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Charging Large Sized Eicctric Vacuum Furnace

Electric Furnaces
for Laboratory Use

The General Electric Company has developed a number of different types of
eleetric furnaces suitable for laboratory use. Three of these types are described
below.

Small Crucible Furnace—This furnace is adapted to the ordinary lighting
circuit as it consumes only goo watts, It will hold a crucible 1 in. diameter by
2 in. high and gives a temperature of €oo deg. C.

Small Cylinder Furnaces—These furnaces can be furnished up to 234 in.
inside diameter, and of various lengths to suic the condizions. These furnaces give
temperatures up to 1000 deg. C. and are used for checking pyrometers, annealing
samples of stecl and other laboratory uses.

Electric Vacuum Furnace—The great advantage of the vacuum furnace is
that it gives high temperatures without danger of oxidation of the charge. The
vacuum furnace was first built only for experimental work, with a crucible capacity
of g cubicinches, It has proved so valuable that three larger sizes have been built.
“T'he largest size has a capacity of 214 cubic feety and is now in constant use in the
manufacture of certain G-E products. G-E Electric Vacuum Furnaces give
maximum temperatures ranging from 1700 deg. C. in the large furnace, to 3100
deg. C. in the small furnace.

Full information regarding any of these furnaces will be sent on request.

General Electric Company

Largest Electrical Manufacturer in the World
General Office, Schenectady, N. Y. Sales Offices in fifty-four cities
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SAVE 20%
On Your Books and Supplies

By Joining
The Co-0p
The store owned and operated by students
We solicit your mail orders

THE Co-op

R. E. BOLTE, Mgr.
508 State St. Madison, Wis.

The name to remember when you order
A WIRE ROPE,

Wh)’? Because it has stood for the best

in materials and workmanship since
wire rope was first used in America

John A. Roebling’s Sons Co.

Trenton, N. J.
Chicago Branch: 171-173 LaKe Street

Kindly mention The Wisconsin Engineer when you write.
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Generators
Air Compressors, Motors
| Transmission Machinery
Mining and Crushing
Machinery
Steam Engines
Gas Engines
Hydraulic Turbines
Steam Turbines
Crushers
Pumps
Flour Mills

Genera ors — Cazadiro Power House, Portland Oregon Saw Mills

Allis-Chalmers Manufacturing Co.

Tor all Canadian business refer to Canadian Allis-Chambers, Limited,
Toronto, Ontario, Canada,

FOREIGN REPRESENTATIVES
Frank R. Perrot, 883 Hay St., Perth, W. Australia.
Frank R. Perrot, 204 Clarence St., Sydney, N, 8. W.
H, I. Keen, 732 Salisburg House, London Wall, E. C., London, Eng.
Mark R, Lamb, No. 87 Galeria Beeche, Casilla 2653, Santiago, Chile,

Just Before Retiring

Drink a cup of Hot Malted Milk, prepared by simply
stirring two heaping tablespoonfuls of Horlick’s Malted
Milk in a cup of hot water.

It induces sound refreshing sleep, so restful after physical
or mental effort.

It’s Delicious, Invigoroting, Nourishing
Easily Prepared—Easily Digested

At all fountains, or get a package from your druggist and
prepare it yourself for use at any time when you need a
convenient, nourishing lunch.

Insist upon Original—Genuine

Horlick’s Malted Milk

Kindly mention The Wisconsin Engineer when you write.
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THE MILWAUKEE MIXER

Better than ever with the new improvements
incorporated in the new 1914 models. Its
simplicity and sturdy construction, compact-
ness and efficiency appeals to everybody.

We also manufacture

THE WISCONSIN

low charging mixers as
well as the latest and best
street paving mixers:

(C'atalogue showing our
complete line cheerfully \
furnighed upon rejuest. I

MILWAUKEE GONCRETE MIXER CO., MILWAUKEE, WIS.

Your Instrument Needs

for every class of work can best be

accommodated by the unusually com-
plete line of

Bausch & Lomb
Engineering Instruments

They combine many original
features with practical efficiency
in all models. Write to-day for
our new complete catalog,
" containing full descriptive and tech-

No. .0555 inch Transit; reinforced truss ltnndarﬂl cylmder nlcal matter Of exceptlcmal interest.
axis bearings; variable power eyepiece; lulmlarmmpaunel e

Bausch £5 J[omb Optical (0.

iEW YORK WASHINGTON CHICAGO SAN FRANCISCO

LONDON ROCHESTER. N-Y‘ FRANKFORT '

Kindly mention The Wisconsin Engineer when you write.
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Drawing Inks | Emancipate yourself from
Eternal Writing Ink the use of corrosive and
Engrossing Ink i ill-smelling inks and adhe-

sivesand adopt theHiggins
|

? Taurine Mucilage i iggi
Photo Mounter Paste Inks and Adhesives. They
Drawing BoardPaste will be a revelation to you,
Liquid Paste they are so sweet, clean
Office Paste [ well put up, and withal so
Vegetable Glue, Etc. efficient. For home, office

or school use they are posi-

Are the Finest aud Best Goods of their kind iively the best.
At Dealers Generally

CHAS. M. HIGGINS & CO., Manufacturers,
Branches, Chicago, London. 271 Ninth St.,, BROOKLYN, N. Y

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

Continuous Joint Weber Joint Wolhaupter Joint

THE RAIL JOINT CO., \£wWioie &%
MaHKkers of Base Supported Rail Joints for Standard and Special Rail

Sections, also Girder, Step or Compromise, Frog and Switch, and Insu
lated R ail Joints, protected by Patents.

THE VILTER MFG. CO., 966 Clinton St.,
Milwaukee, Wis.

ESTABLISHED 1867

BUILDERS OF ALL SIZES
Corhss Engines

. AND

High P;Iéss;re Corliss Engine Ice MaChlnes

I

dlundum (tystolon

GRINDING WHEELS

The success of thase wheels in the various kinds of grinding tends to prove that they come nearer the maximum
both in long life and fast-cutting quality —maxi num efficiency—than a1y other grinding whee's.

New York, N. Y. N 0 R T O N C 0 M P A N Y Niagara Falls, N. Y.

Chicago, Ill. Worcester, Mass. Chippawa, Oat., Can

Kindly mention The Wisconsin Engineer when you write.
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ANDRAE, THE ENGINEER’'S MART

For fifty-three years Andrae has been the one dependable spot for engi-
neers to rely on for their

Electrical Construction Materials

No matter what it is yo'u want—anything from an esti-
mate to 10,000 feet of cable, you can depend on prompt-
ness and despatch.

16 Send for our catalog and try us on your next installation

*’W% Julius Andrae & Sons Co.

Milwaukee, Wis.

Mechanical Drawing Instruments
Richters—Dietzgen Instruments

Send for our complete drawing instrument catalogue

Ph. Gross Hardware Co.

Milwaukee, Wis.

ENGINEERS!

When you are in need of Photographic
services of any nature, we will appreci-
ate your patronage.

The Photo Shop

521 State Street (Up-stairs)
W. L. Mc Killop, Mar.

Commercial Work Amateur Finishing
Flash Lights Enlarging
Groups Lantern Slides

Kindly mention The Wisconsin Engineer when you wrile.
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WESTON

MINIATURE PRECISION INSTRUMENTS
For Direct Current

A new group of very small Indicating Instruments, Compact, Accur-
ate, Durable, Beautiful.

PORTABLE Vo'tmeters, Mi'livoltmeters. Volt-ammeters, Ammeters, Mil-
Ammeters, are supplied in single, double and triple ranges, the triple range Volt-
Ammeter comprising SiX instruments in one.

This group also includes Battery Testers.

SWITCHBOARD Voltmeters, Volt- Ammeters, Mil-Ammeters

This new line of Instruments represents the
latest development of the pivoted coil, perma-
nent magnet type for low ranges.

The refinement of design and mechanical work
in them bas been carried to a degree which
Model 280, Triple Range would appear to be almost impossible of ac-

o 2 complishment, if the results were not evident
t urftg:é?qxa?gggznslglgter in the instruments thems Ives.
The several models and ranges offer a selection Model 267, Switchboard

from over 300 differentcombinations. Ammeter (quarter size.)

Bulletin No. 8, giving full information will be mailed upon request

YWestor Stecliical Insbuwmenl Co

Toronto, 46 Bay St. NEWARK, N. J.
Montreal Winnipeg | Northern Elec. & Mfg. Co.
Calgary Vancouver

"
L] L]
Every Page of Practical Engineer
° L]
is Educational

Those intercsted in power plant engineering will find
Practical Engineer of extreme value.,

It publishes detailed, illustrated articles on the latest
improvements in power plant engineering work, They are
technical articles in understandable language on Power
Plants, Central Heating Plants, Heating and Ventilating,
Refrigeration and Cold Storage, etc.

Practical Engineer contains more valuable features than
any other magazine in the power plant field, more than 1200
pages of knowledge that is essential to your success.

Send a $1.00 bill with your name and address for a
year’s subscription of 24 issues,

Sample copy upon request
PRAGTIGAL
537 South Dearborn Street, Chicago Illinois
)

Kindly mention The Wisconsin Engineer when you write.
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Fconomy 1s the Saving of Unnec-
essary Expense

The importance of Northwestern dividends is well shown by the
10 Payment Life Policy, which is identical with the 20 Pay Life and
the Ordinary Life except in number of premium payments,

Face of policy (amount of insurance) $1,000 Age 22
Annual Premium $47.69 Policy year Dividend Net Cost

Lo e st wssus o seams o st & s SelBE BEELA 4 $6.03 $41.66
O . R DA WA S W S © e S s s 6.52 41.17
B i e e e e s e s e s s s S 7.02 40.67
W o o 4 o3 TS B S § N B e R @ 7.54 40.15
5SRO 8.07 39.62
G s ssms x ersin n snvan = e SIS BE § 2 w7 8.63 39.06
) sn g gwe b g 2 R 9 SR SRR WSS SRR 4 B 9.21 38.48
B s e & asae o sen o sosonos B § HES ¥ G0N 5 9.80 37.89
0 o i K R B R I WS I B R 1042 37.27
TO0  ssis svens wmm @ s wosis wmen movie save @ SR 3 11.06 36.63
Total amount deposited with Company...... $392.60

At end of ten years premium payments cease, dividends con-
tinue, and the insurance remains in force.

The figures furnished ty the Company for the first six years in this
illustration represent the dividends payable in 1914 on policies issued since
January 1, 1908 (when its present premium rates were adopted), and those
for later pelicy years the dividends that will thereafter be paid, provided
the same dividend basis remains in effect.

Any change in the dividend basis will necessarily change the amounts
of future dividends. The following figures therefore must not be considered
as promises or estimates of future results. Their purpose is only to show
the dividends the Company is now paying or such as it will pay if its present
dividend basis be continued.

If You Want Northwestern Dividends You Must Buy

Northwestern Policies

Send the coupon for further University Agency
Pearson Bldg.,

information to Please send me information regarding
Northwestern insurance.

J' P Davies, Managef, or 1) N - SO -~ - e

Call NO. 483] KNAATEEE 1 spven svvmmess s st e

Kindly mention The Wisconsin Engineer when yo~ write.
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OPENING THE LINE TO CHIHUAHUA.

L. F. VAN HagaNn.

At the outbreak of hostilities in Mexico, three years ago, the
railroads of the country found themselves in the center of the
storm. The first stroke of the rebels was the capture of a pas-
senger train at a way station in the desert south of Juarez and
from that time to the present the fight has raged up and down
the various lines, almost without cessation. It was imperative,
from the governmental standpoint, that the lines should be kept
open so that troops and supplies might be transported as needed;
it was just as imperative from the rebel standpoint, that the lines
should be destroyed in order to hamper the movements of the
federal troops. Being well mounted themselves, the rebels could
dispense with the railroads quite conveniently. Both sides were
determined in their views and the roads suffered severely, at
first in the matter of bridges and trains; later, as the struggle
grew more bitter and the depredations of the rebel forces more
wanton, water-tanks, coal-sheds and station buildings were wiped
out, in most cases, it would seem, merely for the childish pleas-
ure of causing destruetion.

A large portion of the bridges in the northern part of the
country were wooden trestles and these were the first to go. A
small band of mounted men would ride along for miles, setting
fire to one trestle after another. The timber was dry and once
afire, burned rapidly. Later dynamite was used lavishly for the
purpose of destroying the steel and masonry structures. An
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American ‘“‘soldier of fortune’’ was active in this dynamiting.
The rapidity and thoroughness with which he did his work com-
manded admiration; but he earned the most cordial dislike of
those of his countrymen upon whom fell the task of repairing
the damage he did, and no regrets were expressed when finally he
fell in battle.

Oceasionally the rebels were able to capture a work train or a
train of material. It was customary, upon such occasions, to
run the train onto a pile bridge and set fire to both. In one in-
stance a train was taken to the top of a steep grade and dropped,

F16, 1.—Soldier Track Layers.

car by car, down the grade and into a burning trestle at the bot-
tom, These wanton antics reached their climax only recently
when a freight train was captured, set afire and run into a long
tunnel. The timber lining of the tunnel caught fire causing
cave-ins. Into this horrible trap a passenger train was allowed
to plunge. About fifty lives were lost, among the dead being
several American railroad men.

In the beginning, the railroads made every effort to repair such
damage and to keep the road open; later it became necessary to



The WISCONSIN ENGINEER 291

abandon operation over portions of the system. The brunt of
the repair work fell upon the Mexican trackmen and those much
maligned individuals distinguished themselves under the test.
Their loyalty was surprising considering the scanty wages they
received and the fact that their political inclinations were usu-
ally toward the rebels. The telegraph linemen had what was
perhaps the most unpleasant task of all since they travelled alone,
as a rule, and frequently were held up, robbed and threatened

Fre, 2—Meal-time.

by the rebels. One lineman who ignored orders to stop repairs
was shot from the pole upon which he was working, Under the
circumstances their persistence and success in keeping the lines
in working order was remarkable.

For some time the city of Chihuahua was the center of opera-
tions. It is the capital of the state of the same name and the
only city of importance between Torreon and Juarez. The re-
bels were anxious to take the city and establish there the head-
quarters of their government. Accordingly the railroad bridges
and the telegraph lines in all directions were destroyed. Tor-
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reon, 294 miles to the south and Juarez 227 miles to the north,
were the nearest places of importanece. Chihuahua is not in a
position to endure long isolation. It is really a big mining
town, lacking the usual belt of truck gardens and farms that sur-
round most eities and supply them with a considerable portion
of their food stuffs. The interruption of communication caused
much uneasiness in the eity and the authorities went so far as to
prepare a schedule of prices for food stuffs and fix the quantity
that could be sold to any one person. The situation did not de-
velope into anything serious however, as communication was re-
stored within about two weeks. ‘

Shut up in the town were the engineer of maintenance of way
for the National Lines of Mexico and the division superintend-
ent. They had men and rolling stock but the supply of material
was limited. They decided to work toward the south until
stopped either by rebels or by lack of material. The general su-
perintendent of the system, accompanied by an escort of several
hundred soldiers, started south from Juarez. This outfit was
not heard from again for about three weeks. A third outfit, of
which I had charge, began to work toward Chihuahua from the
south. This latter outfit included about 140 trackmen and was
accompanied by an escort of 200 soldiers of the 29th regiment,
which afterward became rather famous as a result of the part it
played in the uprising against Madero. It was commanded by Col.
Blanquet, the man who later arrested Madero and who is now
Minister of War under Huerta. My impressions of the Colonel
are rather sketchy as I was too busy to become very chummy
with him. I did entertain him at supper, in the caboose, one
evening after obtaining permission from the cook to do so. The
cook was the rear brakeman in disguise and naturally he was
pretty independent in view of the faet that he didn’t think much
of the cooking job anyway. Ile said that, as a rebel sympathizer,
he would throw up the job before he would cook for a federal
soldier ; but he was not proof against the wiles of diplomaey and
finally consented to allow us to entertain. The Colonel, a tall,
lean man, resembling the pictures of Don Quixote, came bringing
a pint bottle of milk as his contribution to the feast. IIe im-
pressed me as being pretty much of a soldier in spite of his ap-
pearance ; but he did not seem to be at all blood thirsty. Politics
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were touched upon in the course of the conversation and with
Mexican politeness he avoided any clash of opinion by admitting
that conditions throughout the country were in need of reform.
Ie soon got away from that topic and told us of his campaigns in
Quintana Roo, boasting that he was the only commander who
had not been ambushed in those campaigns. I knocked on wood
for him for I didn’t think he knew the charm.

In addition to the soldiers, we were protected by an armoured
car mounted with gatling guns. It was an ordinary, wooden,
box car, lined with sheet steel, between which lining and the sides
of the car was a layer of sand about 4 inches thick. The gatling

F1c. 3.—Remains of the Ortiz Bridge, 2100 feet long.

guns were to be fired through the side doors and through port-
holes cut in the ends. In addition numerous loop holes were pro-
vided so that rifles could be used also. The exterior of the car
was painted black and white in a checker board pattern. The
tout ensemble was striking. The checker board design was in-
tended to obscure the portholes, which it did to some extent but
it also rendered the car very conspicuous, especially in the coun-
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try in which we were operating, where because of a lack of vege-
tation it is possible to see great distances, Whether the car
would prove valuable in action seems questionable. The only op-
portunity to try it was when a couple of horsemen appeared sud-
denly out of a dry run. They saw the car and took a shot or two
at it for luck. When the gatling cut loose in reply they fell
over backwards into the gully in their hurry to escape the rain
of bullets. No damage was done on either side but a few days
later we received some of the Mexico City newspapers containing
an account of the affair that caused much glee among the ribald
train erew. According to the papers the car had received a
“baptism of blood and fire’” and had repulsed a fierce rebel at-
tack with heavy loss. Perhaps the Colonel colored his official re-
port and then again, perhaps the reporters who wrote the story
used their imaginations. In either event, the story was much im-
proved in the telling.

In most cases our task of repairing the line was a simple one,
viewed from the constructional standpoint, our troubles being
minor ones that were annoying chiefly because of the delay they
caused when haste was so important. There was practically no
difficulty from water since most of the burned structures had
spanned what were dry runs most of the year. The condition
of the apenings as we found them is shown in the photographs.
In most cases the destruection was complete, nothing remaining
but the iron bolts, drift pins, ete. scattered about in the ashes.
The rails sagging across the openings, were so stretched and
twisted that they were of no further use. We made no attempt
to rebuild the structures in the usual way; but contented our-
selves with cribbing the openings. This required a great quan-
tity of material but was more rapid than rebuilding. We were
hampered at the outset by the creosoted ties that we had to use
and by the lack of bridge stringers. The ties were so slippery
that it was difficult to pile them into solid eribs. By sprinkling
earth over them this trouble was overcome to some extent. The
lack of stringers made it necessary to fill the openings with a
solid mass of ties. This took material and what was worse it re-
quired extra time. Fortunately we soon began to receive a plen-
tiful supply of untreated ties and stringers. A supply train
came to us from the south every day. We never did receive any
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iron work. Our structures were built like the Temple of Solomon,
without the sound of a hammer, until we began to lay the rail.

After reaching a burned bridge, the first task was to clear
away the ashes and make sure that there were no hot embers re-
maining that might set fire to the crib. For the first few days
we were so close behind the destroying parties that we came upon
the bridges still smoking. When the ground was cleared and
leveled, cribs of ties were built up to the necessary height; on top
of these stringers were laid and on the stringers ties and new
rails were placed. We found it convenient not to remove the old

Fia. 4—Armoured Car—painted to disguise Loop Holes.

rails until the cribs were up so that men could work on top of
them in handling the rail. It was convenient also to slide the
heavy stringers along the old rails.

Laying the new rail usually consumed a considerable portion
of the entire time spent at any one place. The expansion and
creeping of the rails that remained in the track made it impossi-
ble to fill the gap with full sized rails and at the same time se-
cure a butt joint. We avoided the necessity of using butt joints
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by putting in switch points where we could; when that was not
possible we were forced to cut the rail to the proper lengths. As
we had no rail saw and no means of repairing track chisels prop-
erly rail cutting was a serious matter and caused much delay.
There was also difficulty where our extra rails were not of the
same size as the rails in the track.

Our most interesting task was at the bridge over the (lonchos
river at Ortiz. This bridge had been a pile trestle about 20 feet
high and 2100 feet long, with a high earth fill at each end. Noth-
ing remained of the structure but a row of blackened piles stand-
ing in smoldering ashes with two lines of warped and twisted
rails woven in and out among them. At first sight it seemed that
we were pretty well tied up. To redrive the trestle would be a
long job; besides we had neither piles nor pile driver. To crib
the opening was out of the question. The labor and time neces-
sary would be excessive even were the material at hand. As a
matter of fact there was not enough material available on the
whole system to make any impression on such a hole. The rebels,
as we were informed later, were satisfied that the burning of the
bridge would isolate Chihuahua for two months at least. The
solution of the problem proved very simple, however. Although
the river at times was ‘‘bravo,”” as the Mexicans would express
it, and had swept away a steel bridge of several spans in one of
its ontbursts, there was, fortunately, not a drop of water running
at that time. The bed of the stream was a desert, traversed by
two or three gullies where the last few trickles of water had cut
depressions below the general level. As rebuilding the structure
was out of the question we simply laid track across the bed of the
stream. A roadbed was excavated down the side of each fill on
a 2.5 % grade. No surveying instruments were available so the
heights were estimated anld the distances were paced in laying
out the work., Some care was necessary in laying out the grades
since it would have been embarrassing to get the heavy work
train down into the river and not be able to get it out again,

As there was a possibility that the track as we laid it would
have to be operated for some time, three small bridges were built
in the bed of the stream to take care of small amounts of water
that might come down. The location of these was determined
after a study of the stream bed to determine the habits of the
river at low water.
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On the fourth day after reaching the bridge, our track was
complete to the far side of the river and we were ready to move
ahead. With the engine in the center of the train, we dropped
down the grade into the river. Then the rear of the train was
uncoupled and the engine pushed the front part of the train up
the grade on the other side. It was a breathless moment ; but we
finally reached the top of the fill and the engine cut off and went
back for the rest of the train.

Two days after crossing the big river we met the outfit from
Chihuahua and together we eribbed the last opening. It was

Frc, 5—Bridge 1521 B showing complete destruction by fire.

midnight when we finished so we pulled back to the nearest sta-
tion and laid up for the night. A passenger train the first in two
weeks, was waiting at the station for the completion of the last
bridge. Tt pulled out immediately and went on to Chihuahua
where it received a hearty welcome.

During the last few days our operations were greatly facili-
tated by the fact that we were able to maintain telephone connec-
tion with the outfit from Chihuahua and also with a station to
the south. We had a portable telephone set and wherever a stop
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was made, the first act was to hook the pole over the wire and
find out what conditions were on either side of us.

At Chihuahua a new outfit was organized and started north in
search of the general superintendent who had not been heard
from for some time. Two or three days later we found him
working steadily southward, but almost out of provisions and
material, He had reached a condition in which he was consider-

I'16. 6.—Bridge 1521 B after being repaired.

ing the advisability of tearing up track behind him in order to
secure material for repairs. After finding him we turned south,
abandoning for a time, the attempt to open the line to Juarez.
Providing foed for 140 men, under the conditions outlined,
was not a simple matter. At first we subsisted on lunches put
up for us by a Chinaman who managed a restaurant at one of the
stations to the south. These lunches consisted chiefly of egg
sandwiches and were conveyed to us on a handear under the hot
sun, That diet soon caused much complaint and little work was
accomplished. Tt was useless to try to drive the men unless their
stomachs were full; accordingly we made use of the stay at Ortiz
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to organize a commissary department. In a town several miles
away, a merchant was discovered who was willing to sell to us
on credit and from him we purchased several hundred dollars
worth of provisions, cooking utensils ete. Our purchases made
an imposing array as they came to us by team over the desert.
It was necessary to have cooks as well as provisions so I sent out
scouting parties to try and round up some women but no women
would come near the outfit, except the dirty ‘‘soldier women’’
and no one wanted them. For a time it looked as though we
would have to go back to the lunches. Then some one proposed
that we try to organize a squad of chefs. It was a doubtful prop-
osition because cooking is not considered man’s work by the
peons. We managed however, to find half a dozen men who
knew something about the business and we put an energetic fore-
man over the squad. A few privileges were granted them to com-
pensate for the chaffing of the other men. A good deal of fun
was made of them but they stuck to the job and provided three
good meals a day. In addition to food, a plentiful supply of eig-
arets was purchased and doled out from time to time. These
were nearly as necessary as the food.

The repairs we made did not last long. The bridges have been
destroyed and repaired many times since then and even now the
same grim game is still going on.
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AN APPROXIMATE METHOD OF HANDLING THE DIF-
FERENTIAL EQUATIONS OF COMMUTATION
IN DIRECT-CURRENT MACHINERY.

By V. KARAPETOFY.

There was a time in the history of the development of direct-
current machines when a solution of the difficulties in com-
mutation was sought in a purely mathematical way, by consider-
ing the law governing current reversals in short-circuited coils.
As a result we have a large literature on the subject, with con-
tributions from nearly every prominent electrical engineer in-
terested in the design or operation of direct-current machinery.

The interest in the purely mathematical theory of commuta-
tion has considerably abated of late years due principally to
the following causes:

(1) With the advent of commutating poles (inter-poles) it be-
came possible to obtain satisfactory commutation without much
difficulty.

(2) With large experience in building machines, empirical
and semi-empirical rules have been evolved which enable one to
prediet commutation from a purely practical point of view with
considerable certainty.

(3) The introduction of the oscillograph added a new and
powerful method of attacking the features of the problem too dif-
ficult for mathematical analysis.

Nevertheless the problem still possesses a considerable inter-
est for a theoretician, and who knows, it may pop up again at
some time in a new and unexpeected form of importance to the
practical engineer.

The following article is nof an eclementary treatment of the
known phases of the subject. The reader is assumed to be famil-
iar with the standard treatment as found in E. Arnold’s ‘‘Die
Qleichstrommaschine’’, and in the advanced text-hooks where it
found its way from this classical work. The purpose of the fol-
lowing article is to show that the differential equations of com-
mutation may be treated without much difficulty by assuming an a
priori law according to which the current varies with the
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time in the coils undergoing commutation, This is an approxi-
mate method warranted by the results, and the writer believes
that the mathematical method of attack by itself is of some gen-
eral interest apart from the specific engineering problem to
which it is applied.

Two quantities characterize the quality of commutation; (a)
the current density between a eommutator segment and the edge

A

of the brush that is about to leave it; and (b) the sparking vol-
tage, or the voltage between the commutator segment and the
edge of the brush. This voltage depends upon the current den-
sity (a) and upon the contact resistance of the brush. It is
shown below how to express these two quantities in a form suit-
able for practical applications.

‘We shall consider first the case when the width of the brush ¢
(Fig. 1) is equal to that of a commutator segment. This is the
simplest case because the mutual induetance between the coils un-
dergoing commutation need not be taken into account. Let ¢ be
the resistance per unit area of the contact between the brush and
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the commutator, and let b be the length of the brush in the direc-
tion parallel to the shaft. Then, with the notation in Fig. 1, we
have
¢ dy
— L —
(a—x)b dt
where ¢ is the e.m.f. induced in the coil under commutation by
the external field, due to the fringe of the main pole or the in-
terpole. If there is no such field, e=o0. L is the inductance of
the short-circuited coil, and ¢ is time. But, if 7' is the total time

C
e=(i—y)— —(i+y) (1)
xb

of reversal of the current, we have ~ — % , 5o that
a
) c ) ¢ La dy )
e=(1—y)— —(i+y) e = A g (2)
x b (a—x)b T dx

This is the well-known differential equation of commutation.

In order to simplify this equation let us assume the armature
current per eircuit to be equal to one ampere; in other words,
let the variable curent y be measured in terms of the constant
current ¢ Also, let the voltage ¢ be understood to refer ‘‘per
ampere of the current ¢.”

The specific resistance of contact, ¢, is, according to experi-
ments, a variable quantity, a function of the current density.
According to Arnold’s experiments

A

6= — +B (2a)

d
where d is the current density, and 4 and B are empirical con-
stants which characterize a given brush. In eq. (1), (i—y) /xb
is the current density in the part z of the brush contact; let this
density be denoted by d,. Similarly, let d, = (ity) / (a—x)b
be the current density in the part (a—x) of the brush econtact.
Eq. (1) becomes

A A dy
e:(I](——{—B —dg(—+B)—L—-.
di de dst ‘ (1la)

or simply

dy
e=di B—d: B—L—,
ds
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For the sake of abbreviation we denote

B L

— =R : —=h,

b T
and measure z in terms of a, that is, put a==1. Equation (1) is
thus transformed into

R (14 y)R dy
=(l—y)— — ——— — h—- . (3)
* E—% dx

In an ddeal case of perfect commutation, that is to say, when

e=0 and L=0c (or 1" very large) we have a straight line law of

commutation
l—y=2x L (4)
IL+y=2(1—x))|

This solution satisfies equation (3), and also satisfies the limiting
conditions, that when

x=0 y=1 1 ) (5)
and when
=1, y= —ff

Now, instead of solving equation (3) in the general case, and
obtaining an infinite series, let us assume that the curve y=f(x)
for an dmperfect commutation can be represented with sufficient
accuracy by adding two more terms to the solution (4), which
terms modify the straight-line law sufficiently to account for the
influence of ¢ and L. Thus we put

(L—y) = Mx 4 Nx* - Px*®

(6)
(1+»)ﬁ\H1—x)+\{l—x)—%P(I—xﬂ%

Where M, N, and P are constants to be determined from tho con-
ditions of t}le problem.

The first of these equations is that of a straight-line function
Mz, modified by correction terms Nz* and Pxz*. The first condi-
tion (5) is fulfilled with any values of M, N, and P. In order
that the second condition may be fulfilled, the following relation
must exist:

M+N|P=2 (7)

The second equation (6) is now obtained by simply adding to-
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gether the first equation (6) and equation (7). Differentiating
the first equation (6) we get
dy
— —- =M 2 Nx 3 Px? (8)
dx
Substituting now (6) and (8) into (3) we obtain
(e)=R[M 4+ Nx+Px2—M—N(1+4+x)—P(1l+4x+ x2)]
4 h (M4 2 Nx + 3 Px?),
or, after reduction,
(e)=—R(N + P+ Px) +h(M+ 2Nx + 3 Px*) (9)

The symbol (¢) in parentheses signifies that the actual e.m.f.
¢ has to be modified for each value of x, in order to satisfy equa-
tion (9). An arbitrary given function e could not satisfy (9),
because the exact solution of (3) can be represented only by an
infinite series.

Now, in order to determine the coefficients M, N, and P, we
make an assumption which is justified in practice, namely, that
in order to satistfy (9), the given funection e¢ may be closely
enough replaced by a parabolic function

(e)==e + m (Fig. 2)
m being small in comparison with e¢. We impose two limiting
conditions upon the arbitrary funection m, namely (1) that the
average value of e is equal to the average value of (e), and (2)
that the total ehange in (¢) between =0 and xz=—1 be the same
as in the actual em.f. e. These two conditions expressed analyti-
cally give

flom= flesmo ] o
(91 — En} = (e + 111)1 —_ (e — m}o

The first condition when applied to (9) gives

ewve=—R (N+ P+ 1% P)+h (M+ N+ P) (11)
The second condition gives
el—e=—RP+h(2ZN+3P) (12)

Solving the three equations (7), (11), and (12) together,
values of M, N, and P are obtained which determine the shape
of the curves given by the equations (6).

In cases where commutation’ is evidently good, or where the
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problem consists in finding conditions for a good ecommutation,
the coefficient P in equations (6) may be assumed equal to zero
and only equations (7) and (11) used. On the other hand, if
even three terms in (6) should be insufficient, further terms, con-

F19.2.

taining x may be added. In this case additional conditions con-
cernig m may be imposed besides equations (10); for instance,
that the values of de/dx are nearly equal to those of d(e-4m) /dx
at =0 and z=1. Or some further limitations could be imposed
concerning the curvature of ¢ and that of (e-}m), cte.

Knowing (17—y) and (14v), the maximum current density
under the trailing tip of the brush and the sparking voltage may
be readily determined and thus the eriterion of commutation
found.
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Note. The above given method may be somewhat simplified
by writing vy in the form

=1—2x+ @x(1—x) (13)

Here (1—2z) corresponds to an ideal straight-line commutation,
and
@=C + Dx + Ex?* +

Where €, D, E, ete., are constants to be determined from the con-
ditions of the problem. Substituting the value of y from equa-
tion (13) into equation (3), we obtain

de
e=[2—@(l—x)]R—[2+ex]R+h[2—p (1 —2%) ——
(x—x)], i
or, after reduction,
de
e=2h—cp(h+R—2hx)—hEi(x4xﬂ). (14)
X

If we are satisfied with % being a eurve of the second degree, in
other words, p==C and d¢ /dx = O,the first condition (10) for
eave  gives
eave =2h — @ R, or
2 h — eave (15)
=

¢c =

If a eloser approximation is desired the second condition (10) for
(¢),—(¢e), may be introduced as before, or two separate condi-
tions, stating that the approximate curve has the same ordinaes
¢, and e,, as the given curve. In this case ¢ may consist of three
terms, and we have
elzzh—(c+D+E)(R_h)} (16)

and condition (10) for eave.

Or else, the condition for e,., which is somewhat complicated,

may not be used at all, and the coefficient E in equation (16) as-
sumed =o. The function #is in this case of the form C4Dz,
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and y is a curve of the third degree. If e=—o throughout the

commutating zone, we simply have

C(h+ R)=2h, and
(C+D)(R—h)=2h,

from which
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THE CHICAGO SERVICE AND ASSEMBLING PLANT,
FORD MOTOR COMPANY.

A SIX STORY REINFORCED CONCRETE BUILDING OF
FLAT SLAB CONSTRUCTION.

ArpErT M. Worr,* 09, C. E. ’13.

In order to increase the output of the popular Ford automo-
biles to meet the ever increasing demand, the Ford Motor Co. is
erecting reinforced concrete assembling plants at various points
throughout the United States and Canada. The various parts of
the cars are shipped in carload lots from the Detroit plant where
they are made, to the assembling stations where they are assem-
bled and tested before selling. In this way the factory output
is increased considerably and no small amount of money is saved
on freight charges.

One of the largest and most interesting of these assembling
and service buildings is the Chicago plant at 39th St. and Wa-
bash Avenue,

This six story structure is 232 ft. x 164 ft. with an enclosed
shipping court 30 ft. wide and 205 ft. long in the middle portion
of the building from second floor to roof. In this court at the
roof line are reinforced concrete girders carrying the crane rails.
Below this are flat slab receiving balconies projecting out from
the different floors, to receive freight picked up from shipping
platform by the bridge crane. The shipping and unloading plat-
form at second floor level is served by a depressed switch track.
The court is covered by a monitor skylight of reinforced concrete
construetion.

GENERAL DESIGN.

One of the main factors governing the general design was that
it should be such as would readily permit of future extension
along the same lines.

* Principal Assistant Engineer, Condron Company, Architectural &
Structural Engineers, Chicago.
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The first story 20 ft. high is being used for show rooms and
garage space, the second floor as the shipping floor and the others
as assembly floors. The upper stories have a height of 13 ft.
The floors are served by two large freight elevators with plat-
forms 16 ft. x 9 ft., in addition to the traveling crane in the ship-
ping court.

The floors are of the Akme System of Girderless Floor Con-
struction with flat slabs 11 inches thick, designed for a live load
of 150 1bs. per sq. ft. These slabs are carried on reinforced con-
crete spiral-hooped columns of octagonal section with flaring
column heads of the same shape capped by a 7 ft. square plate
9 inches thick. The columns are spliced at the floor levels by
lapping the bars from the column below with those above suffi-
ciently to transmit the stress in the upper bars to the lower bars
by bond. The interior columns are carried on isolated spread
foundations of reinforced concrete, while the exterior columns
along the street sides are earried on a continuous footing.

The typical panels are 28 ft. x 25 ft. which are unusual spans
for flat slab construction. The reinforcement for the floor slabs
consists of rectangular belts of square twisted bars extending in
two directions only. The bars in the main belts between columns
are bent so as to be in the top of slab over the column heads and
the immediate vicinity thereof, and in the bottom of the slab be-
tween column capitals. The bars in the portion of the slab en-
closed between the main belts are placed parallel and perpendic-
ular to them and similarly bent, thus reinforcing the upper por-
tion of the slab over the middle portion of the main belts in a
transverse direction. The bars were bent previous to placing
and held rigidly in place by supporting bars and blocks, thus in-
suring their proper position in the finished slab.

To provide for future extension the floor slabs at the south end
of the building are carried out 4 ft. beyond column center and
provided with a continuous steel angle shelf to carry the future
slab. Short stub bars were placed through holes in the angles at
6 in. centers to tie the future slab to the present construction.

All stairs in the building are of reinforced concrete designed
as slabs with the risers cast integral therewith. These stairs were
concreted at the same time as floors and are provided with metal
nosings.
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TRACK STRUCTURE,

A railroad switch track enters the building at the south end
at a level about 4 ft. below the second floor and extends to within
one bay of the north end. The track is carried on a reinforced
concrete slab 21 inches thick hung from reinforced concrete gir-
ders of 28 ft. span, 7 ft. 3 in. deep below second floor. These
girders are 16 in. wide and spaced 16 ft, 6 in. centers, one being
carried on brackets on the main building columns while the other
line is supported on auxiliary columns.

SHIPPING AND UNLOADING PLATFORM.

The track structure being placed to one side of the court bay
35 ft. wide a considerable clear space is left along the other side.
This is used as a shipping and loading platform, from which
materials are picked up and transferred to the various floors by
the traveling bridge crane.

RECEIVING BALCONIES,

Flat slab receiving baloncies are provided on all upper floors
arranged in tiers the length of balconies decreasing one-half
panel each from third floor up. These balconies project out 8
ft. 6 in. beyond the center of court-way columns. They are of
the same thickness as the main floor slabs; viz. 11 inches, and
are reinforced in a similar manner as cantilever slabs without
deepened supporting girders as are usually used in such con-
struction. The load carrying capacity of these balconies was very
foreibly demonstrated by the application of a test load of 55
tons of cement to one of the fourth floor balconies, 42 ft. long.
Under this load of 310 lbs. per sq. ft. (over twice the designed
load) or 2600 1bs. per linear foot of balcony, a deflection of only
5/32 in. was recorded 24 hours after full load was applied. Tt
should be noted that in making this test no load was applied on
the interior slab beyond the column centers to care for the uplift
caused by the load on the balconies: in other words, the test was
made as severe as possible.

The court is enclosed along the face of columns with steel sash
and sliding steel doors glazed with wire glass at the baleonies.

The north end bay forms a connection between the two por-
tions of the building separated by the craneway. This bay 35 ft.
x 28 ft. consists of a panel slab 11 inches thick enclosed by deep-
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ened slabs between columns with a thickness of 20 inches. This
is no doubt the largest panel ever built, employing this type of
construction.

CRANE GIRDERS.

The traveling bridge crane with a capacity of 5 tons, a weight
of 9 tons and a span of 34 ft. is carried on reinforced concrete
girders of 28 ft. span at either side of the court. These girders
are carried on and bracketed to the tops of the reinforced con-
crete columns and designed as fully continuous beams. The
crane rails rest on 3 in. steel plates 2 ft. centers anchored to the
conerete and the rails clamped down by means of American
Bridge Co. rail clamps, pattern No. A-24, The girders are de-
signed so as to readily allow future extension at the south end of
the building.

The craneway construction and arrangement just described is
without doubt one of the most efficient layouts for the rapid
handling of a large amount of freight and could very readily
be applied to factories, machine shops, ete.

SKYLIGHT CONSTRUCTION,

The most novel and interesting feature in the building is the
monitor skylight of reinforced concrete, with a span of 35 ft.
6 in. over the craneway. After considerable study and estimat-
ing on the part of the engineers and contractor it was decided
that the reinforced concrete truss construction would be cheaper
and more satisfactory than steel construction fireproofed with
concrete or tile.

The monitor as designed and built consists of eight reinforced
concrete king-post trusses, 10 ft. deep with a span of 35 ft. 6 in.
spaced 28 ft. centers and carried on reinforced concrete side-
walls 9 inches thick. At the peak they support a continuous long-
itudinal girder of T-section which in turn carries two sets of re-
inforced concrete T-beam rafters parallel to and between trusses
At the north end a truss was omitted on aceount of the archi-
tectural treatment and a reinforced concrete gable wall 10 in.
. thick with underside arched, was used to span the court. The
accompanying section of monitor shows the details of trusses.

The concrete rafters divide the roof between trusses into spaces
7 ft. 4 in. wide by about 17 ft. long which are covered with sky-



312 The WISCONSIN ENGINEER

lights. In order to obtain a water proof job around these sky-
lights, a 3 in. x 3 in. concrete curb, cast at the same time as the
trusses, ete., was placed around all openings. Continuous cop-
per flashing was placed on the concrete from opening to opening
so as to allow no joints except at the edges of glass areas.

The reinforeed concrete sidewalls of the monitor are 9 in. thick
and provided with window openings containing steel sash, 3 ft.
2 in. high and 7 ft. 4 in. long, directly below the glass skylights.

The trusses and other construction though heavy present an
excellent appearance, obstruct very little light and are other-
wise entirely satisfactory. The trusses were designed for a live
load of 30 lbs. per sq. ft. of monitor surface.

WATER TANK AND TEST GROUND.

A 70,000 gallon steel water tank on a steel tower 50 ft. high
above the roof, is supported directly on four of the building
columns at roof level, which were designed to carry the extra
load coming upon them. This tank supplies the sprinkler system
which is installed throughout the building.

The main roof to the right of the monitor is sloped for drain-
age and covered with promenade tile and used as a testing
ground for the newly assembled automobiles which are carried
up to the roof in an elevator discharging at that level. This use
of the roof area of a building is rather unusual and a mark of
the efficiency of the plant in utilizing all available space.

MATERIALS AND UNIT STRESSES.

All conerete used in the building was of a 1:2:4 mixture with
erushed gravel as the coarse aggregate. All reinforeing steel ex-
cept that in columns consisted of cold twisted square bars. The
vertical bars in the columns were plain rounds of medium steel
and the spirals were of high carbon wire rods.

The allowable unit stresses for steel and concrete were in ac-
cordance with the Chicago Building code which allows 18,000
lbs. per sq. inch in tension for the grade of steel used and 700
1bs. per square inch compression in bending on extreme fibre of
concrete. The flat slab floors were designed in accordance with.
the Akme Design Standards approved by the Building Depart-
ment—no provision being made in the ordinance for flat slab
construction. A test load of 147 tons of cement, or 426 1bs. per
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square foot, uniformly distributed over one entire panel was ap-
plied to a panel of the second floor with a resulting maximum
deflection of only 0.39 inch or 1/1160 of the diagonal span. This
test load was equivalent to twice the designing live load plus a
load equivalent to the dead weight of the slab.

PERSONNEL.

The architectural design was made by Mr. John Graham, Su-
pervising Architect of the Ford Motor Co., Detroit; while the
structural design was exeeuted by the Condron Company, Ar-
chitectural and Structural Engineers, Chicago, who have pat-
ented the Akme System of Girderless Floor Construction. Mr.
E. L. Scheidenhelm of Chicago was the General Contractor. The
building was occupied by the owners in December, 1913.

The Condron Company has designed the structural features of
fifteen other Service Buildings for the Ford Motor Co., in as
many different cities. All of these buildings are of the Akme
System of flat slab construetion.
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THE NEW INTAKE TUNNEL AT MILWAUKEE.
Hagrry HEersH, °15.

The remarkable growth of the city of Milwaukee and the result-
ing demand for an additional water supply has made it neces-
sary to undertake the construction of a new intake tunnel much
larger than the present seven and one-half foot brick tunnel ex-
tending out from the shore of lake Michigan to a point 3,200
feet away. The site of the new intake has been selected along
the Lake Park shore at a point one and one-half miles north of
the present intake at the North Point Pumping Station, because
the quality of the water off the Liake Park shore is the very best
that can be found and also because the future development of
the city will make this point the natural distributing center.
Difficulties encountered in the construction of the former intake,
which extended directly east, caused the engineers in charge to
direct this intake thirty degrees north of east. The difficulty was
due to the fact that the course of the old intake ran into a strata
of sand, about two hundred feet wide, which had worked down
through a fault in the clay and shale bed. The direction of this
fault was determined as accurately as possible in order that it
may not be encountered in the construction of the new intake,

The project on which construction has begun consists of a
shore shaft fifteen feet in diameter; a lake tunnel twelve feet in
diameter and 4,000 feet long; a lake shaft fifteen feet in diam-
eter; and a ecrib sixty feet in diameter. The estimated cost of
this part is $450,000. From the lake crib it is proposed to extend
a number of six foot pipe lines for a distance of 2,500 feet, at
which point the water supply will be drawn. The shore shaft is
to be connected to the North Point pumping station by a nine
foot tunnel 5,700 feet long, and another nine foot tunnel is to ex-
tend, at some future time, along Linwood Avenue to the pro-
posed new pumping station one and one-third miles from the
shaft. The total capacity of the project, when completed, will
be 225,000,000 gallons per twenty-four hours, and the total cost
1s estimated at $2,500,000.
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BORING AND EXCAVATING.

The sub-contractor started to drive sheet piling for the shore
shaft on June 1st, 1913. A water-tight cylinder, twenty-two feet
in diameter, and twenty-three feet deep was formed by driving
interlocking sheet steel slabs which were thirty feet long and
three-quarters of an inch thick. All the driving was done with
a steam pile driver which was suspended from a derrick at the
toot of the lake shore hill, one hundred feet below the hoisting
engine. The boom was seventy-five feet long and was supported
by three posts firmly anchored in the ground. About two-hun-
dred and fifty feet of cable was used in the hoisting mechanism.

Excavating proper began about the middle of July and con-
tinued for twenty-four days. The average rate of excavation for
the actual number of working days was three and three-quarter
feet per day—the total depth excavated for the shore shaft be-
ing ninety feet. The material encountered consisted chiefly of
red clay, hard-pan and brown shale. The hard-pan is a hard red-
dish clay containing about thirty per cent. of gravel and is al-

most impervious to water. The brown shale is nothing else but
a compressed clay which disintegrates as soon as it is brought to
the surface or exposed to the action of the sun or air—the latter
peculiarity being a source of great trouble. The excavators
struck this material thirty feet below the place they started from
and were forced to blast their way down through this material
the remaining depth. All of the material was removed with
buckets holding three-quarters of a yard—the hoisting heing done
with the same derrick used for the pile driver.

After the shore shaft was excavated, work was immediately
begun upon the lake tunnel and is progressing now at a very
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satisfactory rate. The excavating is done in quite an ingenious
way, since it is necessary to blast along the entire route. Figure
(1) represents a section of the tunnel at the head end. Part B
is called the bench and II is called the head. Two rows of holes
are drilled into the head with a three and one-quarter inch rock
drill, the upper row called the head row being about four feet
deep and the center row called the key row being about six feet
deep. All the key holes are drilled so as to converge towards
the center of the segment, as the sketch shows, for a reason to
be explained later. The bench extends about eight feet from
the head of the tunnel, and in order to blast this part away four
holes are usually drilled into it. The charge in the key is fired
off first, and on account of the peculiar wedge shape of the bor-
ing, that part of the segment is driven out to the front by the
force of the charge, thereby leaving an empty space in the center
of the head. Consequently when the charges in the other head
holes are fired off the rock will naturally break away toward the
center instead of breaking in an unknown direction as might be
anticipated at first thought. The bench, of course, will give way
towards the front when the charges in the bench holes are fired
off. The fuse for each charge is lit with an electric detonator.
The amount of material taken out in that manner has varied
more or less—the average being from seven to thirteen feet of
tunnel length per day. Mules haul the debris in small mine cars
on a double track road which leads to the shore shaft. There the
cars are drawn up to the surface by a double acting elevator and
then dumped on the lake shore.

A question immediately arises as to when the blasts are made
and how the men are disposed of during the blasting time. It
has been found most economical, as far as time is concerned, to
do the blasting while the working crews are being changed be-
cause the tunnel becomes filled with gases and smoke. One crew
begins work two hours after the other stops, and in that time the
exhaust fan, located at the top of the shaft, sucks out all of the
foul gases. This fan is connected to a twelve inch galvanized iron
pipe which extends as far as the head of the tunnel.

Blasting in this kind of rock is altogether different from blast-
ing in limestone, for the rock is comparatively soft and there-
fore does not offer so much resistance to the foree of the explod-
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ing dynamite. The stleks used are one and one-half inches in
diameter, eight and one-half inches long and contain four hun-
dred grams of gelatine. The debris is not thrown much farther
than about seventy feet and a man is safe one hundred and fifty
feet from the place where the blasting is being done. However,
considerable inconvenience has been caused by large slabs ten to
twenty-four feet long which fell from the roof or walls, and as
a result it has been necessary to brace the walls about every five
feet with 12x12 new long-leaf yellow pine timbers, and to brace
the roof with 6x8 stringers.

CONCRETE LINING,

Before excavation on the lake tunnel was carried very far, the
shore shaft was lined with 1:2:4 concrete, eighteen inches thick
and reinforced with three-quarter inch open-hearth steel rods.
About ten tests of neat cement gave an average tensile test
of 690 pounds for a seven day briquet and 800 pounds for a
twenty-eight day briquet. The mixture of cement, sand and
stone was loaded into small cars at the top of the hill and sent
down the incline to the mixing machine at the bottom. This ma-
chine then dumped its prepared mixture into other cars which
were drawn to the shaft by mules. The concrete was held in
place until it set by forms or casings which came in five foot
sections, '

During the time that the shaft was being concreted the air
locks were installed into the entrance of the lake tunnel. The
locks were needed to enclose the compressed air within the tunnel
in order that the water might not come through the fissures in
the rocks overhead. The pressure required is about thirty
pounds per square inch, hence three air pumps are installed in
the machine room to supply the amount of air required. The air
lock is a long cylindrical steel shell which is divided into two
compartments—the lower one for the use of the mine cars and
the upper one for the use of the workmen. The part between
the shell and the earthen walls of the tunnel was filled in with
conerete to make the opening as air tight as possible, The com-
partments have doors at each end, one of which remains closed
while the compartment is entered, then, when the opened door
is closed, the other door may be opened and the person may enter
or leave the tunnel without disturbing the air pressure.
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Figure 2 shows the divisions of the forms used for holding the
concrete in place within the tunnel. There are five sections in
all; the slider, the lower side plate, the upper side plate and the
top plate being about twenty-three feet long. The frame work
for holding the sections moves along a track near the sides of the
tunnel, so that after one section has become set, the frame is

REY PLATE
TOP PLATE

\\ \\‘JI:J_VEEI-—/A //

moved ahead to start another section. The conerete is delivered
in small mine cars which are hauled by mules, and all the filling
must be done by shoveling the concrete into the molds. After
the first four plates have been filled in, the sections of the key
plate are taken next. These sections come in five foot lengths so
that the concrete may be shoveled into the key and rammed hard
for each length, after which the other sections are added until
the entire length of the key has been filled in. The general rule
followed is to do the concreting within two hundred feet of the
head of the tunnel. The lower part of the section, known as the
invert, will not be excavated or concreted until the whole tunnel
is finished, after whieh all this part will be removed and con-
creted from the end of the tunnel to the shaft.

All of this work will not be carried on from the shore end of
the tunnel alone. A shaft is to be sunk into the lake at the point
where the tunnel is to end, the opening to this shaft being pro-
tected by the crib mentioned at the beginning of this article. The
work of excavating and lining will then also be carried on from
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the lake shaft as well, in order to hasten the time of completion.
At this rate the contractors expeet to do the entire 4,000 feet of
tunnel in about sixteen or eichteen months.

BQUIPMENT, MEN, AND RECORDS.

The main equipment for carrying on the work consists of a
hoisting engine, dumping cars, and concrete mixers. However,
the key-note to the successful completion of the entire project is
the air compress or plant. This plant is housed in a separate build-
ing and is composed of three Ingersoll Rand air compressors—
one two stage and two single stage. Each pump is driven by an
electric motor which is controlled by a pressure system of gov-
erning. Normally the two single pumps are used to supply the
air for the tunnel and the drills, but the third one is automatic-
ally started by the pressure regulator whenever the pressure in
the tunnel falls below the required intensity. The pumps and
motors are supported on concrete foundations, but the bed plates
are not grouted in as is the custom with permanent installations.
Nevertheless the installation is so good that there is hardly a vi-
bration in the bases of the pumps or motors.

The air plant is not the only part which is provided with safety
appliances. The office of the city supervisor of the work con-
tains a stretcher, a complete set of bandages and all the medi-
cines needed in emergency cases. Arrangements have also been
made with St. Mary’s Hospital and with a physician to immedi-
ately take charge of all accidents. Although the hospital is one
and one-half miles from the intake, a man can be taken out of the
tunnel and brought to the hospital in twenty minutes.

As a rule, the men who have had mine experience are preferred
for this kind of work. The character of the work requires men
who are perfectly well and who know how to take care of them-
selves. If a man neglects the latter requirement he is very lia-
ble to get the caisson fever which is somewhat of a rheumatic ef-
fect produced by the compressed air lodging in the man ’s joints.
The fever is not dangerous, but it is very painful during the time
it lasts.

The city supervision of the work is done by inspectors who are
on the job both day and night. These men, who are under the
city civil service juisdiction, have been selected for certain quali-
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fications—experience, honesty and reliability—because the job is
one where the public is practically excluded from the grounds on
account of the danger involved. Since the city officials do not
have an opportunity to make inspections often enough, the entire
work is entrusted to these men who make thorough and complete
reports every day about everything that is being done and about
all of the material that is received and used.
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BAZIN’S INVESTIGATIONS OF THE FLOW OF WATER
OVER SUBMERGED, SHARP-CRESTED WEIRS.

Crirrorp A. BEeTTS,

Scholar in Hydraulics, University of Wisconsin.

The information available at the present time concerning the
flow of water over submerged weirs is far from adequate for the
practical solution of problems relating to this form of flow. This
is a result not only of the predominating importance of the free-
fall weir, which has led to its development before that of the
submerged weir, but also to a lack of usable experimental co-
efficients and of a suitable means of measuring the elevation of
the surface of the water below the weir.

Transition from free-fall to submerged flow introduces new
discharge-governing factors. As soon as the downstream water
level rises to the height of the top, or crest, of the weir, the con-
dition of submergence oceurs and begins to affect the discharge.
The submergence of the weir may be best expressed as a percent-
age by the ratio of the observed upstream head, h, to the down-
stream head, h, ; whence it is evident that an accurate determina-
tion of the factor h, is essential. Investigations covering these
difficulties are now being carried on at the Hydraulie Laboratory
of the University of Wisconsin.

The valuable pioneer work of Francis*, Fteley and Stearns®¥*,
Bazin and others, besides serving as a basis of more extended ex-
periments, are studyworthy from the standpoint of research. Re-
sults of experiments on submerged weirs of irregular section as
made by Bazin, in France, and by the United States Deep Water-
ways Board at Cornell University hydraulic laboratory, in 1899,
have been collected and discussed in Transactions Am. Soc. C.
E., Vol. 44, pp. 220 to 398, and in Horton’s *‘ Weir Experiments,
Cocefficients and Formulas’’, U. 8. Geological Survey Water Sup-
ply Paper No. 200.

* Transactions, Am. Soc. C. E., Vols. 12, 13, 14, Lowell Hydraulic
Experiments.
** Trans. Am., Soc. C. E., Vol. 12, pp. 101-108.
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Inasmuch as Bazin’s studies of submerged flow are duplica-
tions, with various degrees ol submergence, of his earlier free-fall
experiments over thin-edged weirs, a preliminary résumé of these
investigations, which have been published in Annales des Ponts
el Chaussées, 1888, 1890 and 1891, will lead to a clearer under-
standing of his fourth article treating of submergence. The first
two articles relating to sharp-crested weirs and velocity of ap-
proach have been translated by Arthur Marichal and J. C. Traut-
wine, Jr.* Article No. 4, Annales des Ponls e¢f Chaussées, 1894,
has been translated in connection with investigations now being
made at the Hydraulic Laboratory of the University of Wiscon-
sin where it will be on file.

Bazin’s fourth article contains a careful study of the various
forms of flow over suppressed weirs of different heights; begin-
ning, where the third article left off, with the case where the
nappe, or sheet of water falling over the weir, is wetted under-
neath and flows away without being affected by the water level
below. Following this come the successive stages where the fall-
ing sheet is influenced first by the backing up of the water down-
stream while the level is below the crest of the weir and, finally,
by the rising of this downstream surface level above the crest,
thus causing submergence.

In his analysis of the conditions governing the discharge over

a submerged weir, Bazin uses the ratio, :]_1?" between a coefficient

of discharge, m, for submerged flow and a coefficient, m’, corre-
sponding to a nappe falling free in the air, having the same head
and upon a weir of the same height. The influence of velocity
of approach is thereby reduced and discussion facilitated. In
absolute value m, and therefore the discharge, was found to be
greater, for cases of submergence, than for free fall conditions. The

ratio ]'{?/ was affected by the height, p, of the experimental weir

above the bottom of the channel, m’, increasing slowly with h so
long as the downstream water-level did not fall below h,=—=—;p

Accordingly 1‘::, was compared with the ratio % rather than with

* Proceedings Engineers’ Club of Philadelphia: 1888 in Vol. 7, Jan.,
1890, pp. 259-310; 1890 in Vol. 9, July, 1892, pp. 231-244, Oct., 1892,
pp. 287-319; and in Vol. 10, Apr., 1893, pp. 121-164.
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absolute values of h. As in the earlier experiments it was found
that the -pressures, P,, beneath the nappe bore a definite and

close relation to h and that the ratio 71111 in turn, was so related

to ':—1 and % that, by substitution, %’ could be obtained in terms

m’

of —‘])-l . In addition to the influence on m of the height of the

weir above the floor of the channel of approach, it was found, as
the downstream water level was raised and the ressaut (or rapid
below the weir) driven back against the foot of the over-falling
sheet, that, for a given upstream head, m decreased with the rise
of the downstream water level thus varying inversely with the
submergence. Within given limits the rate of these variations
increased with the upstream head showing that both heads must
be considered in selecting a satisfactory coefficient of discharge.
Before m could be expressed as a function of both upstream and
downstream water levels by the above procedure it was necessary

to express P_h" as a funection of h and h,.

For this purpose experimental weirs (.75 m. (2.46 ft.), 0.50
m. (1.64 ft.), 0.35 m. (1.15 ft.) and 0.24 m. (0.79 ft.) in height
were placed 33 meters (108.2 ft.) from the lower end of a 6.56
ft. wide channel where a system of gates controlled the submerg-
ence upon the weirs. The upstream head was measured in a still
basin at one side of the channel, connection being made thru a
4-inch piezometer pipe opening flush with the side at a point 16.4
ft. above the weir. Similarly the downstream head was meas-
ured 36.2 ft. below the weir, a dial float gage serving to show the
respective water levels. The pressures beneath the nappe, ob-
~tained by placing a small horizontal tube part way along the crest
of the weir, were transmitted thru tubes to air and water gages
conveniently placed in a pit at the side of the weir near gages
registering the two water levels.

Analysis of the results obtained from fifteen series for sub-

merged flow led to determinations of E’- as a direct function of
1

h

p
the former are given below.

and M as well as by an intermediate calculation of 1:—]“ Only
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For values of {1— less than 0.4 (1 + 0.3 }%)?,
1

(1) m :m'[l.O(‘) B 0.16(E — o.os)fl]
p h

and for greater values of %, where the weir is more deeply

drowned,
(2) m = m’ [1.08 (1+ 12) ﬂ\jh‘_ h‘]
tp h
i

" hiy
= 1.08 + 0.18 — il
 [( 2) Vil

By slight alterations in the coefficients of (2)

(3 m=1.05m" [1 + é(%)] «_\Jl% 2

which may be used for all cases where variations of from 1 to 5%
are permissible.

These coefficients are applied to Bazin’s formula for free dis-
charge into air:

Q=m LI y2gh

where L=the length of the weir crest
and g=the acceleration by gravity. Value used, 32.16.

For detailed information the data and diagrams accompanying
the original articles in Annales des Ponts et Chaussées should be
used in conjunction with the translations.

The utilization of the ratio ~1pl enabled Bazin to eliminate re-

peated approximations in computing the discharge over weirs of
different heights when conditions approaching those of his own
experiments were maintained. Under these same restricted con-
ditions Bazin’s formula has the peculiar advantage of including
the effects of veloeity of approach in the coefficient. The value
of these formulas is vitiated for practical purposes by their nar-
row limits of application.

Admittedly, whenever the given data does not warrant great
precision, the formula used for finding discharge should be as
simple as possible. The results of Bazin’s experiments have been
re-computed and applied to the somewhat simple submergence
formula Q — 3.33 L (Nh) 3 in which N depends on the propor-
tional submergence; making the discharge over a submerged
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welr N 3 that over an unsubmerged weir under the same head.
Curves representing fifteen individual series, in each of which
the submergence varied under an approximately constant value

of .];‘ are collected in Fig. 2. A curve obtained from experiments

on a submerged, suppressed weir at the University of Wisconsin

10

100

80

7o

sof:

50

. o O
Fig. 2.

hydraulic laboratory has also been plotted. Bazin’s use of dif-
ferent heights of weirs combined with the fact that an average
value 3.33 has been used in computing N for varying values of
Bazin’s m undoubtedly accounts in a large measure for the dis-
crepancies that appear.

For cases of submergence, as for free fall, Bazin has made a
systematic collection of data relative to the profile of the nappe
for various up-stream and down-stream levels and also for the
study of velocities and pressures within the nappe. Characteris-
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tie profiles for a sharp-crested weir (‘“déversoir en mince paroi’’)
together with corresponding profiles for a broad-crested weir
(““déversoir 4 poutrelles’’) are shown in Fig. 1.

Not until extensive data covering widely varying conditions
of submergence has been collected and correlated will it be prac-
ticable to apply formulas for submerged flow to slack-water im-
provements of rivers, for navigation of flood flow purposes where
head can not be sacrificed; or to canals for determining the re-
quired height of lock walls, or for the distribution of water for
power or irrigation uses. There is reason to believe, however,
that Bazin’s ““classic’’ investigations of flow over submerged
weirs, like his earlier work on free-fall weirs, may be of invalu-
able service as a guide for more extended experiments which may
eventually lead to the development of a more workable submerg-
ence formula or, at least, to a more complete understanding of
the subject.
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A CHART OF HEAT CONTENTS OF STEAM.

A E. BERGGREN,

Instructor in Steam and Gas Engineering.

A graphiecal presentation of any set of changing values which
are dependent upon each other is often a much more convenient
reference than a tabulation of those values. This is true because
the user can find at a glance the particular value he desires, can
see in actual proportion its relation to similar values through dif-
ferent ranges of the other variable, can choose values between
plotted points without the laborious interpolation that would be
necessary with the use of tables and is less liable to make gross
numerical error than when working from a tabulation.

The scale of units on the axes of the chart determines the limit
of accurate reading and the slope of the lines and the convenience
of cross reading fix the ease and rapidity with which the chart
can be used. In the chart on the opposite page are plotted the
heat values of a pound of steam as given by Marks and Davis’
““Steam Tables’” 1912 edition, which values have heen very gen-
erally accepted by the engineering profession. The horizontal
scale of twenty British Thermal Units to the inch allows accurate
reading to a fractional part of a unit, while the entropy of the
vertical scale gives to most of the lines an angle of about 45°
with the horizontal, making intersections of plotted lines come
nearly at right angles and thus allowing definite reading of val-
ues at such intersections.

The chart differs from most such diagrams in the superheat
region, in that lines of constant temperature are shown rather
than lines of constant superheat. This seems more rational in
describing the condition of steam at some designated pressure
and is certainly more convenient in the solution of problems.
Then, too, the chart gives information down to one tenth of a
pound pressure, which seems advisable on account of the low
vacuums being attained in practice and research. Another fea-
ture which, so far as the writer knows, is new is the addition of
lines of “‘latent heat’’ and ‘‘heat of the liquid’’. These preclude
the necessity of reference to the original steam table should these
values enter into a problem.
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By far the largest percentage of preblems with which the steam
engineer has to deal are concerned with the total heat of steam,
or with the changes in total heat that takes place in a given pro-
cess, such as expansion in the eylinder of an engine or in the noz-
zles and blades of a turbine, or in a throttling calorimeter. Any
condition of steam as to pressure and quality (or temperature)
within the limits of the chart can be designated by a point on that
chart and the total heat found by projecting that point to the
horizontal scale. The ideal expansion to do work, as in the cylin-
der of the reciprocating engine or in the nozzle of a turbine or
injector, is adiabatic, i. e., without the addition or loss of heat as
heat, therefore isentropic, and any change of heat content be-
tween the initial and final state points can be found by noting
the total heat at the initial condition, following he horizontal or-
dinate though this point until it intersects the lower pressure,
noting the total heat at that point, and subtracting. In the
throttling calorimeter there is no heat change, and the problem
of determining the initial quality of the sample of steam becomes
merely the tracing of the vertical ordinate from the point indi-
cated by the calorimeter data to the intersection with the initial
pressure.

For any pressure below twenty pounds absolute, the latent
heat is found from the intersection of the line of ‘‘latent heat of
evaporation’” with that pressure line, and projecting that point
to the horizontal scale. For latent heat at any pressure above
twenty pounds and for ‘“heat of the liquid at any pressure, the
supplementary curves must be used, locating the desired pres-
sure on the scale on the lower side of the line and reading the
desired value on the upper side.
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REVIEW OF “ENGLISIH PATENT SYSTEM™ BY WIL-
LIAM MARTIN, 1904.

C. M. OSTERHELD.

The first monopolies in England were given by the Crown to
favorites, or else were given by this same source to foreign or
native craftsmen that introduced new industries. The first pat-
ent on an invention was given in 1561 to an inventor of a scented
soap. The law held that no monopoly should be given to any-
thing that would ‘‘be inconvenient or mischievous to the State™
and on this ground the famous Matthews patent for making of
knives was annulled ; because it upset an existing industry. This
idea of interference with existing trades is still a fundamental
back-ground for the thought of English Courts.

In the early patents no specifications were necessary but a
bounty was often given by the Crown to allow the discovery to be
published. Thus the inventor of gunpowder was given a bounty
of £300 beside the monopoly afforded by the patent.

In the year 1700, novelty of invention was a requisite, and spe-
cifications also accompanied the request for patent.

The granting of patents was looked upon with great disfavor
by the ordinary member of British society until 1852 when the
former laws were changed and the whole arrangement placed
upon a purely business basis. The granting of a patent has be-
come a purely ministerial act, the holder of the patent having a
right to sue for infringement but because he held a patent this
was not substantial proof of his being a prior inventor though
it was often an aid in proving this. The holder of the palent
has no right to threaten an infringer beyond the statement that
he will bring suit for infringement. To the ordinary man who
considered patents as documentary evidence of priority this is
an important surprise. Should a patentee so threaten he will
have a harder time with his case because of so doing.

The patent as it is now granted according to the act of 1902 is
given for a period of 14 years with a chance of renewal by act
of the Privy Council to a period of usually 7 and never more
than 14 years. The fees for a patent are £100 and a renewal fee
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of £5 must be paid annually or the patent expires before the na-
tural time of expiration. A patent that expires from this cause
can only be renewed by an Act of Parliament. The patent thus
granted applies only to the United Kingdom and the Isle of Man,
though arrangements are made so that patents are readily ob-
tained throughout the British colonies by the payment of the
proper fees.

The inventor who does not desire to take out immediate appli-
cation because of incomplete specifications can get a six months
protection on his invention according to ‘‘Form O”’ wherein he
is allowed to exhibit his article at fairs, etc., and receives pro-
tection. To obtain this protection he must set forth some gen-
eral specifications and apply for this protection and apply for
a patent at the end of 6 months. This application must be ac-
companied by the usual specifications. The specifications for let-
ters patent are quite important and the following are certain
fundamental rules for their construction by courts:

1. Complete specification shall be construed before its accom-
panying provisional specification.

2. Construction shall be largely based on reports of experts.

3. Construction is to be literal.

These above rules governing court procedure are worthy of
note since they give a glimpse of the possible impartial method
of also examining the claims of a patent. Another thing worthy
of mention is the “‘disclaimer.’” It is defined as a ‘‘negation of
a claim’’ and may protect the patentee from being wholly con-
strued by a court.

If patents are assigned, the assignee has full possession of the
patent for the district assigned him. Patents can be mortgaged
and sold for debt or bankruptey the same as any other personal
or private property.

Conflicting information is often at hand concerning ‘‘patent
medicines”’. They are usually made from a secret formula and
are not patented but are sold under the protection of a revenue
stamp.

In conclusion, let us review the fundamentals of the British
Patent System. Patents are easily obtained in Great Britain but
at a fairly high fee. Patentees must pay a yearly renewal fee.
Injunctions for infringement will not be given until the status of
the patent has been determined in court,
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EDITORIALS.

At present we have the boosting craze. We feel that criticisms
are not called for; that snggestions pointing out a fault and rem-
edy are only carping statements of ill will; and that the proper
way to remedy evils or correct faults is to ‘‘talk up’’ the good
points, and the poor ones will automatically be ameliorated. This
attitude has grown out of the kindly desire of people who wanted
to prevent unnecessary, unconstructive and objectionable analy-
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ses. The spirit was good, but the application has been carried be-
yond its limit and sphere. This method is perfectly legitimate
in boosting ‘‘Silver Guleh,”” Canadian land, or in selling automo-
biles; but for an aid in the solution of real problems, it is about
as effective as putting a coat of fresh paint on the girders of a de-
fective bridge and telling the public to resume traffic because
everything looks fine.

Nobody likes a ‘‘knocker’’ and nobody should like him; but we
must distinguish between the cynic who maliciously magnifies
mistakes without making any attempt to help prevent such mis-
takes, and the man who sees the fly that is spoiling the amber and
forthwith goes to take the fly out. Unfortunately, we do not
make this distinetion ; and the man who makes a suggestion that
strikes a blow at some evil is stamped as a sorehead, a knocker,
and a fool.

There are many who see small things that could well be dis-
persed with in certain courses. They also see things that could
well be added to other courses. Where do these suggestions get
a hearing? Nowhere. We leave it to the ““prof’ to find out
the mistake and eventually it may be corrected ; but what a waste
of precious time could be avoided by a spirit of co-operation!

In many of the large manufacturing plants the employees are
requested to make suggestions that either show a fault or means
for improvement. The companies have greatly benefited by such
systems. In our own University the student sees chances for im-
provement that might be of real value; but who cares for such
suggestions? Our present code of ethics requires that these sug-
gestions be stifled, even though the student may have a sincere
and earnest desire to help give Wisconsin a better name than
that of any other school. 'We are proud of our college, its past
and present; but the future holds in store a period of further
success due to loyal co-operation, and of that we will be more
proud.
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NEW ADDITIONS TO THE 8. & G. LABORATORY IN
1913-1914.

The equipment of the steam and gas engineering laboratories
has received some valuable additions during the year 1913-14.
Some of this equipment has been purchased for permanent use,
while other machines have been loaned by the manufacturers
temporarily. Still other outfits have been donated to the de-
partment.

Among the most important permanent equipment is a small
contractor’s boiler and engine outfit complete, which is being
erected in the producer room. This unit was obtained from the
Universal Machinery Co., Milwaukee, through the courtesy of
W. F. Teschan, '07. It is the intention of the department to
give all students taking laboratory work, an exercise on this
combined unit early in their course and thereby get a clearer
conception of the fundamentals and machinery involved in the
generation of power. The lack of such an elementary power
plant has been felt for some years.

Messrs. Epstein and Stephany of the class of '13 chose as
their thesis, Comparative Tests of Carbon Dioxide Recorders.
They experimented with several different instruments at the
capitol heating plant. Of the various types tested the Sim-
mance-Abady instrument manufactured by the Precision In-
strument Co., of Detroit, Mich., gave very satisfactory results.
As a result of these tests the department purchased this CO,
recorder, and it is now being used by Messrs. Cowin and Hinck-
ley at the plant of the Madison Gas & Electric Co. in connection
with their thesis investigation on methods of improving the ef-
ficiency of hoiler operation. The use and importance of CO,
recorders in central station operation are now universally recog-
nized by all leading engineers. This new equipment will be
available for all future power plant investigations.
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WITH THE ALUMNIL

Henry I. Force, '10; has resigned his position with the Gen-
eral Blectric Company and has accepted the position of Chief
Electrician with the Stanley Works.

Herbert J. Newman, ’10, is now with the real estate firm of
Maynard and Picken, Milwaulkee.

John J. Hogan, 99, designing and consulting engineer has
changed his office from Chicago to Chippewa Falls, Wis.

Albert M. Wolf, 09, C. E., "13, is Principal Assistant Engi-
neer with Condron Co., Structural Engineers, Chicago; and con-
tributing Editor on ‘‘Conerete Work’’ for ‘‘Railway Engineer-
ing and Maintenance of Way’’, of which K. L. Van Auken, 09,
C. E,, ’13, is editor.

E. K. Morgan, ’13, is in charge of the drafting department for
the Rockford Drilling Machine Co., Rockford, Ill., under John
Langwill, 11, who is the superintendent.

H. H. Rogers, ’12, is assistant superintendent and chemist for
the Hess and IMopkins Leather Company, Rockford, TIL

0. J. Schieber, '12, is a draftsman in the Hydraulic Depart-
ment of the Pacific Light and Power corporation, Los Angeles.
Cal.

C. E. Carter, 04, is with the Henry L. Doherty & Co., New
York City.

J. C. Beebe, 10, is a ‘‘Power and Pumping Engineer’’ with
the Idaho Irrigation Co., Richfield, Idaho.

C. L. Van Auken, ’10, is a draftsman and designer for the Con-
dron Co., Structural Engineers, Chicago.

W. A. Rowe, 04, is with the Midland Engineering Co., Ed-
monton, Alberta, Canada.

F. Meinicke, 12, is with the Michigan-Utah Mining Co., Alta,
Utah.

E. A. Kalsched, ’11, is in the plumbing business at Marshfield,
Wis.

C. M. Kehr, ’08, is now auditor or the Wooland Company, Chi-
cago, I1I.

M. M. Brenan, '94, is superintendent of the Walsh Construc-
tion Co., Davenport, Towa. e was formerly Division Engineer
of the C. & N. Ry.
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R. C. Youngren, ’09, is with the Allegheny Steel Co., Bracken-
ridge, Pa.

A. T. Sjoblom, "10, who was formerly in the Engineering De-
partment of the Commonwealth Edison Co., Chicago, is now Gen-
eral Electrical Foreman at the Miroflores Locks, Panama.

J. E. Smith, ’02, is now assistant professor of Civil Engineer-
ing at Illinois.

M. O. Krahn, ’09, is a Construction Engineer at the Interna-
tional Harvester Corporation, Milwaukee, Wis.

A. C. Kelm, ’13, is in charge of the Municipal Power plant at
Idaho Falls, Idaho.

C. N. Johnson, '08, is an Electrical Contractor at Chicago.

G. G. Ryder, 07, is at Minneapolis, Minn., with the Twin City
Electrie Co., which does electrical contracting.

E. B. Nelson, 18, is a draftsman for the Isthmian Canal Com-
mission.

Thos. W. Reilly, '12, is with the Wisconsin Highway Commis-
sion.

W. 5. Russel, 06, is Manager of the Law Auto Co., La Crosse,
Wis.

Albert H. Heyroth, 07, is doing ‘‘Development’’ Engineering
work at Hawarden, Montana.

W. D. Bliss, ’13, is an instructor in Mechanies at Marquette
University.

Adolph D. Bullerjahn, 13, is with the Pawling & Harnishfeger
Co., Milwaukee.

N. R. Harvey, 05, is with the Wernicke-Hatcher Pump Co.,
Grand Rapids, Mich,

II. E. Holbrook, '12, is a chemist for the Goldsmith Smelting &
Refining Co., Chicago.

Ernst Jacobson, ’06, is at Oak Park, Ill. He is employed as a
Gas Production Engineer for the Public Service Company of
Northern Illinois.

8. L. Clark, '07, is an Iron Bridge Inspector for the C. M. &
St. P. Ry., with headquarters at Chicago.

Ray S. Hoyt, 05, is with the American Telephone & Tele-
graph Co., New York City.
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IN THE CASCADE MOUNTAINS WITH
A SMITH HAND MIXER

This shows one of the 3 Smith Hand Mixe s which
are being used by Guthrie McDougall & Co. in build-
ing concrete snow sheds for the Great Northern Ry.
This firm used 9 large Smith Mixers for the main part
of the work. The light, portable Smith Hand Mixe s
were used to helpout on the small scattered jobs where
they could be used to keep down the mixing cost.

The Smith Hand Mixer is the ideal machine to use in
building side walks, small foundations, footings, etc.

It is even being used to
advantage in mines.
On account of its size
and portability it can
be dropped down the
shaft and used in the
workings. Itisa mon-
ey maker for the con-
tractor who uses it.

Send for further particulars.

Wrie for Hand Mixer
booklet No. 25—A.

THE T. L. SMITH
COMPANY

1154 —32nd Street
Milwaukee, Wis.

THE FIRST NATIONAL BANK

OF MADISON, WIS.

UNITED STATES DEPOSITORY

Capital, Surpius and Undivided Profits $400,000.00

OFFICERS AND DIRECTORS
A. E. Proudfit, Pres. F. W. Hoyt M. E. Fuller,
Frank G. Brown Vice-Pres. H. L. Moseley E. B. Steensland
M, C. Clarke, Cashier
Transacts a general banKing business. Issues letters of credit and
travelers’ checlis, good in all parts of the wo-1d.

AMERICAN
STEAM PUMP CO.

STEAM POWER and
ELECTRIC DRIVEN PUMPS

for all kinds of service.

AIR COMPRESSERS.

Write for Catalogue.

CHICAGO
1220 Monadnock Blk.

American Outside Center acked Plunger Pump
For High Pressure Boiler Feeding

Kindly mention The Wisconsin Engineer when you write.
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NOTICE

We carry a complete line of high-grade Machin-
ists” Supplies and all classes of Mechanical Tools.

NO SPECIAL SALES

We sell at retail any article in our store at Whole-
sale Prices.

Western Iron Stores Co.
Phone Grand 1246

135 Second Street = = = MilwauKee, Wis.

LET
THE PHOTOART HOUSE

be
YOUR MECCA
For Everything Photographic

Always a complete stock of everything worth while

THE PHOTOART HOUSE
Wm., J. Meuer, "10 President

212 State Street Telephone 22

The Candy Shop

Bitter Sweets

and

Ilce Creams

and

Dainty Lunches
426 State Street Phone 125

We are always prepared to give you the very best
of service and satisfacticn, and we do not consider a
sale complete until the customer is satisfied. Try us on
the next suit.

E. C. TETZLAFF CO.

formerly Archibald’s
228 State - - - - - - Phone 2211

- J

Kindly mention The Wisconsin Engineer when you write.
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The College of Mechanics and
Engineering

of the

University of Wisconsin

offers fOl.lI' and ﬁVC year Courses n

Mechanical,
Electrical,
Cvil,
Chemical and

Mining Engineering and
Applied Electro-Chemical Eng'rg

The regular University bulletin or spe-
cial bulletins dealing with particular sub-
jects may be obtained on application to

W. D. Hiestand, Registrar

Madison, Wisconsin.

J

Kindly mention The Wisconsin Engineer when you write.
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JOSEPH M. BOYD, Prest. H. L. RUSSELL, Vice Prest. FRANK KESSENICH, 2d Vice Pres.
CHAS, O’NEILL Cashier IRVING E. BACKUS Asst. Cashier at Branch Bank

BANK OF WISCONSIN

MADISON, WISCONSIN
Capital - - - - $300,000.00
Surplus - - - $60,000.00
SAVINGCS DEPARTMENT

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

Established 1854

Conklin & Sons Company
Coal, Wood and Mendota Lake Ice

Cement, Stuccoe, White Lime, Hair & Sewer Pipe

Main Office: 24 East Mifflin St.

You’ll be proud to wear Clothes

Designed and Tailored by
Olson & Veerhusen Company

The Spring and Summer fabrics are the handsomest we
have ever shown. Our work is of the highest degree of

perfection. Give us a chance to show you.

$25 A thtle thk and a Big Guarantee $60

The Only Practical, Popular Priced Vis~
ible Typewriter
The new improved Blickensderfer is the only wear resisting
efficient, portable typewriter now on the market. It is easy
to operate, typewrites perfectly, possesses features unknown
to other typewriters, is compact ard durable, interchangea-
ble type, with special characters to suit : ny class of work.
GUARANTEED TEN YEARS
Send for catalog with special terms and prices to students

Bllckensderfer Mig. Cn, ™o =

Kindly mention The Wisconsin Engineer when you write.




l l lypeface
strikes the exact
S
Ball R enier
Bearings
Give Greater Speed
and Stability to the

L.C. Smith & Bros. Typewriter

(Ball Bearing, Long Wearing )

Because of ball bearing typebars, the keys respond as readily
as perfect piano keys. The capital shift works with equal ease
—no lifting of a heavy carriage but simply shifting the light
typebar segment, thus insuring absolute accuracy.

No fingers can move too fast for this machine—there isn’t one
delaying movement from ‘‘ Salutation’’ to ‘‘ Signature.”” Instead of
expensive and awkward attachments, all change controls are
connected with keyboard—including shift key, shift lock, space
bar, back spacer, ribbon key.

Another advantage—this machine is complete in itself for all
kinds of work: tabulating, billing, large envelopes, cards or
paper as narrow as a postage stamp.
MAIL THIS COUPON CHECKING THE KIND OF WORE. YOU HAVE TO DO:
Gentlemen :—I am interested in a Typewriter for

(] General Correspondence [J Card Writing [] Billing
(J Tabulating [J Label Writing

To L. C. SMITH & BROS. TYPEWRITER COMPANY
Syracuse N. Y.
413 Milwaukee St.,
Milwaukee, Wis.
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HONORBILT
SHOES

Mayer Honorbilt Work Shoes are made for he hardest kind of use. They
are stout and sirong, made from thoroughly seasoned, extra durab e leather, with
heavyv oak-tanned soles, solid counters, double leather toes, and double rows of
stitching. No matter how hard on shoe leather vour work is, they will give you
lasting gervice. These splendid work shoes look well and fit well too—they are not
awkward or clumsy—don’'t tire or cramp 5
vour feet. They are built on honor, to
meet actual working conditions.

CAUTION VTe sure to look for
the Mayer trademark on the sole.

Wemake Mayer Honorbilt Shoes in
all styles, for men, women and children;
also Drysox Wet Weatlier Shoes, Yerma
Cushion Shoes and Martha Washington
Comfort 8hoes. 1f your Dealer
does nothandle them, write us.

F. Mayer Boot & Shoe Co.

HONORS'LT Mi]waukee, Wis.

~

Professional Cards | ALvan & smaLL

B ARCHITECT

Clinton B. Stewart ELLSWORTH BLOCK PHONES: OFFICE 242

. MADISON WIS. RES. 2615
Assoc. M. Am, Soe. B, Mem. West Soc. Engrs.

Consulting Hydraulic Engineer

Water Power Water Supply Drainage
206 Wisconsin Bldg., Madison, Wis. E

~ Qarl Thomas
DANIEL W. MEAD Photographer

CONSULTING
ENGINEER . .

MADISON, \’VISCO!I&I.‘.T:}I]\Ji

Kindly mention The Wisconsin Engineer when you write.
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Parsons Printing and
Stationery Co.

Dane County Agents for the
American ($35.00) Adding Machine

24 N. Carroll St.

THE PANTORIUM COMPANY
“The House of Quality”

In our elegant new quarters at 538 State, and with our many

new and modern machines, we are able to do the most satis-

factory cleaning, pressing and tailoring, We invite you to

call or send us a trial order. We are confident that once our

customer you will always be our customer.

We Deliver on Hangers |

The Pantorium Company
THE

STEEL
RELIABLE JUNIOR UFKI” MEASURING TAPE

FINEST CONSTRUCTED—MOST CONVENIENT - NEATEST
VEST POCKET LONG STEEL TAPE ON THE MARKET

Quarter inch steel tape with In-
stantaneous Readings; in 25 ft.

25 It. weighs ouly 3 ounces

5 5 v .
to 100 ft. length. Hard leather ‘ : i arly B oum[,es comp-
9 3 : T > i te
case with double f-+lding flush V7 Ry, Lénpth il
handle, opened by pressing on poR 25 ft. 214 in,
opposite sl 50 ft. 25 in.
pposite side. i

Marked feet, inches and sixteenths
or marked feet, 10ths and 100ths
accurate and durable

Saginaw, Mict. New York

HE Jurmin fPULE (0

Milk Ice Cream
Cream Butter
Zilisch Pure Milk Co.
629 West Washington Ave. Telephone 979

Kindly mention The Wisconsin Engineer when you write.
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Past the Experimental Stage

When a Portland Cement has been made in the same mill
and from the same quarry for fifteen years; when it has
been used in work of the greatest magnitude; when it has
been specified and used by engineers and architeets of
world-wide reputation; when it has successfully stood every
quality test, it should be sufficient evidence that such a
Portland Cement can be depended upon. Such a brand is

e «
Cla AA i
g@@@@ 2 land
We have several interesting books, copies
of which may be obtained by addressing
Department 102. Weshall be glad to answer

inquiries concerning the different phases of
concrete construction.

Chicago Portland Cement Company
30 North La Salle St., Chicago, Ill.

J. U. C, McDaniel, Sales Manager

German and American Expert Knowledge and Methods
Combined Explain

The Superiority of Owl Cement

German-American Portland Cement Works
E. L. Cox, General Sales Agent
Works La Salle, 1. 930 Marqguette Bldg., Chicago

Kindly mention The Wisconsin Engineer when you write.




Phone 1500 for
“Dan D"’

to get your

Cleaning and Pressing

Cardinal Dye Works

623 University Ave. - Madison, Wis.

MILLER
SIPHONS

for

Flushing Sewers
and

Sewage Disposal Controls

Pacific Flush Tank Co.

Chicago- - - - . - New York

MORGAN'S

oarom and Pocket Billiards

Brunswick Balke Collender Tables
Everything first class

Phone 1272 Student Headquarters

534 State Street

SPECIAL

COMMUTATION TICKETS
Good for Laundry or Dry Cleaning

WE AIM TO GIVE HIGHEST GRADE WORK.

3F Laundry Co.

Phone 4000

Wisconsin Barber Shop

Stop in on your way up town or to school and get acquainted.
We will surely try and please you.

Otto F. Boucher, 716 University Ave.

SAMSON

SPOT CORD

. The spots on the cord are our registered trade mark
For sash cord, trolley cord, arc lamp cord, etc. We make extra quality solid

braided cord in all sizes and colors for all uses. Send for CATALOGUE.

SAMSON CORDAGE WORKS

BOSTON MASS

Freshmen!

Ask one of the older students where the best restaurant in town i8

Charlie’s

We lead, the others follow, the fastest service, and the best food.

they will all tell you

Open till 7 P. M.

425 State

KKindly mention The Wisconsin Engineer when yor. write,
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Accident

has no place in the manufacture of Atlas Port-
land Cement. The trained supervison of ex-
perts results in absolute uniformity of that high
quality which has made Atlas known as the Stand-

ard by which all other makes are measured.

The Atlas Portland Cement Co.
Dept. C. 30 Broad St., New York

Philadelphia Chicago Minneapolis

“‘The standard by which all other makes are measured.”

Kindly mention The Wisconsin Engineer when you write.
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