become coated with a thin pellicile
of suboxide, which renders the lead very active chemically, so
that within a few hours after the beginning of the agitation a
strong chemical action sets in, accompanied by a marked rise in
temperature, which results in the formation of any of the sev-
eral basic hydroxides of lead as may be desired.

At the expiration of the twenty-four to thirty-six hours, ac-
cording to the size of the charge, about 80 per cent of the lead
will have been converted; and then the oxidizers are discharged
into a trough emptying into the float system on the floor below,
where the metallic lead is completely separated from the basie
oxide. It is then automatically conveyed to the small pump-
feeder, from which the pump returns it again to the float-boxes.
In the float-hoxes it is to be added as a small increment to fresh
charges of ‘‘atomized’” lead, which secures a practically com-
plete conversion of the returned lead.

The separated basic hydroxide, after flowing over the tables,
is conveyed by means of pumps to the fourth floor where it is
deposited in a series of large tanks. The water is returned to
the separating system again, thus avoiding any mechanical loss
of lead. The above mentioned tanks also act as a storage for
the basic hydroxide, which is drawn as required into the car-
bhonators,
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The carbonators, located on the floor below the storage tanks,
are large wooden eylinders somewhat similar in construetion to
the oxidizers but of a less eapacity. In the earbonators the basic
hydroxide of lead is agitated in the presence of carbon dioxide
gas from fire gases of the boiler plant, which by means of serub-
bers has been thoroughly eooled, desulphurized, and freed of
soot particles. Tn approximately thirty-six hours the earbona-
tion is complete, resulting, if the operation has been properly
condueted, in an exceedingly white basie carbonate of lead of very
closely theoretical composition. As there are no impurities pres-
ent, no washing or floating is neeessary. The thin semi-paste
mass is drawn from the carbonators and pumped directly into
the drying pans and dried in the usual manner, When dry, the
white lead ecrumbles instantly under the slightest pressure into a
very fine amorphous powder.

The carbon dioxide gas used is produeed by the combustion of
a sclected grade of coke, very low in sulphur and volatile matter.
The furnace is so constructed that 90 to 95 per cent of the oxygen
of the air which enters the furnace is converted into carbon di-
oxide and the combustion is so controlled that there is a practical
absence of carbon monoxide. The efficiency of the furnace is
therefore very high. The heat produced is utilized in assisting
the production of steam for power purposes.

The ““Mild Process’” is under almost perfect control, as any
slight variation that may take place in the chemical reactions
mvolved ean be casily correeted and balanced. The eompletion
of the carbonation is very clearly indicated by eertain distine-
tive characteristies and its behavior at the time, so that there is
no danger of an over carbonation under competent supervision.
The gas is tested at regular intervals, and the changing condi-
tion of the lead is carefully noted. The composition of the
basic hydroxide formed in the oxidizers indicates a hydration of
10 to 12 per cent or only about one-third of the comhined water
which is found in the finished white lead. Therefore the largest
part of the hydroxide portion of the white lead molecule is
formed during the carbonating process and has much to do with
the apparent inerease in volume exhibited during the carbonat-
ing which in itself serves as a close check npon the completion of
the carbonation,
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The merits of this process of white lead manufacture over other
processes may be summed up as follows:

(a) The raw material, pig lead, is used in its original form
from the smelters, and does not need to be cast into special forms
for the exposure of a large surface to corrosive action.

(b) The ‘‘atomization’” of the lead by the expansive force of
steam puts it in the form of maximum surface exposed, and in
this form is very susceptible to the chemical action of such simple
agents of nature as air, water, and carbon dioxide.

(¢) There being no chemical substances used, there is no cost
for removal of impurities such as lead acetate, which is usually
present where acetie acid is used.

(d) The great advantage of this method is from the stand-
point of time taken to manufacture. The process is continuous
and there is no long waits for complete corrosion of lead as is the
case with the other methods.

It is not the purpose of this article to advertise Aeme White
Lead, so nothing will be said concerning the merits of the finished
product. It may be said, however, that the white lead produced
by this process is very similar to that produced by the older
methods in respect to the guantity of oil thinners required for
grinding and redueing to painting consistency.
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EDITORIAL.

In a speech before the students of the Colorado School of
Mines, John Tays Hammond stated that from his experience of
men he had learned that the suceessful engineers owed seventy-
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five per cent of their fortune to personality and twenty-five to
technical knowledge. In the engineering supplement of “*The
Times’” of London, there appeared once a rather remarkable
paragraph, written by one of the leading engineers of England,
in which young engineers were assured of success if they were
“mannered’’ as well as technically educated. There is an old
college in England, whose alumni are distinguished in all pro-
fessions and callings of life, which still uses the motto of its
founder, ‘‘Manners Makyth Man.”” It is probable that My, ITam-
mond would term ‘‘personality’ that which William of Wyke-
ham called. in quaint English, ““manners.””  Most enginecers have
realized the force of these axioms. The engineer must be a man
of personality, of individuality, if he is to rise to the top of the
profession. He must earry the ““Hall Mark’’ of capability, he
must be different from, and yet one with and of, the general
crowd.  And for lasting suceess this mark, which was originally
used by the Honorable Company of Silversmiths to brand sterling
silver, must remain through life. His quality must not alloy
through muech mixing with the different foremen, mechanies, and
laborers, with the prospectors and backwoodsmen ; must not lose
color by being left for months or years in a lonely gulch or ex-
posed mountain side, must stand travel, heat, cold, and exposure.
* * #* L * * #* #*

Personality does not lend itself to definition. It is easily rec-
ognized and always respected. It does, in fact, divide the medio-
cre men from the leaders, just as the mediocres are differentiated
from the poor and mean, by their integrity, application and use-
ful knowledge. We may watch the ways of the men of strong
personality and emulate them. They are thorough in thought
and in deed, they are correet in form of speech and of dress.
They are men of manners. They may, and often do, despise the
mediocre, and have in many cases acquired by hard work their
second nature of leadership, through sheer abhorence of the
moderate capacity, through gnawing ambition fo be different, to
realize the highest latent values in themselves. Generally the
process of making the sterling article is ecommenced in college.
By wise division of time to study, to the best forms of recreation,
of social entertainment, the refining of the individual is com-
menced ; personality results, The course of study of a serious
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student may not become special for many years. There is too
much of elementary knowledge to acquire. TLetters must have
their influence before the higher technical work is commenced.
Some knowledge of istory, of Literature, both of the day and of
the past, a fair understanding of Greek, Roman and Medieval so-
ciety, an acquaintance with the development of the free and me-
chanical arts, and a knowledge of the elements of pure seience,
are necessary before the student attacks the hard work of the ap-
plied mechanical sciences in the College of Engineering. ITe
should leaven this engineering work by mainainting some asso-
ciation with the College of Letters, by interesting himself in the
current literature, and above all, by reading modern languages.
His hours of recreation may wisely include some club life and
association with congenial men of other colleges. Ile should
weleome every opportunity, especially in vacation, to make the
acquaintance of older men in the field, and become versatile, in-
formed, and slowly but thoroughly cultured.

The greatest benefit of the training may not be gauged in any
utilitarian measure. Ile will become reflective, independent of
society, if needs be, superior to the conditions accompanying mis-
fortune and over-bountiful fortune or wealth., ITe will be happy
up a guleh, on a lonely mountain top. His joy in building
bridges will be doubled ; the pride of the engineer will be second
to the delight of the artist, the application of the mechanical
will be helped by the judgment and taste of the aesthetic. Work
will become a pleasure, the free Sunday a real vacation, a relief
and change of thoughts and ideas, and not a weary void. The
lights on the brown mountain range will suggest comparisons
grand and not profane, and will stimulate the mind and emo-
tions. But to specify the value of the literary and artistic train-
ing is unnecessary. It is too real and too obvious. The de-
veloped professional man only will understand the meaning of
Kippling’s millenium :—a time “‘ when none shall work for money,
and none shall work for fame, but each for the joy of the labor.”’

* * * * * o * *

The value of practice in writing cannot be sufficiently em-
phasized among Engineering students. Writing, actually writ-
ing with a pen or pencil, then correcting and rewriting technica)
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or general articles for the press will develop literary form and
ease. Good reading should accompany these efforts. Not the
reading of the daily paper alone, but of such reviews as ‘‘The
Forum,” “The Dial,”” ““The North American Review,’’ and the
leading technical papers, will help the Engineer in using right
English in the right way. Correct speaking at all times should
be a habit; choice and terse forms of words, a source of joy.
Sallies of quick wit, frank appreciation of good humor, intelli-
gent questioning of lecturers and ready response to speeches are
the best means to develop ease in speech and mastery of expres-
sion. Let him speak English, use English terms instead of
French and Latin. Huxley says that ‘“Every English (speak-
ing) man has in his native tongue an almost perfeet instrument
of literary expression.”” Tet him learn the use of the instrument
and disprove Barrie’s statement that although in this age of Sei-
ence, the Scientist is the only man who has anything to say, yet
he is the one who does not know how to say it. Be a master of
English, a Bachelor in Letters, as well as an Engineer, and the
world will really be, if not at your feet, at any rate at vour office
and hall door. When Engineering students can do so much well,
why shall they fail of the goal for lack of so little extra training.
* * £ * # #* # *

The problem of giving students opportunity for field work is
becoming more diffieult to solve every year as applications in
larger numbers are made to companies which are in a position to
employ and give students good experience. There is no question
of the value of this practical work. Tt is probable that the solu-
tion may be in students taking more initiative in the matter; in
personally securing the kind of work which will prepare them hest
for the time when they shall start out into the world from col-
lege. The personal application may, in many cases, bring the
student more directly under the notice of, and in touch with, the
superintendents, and establish for him valuable connections which
he might otherwise miss. Certainly he will in this way become
more reliant on himself, more able to set a proper valuation on his
services, more ready to realize his deficiencies.
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DEPARTMENTAL NOTES.
MINING ENGINEERING.

The registration of mining students in the three upper classes
this fall shows an inerease of fifty per cent over that of a year ago.

A paper on the neutralization of furnace gases by Mr, Iavard
appears in the current bulletin of the American Institute of Min-
ing Engineers.

The new ore dressing laboratory is to be in operation next se-
mester. Among the equipment already received are: a Johnston
hanner. a Wilfley table, a Richards pulsator jig and classifier and
three callow settling cones.

TOPOGRAPIIIC ENGINEERING.

The Sophomore Civil Engineers are now putting on the finish-
ing touches on their field work. Immediately after Thanksgiv-
ing the field work will be replaced by drafting room work, Course
T. E. 1. In this course the Sophomores will make maps for sur-
veys executed in the Freshman and Sophomore years.

One of the new and greatly appreciated features of the sum-
mer camp at Devil’s Lake included a number of lectures by mem-
bers of the University faculty on topies other than engineering
but suggested by the environment of the camp or the speaker’s
department. A lecture was also delivered by a professor of Geol-
ogy from the University of Chicago on the Geology of the Bara-
boo region.

The completion of the new wing in the Engineering Building
provides ample quarters for the Topographic and Geodetic En-
gineering Department. In the basement provision has been made
for the instruments in a large room. Here also is found Mr.
Cutler’s office, the key room, and store room. On account of the
unfinished condition of the North wing the work of the depart-
ment has been seriously interfered with during the past season.



Departmental Notes 143

CHEMICAL ENGINEERING.

Mr. Alean Hirsch, who is earrying on an investigation in the
Electro-chemical laboratories on the eleetrolytic production of
cerium, is eredited recently with the production of 150 grams of
of this metal. This is remarkable in that this quantity undoubt-
edly represents the largest amount of this material in existence
in this country, and it is doubtful even whether anyone clse has
ever produced any of this metal in the state of purity which Mr.
Tirseh’s metal apparently possesses. Cerium is one of the very
rare metals, and the further production of it and the study of
its properties will lead to interesting results.

The Chemical Engineering' laboratories have recently been
moved into the space on the second floor of the Chemical En-
ginering building formerly occupied by the clectrical testing
laboratories and offices. In these rooms are now being installed
electro-chemical equipment and the Electro-plating and Metal
Refining Department. Two of the rooms are devoted to metallo-
graphy and the microscopic study of alloys. Space is also pro-
vided for advanced rescarch work. The main floor is devoted
mainly to gas and fuel work and ecalorimetry, while in the base-
ment are located the electric furnace, pyrometric and chemical
manufacturing equipments.

The eighteenth general meeting of the American Electrochemi-
cal Society was held in Chieago on October 13, 14, and 15.  Those
in attendance from Madison were: Dr. O. P. Watts, 0. I.. Ko-
walke, W. B. Schulte, Dr. L. Kahlenberg, Dr. David Klein, and
Charles F. Burgess. Among the papers on the program were
the following from Wisconsin authors: ‘‘Magnetic Properties of
Electrolytic Iron Alloys’ by James Aston; ‘‘Practical Signifi-
cance of ‘Over-voltage’ ”’ by Carl Hambuechen ; ‘‘Relative Basie-
ity of Metals” by Dr. T.. Kahlenberg; and “‘The Effect of Water
in Causing Chemieal Reaetions’ by Dr. David Klein. Other
Wiseconsin Alumni who presented papers were Prof. A. R. John-
son, '06, Prof. O. W. Brown, ’05, IL. . Patten, '02, W. R. Mott,
'03, and R. 8. Wile. Of the twenty-five papers presented at
this meeting, ten were under the authorship of Wisconsin men.
Mr. A. B. Marvin, 00, was secretary in charge of the Chicago
arrangements for the meeting. It was one of the most largely
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attended meetings the society has held, there being nearly three
hundred on the registration list.

STEAM AND GAS ENGINEERING.

Several important changes have been made in this department,
The laboratory has been enlarged by a 50 foot extension towards
the north, 30 feet wide, for the accommodation of gas producers,
cas engines, and a new Foster steam superheater. This space
has been much needed, and will relieve the previously erowded
condition of the steam laboratory. A new 20 H. P. Foos gas en-
gine has been obtained in exchange for the 8 eylinder vertical
engine formerly installed and which has been too large for lab-
oratory experiments. The new engines embodies many new fea-
tures, and can be operated by almost any of the liquid and gase-
ous fuels.  One of the most needed improvements has been com-
pleted in the construction of a new steam “‘loop,’” around the
laboratory under the gallery, but well above the head room ro-
quired on the lower floor. The piping is thus made accessible
for repairs and for regular operation. It is proposed to describe
these and other improvements in an early issue of THE WISCONSIN
[NGINERR.

DEPARTMENT OF MACHINE DESIGN.

Mr. A. L. Goddard, B. S., M. E., ’96, is now Superintendent of
Shops, having taken up the duties of this position at the begin-
ning of the college year.

Mr. W. G. Lottes, instruetor in forge practice, is on a year’s
leave of absence, during which time he is the expert on steel
warking for the International IMarvester Co. Mr. Lottes visits
the various plants of the company, making at each a study of the
steel treatment and materials, with a view to improvement in the
quality of the product and eost reductions.

A four story building is being completed near the new Uni-
versity Ieating Plant for the utility shops which are now located
in various buildings. Space is being provided for the carpenter,
pipe-fitting, plumbing, paint, and electrician’s shops.

The present carpenter shop, in the first floor of the east wing
of the machine shop building, will be used as a shop and labora-
tory by the Manual Arts Department, which was organized this
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year under the direction of Mr. F. D. Crawshaw, formerly of
the University of Illinois and Bradley Polytechnie.

Prof. Crawshaw is a graduate of Worcester Polytechnic, B. S.
in E. K, 1896; M. K., 1897,

HIYDRAULIC ENGINEERING.

Mr. Charles I. Corp, Junior Member Am. Soe, M. E., Assistant
Professor of Mechanical Engineering in the University of Kansas,
Is taking a vear’s leave of absence, which he is devoting to experi-
mental research in the Hydraulic Laboratory at the University
of Wiseonsin, having been appointed Research Assistant in Iy-
draulies at that institution. Mr. Corp was graduated from the
University of Kansas in 1903. Tle has charge of the work in hy-
draulies, the materials laboratory and some of the work in the
mechanical laboratory at that place. Ile spent the summer of
1908 experimenting with turbines in the Wisconsin ITydraulie
Laboratory. Iis present study will be directed towards a deter-
mination of certain hydraulic losses in reciprocating pumps.

Mr. Geo. E. P. Smith, Associate Member, Am Soc. C. E., Trri-
gation Engineer at the Agricultural Experiment station of the
University of Arizona, is taking a vear’s leave of absence, which
he is devoting to irrigation investigations. The past summer he
spent in Ifaly studying irrigation practice in that country. ITe
has received an honorary fellowship in hydraulic engineering at
the University of Wisconsin where he will spend the present
school year making an experimental study of centrifugal pumps
in the Hydraulic Laboratory. Mr. Smith was eradnated from the
University of Vermont in 1897, receiving his second degree there
in 1899. After teaching engineerng in the University of Ver-
mont for three years, he was appointed Professor of Civil and
Mining Engineering in the University of Arizona, which position
he held for six years, until appointed to his present office.

WISCONSIN STUDENT SECTION OF THE AMERICAN SOCIETY OF MIE-
CHANICAL ENGINEERS,
As the name indicates, this society is one of the student see-

tions of the American Society of Mechanical Engineers which
within the past few years, has recognized the importance of the
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technical colleges of the country, and made provision for student
sections to be established at technical schools of good standing.
The loeal section is under the supervision of the national society,
and its members are granted the following privileges; to receive
the journal of the American Society of Mechanical Engineers at
the yearly rate of $2 while the regular price is $5; to continue
their subscriptions at this rate for two years after graduation at
which time they may make application for junior membership in
the national society ; and to take part in, and derive benefit from,
the mectings of the local student section.

The Wisconsin student seetion was organized about a year ago
and since organization has held about one meeting per month.
Some outside speakers of considerable note have addressed the
section, and some of the students have given talks on practical
subjects in which they were experienced.

A few changes have been planned for this year’s work. Ef-
forts are being made to make the programs unusually attractive,
and a change of meeting place is being contemplated. Formerly
the society has met in the engineering building, but it is thought
that meetings held in one of the Union rooms would be more con-
dueive to good fellowship and larger attendance.

Anyone interested in the work which the student section of the
American Society of Mechanical Engineers is doing is cordially
invited to be-present at these meetings which are advertised by
poster and by Cardinal announcement.

TAU BETA PI ELECTIONS,

At the semi-annual initiation.of Tau Beta Pi; held at Keeley's
on the eleventh of November, the following were initiated:

W, Gractz, of the class of 1912 Gi. Cowan. J. Slade, M. Lamont,
('. Seudder, J. Sehwada, A. Ludbere, J. IT. Johnson, S. Stanley,
J. Lanewill, J. Lightbody, W. V. Bickelhaupt, of the class of
1911,
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WIIAT THE GRADUATES ARII DOING.

This section 1s conducled with a double object in view—IFirst,
lo give the alumii professional mews of each oller; second, lo
give the undergraduates an idea of the possible fields of employ-
ment open to them in the future,

Wm. O. Krahn, 09, is designer of mill buildings with the In-
ternational Harvester Co., Milwaukee office.

Wm. C. Penn, 07, former instructor in topographic engineer-
ing is now with W. (i. Kirchoffer, consulting engineer, Madison.

A, M. Wolf, 09, is assistant engineer with W. G. Kirchoffer,
consulting engineer, Madison.

Osear Rohn, ’95, is manager of the Ilast Butte Mine, and has
just suceeded in developing an important ore body.

That Wisconsin graduates in Chemical Engineering work are
finding Madison an attractive field for employment is shown by
the following record:

Carl Hambuechen, ’99, and O. E. Ruhoff, '02, Chemical En-
gineers, are associated with the Northern Chemical Engineering
Laboratories.

B. B. Burling, ’06, is superintendent of the I'rench Battery and
Carbon Co.

J. G. Kremers, ’98, is manager of the Wisconsin Sugar Co.,
having their principal plant located in Madison.

Louis Witt, ’08, resigned his position with the Aluminum Co.
of America to take up work with the Forest Produets Laboratory.

E. L. Leasman, ’08, formerly superintendent of the French
Battery and Carbon Co., is in Chemical Engineering work for
the Forest Products Laboratory.

J. H. Thickens, ’08, as Chemical Engineer for the Forests
Produets Liaboratory has been transferred recently to Wausau,
‘Wis., where he has charge of a branch laboratory just installed
‘there.
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George C. MeNaughton, '09, is gas inspeetor for the Railroad
Commission of Wisconsin.

W. J. Huddle, chief gas inspector for the Railroad Commis-
sion, is carrying on graduate work in Chemical Engineering.
He is at present on a leave of absence, being engaged upon a
valnation of the plant of the People’s Gas, Light, and Coke Co.
of Chicago.

Other graduates include members of the Chemical Engineer-
ing faculty, O. P. Watts, Ph. D., 05, 0. L. Kowalke, ’06, James
Aston, '98, Charles I. Burgess, 95, and W. B. Schulte, "10.

F. IL. Cenfield, 09, and F. E. Bates. 09 and 10, returned to
Madison for a short visit with friends November 6.

Ralph R. Birchard, '10, now Manager of the Wray Publishing:
Co., Chicago, returned for the Chicago-Wisconsin foot-ball game.
Mr. Birchard is promoting ““Data’’ a new publication giving the
latest engineering data in filing cabinet form.

A large delegation of enthusiastic alumni from Milwankee re-

turned to see Wisconsin humiliate Chicago. Among them were:
AL E. Kringel, 10, Erwin Knebes and R. A. MacTaren,
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Just
Ben and Frank
That’s All

HEINE BOILERS

Are Now Regularly Equipped With

Bayer Soot Blowers

and can therefore, with great ease, be kept
at their maximum efficiency.

Many other details make this

The Modern Boiler

Manufactured only by

HEINE SAFETY BOILER CO.

2449 E. Marcus Avenue, St. Louis, Mo.
Shops: St. Louis, Mo., Phoenixville, Pa.

Kindly mention The Wisconsin Engineer when you write.
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JOSEPH M. BOYD, Prest.
CHAS. O°NEILL, Cashier

H, L. RUSSELL, Vice Prest.
IRVING E. BACKUS, Assl, Cashier at Branch Bank

FRANK KESSENICH, 2d Yice Pres

BANK OF WISCONSIN

MADISON,! WISCONSIN

Capital
Surplus - 3

Additional Liability of Stockholders

$300,000.00
50,000.00
300,000.00

SAVINGS DEPARTMENT

SAFETY DEPOSIT BOXES FOR RENT AT REASONABLE PRICES
(Branch Bank Loeated Corner State, Johnson and Henry Streets)

William Owens
PLUMBER

Estimates on all
kinds of plumb-
ing gladly fur-
nished.

Y

118 N. Pinckney Street

MADISON WISCONSIN

Clothes Make
The Man

The Pantorium will keep your
clothes in the best possible con-
dition at nominal cost—we give
you 16% per cent on tickets.

Give us a Trial
Goods Called for

and Delivered

Office 405 State Tel. 1598
Store 702 Univ. Ave. “ 1180
Store 224 King St. “ 3163

The Pantorium Co.

ALWAYS RELIABLE

The Menges Pharmacies

Mifflin St. Pharmacy

University Ave. Pharmacy

Wingra Park Pharmacy

Kindly mention The Wisconsin Engineer when you write.
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You are going to spend four years here, so why not
live comfortably?

We have office desks, student tables, book- cases,
office supplies.

Special Rates to New Students

426 State St.
BETTER FURNITURE FOR COTTAGE OR MANSION

Tailor Talks

No. 3.

Culture 1s a large part of every college education.

And culture is not alone polite manners and polished speech.

It includes a sense of the best in dress as well as in action and
speech.

Our clothes are “cultured” clothes. They are as far ahead of
ordinary clothes as the cultured man is ahead of the uncultured.

You are not getting what you should from your college educa-
tion unless it inoculates in you the habit of wearing “cultured” clothes.

ARCHIBALD

228 State St. Phone 2211

We do cleaning, repairing and pressing

Kindly mention The Wisconsin Engineer when you 7iu'rite.
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The University of Wisconsin

THE COLLEGE OF LETTERS AND SCIENCE offers a General Course in Liberal
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 Engincering, Electrical Zngineering, Civil Engineering, Applied
Ilectro-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 gchool in two years.

THIE 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.

SPECIAL COURSES IN THE COLLEGE OF LETTERS AND SCIENCE

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, ig de-
signed to prepare teachers for the secondary schools. It includes professional
worlk 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
yvears of the University Course.

THE COURSIE 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.

TIHE SCHOOL OF MUSIC gives courses of one, two, three, and four years, and also
offers opportuniy 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 fourth 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.

THIE 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 logether contain about
380,000 bound books and over 195,000 pamphlets.

THIE 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 the University may be obtained
by addressing W. D, HIESTAND, Registrar, Madison, Wisconsin.

Kindly mention The Wisconsin Engineer when you write.
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WESTON ALTERNATING CURRENT
PORTABLE and SWITCHBOARD
Ammeters and Voltmeters
Are
Dead Beat
Extremely Sensitive
Practically free from
Teroperature Irror
Their indications are
practicallyindependent of
frequency and Wave form

W ES TN acnirir swirenseass
Ammeters and Voltmeters

Are the most efficient instrmuents of the Soft Iron or Electro Magnetic
type. And are the lowest in price in view of theirsuperior quality.

3 NEWARK.N.JLUE.A.

Send for catalogs of Electrical N easuring Instruments for all purposes, includ-
ing Standard Permanent Magnet Moving Coil Instruments.

WESTON ELECTRICAL INSTRUMENT CO.

Main Office and Works: NEWARK, N. J.

THE STATE JOURNAL

for original, independent

University Sporting 2, News

DUCKDEE-TTEARS (9

DESIGNERS AND ENGRAVERS

IMakers of Iiiigh Grade
IMachinery Illustrations S
SATNT-PAUL TITINN
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Watch for the opening date of
Schwoegler's new Candy Store.

Schwoegler

THE. KANDY KID
Now at 425 State St.

Carl Thomas
Photographer

GET YOUR HAT

Cleaned and re-blocked
Suits Pressed
MADISON STEAM DYE WORKS

112 S. Pinckney St.
Phone 2485

SAMUEL HARRIS & CO.

FINE TOOLS
FOR ALL WORK

DRAWING INSTRUMENTS

114 & 116 NORTH CLINTON STREET

CHICAGO

PIPER BROS.

Wholesale and Retail
Grocers

2 BIG STORES

Pinckney St. and State St.

Christmas

is the busiest time of the year
for all classes of people.

Take the hintand have that
photo taken now at

The Ford Photo Studio

F. W. Curtiss

PHOTOGRAPHER
108 State Street

Duplicates Printed from
E. R. Curtiss, A. C. Isaacs and
F. W. Curtiss Negatives

OLSON

The Popular Priced
Tailor

213 State St.

' I{m;:ll'y ngn'tiaﬁiflr‘ﬂéjWisconsin Engineer when you write.




Suit cases, traveling bags,
ladies’ hand bags, and all
kinds of leather novelties.

The Leather Goods Store

Chas. Wehrman, Prop.
116 King St. Opp. Majestic
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Wefeature Atter-
bury System Clothes
the finest in Ameri-

ca for young men

$20 to $40

2 LOTHING
Fo) OMPANY

EUGENE DIETZGEN CO.

Manufacturers

SURVEYING AND DRAWING INSTRUMENTS

Mack Improved Slide Rule

AUTOMATIC ADJUSTMENT

ACCURATE RAPID RELIABLE

Everything for Field and Office

CHICAGO NEW YORK SAN FRANCISCO
NEW ORLEANS TORONTO PITTSBURG
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PROFESSIONAL CARDS

CLINTON B. STEWART

Assoe. M. Ane.Soc.C. . Mem., West. Soc. Engrs. ALVAN E. SMALL

Consulting Hydraulic Englneer ARCHITECT

Titer Power v N vp g
Water Peower Water Supply Drainage ELLSWORTH BLOCK  PHONES: OFFIGE 242
MADISON, WIS. RES. 26156

206 Wisconsin Bldg., Madison, Wis,

DANIEL W. MEAD
FERD. L. KRONENBERG

CONSULTING ARCHITECT

ENGINEER . .
Rooms 20 to 24 4 .
MADISON, WISCONSIN | Carroll Block Madlson, Wis.

CASSIER'S MAGAZINE
an ENCINEERING MONTHLY

One hundred pages of text fully Illustrated in each issue contributed by the ieading engineers
of the world. Subscription $3.00 a Year
Write for attraclive clubbing offer

THE CASSIER MACAZINE CO., 12 W. 3ist. St- New York

If its Clothes you want we can supply you. We specialize in

Hart Schaffner & Marx

Clothes. They are the best made, that's why we sell them
Suits, $18 to $35 Overcoats, $18 to $40

Excello Shirts Stetson Hats Fownes Gloves

OLSON & VEERHUSEN
The First National Bank

OF MADISON, WIS.
UNITED STATES DEPOSITORY
CAPITAL, SURPLUS AND UNDIVIDED PROFITS $400,000.00

OFFICERS AND DIRECTORS

A. E. Proudfit, President M. E. Fuller, Vice-Presiden
Frank G. Brown James E. Moseley
R. M. Bashford E. B. Steensland

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

Transacts a general banking business. Issues letters of credit and travelers”
checks, good in all parts of the world.

Kmdly?wnﬁgﬂ i'Thé T;Wsconsm Engineer when you write.




“Three Cheers! Three Cheers!
Varsity, Varsity, Engineers.”

Pe O Grads—

Don’t you wish you could hear the old yell?

Well the next best thing is to have some reminders from old
Wisconsin.

Remember your Co-op Membership is a Life Membership and
you still may get your goods on rebate.

Send us your mail orders.

Wisconsin pins and seals
I

40 cents to............ $2.00
Wisconsin  Pillow Tops
) $5.00
Woolen Couch Blankets $6.00
Pennants 25¢ to............ $3.00
Two fine numbers, one
10x3C 8t cosniinisinns 65 cts,

Pennants of all other col-

leges and universities
in these same sizes

LS ST S—— 65 cts.

And 16x36 at........... 85 cts.

Wisconsin Fobs—50c¢ to $7.50
Small seal shields 75 cts.

We handle Weis and Macy filing cases and book cases.

Let us quote you on anything you need.

Two large stores now.

THE. CO-OP

504-506-508 STATE ST.

MADISON, WIS.




TO THE ENGINEERING STUDENT:

You should select the special branch of practice which
you will follow at least a year before graduating. But you
cannot do this unless posted on the news of current prac-
tice.

Early in your college course you should become a sub-
scriber to at least one high grade technical journal; it will

give you an EXTRA COURSE.

To get a position and hold it by practical knowledge
and ability you must learn some things which are not to be
found in the class-room, you will find these in Engineering
News.

Engineering News is the most ably edited and the most
widely quoted technical journal published. A year's cop-
ies contain nearly 2,000 pages of text relating to Engineer-
ing progress in all parts of the world, amply illustrated with
photographs and drawings.

Your bound volumes of Engineering News will, in after
years, be a valued record of theoretical and practical infor-
mation. Write for a free sample ‘copy and-a catalog of
Enginering text books. Special subscription rates to stud-
ents. i o '

SPECIAL OFFER

New yearly subscriptions sent us now will be dated from
January st (the commencement of Vol. 65) but names will
be entered on our mailing list immediately upon receipt of
the subscription price. Each week of delay reduces the
number of copies you may receive FREE  The above ap-
plies to NEW subscriptions only.  Subscribe to-day.

THE ENGINEERING NEWS PUBLISHING COMPANY

220 BROADWAY, NEW YORK CITY.

Kindly mention The Wisconsin Engineer when you write.
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