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Three Cheers!

Three Cheers!

Varsity! Varsity! Engineers!

Ye O Grads—

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

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

Wisconsin.

Remember your Co-op Membership is a Life Membership and

you still may get your goods on rebate.

Send us your mail orders.

Wisconsin pins and seals

A0 GRS B0 $2.00
Wisconsin Pillow Tops
BL20 10 iirniieninnnns $5.00
Woolen Couch Blankets
........................... $6.00
’ennants 25¢ to......... $3.00
Two fine numbers, one
10x30 at...........6D cts.

And one 16x306 at...8bcts,

Pennants of all other
colleges and univer-
sities in these same
sizes 10x30at...... 65 cte,
And 16x36 at.....85 cts.

Wisconsin Fobs—50¢ to $7.50

Smallseal shields 75 ct-.
{70 WU

o
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o

3

31
Large seal shields.. .......$3,
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T

Wisconsin Song Books
(New lidition)........81.00

We handle Weis and Macy filing cases and book cases.

Let us quote you on anything you need.

Two large stores now.

THE CO-OP

504-508 STATE ST.

MADISON, WIS.
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THE UNITED
GAS IMPROVEMENT COMPANY

Broad and Arch Streets, Philadelphia

Lessees, Operators and Builders of

GAS WORKS

Largest Builders in America of

CARBURETTED WATER GAS PLANTS

Sole American Builders of the

STANDARD DOUBLE SUPERHEATER
LOWE WATER GAS APPARATUS

TAR EXTRACTORS FOR CARBURETED WATER GAS

GAS ANALYSIS APPARATUS PHOTOMETRICAL APPARATUS
STRAIGHT STAND PIPE SYSTEM FOR COAL GAS RETORTS
WASTE HEAT BOILER RECORDING GAUGES
HYGROMETER STRAIGHT STAND PIPE CLEANERS

METERS FOR REGULATING AIR AND STEAM
SUPPLY TO WATER GAS APPARATUS

The name to remember. when you order
A WIRE ROPE

Why? Because it has stood for the best

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

John A. Roebling’s Sons Co.

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

Kindly mention The Wié@s'm Enéiva_eer when you_zérite.
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THE ARNOLD (JOMPANY
ENGINEERS- CONSTRUCTORS

ELECTRICAL — CIVIL —MECHANiCAL

105 SOUTH LA SALLE STREET
CHICAGO

Three Years Continuous Operation

In 1907 the Calumet and Arizona Mining Company installed a
500 k. w. 3600 r. p. m. 60 cycle Allis-Chalmers =team Turbine Unit
in its power house at Douglag, Arizona. On Januaryv 17th, 1911 this
machine was shut down afier a continuous run of 581 days. This
run followed a continuous run of 416 days with twelve hours inter-
migsion between the two runs, this stop being due to causes entirely
independent of the unit.

An Unrivaled Record of Reliability

is shown in this practically continuous run of 997 days and the
Superintendent of Machinery, Mr. Will 16 Mckee, siid in his letter
telling of the 1esult, ““The machine was in excellent condition through-
out.”  Other facts can be given which will conclusively prove to you
that this company’s Steam Turbine Units are superior to all other
malkes,

Allis-Chalmers Company

Milwaukee Wisconsin

Kindly mention The Wﬁgﬁsin Engineer when you write.
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Uesdomd. Instruments

A full line of Alternating Current Switchboard Indicating Instruments is offered
by this Company Comprising
Wattmeters, Single and Polyhase, Power Factor Meters, Synchroscopes,
Frequency Meters, Ammeters, Voltmeters, New Models of
Weston D. C. Instruments to Match

This whole group of instruments embodies the results of serveral years ex-
haustive study and scientific investigation of all the complex electrical and
mechanical problems involved in the development of durable, reliable, sensi-
tive and accurate instruments for use on alternating current circuits,

Iivery detail of each of these instruments has been most carefully studied
and worked out so as to be sure that each shall fully meet the most exacting
requirements of the service for which it is intended. Neither pains nor ex-
pense has been spared in the effort to produce instruments having the longest
poxsible life, the best possible seale characteristics, combined with great aceu-
racy under the most vielent load fluctuations, and also under the many other
trying conditions met with in practical work,. IEvery part of each instrument
is made strictly to guage and the design and workmanship and finish is of the
highest order of cxcellence,

We invite the most critical examination of every detail of each member of
the group. We also solicit the fullest investigation of the many other novel
features and very valuable operative characteristics of these new mstruments
and request a careful comparison in all these respects with any other make of
instrument intended for like service. We offer them as a valuable and per-
manent contribution to the art of electrical measurement. Their performance
in service will be found to justify the claim that no other makes of instruments
approach them in fitness for the service required from A. C. Switehboard in-
dicating instruments. IFor full particulars of design, construction, prices, etc.,
are given in Catalogue B-16, Write for it.

- Main Office and Works
Westom Sleclitcal InotuumeniCo "

JEFFREY
Coal and Ashes

Handling Systems
For Power Plants

Iully described in Catalog Vd23

Elevating and Conveying
Systems for Handling Ma-
terials of all kinds

Catalog Vd 81

Complete Coal Mine Equipments
Ilectric Locomotives, Coal
Cuatters, Drillg, Car Hauls,
Coal Tipples, Coal Wash-
eries, etc.

THE JEFFREY MFG. COMPANY

COLUMBUS, OHIO
New York Chieago St. Louis Boston Pittsburg
Denver Knoxvitle Montreal, Can.

Kindly mention Thé Wiscio;eém Engineer when you write.
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Knowledge of grinding and
grinding wheels leads to larger
production and grinding econ-
omy. It also leads to the use of

Norton Grinding Wheels.
New York

e e NORTON GOMPANY,  Worcester, Mass.

“Chicago
AA”
Portland

Cement

New City Hall, Chicago. 30,000 barrels “Chicago AA” used.

Recognized by leading architects, contractors and engineers as the highest
grade Portland manufactured.

Chicago Portland Cement Company

Offices: 30 N, La Salle Street, Chicago
Mills: Oglesby, Illinois.

Annual Output CHICA’Gd 2\ ‘‘The Best That
1,250,000 Rarrels e Can Be Made’’

CEMENT "

STEEL TAPES AND RULES

ARE INDISPENSABLE FOR ACCURATE WORK.

Mads 0w THE JUFKIN fPULE (0]

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

SEND FOR CATALOG wf‘: d‘;g:"ba::::"“' Eng.
5 :

Ki};dly mentio-n The Wisconsin Engmeer'whéﬁ 1_4'0;5 write.
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THE VILTER MFG. CO., 966 Clinton St.,
—— Milwaukee, Wis.

ESTABLISHED 1867

BUILDERS OF ALL SIZES
Corliss Engines
_ AND

Ice Machines

High Pressure Corliss Engine

KEUFFEL & ESSER CO.

OF NEW YORK

Drawing Materials and Surveying Instruments
68 W. MADISON ST., CHICAGO

Instruments of precision for Engineering
and Surveying.

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

Our Patent Adjustable Slide Rules are recom-

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

Catalog on Application

Repairing of Instruments Promptly Executed

General Office and Factories: Hoboken, N. J.
Parent House: New York, 127 Fulton Street, 42 Ann Street

Branches: Chicago, 68 W. Madison St.; St. Louis, 813 Locust St.; San Francisco,
48-50 Second St.- Montreal, Can., 252 Notre Dame St., West

Contmuous Jomt Weber Joint Wolhaupter Joint
THE RAIL JOINT CO., !85Madis0r &%
MalKers of Base Supported Rail Joints for Standard and Special Rail

Sections, also Girder Step, or Compromise, Frog and Switch, and Insul-
ated Rail Joints, protected by Patents.

Kmdly meﬂtwn The Wisconsin Engineer when you write.
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HIGGINS

Drawing InKks
Eternal Writing Ink
Engrossing Ink
Taurine Mucilage
Photo Mounter Paste
Drawing BoardPaste
Liquid Paste

Office Paste
Vegetable Glue, Etc.

Emancipate yourself from
the use of corrosive and
ill-smelling inks and adhe-
sives and adopt the Higgins
Inks and Adhesives. They
will be a revelation to you,
they are so sweet, clean,
well put up, and withal so
efficient. For home, office

or school use they are posi-
tively the best.

) Are the Finest aud Best Goods of their kin
At Dealers Generally

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

SMITH MIXERS

Mix your concrete with brains. We offer you, for the purpose,
a complete line of concrete handling apparatus, including the

well known Smith Mixer
concrete elevators, con-
crete cars, hoppers, buck-
We

also build a complete line

et conveyors, etc.

of rock handling machin-
ery, for both stationary
and quarry
plants. Catalogs gladly
furnished on request.

THE T. L SMITH GO

MILWAUKEE, WIS.

portable

L. HH PRENTICE COMPANY

ESTABLISHED 1877

Engineers and Contractors for Steam and Hot Water Heating
and Ventilating Apparatus, Power Plants and Power Piping
Hot Blast Heating and Mechanical Ventilation

328-330 S. Sherman Street - - - CHICACO

SAMSON SPOT CORD
o o

The spots on the cord are our registered trade mark
For sash cord, trolley cord, arc lamp cord, etc. We make extra quality solid
braided cord in all sizes and colors for all uses. Send for CATALOGUE.
SAMSON CORDACE WORKS . - # - -

BOSTON MASS.
Kindly mention The Wisconsin Engineer when you write.
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EUGENE DIETZGEN CO.

MANUFACTURERS

Engmeers Transits and Levels

Our Transits and Levels embody improvements of de-
sign and construction that are recognized by the engineer-
ing profession as being the best. Made complete in
our own factories. in other words--—-made right.
Send for catalog today.

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

New York San Francisco New Orleans
Toronto Pittsburg Philadelphia
FACTORIES:

Chicago, Ill. Nuremberg, Germgny

£

GERMAN AMERIGAN PORTLAND
CEMENT WORKS

LA SALLE, ILLINOIS

OWL CEMENT

E. L. COX, General Sales Agent

Sales Office, Marquette Bldg., Chicago, Ill.

Kindly mention The Wisconsin Engineer when you write.
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SHORT CIRCUIT TESTS OF A 12,000 KW 9,000 VOLT 25
CYCLE TURBO GENERATOR WITH EXTERNAL RE-
ACTANCE COILS.*

Ruporr Freperick Scrvcenakor, '97, K. K, '11,

During the early years in which very large high speed steam
turbo-generators were used and espeecially after a number of
them were operated in parallel, it was found that the distur-
bances to a system due to cable break-downs were mueh more
severe than they had previously been when the energy was
obtained from reciprocating engines. In a number of instances
the end turns of the generator were torn loose, coils were short-
circuited and the entire armature winding was destroyed. Oil
switches also, while their design was materially improved, were
often found inadequate for the heavy duties at times of trouble.
This was due to the faet that the stored energy in the large
revolving mass of the steam turbine and the comparatively low
reactance of the winding permitted a very heavy discharge of
energy into a fault, producing severe strains on all parts of the
cireuit,

The first and natural corrective step was to improve the
method of fastening the end turns and the results of this change,
which also included a change in the arrangement of the coils,
have been quite satisfactory. This reduced the damage to the
egenerators themselves to a negligible quantity, but oil switches
still continued to be disrupted, and occasionally bus bars were
jerked from their supports. The necessity for reduecing the
extremely high current which flowed at the instant of short eir-
cuit was clear. This, of course, could only be done by increas-

# A thesis submitted for the degree of ELECTRICAT, ENGINEER.
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Fic. 1.—Unit No. 10, Fisk St. Station, Commoniwealth Edison Co.




Short Circuit Tests of a Turbo-Generator 199

ing the reactance of the armature circuit, either by redesigning
the generators or by installing external reactance coils in series
with the armatures of the existing generators. As a further
safe-guard and to limit the extent and magnitude of the dis-
turbance the entire system was divided into sections operating
without any conneetion between them at the station.

In order to obtain definite data and experience with reactance
coils the Commonwealth Edison Company, in conjunction with
the General Eleetrie Company, has recently conducted a series
of tests, using a 12,000 kw., 9,000 volt, 25 cyele, Curtis Turbo-
generator (Fig. 1)—Unit #10 at the Fisk Street Station. The
eenerator has a ‘‘barrel coil”” winding made up of 36 coils, four
turns per coil, laid in 72 slots. The generator field is of the in-
definite pole, laminated core type. The resistance of the arma-
ture per phase of the Y " winding is 0.0247 ohms at 28° C. A
set of three reactance coils of which Fig. 2 shows one coil. was
used, designed for a reactance voltage of 312 (or 6% of the Y’
voltage) with a current of 770 amperes. the full load current ot
the generator. By measurement the impedance per coil was
0.425 and the resistance 0.0075 ohms. The rated speed of the
generator is 750 r.pm. The caleulated reactance of the genera-
tor is approximately 2%, but the effective value during heavy
flow of current is in excess of this, due to the rapid dying down
ol the field at such times.

The points to be determined by the tests were the following:

1. The instantaneous short cireuit eurrent without external
reactance,

2. The instantanecous short circuit eurrent with an external
reactance of 497 .

3. The instantancous short cirenit current with an external
reactance of 6% .

4. Duration of the transient phenomena ineident to the short
¢irenit under conditions 1, 2, and 3.

5. The effect on the generator of these short cireuit currents.

6. The behavior of the reactance coils.

7. The cffeet of the installation of reactance coils on the sta-
bility of the system. :

A temporary structure was erected in the yard outside of the
station building and in this were placed two oil switehes, one
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F16. 2.—O0ne of the reactance coils used in the test.
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for closing the circuit and the other for opening. Incidentally
a number of oil switches were also tested, but as they had no di-
rect hearing on the subject of this thesis the details are omitted.

The short circuiting switeh was closed in all cases with the
generator at full speed, but the initial tests were for safety
made at a very low voltage. Two oscillographs were used and
records were obtained of various eurrents and pressures as in-
dicated below, A large number of tests were made and the
principal data obtained is given in the following:

I
4 L
! \} \
F1a. 3—The trace at the top of the oscillogram shows the A phase gen-
erator current; the middle trace shows the B phase generator cur-

rent and the botliom trace shows the 4000 volt A B generator delta
pressure.

1. The instantaneous short cirenit eurrent without external
reactance.

The trials were made with voltages of 1000, 2000, 3000, and
4000 volts. The characteristics are shown most clearly in the
tests at 4000 volts, an oscilloegram of which is shown in Fig. 3.
The maximum current at 4000 volts was found to be about
13,600 amperes and at 3000 volts about 10,200 amperes. From
this the eurrent ealeulated for full voltage was found to be ap-
proximately 30,500 amperes or 28.0 times the full load current.

2. The instantaneous short circuit current with an external
reactance of 4%.

A portion of the 6% ecoil which included a reactance corre-
sponding to 4% was connected in each armature lead and short
circuit tests were made with voltages of 5000, 7000, and 8000



202 The Wisconsin Engineer

volts., The maximum currents at the different voltages were
plotted and the probable maximum at 9000 volts was found to
be about 18,000 amperes or 16.5 times full load current.

¢, 4.—The top itrace shows the C phase generator current, and the
bottom trace shows the generator field current.

3. The instantancous short cirenit current with an external
reactance of 6%.

Most of the tests were made with the full eoils in use begin-
ning with a voltage of 1000 and carrying the tests on to the

e, 5.-—=The top trace shows the A phase generator curvent. The mid-
dle trace shows the B phase current. The botliom trace shows the
9000 volt A B generator A B delta pressure.

normal operating voltage of 9000 volts. Figs. 4 and 5 show
two oscillograms taken simunltancously during a short circuii
at 9000 volts.
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In Fig. 5 the “ A’ phase current shown has a maximum value
of 15,000 amperes. From a number of trials the maximum
current was found to be about 15,300 amperes. This shows
that the instantaneous short eireuit eurrent has been reduced
by 6% reactance coils to approximately 14 times full load cur-
rent or one-half of the same current when no external reactance
coils were used. Oil switches can be designed to open the eir-
cuit safely with this reduced current.

4. Duration of the transient phenomena incident to short
cirenit under conditions 1, 2, and 3.

' t
]
]
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Fic. 6.—The top trace shows the ¢ phase generator current. The middle
trace shows the pressure across the A phase oil switch breaks for
data for switch tests. The bottom trace shows the generator field
current,

A number of tests were made in which the oil switeh was kept
closed for several seconds as shown in Figures 6 and 7. These
fieures show two oscillograms taken simultaneously during a
short cireuit at 9000 volts with 6% reactance. The 25 cycle
time reference wave taken from the system varies slightly but
is sufficiently uniform to show the retardation of the generator.
The oscillograms show a retardation of 14 of a cycle in five
seconds and also that the short eircuit current reaches a con-
stant value in about two seconds. The effect of the field and
armature transients is shown elearly in the *“C’’ phase current
trace in Fig. 6, in the difference in the rate of decrease in amp-
litude of the first four eveles as compared to that of the subse-
quent cycles. A complete discussion of this point may be found
in the paper by Mr. Miles Walker on “‘The Short Circuiting of
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Large Electric Generators,”” read, in 1909, before the Institu-
tion of Electrical Engincers (England). The constant value
of the short circuit eurrent, from the oscillograms, is about 850
amperes. Full load excitation would have made this about
13,500 amperes.

5. The effect on the generator of these short circuit currents,

A careful examination of the generator was made after each
series of tests, but no effect whatever could be detected. At
the instant of short cireuit in many cases a flash was seen within
the generator. This was eaused by the volatilized parts of the
carbon brushes at the eollector rings of the field circuit, and
also by the induetion of very large eddy currents in the field
core. Figs. 4 and 6 show oscillograms of the field eurrent.
The field current at the time of short ecireuit may rise as high
as 3500 amperes due to the induction from the armature ecir-
cuit. The normal excitation at full load and unity power
factor is 380 amperes.

6. The hehavior of the reactance coils.

The coils consist of bare copper cable of 1,000,000 e¢.m. section
wound on a hollow conerete core. There are 76 turns arranged
in three layers, the inner diameter being approximately 2 ft.
9 in. and the outer diameter about 4 ft. 3 in. The coils used in
the test had an outer layer of 14 inch cord as shown in Fig. 2,
This for the purpose of preventing persons or materials coming
in contact with the conductor. The total height of the coil
structure is approximately 8 feet and the copper turns extend
over about three-fourths of this height.

The coils were originally installed 6 feet between centers
and anchored into the conerete floor and they were held in posi-
tion by 6"x6” oak beams 14 feet long across the top of the con-
crete cores. The clearance between the copper of adjacent
coils was 27 inches. The 76 turns were distributed as follows :
26 turns on the outside layer, 24 in the center and 26 turns in
the inside layer. The vertical distance between turns was 3
inches and the horizontal distance between turns was 214
inches. The diameter of the copper was approximately 1-3/16
inches.

The upper bracing was later removed and it was found that
there was absolutely no movement of the coils when short eir-
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cuit currents were flowing. The coils as built apparently have
sufficient strength to suceessfully withstand the strain of the
short ecircuits. Various pieces of brass, bolts, and structural
iron were placed in the magnetic field within 18 inches of the
coils to determine the heating. With full load eurrents through
the coils at the end of five hours all temperatures were con-
stant. It was found that there was practically no heating of
the brass or copper placed near the reactance coils. Iron bars
(1"x34") in iron sereens showed a maximum temperature rise
of 24° C. when placed 12 inches from the coils. The maximum

I i ik
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Fie, T.—The top trace shows the A phase generator current, The middle
trace shows the {ime referenc wave from the 25 cycle system. The
bottom trace shows the 9000 volt A B generator delta pressure.

temperature rise of the coils themselves was found to he 26° C.

During the test no rise in voltage on the end turns of the
coils could be deteected.

7. The effect of the installation of reactance coils on the sta-
bility of the system.

The stability of the system during cable break-downs depends
primarily on two things: Ist—steadiness of voltage, and
2nd—steadiness of speed. The use of reactance reduces the
torque on generators to such a point that the speed is not
materially affected even by short circuits on the bus. This is
shown clearly by the small retardation of the generator shown
in Fig. 3 spoken of previously. The voltage on the bus, how-
.ever, is directly dependent on the resistance of the short eir-
-cuits from the bus to the fault and back, as well as on the nature
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of the fault, and is, therefore, practically independent of the
reactance. If then the voltage drops to sueh a point that the
synchronous apparatus connected to the system feeds back suffi-
cient energy to actuate the overload relays on the substation
units, the oil switehes on these units will be opened, i. e., the
load will drop off. If the bus voltage does not reach a very
low point or if the overload relays in the substation are pro-
vided with fixed time elements which will make them inopera-
tive, short of, say one second, then the reactance in the gene-

Fia. 8. —Vector diagram to illustrate the stability of the system.

rator circuit will by the phase displacement of the current cause
the synchronizing component of the current to be greater,
thereby making the system more stable. This is illustrated in
Irig. 8 where OA represents the generator e.m.f., OB the counter
e f. of the substation unit and OC the resultant e.m.f. causing
a eross eurrent to flow. This ¢ross current with only a small
amount of reactance in the cireunit has the direction OI, lagging
behind OC by the angle «. This angle is inereased to o,
the eurrent vector then being OI,, when the reactance in the
cirenit is increased by the installation of generator reactance
coils; the greater the reactance, the greater will the angle o
be. The component of 1 in phase with the negative vector of
OB. or OB, is the energy or synchronizing current, and the in-
erease in this value from OI, to OI, due to increase of angle
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a is clearly seen. The angle f is purposely very much ex-
aggerated for sake of clearness.

Various substation units of the operating system were con-
nected to the turbo-generator under test and short cireuit
currents were then produced to note the behavior of these
substation units. For this purpose the following substation
apparatus was used: A 1000 kw. General Electrie rotary con-
verter with induction regulator, a 1000 kw. General Electrie
split-pole rotary eonverter, two 2000 kw. railway rotaries with
reactances, and one 1000 kw. frequency changer consisting of a
9000 volt 25 eyele motor driving a 60 cycle 4000 volt generator.

In these tests with a short eirecuit on all three phases at or
near the station bus bars the voltage dropped so low and re-
mained low for a sufficient time so that the overload relays on
nearly all the substation apparatus operated their oil switches.
The synchronous apparatus, except the rotary with induction
regulator, always tripped out. With a single phase short cir-
cuit between two phases of the bus bar, only the frequency
changer and the split-pole rotary converter dropped off due to
their overload relays opening the oil switches. With the short
circuit produced by an artificial fault on one phase to ground
in a short length of cable, only the split-pole rotary dropped
off. A further test was made on the rotary converter with in-
duction regulator in which the time setting of its overload relay
was inereased to a longer period than that on the switeh which
opened the eireuit containing the fault at the station, and in
these tests the converter ‘‘held on’’ throughout the disturb-
ance,

SUMMARY.

The general conclusions which are proper from a study of
the above test are as follows:

1. In order to reduce the severity of disturbances on the
svstem due to short circuits, it is desirable to have generator
reactance of approximately 8%. Where generators are de-
signed with a reactance considerably less than this, it is desir-
able to install external reactance coils of a value making the
total reactance approximately 89%.
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2. Such reactance coils will reduce the eurrent to a value
where it can be safely interrupted by properly designed oil
switches, and will keep the torque on the generator down to so
low a value that even when feeding into a short eircuit at the
bus bars there is no appreeciable lessening in speed nor is the
unit subjeeted to severe strains.

3. The use of such reactance coils tends to make the opera-
tion of the system as a whole more stable, and therefore, in-
creases the reliability of the serviece,



Mississippi River Improvement 209

GOVERNMENT IMPROVEMENT OF THE UPPER MISSIS-
SIPPI RIVER.

J. E, KavLruss, ’08.

Page upon page can be written upon the relation of the
railroads in this country to our navigable streams, a compari-
son of our inland waterway development with that of Kuropean
rivers, or, in particular, the feasibility of improving especially
the Mississippl in order that this water route may compete
suceessfully with the railroads for both freight and passenger
traffic. Our expansion has been westward, our great export
cities lie on either coast, the disposition of our resources is
primarily east and west; therefore, it is consequent that our
trunk rail-lines extend through the breadth of our common-
wealth. 'Will the north and south traffic ever be such as to
warrant the use of the Mississippi and its tributaries to suen
an extent as make their improvement imperative? What will
be the effect of the Panama Canal on our commerce? What
will be the result of a possible future Canadian reciprocity
pact on this freight transportation? A board of U. 8. engineers
has announced that a fourteen foot channel from the Great
Lakes to the Gulf of Mexico is feasible, surveys having been
made and estimates of cost given. The question arises: Will
such expensive improvement be eeconomically advisable? Up-
on this point alone, there has been eonsiderable discussion and
dissension, It is accepted that the improvement of German
rivers has been wise commercially; but the position of the
German railroads is different from that in this country. That,
even now, the river in its present condition of partial improve-
ment has a tendency to decrease the rail freight rates between
river ecities and adjacent communities seems to bhe a weighty
argument for the perfeetion of the Mississippi as a useful
waterway.

It is not the purpose of this article to dwell upon the eco-
nomies of this question, but rather to acquaint some of the
future engineers with the scope of the work of improvement.
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The national government has spent vast amounts on the im-
provement of our harbors and rivers. From the annual re-
port of the Chief of Engineers, U. S. Army, 1910, Part I, is
talken the following:

Total appropriations for rivers and harbors to June 30,

MO mscins v som simminimnee b o S A e A e LR $608,793,517.78
Amount appropriated by sundry civil act approved June

T 8,051,428.00
Amount appropriated by rivers and harbors aet approved

Tl BBy MM cacnmssommnne sus sesmrmm S A T R 41,327,238.50

which with other appropriations totals to the large sum of
$660,604,209.74. The total amount actunally expended under
the direction of the Chief of Fngineers in conneetion with
the improvement of the rivers and harbors during the fiseal
vear ending June 30, 1910, is $29,685,583. Desides which there
was an item of about $35,000.00 for the enlargement of Gov-
ernor’s Island, New York Harbor and for the removal of ice
vorges in the Ohio River. Also there was expended $191.-
263.22 contributed by states, munieipalities, corporations, and
private parties. The following estimates have been submitted
by the Chief of Engineers for the fiseal year ending June 30,
1912 .

Uhidet contiiuing Sontratts « o o cvmvwss oo s ou s $7,268,077.00

Rivers and harbors (general, including Mississippi River
Commigsion, examinations, surveys, and contingencies) 22,627,361.00

California Debris Commission (expenses) .............. - 15,000.00
Prevention of deposits in New York Harbor............. 85,260.00
TOEAT 3 58 5 500500 10 PSR e sy o b st g $30,095,698.00

which ““estimates are intended to cover only the minimum re-
quirements, ete. Of the above $22,627,361.00 practically 70
per cent is to be devoted to prosecuting work on the Ohio,
Mississippi, Detroit, Hudson, Delaware, and Columbia Rivers
and at 11 important harbors.”” These figures have heen given
with the primary purpose of showing the magnitude of the
work. Tt is ineonceivable that this worlk will soon discontinue.

There is the probability that the contemplated 14 foot channel
from Liake Michigan to the Gulf will materialize. If a channel
of that depth can be maintained at the low water stage, surely
there shall be a wonderful increase in freight traffie. Barring
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the limit of speed on inland waters, there seems to be no reason
why this new waterway will not compete very well with rail-
road traffic. The improvement may well result in a complete
success, especially sinece the Panama Canal and the possible
Canadian reciprocity may have a wholesome effect toward this
end.

Regarding the present depths of the Mississippi River it can
be said that minimum depth (in the channel) maintained in the
South Pass is now 31 feet, where formerly a few spots showed
only 9 and 13 foot depths. This improvement, at an expense
of over $8000,000 (1875-1901) has increased the mumber of
deep-draft, fully loaded steamers docking at New Orleans,
where the earnings and the business have increased, and the
freight rates decreased. Other outlets in the delta have been
similarly deepened. There is a marked decrease in the depth
of the Mississippi betweén New Orleans and St. Louis, due
largely to the ever-shifting of the channel, sedimentary de-
posits, snags, wrecks, ete. Ilowever, directly below St. Louis
an 8 foot channel is maintained to the mouth of the Ohio. The
present plan of improvement is to maintain a minimum depth
of 6 feet from St. Louis, Mo. to St. Paul, Minn. It is a notice-
able fact that wherever navigation is made better, there is a
most decided beneficial influence on the freight rates. What
effect a permanent channel of 6, 8, 10, 12, or 14 feet may have
on traffiec and rail tariff remains to be seen. Some reaches of
the river have been permanently improved to the present plans
of 6 feet depth for the Upper Mississippi and 8 or more for the
lower portion, these figures being minima. These depths will
naturally require shallow draft boats and barges. Therefore,
it may Dbe believed that the style of vessels adapted to the
river, when the water traffic warrants such investment, will be
radically different from the present kind. This in itself pre-
sents an entirely new field for development and enterprise.

There are innumerable topics in our waterway improvements
which might be discussed to a very great length. Snag boat
work, dredeing, the building of dikes or levees, shore protec-
‘tion, shifting of the river channel. eanals, locks, ete., ete., all
are interesting and instructing but it is the purpose of the
-writer to deal with the Upper Mississippi because the probable
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readers of this article are fairly well acquainted with this por-
tion of the river and because the writer has been twice in the
governmental service on this work. Therefore the remainder
shall be devoted to the actual work to a maintain a 6 foot
channel from St. Louis, Mo. to St. Paul, Minn.

The valley of the Upper Mississippi is narrow. The hills, or
bluffs, about 300 to 600 feet high, are steep and abrupt. The
minor streams when in flood bring into the river large quanti-
ties of sediment, sand, gravel, drift-wood and vegetation, alk
of which must be deposited when the flood ebbs. When the
main channel of the river washes the hills on one side of the
valley there is usually found on the other side channels called
sloughs, conneecting with the main channel by numerous eross
sloughs. Consequently, there are many islands formed, some of
which are submerged during high water. With a given dis-
charge, these various sloughs afford a large cross-sectional
area, which naturally reduces the veloeity of flow, causing rapid
deposits of all suspended matter. In other words, nature would
soon have no definite channel, but would have instead numer-
ous smaller ones, shallow, broad and with a low velocity., Nav-
igation would soon ecease under this condition, because sand
bars would form in the very channel of the river proper leaving
a depth of perhaps but a foot or two. These sand bars are
formed by the river eurrent eutting against one bank and de-
positing on the other as the stream meanders through its flood
plain. The channel is also sometimes obstructed by snags,
boulders, and ridges of rock extending across the river, form-
ing rapids, which condition ean be remedied by canals and
loeks or by cutting a elear channel in rock.

Former plang held for maintaining a channel 900 feet wide
and 6 feet deep, but the present are for a ehannel 625 feet
wide and 414 feet deep, this being ultimately increased to 6
feet. These depths refer to the low water elevation of 1864.
In the summer of 1910 the writer set gauges at all river towns
between Winona, Minnesota, and Prairie Du Chien, Wiseonsin.
Due to the abnormal drought of that year a new low water
mark has been determined for many parts of the river and the
minimum depth of the channel will be referred thereto. The
maximum draft that could be carried June 30, 1910 from the




Mississippi River Improvements 213

Missouri River to St. Paul, 658 miles, at mean low water was,
ag nearly as could be ascertained 4.5 feet. However, during
the late navigation season all river passage was practically sus-
pended as far as Winona, Minnesota on account of low water.
The existing project, for the purpose of ultimately securing
and maintaining a depth of six feet is estimated at $20,000,000
provided it ean be completed by 1927. For care and main-
tenance after completion $300,000 per annum is appropriated.

The navigation interests are important though less so than
formerly, since the lumbering industry in Minnesota and Wis-
consin is fast decreasing. The amount of freight carried in
1909 was 1,916,904 short tons valued at $25,354,524, both ton-
nage and valuation being about 25 per cent less than in 1908.
The number of ton-miles was 131,290,621, As instances of the
effect of water competition on freight rates applying to that
portion of the Mississippi River in question the following tahle
is taken from the previously mentioned Engineer’s Report:

“I'reight rates charged by rail and river from St. Louis to
several points on the upper Mississippi on classes 1. 2, 3 and 4,
western classifieation, and also from these points to Chicagoe
where no river competition exists.”’

A study of Table I, taking fourth class as an example,
will show that the steamboat rates are about 66 per cent of the
rail rates where there is water competition, but on the inland
routes to Chicago the rail rates are much greater than for the
corresponding distances along the river. Also it may be said
that the published first class rates from Quiney to St. Louis, by
rail 140 miles, is the same as that from St. Louis to a point 36
miles south, or from Chicago to a point 51 miles west. Be-
tween Burlington and St. Touis, 221 miles by rail is the same
rate as from the latter 61 miles south, or from Chicago 110
miles west. Tt is natural that river navigation has deereased
the freight rates to St. Liouis but it is very surprising that it
affects the Chicago rates. While it can not be claimed that
the river improvements have been solely responsible for these
differences and results, it is a well known fact that wherever
water competition exists, its effeet on rail rates is always bene-
ficial to the public, and ‘“that as long as this navigation is
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feasible, and largely in proportion to its feasibility, such bene-
fits will acerue even if but little river commerce is carried on.”

Tt has been the custom with the railroads along the Missis-
sippi to make special or eommodity rates on some particular
class of shipments, especially at local points and such articles
may be shipped by only one shipper at such local point, pre-
sumably with the understanding that the railroads are to get
all the business. It is also well known that the railroads strive
keenly for the north and south freight business, make much
lower rates where there is water competition, cut their rates
on ecertain commodities, and, it is said, make especially low
rates for the navigation season to be increased during the win-
ter. This latter practice was common years ago. The average
rate of floating logs down the river is 1 mill per ton-mile. The
lowest rail rate on lumber in carload lots between river points
is 6 mills per ton-mile, showing a saving of 5 mills per ton-mile,
which resulted, in 1909, in a profit or saving of $537,941 on
lumber alone. Besides such instances of actual savings, there
can be added the general saving due to the general reduction
of freicht rates on all commodities. These must aggregate to
enormous quantities and it surely seems advisable to make the
Mississippi more and more navigable.

It may then be said that the river would, if not improved,
be soon in such a condition as to have no well-defined channel
of any great depth. recalling the physical condition of the
river that its flood plain lying between steep hills on either
side is cut up into islands by the meanders, hy-passes, sloughs,
ete. If this large volume of water—and the discharge at St.
Paul is 2,000 and 85.000 cubic feet per second at low and high
water respectively—can be forced into a narrow cross-section,
its veloeity will be inereased, scouring will result, and all sus-
pended matter will be deposited outside of the main channel.
This means, then, that all the secondary channels be shut off by
means of closing dams, and that the main thread of the river
be contracted by wing dams which project out into the river.
Such a procedure would then result in shunting all water to a
confined portion and, as the old channels, sloughs, ete. are filled
with sand, silt, drift-wood, ete. due to the low velocity therein,
the given discharge at low water would form a navigable chan-
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nel during the dry seasons, If the channel is then navigable
at low water, it would obviously be more so at the higher
stages. The above is exaectly what the government is doing
and this embodies almost all the work in the Upper Mississippi.
The greater portion of the work en the Upper Mississippi con-
sists of huilding closing dams, wing dams and shore protection
to the construetion of which the remainder of this paper is de-
voted.

Projecting wing dams with deposits of sand.

During the late fall of each year, a survey is made of those
portions of the channel which have been found to hinder navi-
gation and need improvement. The surveying party in our
district consisted of the Junior Engineer, a U. 8. Surveyman, a
sounder, and four others acting as rodmen and oarsmen., Our
equipment consisted of the usual surveying instruments, i. e.,
a transit, stadia boards, skiffs, sounding pole, lead-line, ete. Our
quarters were a U. S. quarterboat which was moved down the
river as our work progressed. A cook and helper rounded out
the outfit. The first step in making the survey consisted of set-
ting out sounding stations such that a straight line connecting
two of them, one on either side of the river were at right angles
to the channel and about 300 or more feet apart. The stations
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themselves consisted of whitewashed laths nailed on an upright
stick driven into the ground at the water’s edge. These laths
were nailed so as to form Roman numerals. The even numerals
were placed consecutively, LI, IV, VI, VIII, X, II, IV, and re-
peated on the right bank of the river while the odd ones I, III,
V, 'VII, IX, I, III, and repeated were placed correspondingly
on the left bank. The sounding lines then read thus: line
ol to ofl, line olll to olV, line oV to oV, ...................
line olX to oX, line oXI to oXII, ............ ... .. line
oXXI to oXXII, due to the above repetitions. There would then
be recorded in the sounding book when the soundings were
taken “‘line 0221 to 0222,” or ‘‘line 0439 to 0440, ete., the
stations being numbered progressively as the numerals were
repeated. When a mile or so of the river had been so stationed,
a traverse was run (on magnetic azimuth) down the river and
the following points located, with rodmen on both sides of the
river:—all the sounding stations, the shore line, the shore—and
river-ends of all dams, projecting sandbars, islands, creeks,
rip-rap, or shore-protection. In taking frequent readings on
4 rodmen, 2 on each side of the river, the sounder acted as
recorder. Intersection azimuths were taken on sounding sta-
tions, visible because of white-washing, The needle was read
at every hub as a rough cheeck. The only other check that
could be employed on this traverse that did not close was the
sighting at some distant objeet, and cut off between hubs.
Following the location of these stations, points, ete., came the
sounding. A large skiff containing two or three oarsmen, the
sounder in the bow, the instrument man as recorder in the stern
was rowed at a uniform rate across the river, being lined in
on any sounding line by a flagman at one of its ends. Sound-
ings were taken every 15 seconds, the depth noted as well as
the nature of the bottom determined by the impact sound of
the steel shoe at the end of the 16 foot sounding pole. For
depths greater than 16 feet, occasionally encountered a 30 foot
lead line was used. Unless the weather was exceedingly rough,
about 1 mile of river was completely surveyed in a day. The
work then consisted of putting out sounding stations, locating
them, the dams, the water’s edge, crecks, islands, ete., and
sounding the river between stations. Besides this, a log of
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the day’s work was kept, with the weather, temperature, and
stage of water noted, the last being very important. The stage
of the water is the height of the water above low water, so
that it has a marked effeet on the depth of water reduced to
low water stage. It might also be stated that notes regarding
the condition of dams, rip-rap, creeks, islands, bars, were
taken, where they might possibly have some bearing on the
need of early improvement.

During the winter, the field notes are plotted, a map is made
showing the shore-line, sloughs, bars, dams, rip-rap, and sound-
ings at a given stage. There can then be drawn lines similar
to contours but with plane of the low water (of 1864) elevation
as the datum. Or, it can be seen where the depth of the chan-
nel at its gpecified width is less than the required minimum.
FFrom this data then it can be decided where new dams must
be built, old dams extended or repaired, new shore protection
to be put in, old shore protection to be repaired, all with the
view to forcing water into the proper place so as to scour out
and maintain the proper navigable depth at low water stage.
The entire river and its main tributaries has been mapped,
placed on consecutively numbered sheets, ‘‘miled,”” all islands
numbered, all dams numbered, and all shore protection num-
bered. These maps are very complete and in themselves con-
stitute volume upon volume.

(To be continued.)
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A BRIEF DISCUSSION OF THE FOURTI DIMENSION.

FrED R. ZIMMERMAN, 12,

One of the subjects which is constantly arising is that of
““the fourth dimension,”” and for this reason a general sum-
mary of the principles involved in the term would not only be
instructive but also of considerable interest to the majority
of the readers of this magazine. Although there are several
works upon the subject, yet they are either of too great a
length or too technical in their scope to be of any practical
assistance in explaining an expression which, if not understood,
possesses for the average person some mysterious meaning,
and indeed proves upon examination to be fully as curious a
topic as one would expect. The writer wishes neither to
disceredit nor prove the statements contained in this artiele,
but desires rather to present to the reader for his consideration
the discussions of others along this line.

The reasons for the existence of the expression, ‘‘the fourth
dimension’’ are so numerous that one is impressed not so mueh
with its unusualness, but rather with the fact that some rela-
tion, which we must never allow to lead us into absurdities,
connects the various ideas. One of the most common of these
terms involving the fourth power of a dimension is the moment
of inertia used in mechanics, but just as this is derived from
the mathematical conception so we find the best analysis in
the pure mathematies, where the subjeect, being speculative
rather than practical, naturally belongs. Indeed the ‘‘fourth
dimension’’ has rightly been called the play-ground of mathe-
maties, and one of the great mathematicians of history was so
misled by its possibilities as to explain the deceptions practiced
by the tricksters of the time with the employment of its aid.
We will see how these relations could so easily delude one as
to beeome almost ludricous by proceeding to its explanation.

Everyone is familiar with the faet that two lines can be
perpendicular to each other, and proceeding to the next higher
order we are also aware that the same is true of three lines.
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At this point, however, we must hesitate before saying that
four lines can be mutually perpendicular, because our percep-
tions are limited entirely to the three dimensions of the phys-
ical universe. Still, if there were another direction which we
will eall the w direction, for convenience, although we are not
able to understand it any mere than we are able to visualize
V—1 or even a negative quantity, could this relation not actu-
ally exist? That is, we know that if we have one dimension
or a line along which to measure distance from an origin, a
point is located on this line by the equation:

2=
In the same manner a line is located in a surface or two di-
mensional system of ordinates by the equation:

ax - hy =e¢,
and a surface is located in a three dimensional or volume sys-
tem of ordinates by the equation:
ax + by +ecz=d.
However the equation : .
ax -+ by -}- ez |- dw =,

expresses a relation or locus of points just as truly as the pre-
vious equations, and analogy at once suggests that although
non-existent in the sense in which we understand it, yet
analytically a hypothetical or w direction can be employed to
take care of this case. Nor is it necessary, if dealing with the
next higher power equations, to stop with the fourth dimen-
sion, but one may consider the fifth and so on to infinity; the
difficulty being that the possibilities and relations increase at
such a rate as to render it almost impossible save for the mathe-
matical genius to be familiar with any but those of the ordi-
nary three dimensional system. Another conception is em-
bodied in the following analogies: in the case of two similar
triangles, abe (Ifig. 1), and a'b’¢’ although similar and equal,
no movement of these triangles in the plane of the paper itself
can cause them to be coincident. However, if abe is revolved
about the line ab through a third dimension the two can be
made entirely coincident, and in the same manner, if we can
conceive of such an idea, in order to make the tetrahedron
ABCD (Fig. 2), coincident with A’'B'C'IY, it has but to be re-
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volved about the surface ABC, similarly as the triangle abe
was revolved about the line ab. Thus it is apparent that al-
though the right glove is similar to the left, yet in order to
make it the same as the left it is only necessary to revolve it
through a fourth dimension, or actually turning it inside out,

b

¢ a g c

Fig.1
which has been variously explained as a method of revolving
solids through the fourth dimension. Just how this revolving
or developing takes place, however, is beyond the scope of this
article, yet a glance at a few of the physical possibilities is
very entertaining. Thus a person could tell exactly how he
would look after having been revolved through the fourth
dimension by glancing in the mirror. If, for example, a flat or
two dimensional world peopled by two dimensional beings

qu, I

could exist, any movement in this world would be limited to
two directions, and a three dimensional object would appear
flat to a two dimensional being; while in a similar manner it
is apparent that in a universe such as ours a four dimensional
object would be visible or perceptible to us as a solid. In
other words, the striking result is obtained that just as a sur-
face is the projection of a three dimensional objeet, so a solid



222 The Wisconsin Engineer

of our universe may be the projection of a four dimensional
object, while in order to reconvert many similar objects such
as the right hand to the left, we have but to revolve them
through the fourth dimension. It is not to be wondered at.
that the juggler and spiritualist are able to give a pleasing
explanation of their deceptions, such as passing a ball through
the eye of a needle, by the use of the fourth dimension. In fact
one investigator of the subject was so impressed with its pos-
sibilities as to even hint at the idea that birth might be the
unfolding from a two dimensional existence and death a still
further unfolding to a fourth dimensional existence.

In conclusion, however, the fourth dimension may be said
to exist only in the analytical or mathematical conception, for
so far as we are concerned all that we know is limited to the
spatial or materialistic universe, and for this reason no one
can either prove or disprove its existence. Nevertheless, this.
does not prevent our working with it and developing relations
which might even lead to important discoveries, and we eannot,
in trying to imagine its existence, help wondering whether,
after all, the trouble is not really with ourselves.
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OILS AND OIL TESTING.

CHARLES A, MANN.
Instructor in Chemical Engineering.

The word oil generally means to an engineer a substance
which he can use as a lubricant or at most as a fuel. When
we consider that Germany alone exports 314,000 kilos of es-
sential oils valued at 5,179 million marks ' and that the import
of linseed oil into the United States in 1890 was valued at
14,000,000 dollars * to say nothing of other oils of this class,
we must agree that lubricating and fuel oils make up only a
small part of the oils to be considered by the engineer. It
seems natural at first for an engineer to think of lubricating
and fuel oils as being the only oils of importance; but there is
little question that it is worth while to know something of
other kinds of oils since in finding new methods of production
and new uses for the oils there is a wide field for engineers.

Oils can be classified in various ways: aceording to their
method of production, their constituents, their uses. The lat-
ter classifieation seems most satisfactory. Oils are therefore
lubricating oils, fuel oils, edible oils, essential oils, and a few
others which we may call miscellaneous oils. Lubricating oils
are those used to overcome friction in bearing parts and are
either simple or compound. Liard and petroleum oils are ex-
amples of the first kind and eylinder oils are examples of the
second kind. Of the fuel oils there are the petroleum produets,
which are the only ones produced cheaply enough so that they
can be considered as fuels. Among the edible oils are the
olive oil, cotton-seed oil and cocoanut oil. The essential oils,
some of which are einnamon, anise, rose and mint, are used in
confections and perfumes. Miscellaneous oils are those which
do not rightly come under any of these heads; among these

1 Schim. & Co. Semi-Ann. Report for Oct. 1911, p. 7.
2U. 8. Census Report 1891.
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oils are paint vehieles, drying oils and oils used in medicines,
such as Dippel’s oil.

Many methods are used for the production of oils, but they
can be classified as follows: compression, extraction, distilla-
tion, maceration and enfleuration. Some oils which oceur nat-
urally, like turpentine and petrolenm oils, do not need any
speeial method of production, but only need to be purified.
A large number of oils are obtained by compression by means
of apparatus and machinery suited to the oil in question. Some
lubricating oils, fuel oils and many edible and essential oils
are produced in this way. When an oil is soluble in benzine,
cther, or carbon di-sulphide, it is extracted by solution. These
solvents are insoluble in water, do not harm the oils, and are
easily evaporated leaving the oil almost pure. The extraction
method is generally applied to edible and essential oils. DBy
distillation of petroleum most of the fuel oils are obtained as
well as the lubrieating, essential, and a few edible oils. Since
volatile, or essential, oils are easily broken up by heat, these
oils are distilled with steam, which, in lowering the combined
vapour pressures, lowers the temperature of distillation. Some
oils are macerated with water when the broken plant cells
give up their oil, whieh rises to the top and ecan be skimmed
off. As inferred, this method is used for vegetable oils, which
largely comprise the edible and essential oils. The enfleurage
method belongs exelusively to the production of essential oils.
In this method flower petals are strewn on lawyers of pure
-eold lard, which takes the odoriferous prineipal from the flow-
ers, and this is then extraeted from the lard by solvents which
are easily evaporated.

In most of the above methods of production the apparatus
and machinery used are still quite erude and inefficient. Here
is a chance for an engineer of broad knowledge to improve
this machinery and to overcome these various difficulties of
production. Besides this, more uses in engineering lines for
all oils ought to be found. In the Schimmel & Co., Semi. Ann.
Eeport for October, 1911, p. 49, is a statement that the Barrier
Mines of Australia use ten tons of essential oil of eucalyptus
monthly for preparing sulphides of lead and zine, a method
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which recovers ninety-five per cent of the gold and silver. The
problem of lubrication of aeroplanes, which require a constant
viseosity over a great range of temperature, needs some further
investigation. Many other problems offer themselves, and if
the engineer wishes to solve them he must know something
about the testing of oils.

Eaeh class of oils has its specific tests, but a few of these
tests are common to a number of classes. The specific gravity
of all oils is important because the specific gravity of an oil
Is constant within small limits. Any adulterant, such as in-
ferior oil, is likely to ehange this property in one direction
or another. This change can be determined by means of a
pyenometer, hydrometer or a Westphal specific gravity bottle.
Sometimes it is possible to keep the specific gravity of an oil
unchanged even though it is adulterated, and in this case this
test must be supplemented by some other more specific test.
For lubricating oils one of these tests is the viscosity which is
distinetive to this elass of oils. Sinee the viscosity is a measure
of the body of an oil it is of great importance. One way of de-
termination is by the rate of flow of an oil through a standard
orifice at a definite temperature. The standard apparatus
used is the Tagliabue Viscosometer. Even this test is not con-
clusive, as an oil containing suspended particles has its vis-
cosity decreased. Some lubricating ecompositions depend on
this principle. The other tests common to lubricating and
fuel oils are the flash, fire, evaporation, acidity, and chill tests,
and sometimes a speecial friction test. Of greatest importance
is the determination of heating value with fuel oils which is
made in a Mihler bomb.

In the case of edible oils il is necessary to know the quanti-
ties and kinds of constitutents which are good for food and
those substances which may be adulterants which are harmful
to the human system. Let it suffice to say without going into
the methods, that besides the common test of specific gravity,
the tests made are viscosity, acidity, Koettstorfer value of a
measure of the amounts of fatty acids, Reichert-Meissl value
or the volatile fatty acids, the Polenske value or the amount of
soluble acids, the Hehner value or the insoluble fatty acids,



226 The Wisconsin Engineer

the iodine number or measure of unsaturated compounds,
acetyl value or a measure of the hydroxyl groups and index of
refraction with a special apparatus, the butyrometer.

Npeeifications for essential oils usually give the specific grav-
ity, index of refraction, angle of rotation and saponification
numbers. Special tests are then made for definite oder pro-
ducing compounds like menthol, an aleohol in pepperment oils
and ecitral, an aldehyde in lemon oil. Adulterants are then de-
teeted by comparison of these results with those obtained from
a standard oil whose properties are generally quite constant.
For miscellaneous oils very specialized tests are made, as the
uses of these oils are very limited.

In order that the engineer may be more fitted to improve
the machinery for the produetion of these oils it is first neeces-
sary to know the nature of substances with which he is deal-
ing. 1If he is then acquainted with a few of the properties of
the oils, their source and uses, he ean better decide on the es-
sential materials, and the shapes and forms of the apparatus
and machinery required for their production. Besides this,
the planning of the buildings for the economical production,
transportation and storing of these materials offers many other
opportunities for the engineer.
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MINING AND METALLURGICAL LABORATORIES AT
WISCONSIN.

Epwix C. HovLbex,
Professor of Mining and Metallurgy.

The Department of Mining and Metallurgy at the University
of Wisconsin was provided with a building of its own two
Yyears ago. The building was formerly the power plant of the
University, and was therefore, in some essentials, a make-shift
for laboratory purposes. It presented, however, certain ad-
vantages: it was practically fire-proof; it allowed of thirty-five
feet of head room; by running a second concrete floor half
through, it provided ten thousand square feet of floor space,
and with it the department inherited a sixty-foot stack of gen-
erous flue area. About the base of this stack the assay and
metallurgical furnaces naturally congregated, and there has
been no resultant draft problem, except that of throttling,.

The assay laboratory, which has been in commission over a
year, using the western type of double-muffle tile furnaces and
brick wind furnaces with coal fuel, is now being enlarged and
equipped with a battery of gas and gasoline furnaces. The
gas furnaces are run by city gas, with an air blast supplied by
a Root blower. The gasoline furnaces are fed from reservoirs
located for safety in an underground vault outside the building
and below the furnace floor level. The feed pressure is ob-
tained from an air compressor in the ore dressing laboratory
:and it is carried to a maximum of eighty pounds.

In the metallurgical equipment a special type or reverbera-
tory furnace for smelting tests, a small high temperature kiln
for clay testing, and accessory apparatus, pyrometers, étc., are
‘being installed. When a crude oil burner and a producer plant
-are added to this equipment next year, all types of metallur-
‘gical fuels will be in use, the electric furnace being already
‘widely used by the Chemical Engineering Department.
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Most educational laboratories are now more or less standard--
ized in their equipment and general arrangement. It is difficult
to conceive, for instance, ol a radical departure in the design
ol a chemical laboratory which would still be efficient. Assay
laboratories also partake largely of this character, and there
are only three or four general arrangements of assay labora-
tories conceivable which are at once convenient and workable;

Assay furnace room, Universily of Wisconsin,

but the laboratory methods of teaching such applied subjects as.
metallurgy and ore dressing vary so widely that if a tourist un-
familiar with these subjects should visit all of the mining
schools in the United States, he would probably require at
many of them to be told when he was in the mining labora-
tories, so slight is the resemblance between them.

In the metallurgical laboratories a few schools have full
fledged Dblast smelting equipment, which is either not used at
all, or is run at unjustifiable expense for a day or two each
vear in a vain attempt to reproduce the conditions of actual
practice. Such instruction can well be left for inspeetion trips
to smelting works. On the other hand, it is to be feared that.
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many metallurgical graduates have been introduced to a pyro-
meter only on the blackboard.

Ore dressing laboratories show possibly greater diversity.
They vary from the spectacular ‘“‘model mill’’ to a modest
equipment of hand and laboratory machines, and it may safely
be said that those approaching the latter type usually show
more indication of active use and pedagogic value than the
former.

We do not say all this as a preamble to introduce a perfect
solution of the laboratory problem at Wisconsin, for a thor-
oughly commendable mining laboratory cannot be created; it
must grow, and growth takes time. '

As to our crushing equipment, ore, as reeeived at the Univer-
sity, is rarely in lumps larger than six inches, and the crushing
problem is simple. The coarsest crusher is a 7x10 inch jaw
crusher of the Dodge type. The discharge from this erusher
runs into an ore car and is either trammed to the storage bins
or to a cage where it is elevated twenty-five feet to a Tulloclk
feeder. By means of adjustable spouts this feeder can be made
to deliver to a train of small trommels or to any of the jigs,
classifiers, or other machines. The sized ore is returned to stor-
age bins, or erushed further, as desired, in machines of labora-
tory size.

There is no novelty about the fine ecrushing equipment. Jaw
and gyratory crushers, rolls, dise grinders, bueking boards, ete.,
are provided at present, and other types are to be added. The
crushing and grinding machines, ore bins, sampling floor and
hand sereens are all located in one room, where it is intended
to segregate all dust-producing operations. The machines re-
ceive their power from a line shaft driven by a motor in an ad-
joining room.

A two-stamp battery of 850 pounds stamps, with a suspended
Challenge feeder, completes the present erushing equipment.
The mortar is of the triple discharge tvpe, but will usually be
run with the side discharges closed. This design is a compro-
mise between the five-stamp mill and the small laboratory types
in order to get the tonnage within laboratory limits and yet use
stamps of commercial size. Tt will be used for amalgamation
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Ore dressing laboratory wunder construction, University of Wisconsin,
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tests and for the production of pulp for eyanide treatment.
The eyanide equipment has not yet been installed.

Physical principles may be demonstrated on a minute, a lah-
oratory scale, and, while it is true that there are several ex-
cellent devices on the market for demonstrating certain ore
dressing prineiples, this portion of the laboratory, to be com-
plete, will require much home-made, or original apparatus.
This section of our laboratory ineludes three Vezin jigs, three
Munroe slime tables, nine glass tubular classifiers, a Jarvis jig,
pans, sieves, ete. The home-made portion is not yet sufficiently
advanced to justify deseription.

If the objeet of the laboratory is solely pedagogie, the equip-
ment might well stop with the installation of these hand or
very small power machines, but if it is to be of serviee directly
to an adjacent mining community, or if it is to do ore testing
or research work which ean be literally applied, it must be
very muech more, and here i1s where the “‘“model mill”" tempta-
tion enters.

Ten to fifteen years ago a number of large silver-lead con-
centrators were built in the Northwest by designers who, in
some cases, had never troubled themselves to look at a piece of
the ore they were to treat. It was much easier to simply alter
a stock set of plans to fit the topography and tonnage proposed
in each case. This unfaltering confidence in the efficiency of
their original design borders on the sublime, it is true, but today
few ore dressing experts are willing to trust ore dressing the-
ory per se, or the analogy of one eamp to another so far as to
design a large plant solely on that basis. Thus we find that all
the important porphyry copper installations in recent years
have been decided only after large tonnages have been treated
on a commereial seale in experimental mills built for the pur-
pose.

This conservatisin has had much to justify it. The success-
ful treatment of these low grade, finely disseminated copper
sulphide ores may almost be said to have marked an epoch
in the development of ore dressing practice, and it required
caution. The test mill method not only gave reliable data on
the concentrating efficiency, whieh can also be obtained in a
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well equipped laboratory, but it further determined such vital
commercial factors as the relative power, maintenance and re-
pair costs of different kinds of equipment, items which are be-
yond the provinee of laboratory experimentation. This limita-
tion, however, does not seriously affeet the practical usefulness
of the laboratory, because it should not be necessary to deter-
mine these factors more than once for any given texture of
ore, and data applicable to almost any conditions can now be
found in technieal literature, official reports and the experience
of experts, to serve as a guide in making these cost estimates.

The other factor, concentrating efficiency, is almost invar-
ably the most diffieult and most important to determine.

[t is unthinkable that the art of ore dressing should con-
tinue indefinitely so unsecientifie in application that whenever
a thousand or a five thousand ton concentrating plant is to be
designed, a test mill of at least one-tenth the size of the pro-
posed plant must first be built and operated for a long period
before the final specifications ean be safely drawn. We have
said that it should be within the province of a well equipped
ore dressing laboratory to determine concentrating efficiency.
In actual praectice unavoidable imperfeetions in the construe-
tion and operation of most machines are such important fac-
tors in modifying theoretical, ideal conditions, that quantita-
tive and even qualitative results ean be accurately predicted
only after making tests on machines which really duplicate
practice. This requires the introduction of full-seale machines
into the laboratory, and to this extent the ‘‘model mill’’ idea
stands justified.

It is for these reasons that, despite the preciousness of floor
space, the main ore dressing laboratory at Wisconsin contains
a full-sized Johnston vanner, a No. 6 Wilfley table and a Hartz
jig, together with a Riehards pulsator jig and elassifier and a
Richards-Janney classifier of commercial size. The finished
products from these machines are sampled, then re-combined,
elevated by centrifugal pumps, dewatered in a series of three-,
five-, and eight-foot Callow tanks, and returned for treatment,
so that with a few hundred pounds of ore the operation of these
large machines can be studied indefinitely. If it is desired to
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test an ore, rather than study the adjustments of the appa-
ratus, these machines can each be run and sampled separately,
or the eclassifier products ean be run directly to the table or
vanner or settling tanks for further treatment. This is as near
as the laboratory comes to indulging in a flow sheet.

To handle the entire operation of course, fine and slime con-
centration in one continuous proeess, as is done in commereial
plants, is not the tunction of a laboratory, and defeats both its
educational and analytical objects.

The launders are of No. 16 galvanized iron of U eross-seetion,
telescoped together and elamped in eight-foot lengths, with
drop boxes where turns are necessary. They form a simple,
flexible, water-tight system.

TPower is supplied by the electrie laboratories to two 9 and
one 5 H. P. variable speed motors, and where special flexibility
ig desired countershafts with cone pulley drives are used. The
ideal system, of course, would be individual motor machines,
but this is a luxury that in many cases would double the cost
of equipment. :

Our mining and metallurgical laboratories are still incom-
plete, but a good start has been made, and we hope in the not
very distant future they may not only prove effective edueca-
tional equipment but be of direct benefit to the mineral in-
dustry of this and other states. The co-operation of our en-
gineering alumni is invited to attain this result,
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AN INVESTIGATION OF THE AIR LIFT PUMPD.

A newly issued number of the University Bulletin is ““An
Investigation of the Air Lift Pump,”” by Professor G. J. Davis,
Jr., and Mr. C. R. Weidner. Though the air life method of
raising liquids has been known for over a century and is now
quite extensively used, very little data has been available to the
engineer in private practice. The experiments discussed in this
bulletin present such data from tests on pumps of commereial
size and of various types.

In the air lift pump, compressed air is admitted at the lower
end of an eduetion pipe submerged in the liguid to be pumped.
The air thus introduced first forces out the column of fluid in
the pipe. Subsequently the air enters the pipe in a series of
bubbles which aect as air pistons, lifting the liquid to the top
of the pipe. Under the usual working conditions the air bub-
ble does not entirely fill the cross-section of the pipe, causing
a considerable loss due to the slip of the liquid past the bubble.

The air lift pump has a number of disadvantages, the prin-
cipal ones being its low efficiency, the great depth of submer-
genee required, and its poor adaptability to continuous requir-
ing the discharge to be conveyved great horizontal distances,
It possesses, however, many features which give it great ad-
vantages over other types of pumps. Its prineipal claim to
superiority lies in its large capaecity. When econditions are
suitable for its installation, an air lift pump will discharge
nmore liquid from a well of small bore than will any other type.
Its low maintenance cost, due to simplieity, its adaptability to
pumping dirty, sandy water, sewage, and corrosive liquids
whieh would quickly ruin the delicate and expensive parts of a
mechanical pump, its low operating cost, its adaptability to the
pumping of liquids of high temperature, and its reliability are
other considerable advantages.

The Wisconsin experiments consisted of 608 tests, compris-
ing variations in percentage of submergence, lift, discharge,
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volume of air, and pressure of air in each of several sizes and
types of pump, as well as in the tail piece, eduction pipe and
other appurtenances. The conclusions have been summarized
under twelve heads, the more important of which are:

The length of pump and the percentage of submergence re-
maining constant, a definite quantity of air causes the maxi-
mum discharge. This quantity of air for maximum discharge,
as well as the ratio of volume of air to volume of water, differs
for different percentages of submergence and lift, the length of
the pump remaining constant.

The length of pump remaining constant, the maximum out-
put occurs at about the same percentage of submergence for
all rates of air consumption, or about 65 per cent for the pump
used in the Wisconsin experiments.

The length and the percentage of submergence remaining
constant, the cfficiency increases as the rate of pumping de-
creases.

The lift remaining constant, the efficiency increases as the
pereent of submergence increases.

A diverging outlet which will conserve the kinetic energy of
the veloeity head increases the efficiency.
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EDITORIAL.

Before the next issue of the WiscoNsin ENGINEER appears, it
is probable that the Wisconsin Engineering Journal Associa-
tion will have been incorporated under the laws of the State of
Wisconsin. It will be a close corporation, not organized for
profit; accordingly there will be no shares to market or dis-
tribute, and the student editors and managers will be remu-
nerated from the profits in such a form that they will appear as
paid employes of the corporation. The paper will remain the
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students’ property; the responsibility of conducting it will be
lessened only in so far as the advisory faculty committee may
offer suggestions and tender advice from time to time. We
appeal at this time to students to show their interest in this
quite valuable asset both by contributions and by distribution
of information of its character and purposes. The Alumni have
proved ready to supply articles and material, the faculty is al-
ways willing to help, but it is to the students that we must look
for expression of ideas, and perhaps in a lessor degree for
technical material, il the magazine is to serve usefully the Col-
lege of Engineering.
e B %

In this issue we have attempted to present the students’ point
of view of various matters, Several students have responded
to our informal request and contributed editorial matter which
we gladly submit. We hope that we may receive for every
issue just such suggestions as are presented below.

An artiele by Mr. Zimmerman, '12, presents most interesting
ideas on the fourth dimension. The eomposition of such an
article is the best possible practice for engineering students,
and we cordially invite the presentation for publication of such
artieles.

* 3 3

Nearly every student at one time or another during his eol-
lege course honestly believes that he has so much work to do
that he ean accomplish better results by doing a smaller
amount, more thoroughly. Especially is this true of the stu-
dents in the engineering courses. Again the complaint is fre-
quently heard that one is hampered from engaging in other
student activities because of the quantity of work, and hence
is misging many of the acknowledged valuable advantages of
an eduecation. The problem in both instances, however, re-
solves itself into the same old, matter-of-fact proposition of
efficiency. Are the wastes excessive, and is the output for a
given input of time reasonable? Ability, of course, depends to
a certain extent on the individual, but the average person is
apt to rate his capacity far too low, and like the steam engine
is working at a very much decreased efficiency when operating



238 The Wisconsin Engineer

below this limit. The greatest losses, however, are attributable
to the direct wastes, and it is common experience that time
is no exception to these effects. Therefore instead of finding
fault with the courses, let the effort rather be made to see how
efficiently time can be spent, and there is hardly any question
but that if this is done time will be available to every one to
profit by the numerous opportunities offered in other things.

EXAMINATIONS.

Examinations, the dragon which terrorizes the otherwise
Utopian existence of college life, are not so long past as to be
entirely forgotten. We still hear eries of favoritism, graft, un-
fairness, and disadvantage. Much of this we know to be un-
true; we realize fully that the ill-prepared students have failed
to survive the erucial ordeal. But whenever there is so much
smoke we believe there must be some spark of fire.

It is not our purpose to criticize examinations or examiners.
‘We believe that both are necessary. They act as a spur of en-
couragement to the casy-going student of undeveloped deter-
mination and as a check to the incapable student who might
otherwise pass undetected and be fostered upon the engineer-
ing profession.

It is our purpose to eriticize the amount of stress laid upon
examinations. But we do believe that there exists a peculiar
difference in the mental equipment of students which gives to
the one a good memory for the theoretical and to another a
good reasoning power, but a poor memory. We know that it
takes longer to reason than to repeat. We believe that the
reasoning student will be just as valuable to the profession as
the man who has the linguistic powers of a parrot. - For this
reason we advocate that ample time be given, in every examina-
tion, to reason: that the work of a five-fifths course and a two-
fifths course should not each be crowded into a two-hour ex-
amination,

While not attempting to formulate any theories of pedagogy,
we believe that a weight of one-third is sufficient to give an ex-
amination. Surely the class work and daily exercises, if prop-
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erly studied and analyzed by the instructor, should be a eri-
terion worth sixty-seven per cent in the estimate of a student’s
ability. These prineiples are not new. They have been tried
and used in many places and courses and found perfect. They
are not used in all of our courses here. Is it lack of interest,
carelessness or incapability that results in many of the ‘‘gen-
eral guesses’’ that are made at a man’s ability?
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DEPARTMENT NOTES.
DEPARTMENT OF TOPCGRAPIIC ENGINEERING.

The Topographic Department report the placing of an order
for a new eight-inch repeating theodolite with Bausch Lomb
Company. The instrument has specially designed level vials
and a six-inch vertical circle read by double opposite verniers
to twenty seconds. The horizontal circles are read directly to
ten seconds and by estimation to five seconds. This instru-
ment will be ready for delivery April first, in time for the
astronomical and geodetic field work of Course T. E. 5.

#® % %

The City Planning course offered as an elective the second
semester by Professor Smith has been changed from a two
ceredit to a three eredit course. The course as so arranged will
require two meetings of the class each week and three hours
spent in the library.

The subjects to be discussed are, the organization of a City
Engineer’s office, the City Engineer—his status and legal du-
ties, the planning of a city, surveying and mapping a city, the

law and usage governing city surveys.
£ * *

LECTURES.

Mr. C. E. Pickard, '75, of the patent law firm of Bond,
Adams, Pickard & Jackson of Chicago, as announced in our
last issue, lectured to engineering students in the engineering
auditorium on Jan. 5th on the subjeet of ‘‘Patents.”” From the
non-technical way in which it was presented the lecture proved
exceedingly interesting as well as instructive.

B3 * *

Prof. Charles IFrancis Ilarding, Professor of Electrical En-
gineering at Purdue University, gave a most interesting lec-
ture on ““The Electrification of Trunk Lines’’ in the auditorium
of the Engineering building on Monday, Jan. 15th.
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After pointing out the shortcomings of steam operation, from
the financial as well as the operating standpoint, he specified
the advantages that would be gained by electrification, justify-
ing his arguments by facts and figures from electrie installa-
tions that have stood the test of practice, notably that of the
N.Y, N I & H. R. R. out of New York City.

As Prof. Harding is an authority in this line, we cannot over-
look his opinion that, within certain limitations, electrification
is the best solution of the traction and operating problems con-
fronting our transportation companies today.

* 3% #*

Three lectures are scheduled for the month of February.
H. P. Howland, ’03, Superintendent of Blast Furnaces, Wiscon-
sin Steel Co., South Chicago, will give an illustrated lecture on
Blast Furnace Practice.

Mr. E. R. Townsend, consulting engineer for the Western
Union of Fire Underwriters, will present the following topies:

1. Fire Protection Engineering,

2. A Technical Discussion of the KFire Underwriters Elee-
trical Requirements.
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ALUMNI NOTES.

Last year’s graduates in mechanical engineering, while lo-
cated for the greater part in the neighborhood of their home
state, are well distributed as regards their particular line of
work. Thus we find

I A. C'hristie and R. C. Phipps are with the Raymond Con-
crete Pile (o, manufacturers of an extensively used patented
reinforeed conerete pile, Chicago, T11.

IT. W. Edmund is located at Aurora, Ill., with the United
Gas & Eleetrie Co.

l.. L. Hebberd is with the Illinois Steel Clo. at their plant at
South Chicago, Il

R. Holverschied is with the Barker Coal Co., at Hinsdale, Il

R. 8. Hoyt is loeated at Monroe, Wis., with the Invineible
Electrie Bank Protector Co.

K. L. Kraatz is with the Wausau Foundry & Machine Shop
at Wausau, Wis.

J. S, Langwill is located at Roekford, Tl1., with the Rockford
Tool Works.

AL MeArthur is located at Superior, Wis., with Whitney Bros.

J. D. Meliean is a member of the Government foree at the
Forest Produets Laboratory, Madison, Wis.

[3. I1. Muller is in the testing department of the Milwaukee
Eleetrie Railway & Light Co.

W. H. PPugh is with the W. H. Pugh Coal Co. at Racine, Wis.

A. (', Sladkey is superintendent for the National Enameling
Worlks at Milwaukee,

G. 1. Steudel 1s with the A, O. Smith Co., at Milwaukee, Wis.

N. (. Sweet has found employment with the large excavat-
ing machinery concern, the Bueyrus Co., at South Milwaukee,
Wis.

R. D. Watson is employed in an engineering capacity with
the Webster Mfg. Co., at Tifflin, O.
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A. A. Wegner has affiliated himself with the Chain Belt Co.,
manufacturers of conveying machinery, at Milwaukee, Wis.

The 1911 graduates in mining engineering seem to have been
uniformly successful in finding affiliations with concerns in
their chosen line of work.

We note that L. G. Bonesteel and H. E. Schmidt are in the
Minnesota iron district, the former with the Great Northern
Iron Ore Properties at Bovey, and the latter as assistant en-
gineer with the Oliver Iron Mining Clo. at Ilibbing.

From Wallace, Idaho, we hear that C. A. Fay is assistant en-
gineer with the Federal Lead Co.

A. . Robinson we find at Livingston, Mont. engaged as a
mining engineer.

Do M. Grant is at Crystal Falls, Mich., with E. J. Longyear
Co.

W. G. Pearsall, editor of the WiscoxsiN ExXGINEER during the
year 1911, is a graduate student in the departiment of geology.
O

Mr. Earl C. Bracken, 09, was married Dec. 31, 1911, to Miss
Kdna Hillstrom of Chicago. Mr. Bracken is with the Publicity
Department of the Universal Portland Cement Co. Mr. and
Mrs. Bracken will reside at 139 Vernon Ave., Chiecago.

A number of our Alumni are rendering a service to the en-
gineering profession through their work in technical journal-
ism. They are:

F. E. Sehmitt, 00, (". E. 04, Associate Editor ‘‘Engincering
News,”” New York City.

H. W. Young, 02, Editor ‘“‘Popular Eleectricity,”” 100 Lake
Street, Chicago, 111.

Edward Wray, 05, E. E. "06, President Wray Publishing Clo.,
106 N. La Salle Street, Chicago. 11,

E. T. Howson, ’06, Civil Engineering Editor ‘‘Railway Age
Gazette,”” 417 S. Dearborn Street, Chicago, 111,

R. J. Hordacker, 06, Technical Copy Writer, Western Elee-
triec Co., 463 West Street, New York City,

0. W. Middleton, 07. Associate Editor ‘‘Railway Master
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Mechanie,”” The Railway List Co., 431 S. Dearborn Street, Chi-
cago, Il

J. D. Sargent, '07, in the Editorial Department ‘‘St. Paul
Despateh,”” St. Paul, Minn.

C. H. Kypke, '09, Field Manager for the Roach-Fowler Pub-
lishing Co., Kansas City, Mo.

Kennth I.. Van Auken, ’09, Associate Tiditor ‘‘Railway En-
gineering and Maintenance of Waw,”” The Railway List Co.,
431 8. Dearborn Street, Chicago, 111

Ralph Birchard, 10, Manager ‘‘Railway Eleetrical En-

eineer,”” 106 N, La Salle Street, Chicago, 111

-
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THE WISCONSIN
ENGINEER

IS THE

MOST QUOTED

Technical College Publication in the Country

ADVERTISEMENTS IN ITS
PAGES BRING RESULTS

ASK FOR RATES

Kindly mention The Wisconsin Engineer when you write.
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Morgan’s

Pool and Billiards

Cverything New

Morgan Bros. 534 State

Parsons Printing and
Stationery Co.

Best Office Supplies
and Commercial Stationery

24 N. Carroll St.

THE BUCYRUS CO.

STEAM SHOVELS—DREDGES OF ALL TYPES
DRAG LINE EXCAVATORS—LOCO. PILE DRIVERS
RAILWAY WRECKING CRANES—UNLOADING PLOWS

Office and Works SO. MILWAUKEE, WISCONSIN

Kindly mention The Wisconsin Engineer when you write.




The Wisconsin Engincer

Xi

A Good Place to Meet
A Good Place to Eat

AT

Frank’s Lunch Room

Phone 887 815 Univ. Ave.

Orders Delivered

TRY US AT OUR BEST

Prom time will soon be here, and of course

you are going with that best Girl of yours,
and to be fully up to date, you must try us
at our best “Dress Suits.”

ARCHIBALD’S

228 State Street E. C. Tetzaff, Mgr.
Phone 2211 :

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

H. L. RUSSELL, Vice Prest.
IRYING E. BACKUS Asst. Cashier at Branch Bank

FRANK KESSENICH, 2d Vice Pres.

BANK OF WISCONSIN

MADISON, WISCONSIN

Capital - -

Surplus - -

- $300,000.00
- $60,000.00

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

William Owens
PLUMBER

Estimates on all
kinds of plumbing
gladly furniShed.

118 N. Pinckney Street
MADISON . . WIiSCONSIN

Pantorium Gompany

Truly a‘““House of Quality”

We are now permanently located in
our elegant new quarters at 538 State
Street, and with our many new and
modern machines, and improved and up
to date methods, are able to do the most
satisfactory cleaning, pressing tailoring.
We make both Ladies and Men’s clothes
at moderate prices.

We invite you to call and inspect our
sample lines.

Pantuiﬁﬁﬁﬁ?npany

“The House of Quality”
538 State.
Phone 1180 - Phone 1598

GRIMM’S BOOK BINDERY

Flat Opening Blank Books, Magazine Binding and Library
Work a Specialty

Fourth Floor, State Journal Block
115-123 South Carroll Street

Madison, Wis.
Telephone No. 469

Kindly mention The Wisconsin Engineer when you write.
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The University of Wisconsin

THE COLLEGE OF LETTERS AND SCIENCE offers a General Course in Liberal
Arts; a Course in Commerce; a Course in Music; a Course in Journalism, Li-
brary Training Courses in connection with the Wisconsin Library School; a
Course in Education; the Course for the Training of Teachers, and the Course
in Chemistry,

THE COLLEGE OF MECHANICS AND ENGINEERING offers courses of four years
in Mechanical Engineering, Electrical Engineering, Civil Engineering, Applied
Electro-chemistry, Chemical Engineering, and Mining Engineering,

THE COLLEGE OF LAW offers a course extending over three years, which leads
to the degree of Bachelor of Laws and which entitles graduates to admission
to the Supreme Court of the state without examination,

THE COLLEGE OF AGRICULTURE offers (1) a course of four years in Agricul-
ture; (2) a course of two years; (3) a short course of one or two years in Agri-
culture; (4) a Dairy Course; (5) a Farmers' Course; (6) a course in Home Econ-
omics, of four years. ’

THE COLLEGE OF MEDICINE offers a course of two years in Pre-clinical Medical
Work, the equivalent of the first two years of the Standard Medical Course.
After the successful completion of the two years' course in the College of Medi-
cine, students can finish their medical studies in any medical school in two years.

THE GRADUATE SCHQOL offers courses of advanced instruction in all departments
of the University.

THE UNIVERSITY EXTENSION DIVISION embraces the departments of Corres-
pondence-Study, of Debating and Public Discussion, of Lectures and Informa-
tion and general welfare. A municipal reference bureau, which is at the service
of the people of the state is maintained, also a traveling Tuberculosis IZxhibit
and vocational institutes and conferences are held under these auspices.

SPEGIAL GOURSES IN THE COLLEGE OF LETTERS AND SCIENCE

THE COURSE IN COMMERCE, which extends over four years, is designed for the
training of young men who desire to enter upon business careers.

THE COURSES IN PIHARMACY are two in number; one extending over two years,
and one over four years, and are designed to furnish a thoroughly scientific
foundation for the pursuit of the profession of pharmaecy.

THE COURSE FOR THE TRAINING OF TEACHERS, four years in length, is de-
signed to prepare teachers for the secondary schools. It includes professional
work in the departments of philosophy and education, and in the various sub-
jeets in the high schools, as well as observation work in the elementary and
secondary schools of Madison.

A COURSE IN JOURNALISM provides two years’ work in newspaper writing and
practical journalism, together with courses in history, political economy, po-
litical science, English literature, and philosophy, a knowledge of which is nec-
essary for journalism of the best type.

LIBRARY TRAINING COURSKES are given in connection with the Wisconsin Library
School, students taking the Library School Course during the junior and senior
years of the University Course.

THE COURSE IN CHEMISTRY offers facilities for training for those who desire to
become chemists. Six courses of study are given, namely, a general course,
a course for industrial chemist, a course for agricultural chemist, a course for
soil chemist, a course for physiological chemist and a course for food chemist.

THE SCHOOT. OF MUSIC gives courses of one, two, three, and four years, and also
offers opportunity for instruction in music to all students of the University.
THE SUMMER SESSION embraces the Graduate School, and the Colleges of Letters
and Science, Engineering, and Law. The session opens the fourth week in
June and lasts for six weeks, except in the College of Law, which continues
for ten weeks. The graduate and undergraduate work in Letters and Science
is designed for high school teachers who desire increased academic and profes-
sional training and for regular graduates and undergraduates. The work in
Law is open to those who have done two years' college work in Letters and
Science or its equivalent. The Engineering courses range from advanced work

for graduates to elementary courses for artisans.

THE LIBRARIES at the service of members of the University include the Library
of the University of Wisconsin, the Library of the State Historical Society, the
Library of the Wisconsin Academy of Sciences, Arts, and Letters, the State Law
Library, and the Madison Free Public Library, which together contain about
380,000 bound books and over 195,000 pamphlets,

THE GYMNASIUM, Athletic Field, Boating Facilities, and Athletic -Teams give op-
portunity for indoor and outdoor athletic training, and for courses in physical
training under the guidance of the athletic director.

Detailed information on any subject connected with he University may be obtained
by addressing W. D. HIESTAND, Registrar, Madison, Wisconsin.

Kindly mention The Wisconsin. Engineer when you write. .
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Badger Company
Ladies’ and Gents’ Gar-
ments cleaned, dyed, altered,
repaired and pressed
SUITS TO ORDER
Goods Called For and Delivered
Telephone 365

Dodo & Foso - hi3 State St.

|
|

!
1

PIPER BROS.

Wholesale and
Retail Grocers

The Place to buy Good
Groceries Right

Cor. Pinckney and Mifflin Sts.

¢garl Chomas
Photographer

We MaKke a Specialty of

College Shoes

SHUMAUHEH’SJ SHOE  STORE

21 S. Pinckney St.

SAMUEL HARRIS & CO.

Tools and Supplies
for Manufacturers
and Machine Shops

114 & 116 NORTH CLINTON STREET

CHICAGO

THE FORD STUDIO

Geo. Hoffman, Mgr.

The Curtiss Studio

We photograph anything,
any time, any where

108 State Street

College Billiard Hall

H. W. SCHWEINEM

Make Your Dates Here

Phone 2376

Kindly meﬁtion The Wisconsin Engineer when you write.
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I got what I wanted through
your “Want Ad” Column.

That is a statement made
many times every day by men

and women who use the State

Journal “Want Ad” page.
The leading classified ad-

vertisement medium in

South-Central Wisconsin is

The Wiscansin
State Journal

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

The Leather Goods Store

Chas. Wehrman, Prop.
116 King St. Opp. Majestic

DUCKBEE-HEARS (¥

DESIGNERS AND ENG RAVERS

Q N [ZaKers of High Grade
IMachinery I11Uus z‘rarjons

-S‘AINT PAUL I”IINN

Kindly mention The Wisconsin Engineer when you write.
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PROFESSIONAL CARDS

CLINTON B. STEWART

Assoc. M. Am.Soc.C.E. Mem. West.Soc Engis.

Consulting Hydraulic Engineer ARCHITECT

ALVAN E. SMALL

Water Fower Water Supply Dramage ELLSWORTH BLOCK  PHONES: OFFICE 242

206 Wisconsin Bldg., Madison, Wis MADISON WIS. RES. 2615
DANIEL W. MEAD FERD. L. KRONENBERG
CONSULTING ARCHITECT
ENGINEER . .
5 Ronms 20 to 24 & o
MADISON;, WISCONSIN Carroll Block Madlsonr WIS.

CASSIER’S MAGAZINE
an ENGINEERING MONTHLY
One hundred pages of text fully illustrated in each issue contributed by the leading engineers of the world.
Subscription $3.00 a Year
Write for attractive clubbing offer
THE CASSIER MAGAZINE CO., 12 'W. 3lst. 8t. New York

Schwoegler’s 528 State St.

For a Good Lunch
After the Theatre

Cut Flowers a Specialty

THE FIRST NATIONAL BANK

OF MADISON, WIS,

UNITED STATES DEPOSITORY
Capital, Surplus and Undivided Profits $400,000.00

OFFICERS AND DIRECTORS
A. E. Proudfit, Pres. F. W. Hoyt M. E. Fuller, Vice-Pres.
Frank G. Brown James E. Moseley E. B. Steensland
Wayne Ramsay, Cashier
M, C. Clarke, Assistant Cashier
Transacts a general banKing business., Issues letters of credit and
travelers’ checls, good in all parts of the world.

Kindly mention The Wisconsin Engineer when you write.




Lives of Great Men all Reminds us

We can make our Lives Sublime

But you will have to Eat at Ben’s
Lunch Room

If up the Hill you would climb

We Deliver Sandwiches any Old Time

Phone 1131 425 State Street




High Grade Instruments
for Electrical Testing

Direct Current Ammeters, Voltmeters, Mil-amme- o
ters and Milli- voltmeters. Alternating Current Voltmeters, Am-
meters, Single Phase and Poly-
phase Wattmeters. )

Type P-3 Instruments for Alternating Current

Light weight instruments which maintain a high degree of accur-
acy under all ordinary conditions of service.

Not affected by stray fields, or by variations in wave form or fre-
quency. Voltmeters and wattmeters can be used on direct current.

Needle fluctuations are effectively damped.

Each instrument accompanied with an accuracy curve showing
calibration.

Type DP Instruments for Direct Current

D’Arsonval type, legible uniform scales.

Protected from stray fields, indications perfectly dead beat.

Magnets are made of best quality steel, and are carefully aged
and hardened. Certificate of accuracy furnished with each in-
strument.

General Electric Company

Largest Electrical Manufacturer in the World

Principal Office Schenectady, New York
3249
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